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1 Background

In July, 2004, the Division first became aware of reports of medication errors resulting
from name confusion between Reminyl (galantamine) and Amaryl (glimepiride), an oral
hypoglycemic. These cases were identified during review by the Division of Medication
Errors and Technical Support (DMETS) of the extended release formulation of
galantamine for which Johnson and Johnson was seeking approval. The eight reports of
medication errors initially identified included instances in which Amaryl was mistakenly
administered to patients with Alzheimer’s disease i place of Reminyl, leading to various
adverse events including severe hypoglycemia and one death. After the identification of
these reports, Johnson and Johnson launched a risk management program to help prevent
prescribing and dispensing errors with Reminy!l. Concurrently, they began cfforts to
identify, test, and obtain trademark approval for alternative proprietary names to prepare
for the possibility of a name change becoming necessary.

As Johnson and Johnson’s risk management plan was being developed and implemented,
the Division learned of additional reports of medication errors due to confusion between
Reminyl and Amaryl. One of these errors, in which a patient’s Reminyl prescription was
refilled with Amaryl, had resulted in death.! Afier this second death resulting from a
medication error was reported, the Division convened a teleconference on November 10,
2004 with Johnson and Johnson, during which it requested a change in the proprietary
name of galantamine. Johnson and Johnson agreed that a name change for galantamine
coincident to the launch of the new extended release formulation was appropriate. They
agreed to submit a plan detailing a strategy for making the transition from Reminyl to the
new name for all galantamine formulations.

In this memorandum, I will briefly summarize the risk management plan for preventing
medication errors due to name confusion between Reminyl and Amaryl that Johnson and
Johnson has developed and launched. I will then discuss in detail the plan that Johnson
and Johnson has proposed for making the transition from Reminyl to the new trademark
name following the anticipated approval of the extended-release formulation of
galantamine.

! This death, which occurred on May 13, 2003, was reported by the Associated Press on October 16, 2004,



2 Risk management plan

In collaboration with the Division, Johnson and Johnson developed a multi-pronged
campaign to educate pharmacists, physicians, patients, and caregivers regarding the
potential for and prevention of medication errors resulting from name confusion between
Reminyl and Amaryl.

2.1 Completed or planned measures

The following components of this program have been completed or are currently being
implemented:

Interventions targeting multiple groups
e Press release was issued by Johnson and Johnson on October 22, 2004
» Sales force training

Interventions for pharmacists
« “Dear Pharmacist” letter was sent on October 19, 2004
Letters to the editor of pharmacy journals
o On October 27, 2004, letters were sent to the editors of the following
pharmacy journals: Annals of Pharmacotherapy, American Journal of
Health-System Pharmacy, Drug Topics, Formulary, and Pharmacy Times
o The letter was published in the American Journal of Health-System
Pharmacy in January, 2005 and in Drug Topics in November 2004.
o The remaining three journals declined to publish the letter.
Pharmacy “shelf-talkers”
o These items, which warned pharmacists to avoid confusing Reminyl and
Amaryl, were distnibuted in October, 2004,
Pop-up alerts on pharmacy computer systems
o These alerts are intended to appear when either Reminy! or Amaryl is
entered into pharmacy computer systems
Educational advertisements in pharmacy journals
o Johnson and Johnson has proposed that journal advertisements appear in
six pharmacy journals: American Joumnal of Health-System Pharmacy,
Consultant Pharmacist, Drug Topics, Hospital Pharmacy, Pharmacy
Practice News, and US Pharmacist
o These advertisements, which are to be published in both pharmacy and
medical journals, warn prescribers and pharmacists that medication errors
have occurred due to confusion between Reminyl and Amaryl and make
recommendations for preventing such errors
Convention panels and flashcards to be displayed or distributed at key pharmacy
meetings '

*

Interventions for physicians
e “Dear Healthcare Professional™ letter was sent on October 15, 2004



* Educational advertisements in medical journals

O

Johnson and Johnson’s educational advertisement, which will be identical
in both pharmacy and medical journals, is slated to be published in the
following medical journals: American Family Physician, American
Medical News, Archives of Internal Medicine, Consultant, Family
Practice News, Internal Medicine News, JAMA, Medical Economics, New
England Journal of Medicine, Advance for Nurse Practitioners, Clinical
Advisor, Archives of Neurology, Neurology, Neurology Reviews,
Neurology Today, Clinical Psychiatry, Journal of Clinical Psychiatry,
Psychiatric Times, and Caring for the Ages

e Convention panels and flashcards to be displayed or distributed at key medical
meetings

Interventions for patients/caregivers
s Patient/caregiver advocacy group outreach
e Caregiver awareness brochure

o

O

o]

Johnson and Johnson created a new page and a pocket card for their
brochure for caregivers of patients with Alzheimer’s disease.
The new page is entitled “Make sure you receive Reminyl at the
pharmacy.” It states that on “a few rare occasions™ patients have received
Amaryl accidentally instead of Reminyl. Pictures of all available Reminyl
tablets are provided and the oral solution is described. Patients and
caregivers are advised to take the following steps to ensure that they
“always get the right medication™:
* ask physicians to repeat the names of prescribed medications
= ask physicians or nurses to write down the names of all
medications and (and to have these written names with them when
they go to the pharmacy)
= request medication brochures from physicians
= ask pharmacists to double-check that the medications that the
patients have received is correct
» read package inserts accompanying all prescriptions
The pocket card lists signs and symptoms of hypoglycemia, advises
patients or caregivers to call a doctor if they notice these symptoms, and
lists treatments for hypoglycemia.

¢ Updated Reminyl sample pack

&

The current Reminyl sample pack will be updated with a message that
Reminyl is indicated to treat Alzheimer’s disease.

2.2 Discontinued components of original risk management plan
proposal

In view of the decision to change Reminyl’s name, Johnson and Johnson does not intend
to implement all of the components of the risk management plan that they originally
proposcd in August, 2004. The following components of the original plan have been
abandoned because they are cither impractical or no longer relevant in the face of
Reminyl’s impending namc change:
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3 Proposal for transition to new proprietary name

In a submission dated December 29, 2004, Johnson and Johnson outlined their plan for
transitioning to a new name for all galantamine products following the approval of the
new extended-release formulation of galantamine. The comerstone of Johnson and
Johnson’s plan is a staged approach. They propose to launch the extended-release
product under the new name while retaining the name Reminyl for the immediate-release
galantamine products. Approximately threec months after the launch of the extended-
release formulation, they plan to initiate the name change of the twice-daily products.




Initially, they will use both Reminyl and the new name on the label of the immediate-
release products to facilitate the transition. After at least three months of marketing the
dual-labeled immediate-release products, they plan to phase the name Reminyl out
entirely. They state that as long as any products with the name Reminyl are on the
market, the risk management plan for preventing errors due to name confusion with
Amaryl will continue. Pharmacy software alerts, advertisements in medical and
pharmacy journals, distribution of the revised caregiver awareness brochure, distribution
of the updated Reminyl sample pack, and displays of convention panels and flashcards at
medical and pharmacy meetings will be ongoing during the launch of the extended-
release formulation of galantamine and the transition to a new name for Reminyl.

Johnson and Johnson asserts that their general approach was devised based on feedback
from physicians, pharmacists, and Alzheimer’s discase advocacy groups; these groups
advised that a staged approach was preferable given the patient population’s memory
impairment and resistance to change. Johnson and Johnson states that keeping the
Reminyl name for a limited period of time following the introduction of the extended-
release formulation will allow for adequate education of patients and caregivers regarding
the new name and new formulation.

To accompany the transition to the new name for all galantamine products, Johnson and
Johnson proposes implementing a multi-pronged communication plan to educate
pharmacists, prescribers, caregivers and patients about the new name and the availability
of the new formulation. They propose the following timeline and communication plan
for the launch of the new product and the transition to the new name for all galantamine
products:

3.1 Phase I: launch of extended-release product with new name

In this phase, Johnson and Johnson will launch the new extended-release formulation of
galantamine under the new trademark name. The communication plan during this phase
will be focused on educating pharmacists, prescribers, caregivers, and patients regarding
the availability of the new formulation of galantamine with the new name. Johnson and
Johnson proposes to undertake the following actions during this phase of the transition:

3.1.1 Activities to be implemented after approval of new name

* Immediately after approval of the new proprietary name, prescribers, pharmacists,
wholesalers, and payors will be notified of the new once-daily formulation and its
name. Information regarding converting patients from the twice- to once-daily
formulation will be part of these communications. The pending name change for
the immediate-release products will alse be announced, which will facilitate
expedient depletion of existing inventory levels of Reminyi from the supply
chain.

e A template letter that pharmacists can distribute to their customers taking
Reminyl will be sent to all pharmacies. This letter will:

© Announce the availability of a once-daily formulation with a new name
o Emphasize the convenience of the new formulation



o Refer patients to their doctors for additional information
o Refer patients to a coupon towards the purchase of the new extended-
release formulation of galantamine that will be available on the website of
SharingCare, a support program run by Johnson and Johnson for patients
with Alzheimer’s discase and their caregivers
* A pharmacy counter display to be made available through sales representatives
covering approximately 50,000 pharmacies. This display will:
o Announce the availability of the new product and emphasize its
convenience
o Refer patients to their physicians regarding changing their prescription to
the new formulation
o Provide patients with a coupon towards their next purchase of the new
extended-release product
o Letters and materials emphasizing the availability of the new formulation and its
convenience will be prepared for account managers to present to major payors

3.1.2 Activities to be implemented once new extended-release
product is available in pharmacies

Johnson and Johnson predicts that extended-release galantamine will be available at the
retail level four to eight weeks following its approval with the new proprietary name.
They state that the extended-release formulation of galantamine will be preferentially
advertised and detailed by sales representatives over the immediate-release formulation
of galantamine. Once the extended-release formulation is available at the retail level,
they plan to implement the following components of their transition plan:
e Press release announcing the availability of the new extended-release product
with the new trademark name
¢ Communications to Sharing Care enrollees
o Direct and e-mail contact will be made with the all Sharing Care enrollees.
Johnson and Johnson estimates that over 24,000 patients or caregivers will
be reached in this manner
» The draft letter that Johnson and Johnson has submitted announces
that a new version of Reminyl is being introduced, announces its
new name, emphasizes the new product’s convenience, and
counsels patients or caregivers to speak to their physicians
regarding changing their medication from Reminyl to the new
formulation.
= The letter does not mention the reasons for the name change and
does not announce the impending name change of the immediate-
release Reminyl products.
e Updated webpages for Reminyl.com and SharingCare.com
o The websites will announce that an extended-release formulation of
galantamine has been approved, stating that this product is “the active
ingredient of Reminyl in a new, more convenient once-daily formulation
that is generally safe and well tolerated.” The websites will give advice
regarding converting patients from the immediate- to the extended-release



formulations of galantamine and provide pictures of the immediate- and
extended-release tablets.

As is the case with all communications that Johnson and Johnson is
proposing as part of their risk management program, the proposed website
language does not communicate either the reason for the name change or
the impending name change for the immediate-release products.

¢ New insert for the six-weck Reminyl sample pack
© An insert will be placed in the sample pack discussed above in section 2.1.

The draft insert submitted by Johnson and Johnson announces that the
name Reminyl will soon be changing and announces that this product with
the new proprietary name will also be available in a once-daily
formulation. Patients or their caregivers are advised to speak to their
physicians if they are interested in this “new, convenient formulation.”
Johnson and Johnson states that the goal of the insert is to facilitate the
conversion of patients started on Reminyl to the new once-daily
formulation of galantamine.

e Physicians and pharmacist conversion flashcards and tear-pads
o Sales representatives will use “conversion flashcards” to educate

physicians and pharmacists regarding the transition of patients currently
receiving Reminyl to the new extended-release formulation. Physicians
and pharmacists will be left with tear-pads containing the same
information to use as a reference tool. Johnson and Johnson predicts that
sales representatives will reach approximately 30,000 physicians, 9,000
long-term care facilities, and 15,000 pharmacies with these tools.

* Core visual aid

o}

O

The core visual aid will be the primary teaching tool used by sales
representatives. Johnson and Johnson anticipates that they will reach
approximately 30,000 physicians, 9,000 long-term carc facilities, and
15,000 pharmacies with this tool.

The core visual aid introduces the new name and formulation, presents
clinical trial efficacy data, discusses how to switch patients from Reminyl
to the new formulation of galantamine, discusses the safety and
tolerability of the extended-release formulation compared to Reminyl, and
presents safety information regarding the extended-release product.

The core visual aid is intended to be used by the sales representatives as a
tool for discussion but is not intended to be left with physicians or
pharmacists.

¢  Direct mail campaign

O

Johnson and Johnson will send a “Dear Doctor” letter to approximately
30,000 physicians. This letter announces the availability of “the new
once-daily formulation of Reminyl” and counsels prescribers regarding
converting patients from Reminyl to the new extended-release formulation
of galantamine. '



3.2 Phase 2: name change for immediate-release product

Johnson and Johnson proposcs initiating this phase of the transition approximately three
months after the extended-release formulation is launched and available at the retail level.
At this time, the renamed immediate-release product will be made available to
wholesalers and direct purchasing consumers and products labeled solely as Reminyl will
no longer be shipped. Initially, the renamed immediate-release product will have a dual
label; the text “formerly known as Reminyl” will appcar beneath the new name in a
smaller font. The generic name will also appear on the label in parentheses beneath the
new name.

The renamed immediate-release product will be marketed with a dual label for a
minimum of three months following its launch. At this point, the “formerly Reminy}”
statement will be removed from the label and inventory with this statement “will be
allowed to exit the supply chain naturally.” In contrast, there will be active reverse
distribution of all products labeled solely as Reminyl. Johnson and Johnson states that at
the completion of their proposed plan for transitioning to a new trademark for
galantamine, retailers will be directed to retumn all tablets and orat solution labeled solely
as Reminyl through a third party reverse distribution agency. A credit for returned
Reminyl products will be provided. At this point, the risk management plan for
preventing medication errors due to confusion between Reminyl and Amaryl will be
discontinued.

Johnson and Johnson proposes the following communications during this phase of the
transition:

3.2.1 Communications to be initiated prior to retail availability of
renamed immediate-release formulations

» Calls will be made and/or letters sent to all direct purchasing customers several
weeks prior to shipping the renamed immedtiate-release products with the dual
labels.

¢ One month prior to the retail availability of the renamed twice-daily product, the
following communications will begin and will be continued for four months
(drafts of the materials are not provided):

o Sales force promotion to physicians regarding the name change of the
twice-datly formulation

o Journal advertising targeted to physicians and pharmacists

o Public relations directed to professional societies

3.2.2 Communications to be initiated concurrently with the retail
availability of the renamed twice-daily product

» Faxes and on-line alerts will be sent to pharmacies informing them of the
name change and the imnmediate availability of the renamed immediate-
release products.

s The following communications to paticats and their caregivers will be
undertaken during this phase of the transition:



o [E-mails and a letter will be sent to all Sharing Care enrollees
= The draft letter provided informs patients and caregivers of
the name change for Reminyl, informs them of the
availability of an extended-release formulation, and advises
them to taltk with their physicians about switching to the
extended-release formulation. The letter also discusses the
side effects of galantamine.
o Letters will also be sent to patients receiving Reminyl through
third party databases describing the name change
o Patient advocacy groups will be contacted
o The websites Reminyl.com and Sharingcare.com will be updated
with information targeted to consumers
= The draft webpage Johnson and Johnson has provided
announces the name change as well as the availability of
the new extended-relecase formulation of galantamine
* Revised Reminyl sample pack insert
o The insert for the Reminyl sample pack that Johnson and Johnson
proposes using in this phasc of the transition plan appears to be
identical to the insert they plan to use during phase | of the
transition plan as discussed above in section 3.1.2.
* They do no state when they plan to cease production of the
Reminyl sample pack or whether the sample pack will have
a dual label at any point during the transition.
¢ “Dear Doctor” letter will be sent to approximately 30,000 physicians
o The draft letter submitted by Johnson and Johnson informs
physicians of Reminyl’s name change and informs them of the
availability of the new, “more conventent” extended-release
formulation of galantamine.

4 Reviewer comment

In my view, Johnson and Johnson’s overall proposal for transitioning to a new name for
its galantamine products has several flaws. The staged approach introduces the potential
for medication errors due to confusion between available galantamine formulations. The
potential for confusion that is always present when a new formulatton of an existing
medication is marketed would be heightened by the fact that the immediate- and
extended-release formulations of galantamine will have different names for several
months. Prescribers, patients, and pharmacists might not realize that the extended-rclease
formulation of galantamine has the same active ingredient as Reminyl and some patients
may receive both drugs in crror. It is difficult to predict whether the presence of a dual-
labeled product during the transition period will mitigate or increase the potential for
confusion. Although the dual label will link Reminyl with the new name, the dual-
labeled product will not be relcased until three months after the launch of the extended-
rclease formulation. The presence of a dual-labeled product will increase the number of
galantamine products with different labels that are on the market. For approximately
three months, there will be multiple uniquely labeled galantamine products available—



the new extended-release product with the new name, the immediate-release products
labeled solely as Reminy!, and the immediate-release products labeled both with the new
name and a statement that the drug was “formerly known as Reminyl.”

Johnson and Johnson’s proposed communication plan materials do not address the
potential for confusion between differently-named formulations of galantamine. They
should be very clear in all communications that the extended-release formulation of
galantamine with the new name has the same active ingredient as Reminyl. They should
also explicitly state in each communication the names of the galantamine products that
are on the market at the time of the communication. Their educational plan materials
should contain a statement warning against prescribing, taking, or dispensing two
differently-labeled galantamine products concurrently.

In my view, the potential for medication errors due to confusion between galantamine
formulations could also be mitigated by greater clarity in the educational materials
regarding the overall transition plan. The matenials that Johnson and Johnson proposes
using in phase 1 of their transition scheme do not mention that their plan is ultimately to
change Reminyl’s name or cite the reason that the name change is occurring . 1 think that
this is cntical information to communicate, particularly to prescribers and pharmacists,
and its absence is a major flaw in Johnson and Johnson’s overall plan. If Johnson and
Johnson intends for physicians and pharmacists to educate paticnts and caregivers
regarding the name change for Reminyl, it is critical that they be apprised of the overalt
plan up front and that they be prepared for the eventual name change of Reminyl.
Waiting to impart this information to prescribers and pharmacists until the immediate-
release products with the new name are about to go on the market does not appear to
serve any useful purpose and could potentially increase confusion. Citing the reason for
the name change in all matenials may help reduce medication errors due to confusion
between Amaryl and Reminyl and would link the name change transition plan with the
ongoing risk management plan for preventing errors due to name confusion.

In addition to these overarching problems with Johnson and Johnson’s proposal, a
number of specific components of their transition plan need further clarification:
¢ Reminyl starter pack

o Johnson and Johnson should clarify when distribution of the Reminyl
starter pack will cease.

o They should also clarify whether the starter pack will be dually labeled for
a period of time.

o They should clarify whether they will be producing the starter pack under
the new name. If they do intend to continue to distribute starter packs for
immediate-release galantamine, they should clarify when the starter pack
with the new name will be available.

e Reverse distribution plan

o Johnson and Johnson should clarify exactly when reverse distribution of
Reminyl will begin and end and how reverse distribution will be
implemented. None of the submitted materials directed to pharmacists
mention reverse distribution of Reminyl, which seems to be an oversight.



o The transition plan states that reverse distribution of the Reminyl that 1s
remaining on the market will be initiated at the end of the name change
transition scheme. In my view, reverse distribution should begin earlier in
order to shorten the period of time that galantamine products with more
than one proprietary name are on the market.

o Johnson and Johnson should specify how reverse distribution of Reminyl
will be tracked. Because they plan to cease their active name confusion
risk management plan when there are no products labeled solely as
Reminyl remaining on the market, it is important that they have a plan in
place for monitoring the volume of Reminyl products that remain on the
market.

e Caregiver awareness brochure

o The caregiver awareness brochure could be a useful vehicle regarding
communicating with patients and caregivers regarding the new
formulation and the new name. Johnson and Johnson’s current transition
plan does not appear to make use of the caregiver awarencss brochure.
The Division should inquire how Johnson and Johnson plans to modify
their caregiver awareness brochure to educate patients regarding the new
name and new formulation.

5 Division response and future of name change
transition

The Division met with Johnson and Johnson on January 24, 2005 to discuss the proposed
plan for changing the name of all galantamine products subsequent to the approval of a
new proprictary name. At the January 24 meeting, the Division expressed concerns
regarding the potential for confusion inherent in Johnson and Johnson’s staged approach.
The Division also requested that the communication plan materials cite the reason for the
name change.

Johnson and Johnson responded that they were willing to modify the timing of their name
change for the immediate-release formulations even though feedback from prescribers,
pharmacists, and patient advocacy groups had led them to believe that a staged approach
would minimize confusion, provide continuity for patients receiving Reminyl, and allow
adequate time for patient and caregiver education. Johnson and Johnson agreed to launch
the dual-labeled immediate-release galantamine products (labeled with both the new
name and the “formerly Reminyl” statement) at the same time that they launched the
extended-release formulation of galantamine with the new name. They agreed to
accelerate the reverse distribution of products labeled solely as Reminyl. They agreed to
modify their proposed communications to be consistent with this new timeline and
resubmit a comprehensive transition plan to the Division. They agreed to state the reason
for the name change for all galantamine products in their educational materials.

The following actions related to the name change will also be pursued by either the
Division or Johnson and Johnson:




e The Division will forward all proposed educational materials directed to patients
to the Division of Surveillance, Research, and Communication Support (DSRCS)
for their review and comment once the revised materials are rececived

» Johnson and Johnson will contact the Institute for Safe Medication Practices
(ISMP) regarding placing an item in their newsletter regarding the name change

s After the new name is approved, the Diviston will contact the FDA Patient Safety
News producers to suggest that they broadcast a segment regarding the name
change and the name change transition plan.

On March 31, 2005, DNDP approvéd the name Razadyne and Razadyne ER to replace
Reminyl. The sponsor’s updated transition plan will be reviewed in a separate document.
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1. Introduction

This submission consists of a Briefing Package for a meeting that is to be held
between the Division and sponsor to discuss a plan to implement a change in the
proprietary name for galantamine hydrobromide (hitherto referred to as
“Reminyl®”). The implementation of this change in proprietary name is to
accompany the launch of an extended-release formulation of galantamine.

3 formulations of Reminyl® are discussed in this submission
« An approved immediate-refease tablet formulation
« An approved oral solution formulation
+» An extended-release capsule formulation, whose approval is currently pending

The impetus for the transition plan contained in this submission is 2-fold
* A number of reports of prescribing and dispensing errors apparently resulting from
confusion between the names “Reminyl®" and “Amarylk®.” [Amaryl® is an oral anti-
diabetic drug}. These reports have included accounts of two deaths
» The recent approval of an extended-release formulation of galantamine, hitherto referred
to as Reminyl® Extended-Release Capsules

Reminyl® Extended-Release capsules have been developed under Investigational New Drug Application
(IND) 61703. The immediate-release tablet and ora! solutions formulations of galantamine, Reminyl®, had
earlier been developed by this sponsor for the treatment of Alzheimer's Disease under IND 51538. NDAs
21169 and 21224, for the use of the immediate-release tablet and oral solution forms, respectively, of
galantamine in the treatment of mild-to-moderate dementia of the Alzheimer's type were approved in 2001.
Later in 2001, a supplemental NDA (SCM-001} was approved for the use of immediate-release tablet and
orat solution formulations of synthetic galantamine {for the treatment of mild-to-moderate dementia of the
Alzheimer's type), instead of the plant-derived drug substance approved earlier.

NDA 21615, originally submitted on 2/24/03, sought the approval of Reminyl® Extended-Release Capsules
for the treatment of mild to moderate dementia of the Alzheimer's type. The Division responded to that
application with a Not-Approvable action letter on 12/23/03. Subsequently, the sponsor submitted a earlier
Complete Response to the Not-Approvable letter on 5/27/04, to which the Division responded with a further
Not-Approvable action letter on 7/27/04. A Dispute Resolution Request package was then submitted directly
to Dr R. Temple, Office Direclor, which was received by his office on 9/27/04. Dr Temple's response to that
Request was provided to the sponsor on 10/27/04 and concluded that the key deficiency in this application,
the lack of substantial evidence of efficacy, had been adequately addressed in the original NDA and
subsequent Amendments. A further submission, a Complete Response (dated 10/27/04) to the second Not-
Approvable letter, followed Dr Temple's response to the Dispute Resolution Request, and was approved on
12/27104.
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The sponsor has proposed that Reminyl® Extended-Release capsules be administered once daily, whereas
it is recommended in the package insert for the currently approved immediate-release and cral solution
formulations of Reminyl® that they be administered twice daily.

Note that a risk management plan, agreed to by this Division and by the sponsor,
is currently in existence as a means of addressing the confusion in name
between “Reminyl®" and “Amaryl®.” The existing plan does not provide for a
change in the proprietary name “Reminyl®.”

An earlier, but incomplete, version of this transition plan was submitted as a
briefing package on 12/3/04. The meeting scheduled in association with that
submission was postponed, in order that the current briefing package could be
reviewed.

This submission is cross-referenced to NDAs 21169 and 21224. The sponsor
notes in the submission, that all references to the twice daily formulation are
equally applicable to both the immediate-release tablet and to the oral solution
formulation.

2. Contents Of Submission
The contents of this submission are provided under the following main headings

+ Introduction
Overall timing and implementation plan
» Conversion plan for patients to once-daily regime
» Transition plan for name change to the currently marketed products

In addition, the submission contains an appendix whose intention is to provide
clinical justification for switching patients from twice-daily immediate-release
galantamine to once-daily extended-release galantamine

3. Contents Of Review

In this review, | will address the following contents of this submission (only) and
in the same order as below

« Stated objectives of the meeting and of the transition plan

o Steps in the transition plan

e New proprietary names proposed by sponsor

« Data supporting the sponsor’s plan for conversion from a twice-daily to a
once-daily regimen

The other components of this submission will be reviewed by the Safety Group
within this Division and Division of Medication Errors and Technical Support
{DMETS) of the Office of Drug Safety.
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4. Objectives Of Meeting And Transition Plan
The stated objectives of the meeting are as follows

To discuss the sponsor’s plans for the introduction of a new once-daily extended-
release formulation under a new proprietary name

To discuss the sponsor’s proposal for transition to the new proprietary name for
the currently marketed products (immediate-release tablet and oral solution
formulations of Reminyl®)

The overall objectives of the transition plan are as follows

To support the introduction of the new formulation (i.e., extended-release
galantamine capsules) under a new proprietary name; in furthering this objective,
the plan will include data and promotional materials that aid in the conversion of
patients currently administered the twice daily tablet Reminyl® tablet formulation
lo the once-daily galantamine capsule formulation

To support the transition in proprietary name for the immediate-release tablet and
oral solution formulations

5. Steps In Transition Plan

The sponsor has proposed the following sequence of steps as constituting the
transition

1.

N o A

Launch of extended-release galantamine capsules under the new proprietary
hame, supported by dose conversion information

Communication o wholesalers and direct purchase customers of the pending
name change for the currently marketed formulations (IR tablets and oral
solution)

Shipment of dual-labeled tablets and oral solution to distribution centers,
simultaneous with communication to physicians and pharmacists of the name
change.

Retail stocking in focal pharmacies of dual-labeled tablets and oral solution
Communication to patients and caregivers of name change upon retail availability
Phase out of dual-labeled packaging to new TRADEMARK only

Discontinuation of the Risk Management Program communicating potential of
dispensing errors between REMINYL and AMARYL
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6. New Proprietary Names Proposed By Sponsor

The alternative proprietary names proposed by the sponsor are & Iand
L 1

7. Data To Support Plan For Conversion From A Twice-Daily To A
Once-Daily Regimen

The sponsor proposes that patients taking a twice daily dose of immediate-
release galantamine tablets or galantamine oral solution, begin taking once-daily

extended-release capsules without dose titration, and using the same total daily
dose.

7.1 Overview

The plan for converting patients from twice-daily to once-daily galantamine is
based on a review of pharmacokinetic and clinical data comparing the once-daily
and twice-daily formulations

The pharmacokinetic data is derived from a study in young normal volunteers
and a new pharmacokinetic simulation designed to predict plasma concentrations
in patients with Alzheimer’'s Disease following an immediate conversion from
twice-daily to once-daily galantamine

The clinical data includes a summary of efficacy and safety data from patients
who patrticipated in both GAL-INT-10 and its open-label uncontrolied extension,
GAL-INT-21. Study GAL-INT-10 formed the basis for the approval of the
extended-release formulation of galantamine.

7.2 Clinical Data

The clinical data provided in this submission are derived from patients who
participated in Study GAL-INT-21.

An outline of Studies GAL-INT-10 and GAL-INT-21 is provided below followed by
data from both studies

7.2.1 Summary Of Studies GAL-INT-10 And GAL-INT-21

7.2.1.1 Study GAL-INT-10
This study is summarized below

Objective: Efficacy and safety of Reminyk® CR in mild-to-moderate Alzheimer’s Disease
Design: Randomized, double-blind, ptacebo-controfled, paraltel-arm study
Key Inclusion Criteria: . Male or female

«  Probable Alzheimer's disease by NINCDS-ADRDA criteria
«  Mini-Mental Status Examination score 10-24 and ADAS-Cog score of at least 18
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Dose Groups:

Duration:

Randomized Population:

Primary Efficacy Measures:

Secondary Efficacy Measures:

Placebo
Reminyl® ER 16 to 24 mg q.d.
Reminyt® IR 8 mg to 12 mg b.i.d

26 weeks
Placebo — 324 patients

Reminyi® ER 16 to 24 mg q.d. - 327 patients
Reminyl® IR 8 mg to 12 mg b.i.d —» 320 patients

«  ADAS-Cog

e CIBIC-Pius
ADAS-Cog/13
ADAS-Cog/10

ADAS-Cog/mem

Percentage of responders on standard ADAS-Cog using 0, 4, 7 and 10 points of
improvement as cut-off

Percentage of subjects with “improved” or “no change” on the CIBIC-Plus.

+  Neuropsychiatry Inventory

+  Alzheimer's Disease Cooperative Study-ADL

7.2.1.2 Study GAL-INT-21
This study is summarized below

Primary Objective:
Design:

Key Inclusion Criteria:

Dosage:

Duration:

QOriginal Projected Sample Size;

Safety Outcome Measures:

Efficacy Outcome Measures:

Status

To evaluate the long-term safety of controlied-release galantamine in Alzheimer's Disease
Open-label uncontrolied trial

Completion of Study GAL-INT-10

Reminyl® ER 16 to 24 mg q.d.

12 months

700 patients

Adverse events, vital signs, safety laboratory tests, electrocardiograms, and physical examinations
ADAS-Cog, Neuropsychiatry Inventory, ADCS-ADL

Ongaing

The dosing regimen for this study was as follows

» Patients enrolled in this study were to be titrated to a dose of Reminyl® ER of
either 16 mg 9.d. or 24 mg q.d.

= All patients were to initiaily receive Reminyl® ER in a dose of 8 mg g.d. for 4
weeks, followed by a dose of 16 mg q.d. for at least 8 weeks.

« After Week 12 the dose could be increased to 24 mg q.d., based on safety and

tolerability

e At or beyond Week 12, dose adjustments could be made oniy twice (including
the initial increase to 24 mg q.d.). A decrease to 16 mg q.d. could be made
based on safety and tolerability, but once such a decrease was made, the dose
would have to remain unchanged for the remainder of the trial.
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7.2.2 Disposition

The disposition of patients in GAL-INT-21 is summarized below, tabulated
according to treatment assignment in the immediately preceding study GAL-INT-
10. The patients enrolled in GAL-INT-21 included 233 individuals who had been
treated with immediate-release galantamine in GAL-INT-10. The table is copied

from the submission

Trial Medication Termination Reasons
{Study GAL-INT-21: Safety Analysis Set)

PLA/ GAL-IR/ GAL-ER/
GAL-ER GAL-ER GAL-ER Total
Status (N=253) (N=233) {N=236) (N=722)
Termination Reasons n (%) n (%) n (%) n (%)
Completed 188 (74) 171 (73) 188 ( 80) 547 (76)
Discontinued 65(26) 62(27) 48 ( 20) 175 (24)
Death 5(2) 10( 4) 5(2) 20( 3)
Adverse event 27(1)) 26(11) 12( 5) 65( 9)
Insufficient response 2( 1) 1{<l) 0 I(<
Subject ineligible to continue the trial 0 2( 1 2( 1) 4( 1)
Subject lost to follow-up 4(2) 4(2) 5(2) 13( 2)
Subject withdrew consent 14( 6) 5(2) 9( 4 28( 4)
Subject non-compliant 5(2) 5(2) 6(3) 16( 2)
Other 7(3) 9( 4 9( 4 25( 3)

Percentage for each category in a group was calculated based on all subjects for that group as

denominator.

PLA/GAL-ER, GAL-IR/GAL-ER, GAL-ER/GAL-ER=Treatment sequence during

GAL-INT-10 (DB), GAL-INT-21 (OL).
DB: Double-blind. OL.: Open-tabel. PLA: Placebo

7.2.3 Efficacy Data: ADAS-Cog

The next table, copied from the submission, indicates changes in the ADAS-Cog
in all 3 treatment groups (as defined in Study GAL-INT-10) during both studies.
Week 26 represents the start of the open-label extension study GAL-INT-21

Appears This Way
On Original
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Summary of ADAS-cog/1! ~ Change From Baseline
(Study GAL-INT-21: Efficacy Analysis Set)

Subject Grouping Mean Change
Assessment Time N Mean (8D) From Baseline {SD)
PLA/GAL-ER
Baseline 250 25.5( 9.20)
Week 8 250 25.6{10.51) 0.1( 4.86)
Week 12 246 255(10.76) 0.1¢ 5.33)
Wk 26/initial 238 26.1(11.15) 1.1 ( 5.66)
Month 12 203 26.2( 11.26) 1.5( 6.37)
Month 18 177 28.4( 13.06) 4.2( 8.38)
Endpoiat LOCF 215 28.6(12.82) 37( 8.16)
GAL-IR/GAL-ER
Baseline 228 26.8( 9.56)
Week 8 226 245( 943) -2.1( 4.93)
Week 12 224 23.6( 923} -2.8( 4.80)
Wk 26/initial 213 243 (10.10) -2.0( 6.09)
Month 12 181 26.3(11.12) 0.4 ( 6.79)
Month 18 151 26.9(11.78) 1.9( 7.33)
Endpoint LOCF 189 278 (12.19) 1.8( 7.68)
GAL-ER/GAL-ER
Baseline 233 25.9( 9.12)
Week 8 232 24.1( 9.33) -1.8( 4.90)
Week 12 231 23.6( 9.15) -2.3( 5.33)
Wk 26/initial 228 24.5 (10.68) -1.4( 5.19)
Month 12 202 26.2(11.47) 0.5( 6.54)
Month 18 i71 28.3(12.43) 3e6( 8.07)
Endpoint LOCF 214 29.3(12.83) 3.5( 7.96)
GAL-IR(ER)/GAL-ER
Baseline 461 26.3( 9.34)
Week 8 458 243( 937 -2.0( 4.91)
Week 12 455 23.6( 9.18) =2.5( 51D
Wk 26/initial 441 24.4 (10.39) -1.7¢ 5.64)
Month 12 383 26.2 (11.29) 0.5( 6.65)
Month 18 322 27.6(12.13) 28(7.77)
Endpoint LOCF 403 28.6(12.54) 2.7( 7.87)

Analysis includes subjects entering open-label phase with baseline data.

Note: PLA/GAL-ER, GAL-IR/GAL-ER, GAL-ER/GAL-ER=Treatment sequence during
GAL-INT-10 (DB}, GAL-INT-21 {OL). GAL-IR(ERYGAL-ER=Combination of
GAL-IR/ER and GAL-ER/GAL-ER.

Baseline=Baseline of GAL-INT-10, WK 26/Initial=Initial visit of GAL-INT-21.

Endpoint LOCF: last observation carried forward from any timepoint post Week
26/tnitial visit.

The sponsor points out that those who received the IR and ER formulations of
galantamine in Study GAL-INT-10 had similar scores at Week 26 and at Month
12 of GAL-INT-21, thus suggesting that there was no loss of efficacy with
conversion of patients from twice-daily to once-daily galantamine through re-
titration

7.2.4 Efficacy Data: ADCS-ADL

The next table, copied from the submission, indicates changes in the ADCS-ADL
in all 3 treatment groups (as defined in Study GAL-INT-10) during both studies.




Ranjit B. Mani, MD, HFD-120 Medical Review Page 8of 15
NDA 21615, Galantamine, Johnson & Johnson 1/24/05

Week 26 again represents the start of the open-label extension study GAL-INT-
21

Summary of ADCS-ADL — Change From Baseline
{(Study GAL-INT-2}: Efficacy Analysis Set)

Subject Grouping Mean Change
Assessment Time N Mean (SD) From Baseline (SD)
PLA/GAL-ER
Baseline 252 55.2( 14.84)
Week 8 251 54.8(16.18) -0.4 ( 7.60)
Week 12 251 54.9 ( 15.98) -0.3( 7.58)
Wk 26/initial 246 53.2(16.89) -2.0( 9.37)
Month 12 211 50.9(18.33) 4.6 (10.33)
Month 18 185 48.2 (19.26) -8.1{12.15)
Endpoint LOCF 220 47.6 ( 19.56) -7.9(12.27)
GAL-IR/GAL-ER
Baseline 232 52.6(15.62)
Week 8 232 53.6 ( 15.96) 0.9( 7.08)
Week 12 232 53.9(15.71) 1.2( 7.82)
Wk 26/initial 227 51.6( 17.06) -1.06( 8.90)
Month 12 195 49.2 ( 19.07) 4.0(11.94)
Month 18 170 46.8 ( 19.97) -1.0(13.21)
Endpoint LOCF 202 46.1 ( 19.70) -0.8 ( 13.44)
GAL-ER/GAL-ER
Baseline 235 54.1 ( 14.80)
Week 8 235 55.2(15.25) 1.1{ 6.87)
Week 12 235 54.3(15.57) 0.2( 8.24)
Wk 26/initial 232 54.2(15.81) 0.0( 8.52)
Month 12 209 50.8(17.94) 39(1128)
Month 18 178 47.3( 19.76) -8.3 (13.03)
Endpoint LOCF 218 46.8 (19.12) -7.9 ( 13.03)
GAL-1IR(ER)/GAL-ER
Baseline 467 53.4(15.21)
Week 8 467 544 (15.01) 1.0 ( 6.97)
Week 12 467 54.1(15.62) 0.7( 8.04)
Wk 26/initial 459 529(1647) -0.5( 8.72)
Month 12 404 50.0( 18.48) 4.0(11.59)
Month 18 348 47.0(19.84) -1.7(13.12)
Endpoeint LOCF 420 46.5 ( 19.38) -7.4 (13.23)

Analysis includes subjects entering open-label phase with baseline data.

Note: PLA/GAL-ER, GAL-IR/GAL-ER, GAL-ER/GAL-ER=Treatment sequence during
GAL-INT-10 (DB), GAL-INT-21 {OL). GAL-IR(ER)/GAL-ER=Combination of
GAL-ER/IR and GAL-ER/GAL-ER.

Baseline=Baseline of GAL-INT-10, WK 26/Initial=Initial visit of GAL-INT-21,

Endpoint LOCF: last observation carrted forward from any time point post Week
26/Initial visit.

The sponsor interprets the above resuits as follows

» After the initial 26 weeks of treatment (in the GAL-INT-10 study), there
were no differences in ADCS-ADL scores between the 2 galantamine
treatment arms
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» In the first 6 months of GAL-INT-21, the group that shifted from twice-daily
to once-daily galantamine had “similar or less decline” on the ADCS-ADL
than the group that continued once-daily galantamine.

7.2.5 Safety Data: Incidence Of Adverse Events

The next table, copied from the submission, indicates the incidence of adverse
events in patients enrolled in Study GAL-INT-21, based on their treatment
assignment in Study GAL-INT-10.

Incidence of Adverse Events by WHO System Organ Class and Preferred Term — Treatment-Emergent
Analysis (>5%)
(Study GAL-INT-21: Safety Analysis Set)

PLA/S GAL-IR/ GAL-ER/
GAL-ER GAL-ER GAL-ER Total
System Organ Class (N=253) (N=233) (N=236) (N=722)
Preferred Term n (%) n (%) n (%) n (%)
Total no. subjects with adverse events 191 (75) 178 { 76) 177 (75) 546 ( 76)
Psychiatric disorders 69 (27 82(35) 63(27) 214 (30)
Agitation 20( 8) 21{ 9 17¢ 7 58(8)
Depression 13( 5) 11{ 3) 13( 6) 37( 5
Anorexia 14 ( 6) 10{ 4) 7(3 31( 4)
Insommnia 7{( 3) 12( 5) 5(2) 24( 3)
Aggressive reaction 4( 2) 12{ 5) 7(3) 23( 3
Gastrointestinal system disorders T9(3h 57 (24) 61 (26) 197 (27)
Nausea 31(12) 13( 6) 17( 7) 61( 8)
Diarrhea 24( 9) 13 ( 6) 20( 8) 57( 8)
Vomiting 22(9) 8( 3 9( 4 39( 5)
Constipation 13( 5) 6(3) 11(3) 30 ( 4)
Body as a whole — general disorders 64 (25) 55(24) 60( 25) 179 (25)
Injury 20( 8) 23(10) 219 64( 9)
Central & peripheral nervous system
disorders 62 { 25) 48(21) 31(13) 141 (20)
Dizziness 26 (10) 15( 6) 10 ( 4) S51( 7
Headache 12( 5) 13( 0) T(3) 32(4)
Urinary system disorders 41 (16} 34(15) 40(17) 115{16)
Uninary tract infection 27(1D) 18( 8) 21( 9) 66( 9)
Urinary incontinence 10 4) 7(3) 14( 6) 3L ( 4)
Metabolic and nutritional disorders 42 (17} 34(15) 34(14) 110 { 15)
Weight decrease 16 ( 6) 13 ( 6) 14( 6) 43( 6)
Secondary terms 44 (1T 31(13) 35(15) 110 { 15)
Fali 27(¢1 26(10) 19 ( 8) 72(10)
Respiratory system disorders 42{17) 26(11) 32(14) 100 ( 14)
Rhinitis 12(5) 4(2) 6( 3 22(3)

Note: PLA/GAL-ER, GAL-IR/GAL-ER, GAL-ER/GAL-ER =Treatment sequence during GAL-INT-10
(DB), GAL-INT-21 (OL).

The sponsor considers the above table to indicate that the incidence of adverse
events in those originally treated with once-daily galantamine was comparable to
those originally treated with twice-daily galantamine. A slightly higher incidence
of agitation and insomnia in those who originally received the IR formulation, as
compared with those who originally received the ER formulation, has been
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explained by the sponsor as being, in part, related to the higher Neuropsychiatry
Inventory scores in the former group at the end of GAL-INT-10.

7.3 GAL-NED-8 Phase I Bioavailability Data

7.3.1 Objectives

The primary objective of this study was to evaluate the effects of food on the
bioavailability of galantamine at steady-state after the administration of the 24 mg
once-daily extended-release tablet

A secondary objective of the study was to evaluate the relative steady-state
bioavailability of galantamine from the 24 mg once-daily extended-release
capsule compared with the immediate-release tablet

7.3.2 Design

This was a randomized, open-label, 3-way crossover study comparing the
following regimes

GAL-ER 24 mg QD in a fasted state {Treatment A)
GAL-ER 24 mg QD in a fed state (Treatment B)
GAL-IR 12 mg BID in a fasted state {Treatment C))

7.3.3 Pharmacokinetic Resulls

A comparison of the pharmacokinetic parameters for Treatments A and C are in
the following table, which | have copied from the submission

Galantamine Pharmacokinetic Parameters
(Study GAL-NED-8)

LS mean treatment ratio”

Arithmetic mean + SD {90% ClI)
ER capsule fasted IR tablet fasted
Treatment A Treatment C
Parameters {N=22) {N=22) A/C
AUCy 968 + 193 1050 = 239 93 (90 - 96)
(ng.hr/mlL)
Cinax (ng/mL) 63.0+£12.0 843+ 214 76 (71- 80)
Conun (ng/mL) 188446 21779 89 (83 - 96)
tay ()} 44117 1.2+ 0.6° -

* Parameter values were analyzed on a logarithmic scale with least-squares means were
transformed back to the original scale. The ty,, values were analyzed on the original scale
using a nonparametric method.

® Related to the first intake for Treatment C.

Based on the above results
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e Treatment A has been assumed to be bioequivalent to Treatment C,
based on the AUCq.24 and Cn.

* The Cnay of the ER capsule is 76% that of the IR tablet, slightly below the
lower boundary of the bioequivalence criteria (80% to 125%)

7.3.4 Safety Results
The sponsor has summarized the safety data for this study as follows

¢ Treatment with the ER capsule was better tolerated than treatment with
the IR tablet

» The evaluation of vital signs, electrocardiograms, and safety laboratory
tests revealed no safety concerns with either formulation.

7.4 Pharmacokinetic Simulation Of Conversion In Patients With
Alzheimer’s Disease

7.4.1 Objectives

The purpose of the simulation study was to compare the concentration-time
profile of galantamine when the formulation used was changed from the twice-
daily IR formulation to the once-daily ER formulation

7.4.2 Dosing Regimes Simulated
Two sets of changing dose regimes were simulated

« The IR tablet administered in a dose of 8 mg BID for 7 days, followed by
the ER tablet administered in a dose of 16 mg QD for 7 days

¢ The IR tablet administered in a dose of 12 mg BID for 7 days, followed by
the ER tablet administered in a dose of 24 mg QD for 7 days

7.4.3 Methods

These are described further in the submission, but are too complex for this
reviewer to understand. They have, however, been reviewed by Dr Sally Yasuda
of the Office of Clinical Pharmacology and Biopharmaceutics.

The simulations used data from 3 completed pharmacokinetic studies of
galantamine and were based on a 2-compartment linear disposition model.

7.4.4 Results

The results of the above simulations are summarized in the table below, which |
have copied from the submission
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Non-comparimental PK Characteristics Derived From the Simulated Profiles

IR 8mgb.id [FR 16 mgaqd.

IR 12 mg b.i.d [ER 24 mg g.d.

Female / Male i Female / Male

[Tmax, hr Ist day of ER
Tmax, hr steady state
Cmax, ng / mL  {lst day of ER
Cmax, ng /mL  {steady state

[Female / Mal Female / Male

Cmin, ng /ml.__ [Ist day of ER

(Cmin, ng / mL __ Jsteady state

26.5/23.7 2.4 /43.6 39.7/35.5

IAUC, ng.hr / mL |lst day of ER

42027 11715

UC, ng.hr / mL [steady state 120471002 1290/ 1089 1941/1638  [1936/ 1634

7.4.5 Conclusions
The sponsor has concluded the following from the above simulations

When switching from the IR tablet to the ER capsule, Chax, Crin, and AUC
after the first day of dosing with the ER formulation is very similar to that
seen with the IR formulation at steady state

On the first day after switching, a slight increase in AUC (4%) occurred,
followed by a return to the same AUC as observed at steady state with the
IR formulation

At steady-state, Cnax and Cp,, are ~ 5% and ~18% lower for the ER
formulation than for the IR formulation

8. Comments

This submission consists of a Briefing Package for a meeting that is to be
held between the Division and sponsor to discuss a plan to implement a
change in the proprietary name for galantamine hydrobromide (hitherto
referred to as “Reminyl®”). The implementation of this change in
proprietary name is to accompany the launch of an extended-release
formulation of galantamine, which was recently approved for marketing.
Immediate-release tablet and oral solution formulations of galantamine are
currently approved for marketing under the proprietary name “Reminyl®”

The impetus for the change in proprietary name is the receipt by this
Agency of a number of reports of prescribing and dispensing errors where
there was confusion between the names “Reminyl®” and “Amaryl®”;
Amaryl® is an oral anti-diabetic drug; at the present time, these reports
include those for 2 deaths that have resulted from Amaryl® being
prescribed instead of Reminyl®. These reports have been the subject of a
number of discussions between the sponsor, and the Agency; a Risk
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Management Program, albeit without a change proprietary name, has
been developed, agreed to by this Division, and already initiated.

The change in proprietary name is to be initiated with the {aunch of the
extended-release formulation and is to later extend to the currently
marketed immediate-release and oral solution formulations of
galantamine. Full details of the transition plan are in the current
submission.

In this submission, the sponsor proposes that patients taking a twice daily
dose of immediate-release galantamine tablets or galantamine oral
solution, who wish to change to the extended-release formulation, begin
taking once-daily extended-release capsules (in the same total daily dose)
without titration. Data in the current submission appear to support the
proposed transition.

9. Meeting With Sponsor: January 24, 2005

A meeting between this Division and this sponsor was held today.
Representatives of DMETS were present at the meeting

The following were the key items discussed and agreements reached between
the Division and sponsor

9.1 New Product Name

DMETS has recommended that the product name 3 not be used
since it has the potential for being confused for the product names of other
marketed drugs [the Division of Drug Marketing, Advertising, and
Communications (DDMAC) had, however, found this name to be
acceptable]; this Division therefore recommended against its use

Notwithstanding the recommendation from DDMAC against the use of the
product name C 1 DMETS is currently reviewing this name for the
possibility that its use could result in errors, such as might occur during
dispensing and prescribing. The negative recommendation from DDMAC
does not preclude the possibility that, if the assessment by DMETS is
favorable, the sponsor might be able to use the name L ! instead of
Reminyl® :

Two additional proprietary names very recently proposed by the sponsor
VL 3 are currently under review by both DMETS
and DDMAC. )
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9.2 Transition Plan

The Division was concerned that over a specific period in the transition
process, at least 3 differently labeled containers for galantamine
formulations would be available and would create a potential for
medication errors. The 3 different labels would be those for

=  The extended-release formulation using the new proprietary name
= The immediate-release formulation using the old and new proprietary names
= The immediate-release formulation using the old proprietary name

After a lengthy discussion, it was decided that this concern could best be
addressed by launching the extended-release formulation labeled with the
new proprietary name as the same time as the release of containers
labeled with both the old and new proprietary names.

The Division recommended that communications to physicians,
pharmacists, and others during the transition process be more explicit and
detailed than they are currently; for example, it should be made very clear
that the new and old product names apply to the same drug, and the use
of both the old and new formulations together warned against. There were
additional discussions about the recipients and text of these
communications

The sponsor has proposed that patients taking a twice daily dose of
immediate-release galantamine tablets or galantamine oral solution, who
wish to change to the extended-release formulation, begin taking once-
daily extended-release capsules in the same total daily dose without
titration. This proposal is acceptable to the Division

Several communications that are part of the transition package state that
extended-release galantamine has the same efficacy as the immediate-
release formulation and that the former is better tolerated than the latter.
The Division indicated that these statements may not be adequately
supported by the results of Study GAL-INT-10

e

Ranijit B. Mani, M.D.
Medical Reviewer

rbm 1/24/05

cc.
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Review and Evaluation of Clinical Data

NDA 21615

Sponsor: Johnson & Johnson

Drug: Reminyl® Extended-Release
Proposed Indication: Alzheimer’s Disease
Material Submitted: Complete Response
Correspondence Date: 10/27104

Date Received / Agency: 10/27/04

Date Review Completed 12/14/04

Reviewer: Ranjit B. Mani, M.D.

1. Background

This submission is a Complete Response to the most recent of two Not-
Approvable letters that were issued by this Division in regard to this application.

NDA 21615, originally submitted on 2/24/03, sought the approval of Reminyl®
Extended-Release Capsules for the treatment of mild to moderate dementia of
the Alzheimer's type. The Division responded to that application with a Not-
Approvable action letter on 12/23/03. Subsequently, the sponsor submitted a
earlier Complete Response to the Not-Approvable letter on 5/27/04, to which the
Division responded with a further Not-Approvable action letter on 7/27/04; prior to
the Complete Response being submitted, a meeting (End-of-Review Conference)
was held between the Division and sponsor on 2/17/04, to discuss the initial Not-
Approvable action letter.

On 9/3/04, the sponsor then submitted a Briefing Package for an End-of-Review
Conference. While that conference, scheduled for 9/22/04, was cancelled after
an internal Agency meeting, a Dispute Resolution Request package was then
submitted directly to Dr R. Temple, Office Director, which was received by his
office on 9/27/04. Dr Temple's response to that Request was provided to the
sponsor on 10/27/04 and concluded that the key deficiency in this application, the
lack of substantial evidence of efficacy, had been adequately addressed in the
original NDA and subsequent Amendments. The current submission follows Dr
Temple's response to the Dispute Resolution Package.

The original application under NDA 21615 was based mainly on the results of one Phase 111
randomized, double-blind, placebo-controlled efficacy study (GAL-INT-10), an uncontrolled, open-
label extension to GAL-INT-10, and several pharmacokinetic trials.

Four-Month and Seven-Month Safety Updates to the original application under NDA 21615 were
submitted on 6/19/03 and 10/3/03, respectively, and were reviewed with the original application.

Reminyl® Extended-Release capsules have been developed under Investigational New Drug
Application (IND)} 61703. The immediate-release tablet and oral solutions formulations of
galantamine, Reminyl®, had earlier been developed by this sponsor for the treatment of
Alzheimer's Disease under IND 51538, NDAs 21169 and 21224, for the use of the immediate-
release tablet and oral solution forms, respectively, of galantamine in the treatment of mild-to-
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moderate dementia of the Alzheimer’s type were approved in 2001. Later in 2001, a supplemental
NDA (SCM-001) was approved for the use of immediate-release tablet and oral solution
formulations of synthetic galantamine (for the treatment of mild-to-moderate dementia of the
Alzheimer's type), instead of the ptant-derived drug substance approved earlier.

The sponsor had earlier proposed that Reminyl® Extended-Release capsules be administered
once daily, whereas it is recommended in the package insert for the currently approved
immediate-release formulation of Reminyl® that that drug formulation be administered twice daily.

Please see my reviews of the original application under NDA 21615, the

sponsor’s Briefing Package for the meeting held on 2/17/04, the earlier Complete
Response dated 5/27/04, and the Briefing Package of 9/3/04 for further details.

The extended-release formulation of Reminyl® is referred to in this review, interchangeably, as
“Reminyl® ER", “GAL-ER", or “GAL-CR". The immediate-release formulation is referred to in this
review, interchangeably, as “Reminyl® IR" or “GAL-IR". The terms “IR” and “ER" are used in this
review as a substitute for “immediate-release” and “extended-release,” respectively.

2. Contents Of Submission
The submission contains the following

o Cover letter

» Proposal for addressing the name of the formulation under review
e Proposed Labeling

e Chemistry information: Dissolution specifications

« Additional attachments, including a formal dispute resolution request

3. Contents Of Review
This review will address the following items in the same order as below

=  Cover letter (the section of my review that addresses this item will also
outline the sponsor’s proposal for addressing the name of the formulation
under review)

=  Summary of Study GAL-INT-10

= Text of initial Not-Approvable Letter (dated 12/23/04)

= Summary of meeting with sponsor on February 17, 2004

=  Summary of Complete Response to Not-Approvable Letter (dated 5/27/04)
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= Text of second Not-Approvable Letter (dated 7/27/04)

=  Contents of Briefing Package (dated 9/3/04)

=  Summary of Agency response to Dispute Resolution Request
= Chemistry data in submission

= Proposed labeling

= Edited labeling

= Comments

»  Recommendation

4. Cover Letter

The cover letter accompanying this submission addresses 3 areas, which | have
summarized under the following headings

4.1 History Of Application

The history of this application and the basis for the current submission are
outlined.

4.2 Name Of Formulation

4.2.1 Background

In July 2004, the Division became aware of a number of reports of prescribing
and dispensing errors where there was confusion between Reminyl® and
Amaryl®, an oral anti-diabetic drug; at the present time, these reports include
those for 2 deaths that have resulted from Amaryl® being prescribed instead of
Reminyl®. These reports have been the subject of a number of discussions
between the sponsor, this Division {and especially its Safety Group), and the
Division of Medication Errors and Technical Support (DMETS}); a Risk
Management Program, albeit without a change in the name “Reminyl®,” has
been developed, agreed to by the Division, and initiated. However, as a result of
these dispensing errors, the DMETS staff recommended earlier that the name
“Reminyl® ER” not be approved for the formulation currently under review

4.2.2 Cover Letter
The section of the cover letter that addresses this matter states the following

« The sponsor states in the cover letter that the name “Reminyl® ER"
should be retained for the formulation under review unless the Agency
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makes a formal decision that the name “Reminyl®” should be changed;
otherwise confusion is likely to result from the extended-release and
immediate-release formulations having different trade names. Full
justification for retaining the name “Reminyl® ER” is provided elsewhere in
this submission and may be summarized as follows

= The use of a proprietary name for the Reminyl® ER formulation that is
different from that for the immediate-release formulation of Reminyl®
could result in both formulations being inadvertently administered
concomitantly and with the potential for serious adverse events

= A change in the proprietary name for Reminyl® ER could result in the
new proprietary name being confused with the trade names of other
marketed drugs, and, therefore, in further marketing and dispensing
eqrors

= Patients with Aizheimer’s Disease who are already taking the Reminyl®
immediate-release formulation may be reluctant to accept the Reminyl®
ER formulation if the brand name has been altered

= The existing Agency and pharmaceutical industry standard for naming
extended-release formulations, consists of adding a modifier (e.g., “XR,”
“XL,” “LA,” ER”) to the existing base brand name of the immediate-
release formulation

» The creation of a trade name for the extended-release formulation by the
addition of a modifier, such as the above, to the proprietary name for the
immediate-release formulation makes it less, rather than more, likely, that
errors of prescribing and/or dispensing will occur, and will enhance the
Risk Management Program. For example, Reminyi® ER is less likely to
be confused for Amaryl®.

« The sponsor recognizes that the Risk Management Program currently
being implemented for the immediate-release formulation of Reminyl® will
need to be expanded to include the extended-release formulation once
approved.

+ Efforts to find alternatives to the name “Reminyl®” are continuing, and a
new name will be implemented should the Agency determine that a name
change is needed or should the Risk Management Program not result in a
decrease in prescribing or dispensing errors

4.2.3 Dissolution Specifications

In an e-mail message dated February 5, 2004, the Agency had proposed
dissolution specifications for the extended-release formulation of Reminyl®. The
sponsor has now agreed to these specifications, which are provided in an
appendix to the submission.
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5. Summary Of Study GAL-INT-10

The following is an outline of the main features and key efficacy data for Study
GAL-INT-10

Note that an efiicacy study for the extended-release formulation was required for the following
reasons

e  Although the IR and ER formulations of Reminyl® were technically bioequivalent based on Crin and
AUC, these parameters were considered significantly lower for the ER formulation

« The iR and ER formulations were not bicequivalent based on the Cp,x, which was again lower for
the ER formulation {estimated ratio of means: 0.76}

The following table, derived from data contained in the original submission of this application compares
pharmacokinetic parameters for the 24 mg once-daily extended-release formulation and the 12 mg BID
immediate-release formulation, when both were administered in the fasting state in the pharmacokinetic
study, GAL-NED-8

.S mean treatment ratio®

Arithmetic mean + SD (90% CI)
ER capsule fasted IR tablet fasted
(N=22) {N=22)

Parameters ER/IR
AUC;an (ng.hr/mL) 968 + 193 1050 + 239 93 (90 - 96)
Crnax (ng/mL) 63.0+12.0 B43+214 76 (71- 80)
Crm (Ng/mL} 188+ 4.6 217+79 89 (83 - 96)
tmax (D) 44+17 12306 -

* Parameler values were analyzed on a logarithmic scale with least-squares means were transformed
back to the original scale. The In,, values were analyzed on the original scale using a nonparametric
method.

5.1 Outline Of Study
The study is outlined in the following table

Protocol : GAL-INT-10

Objective Efficacy and safety of Reminyl® ER in mild-to-moderate Alzheimer's Disease
Design Randomized, double-blind, placebe-controlled, parallel-arm study

Key Inclusion Criteria «  Male or female

. Probable Alzheimer's disease by NINCDS-ADRDA, criteria
«  Mini-Mental Status Examination score 10-24 and ADAS-Cog score of al least 18

Dose Groups L] Placebo
. Reminy!® ER 16 to 24 mg q.d.
=  Reminyi® R 8mgto 12 mg bid

Duration 26 weeks

Randomized Population Placebo - 324 palients
Reminyl® ER 16 to 24 mg q.d. — 327 patients
Reminyl® IR 8 mg to 12 mg b.i.d » 320 patients

Primary Efficacy Measures =  ADAS-Cog
=  CIBIC-Plus

Secondary Efficacy Measures =  ADAS-Cog/13
- ADAS-Cog/10
. ADAS-Cog/mem
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=  Percentage of responders on standard ADAS-Cog using ¢, 4, 7 and 10 points of
improvement as cut-off

*  Percentage of subjects with “improved” or “no change” on the CIBIC-Plus.

=  Neuropsychiatry Inventory

*  Alzheimer's Disease Cooperative Study-ADL

Primary Efficacy Analysis ADAS-Cog: ANOVA
Methods CIBIC-Plus: Cochran-Mantel-Haenszel Test

Primary Dataset: Observed Cases
Primary Comparison: Reminyi® ER vs Placebo

5.2 Results

5.2.1 Disposition

The disposition of all randomized patients is summarized in the following table,
which | have taken from the original NDA submission

Trial Termination Reasons
(Study GAL-INT-10: At Randomized Subjects Analysis Set)

All Randomized Subjects PLACEBQ GALIR GAL CR
Status (N=324) (N=327) {N=320}
Termuination Reasons n (%) n (%) n {%)
Randomized and treated 320( 99) 326 (100) 319 (108)
Completed 266 ( 82) 251 (71 251(78)
Discontinued , 54¢1D 75(23) 63{21)
Adverse event 1S( 5) 24(7D 280 9
Subject withdrew consent 21( 6) 23(D 18( 6)
Subject non-compliant (2 14( 4) 3 (Y
Other" 11( 3) 14( 4) 14( 4)

*Other veasons for discontinuation includes subject lost 1o follow-up, insufficient response,

death, and subject violating protocol criteria. 8 subjects died during tins trial. None of these
deaths were related to study medication.

5.2.2 Primary Efficacy Measures

5.2.3 ADAS-Cog

The results of the primary analysis of the ADAS-Cog are summarized in the
following table, which | have taken from the original NDA submission

EStudy GAER-INE- 1 BT Analvsas Ser-- OC Datay

PLACLBO UeAL-TR OAL-UR
M Maan Mean
Fimepont N Afean iS50 Change sk NOOAMamaSE Clusge s N Mean 31 ¢ hange (5 P vabuee?
[Rasehne W5 260 A -- RUT O T -- I 26 Y01 s, --
Week B SRS 2ANMLERE O URME 2R DS ANy SR TH0 D 2RY 4o Ry SES i 0gHH
Week 12 ITSO250q0 g O STy 268 23 STy 20 Yy 2ew MYoqn 3Ty WX i GHn

MWeek 26 248 264 (1L72) L3 (0.26) 227 247 (1.6Y) -1.8 (h42) 248 248069 14 (034 <gom
Pairw ise comparison o7 ne difference betaeen €A -CR amd Placeho rom ANOV A fided S #h Lactonrs
Freatnent and Povled Country atvpe il Sy

GAT-IRvs Placehe at Week 260 p st
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5.2.4 CIBIC-Plus

The results of the primary analysis of the CIBIC-Plus are summarized in the
following table, which | have taken from the original NDA submission

{Study GAL-INT-10: ITT Analysis Set — OC Data)

PLACEBO GAL-IR GAIL-CR
7-Point Category n%)  {(Cum% B (%) ({Cum%;  né%ar (Cum®y P ovalue®
N at Week 26 239 249 246
Markedly improved LR U TR O 4 LY L3 3012y o
Moderately unproved 9¢ 35y (406) 140535 () (3.7 16
Mildly improved 4158 (205 36C1360 221y (175 (244
No change 3363y (56.8) 933838 (60.5) 90 (3661 (610
Mildiy worse 70270y (83.8) 67279 (BR{) 69 (28.0) {89.04
Muaderately worse 6139 (977 B 04y (992 23( 9.3) (984
Markedly worse 61 2.3) (100.0) 21 0.8) ¢i00) 4 L6y ¢100.0) 0.086

TGAL-CR vs. Placebo comparison using the Van Elteren test controlling for Pooled Country.
Cum % cumuiative percent

Note: Percenlages valculated with the nnnber of subjects at Woek 26 as denominator
GAL-IR vs. Placebo at Week 26: p 02230

The results of the analysis of the CIBIC-Plus using the intent-to-treat (identical to
classical intent-to-treat) dataset, and applying the last-observation-carried-
forward (LOCF) method of imputation is in the following table, which | have
copied from the original NDA submission

{Study GAL-INT-110: LOCF.CITT Data)

PLACEBO GAL-IR GAL-CR

T-Point Categon, nete®  Cum % ne%®  Cum e W% Cun% P value"
LOCE-CITP  at E-’mlpvninlh RItTH 302 296

Markedby improved Lt o« Lth RS N4 TR R U I R I TR K1)

Moderately improved el ¢ 47 15¢ 3 ¢ 6 4Ty 8

Mildly improaed 159y (2006 46013 { 212y 490166 1220

No change HHEdngy 5750 127420 ¢ 63 1144385 (60.8)

Mildly warse RO26.00  (R4y TR238) + %0y BlL274y (88.2)

Moderately worse 1136y (9T h 30U ¢ 990y 29 98) (USh

Markediy worse T3 NGy 3¢ 10y {log 60 20 (e 0216

FOAL-CR v Placeha companison using the Van Iteren test controlling for Pooled Country.

Mhe endpomt was defined as the ast available observation up to 14 days afier the last dose of
study nyedication

Cum o cumulatin e percent

Nute Percentages cakeuluted with the number of subjocts at Week 260 as denominator,

G AL-IR s Placebeat endpoint, p 0 b 1OCE CITT

5.2.5 Selected Secondary Efficacy Measures

5.2.6 ADCS-ADL

The results of the analysis of the ADCS-ADL, using the Observed Cases dataset,
are summarized in the following table, which | have taken from the original NDA
submission
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{Study GAL-INT-10: ITT Analysis Set- OC Data)

PLACEDBO GAL-IR GAL-CR
Mean Mean Mean
Timepoin N Mean (58) Change (SE) N Mean (SE) Change (8E) N Maan (SE) Change (SE) P value®
Basehne 308 545087 - 310 32.0(0.90) -- 303 33.5(0.88) -

Woek 8 294 538 (09R) AT (043 202526(093) 09042 290 54.5¢094) 0804 0013
Week 12 281 3420099 3046y 279328095 L1047y 2765341094 440048 0321
Week 26 258 524 (1.09) -2.4{0.60) 242 509(1.12) -1.0 {0.57) 245 53.9(1.03) 0.0 (0535 0003
"Trarwise comparison {ior no ditference between GAL-CR and Placebo from ANOV A model with factors
Treaunent and Peoled Country (1ype 111 §5).

GAL-{IR vs. Placcho at Week 26: p=0.088.

5.2.7 Neuropsychiatry Inventory

The results of the analysis of the Neuropsychiatry Inventory, using the Observed
Cases dataset, are summarized in the following table, which | have taken from
the original NDA submission , )

(Study GAL-INT-10: ITT Analysis Set - OC Data)

PLACEDBO GAL-IR GAL-CR
Mean Mean Mean
limepaint - N Mean (S0 Change SEY - N Muan (SEyChanpe SEy N Mean (5E) Change SE) P value?
Baseline 3 103000 - 310 1264070 - 3 112407 --

Week 8 298 102070 0, 110d8y 292 11.5(0.68) -1.2 ¢0.61r 291 1044085 -05 (6533 0.2206
Voeek 12 ON1 930070 0GRS0y 270 LGRSy -1.900.74) 270 9608 -L53¢nd)y 0320
Week 26 238 10.3¢0.82) 0.1 (0.66) 242 11.5{0.83) -1.2 (0.83) 243 10.6(L76) -0.6 (0.69) 0.45]
Patmw e companison e oo ditference befaeeen GAECR and Placebo from ANOV A model with Tactors
Freatment and Pooled Country civpe HE 55,

GAL-IR s Placebo at Week 26 p 62030

6. Text Of Initial Not-Approvable Letter

Key text from the Not Approvable action letter of 12/23/03 is reproduced verbatim
below

We completed our review and find the information presented is inadequate. Therefore, the
application is not approvable under section 505(d) of the Act and 21 CFR 314.125(b). The
deficiencies are summarized as follows;

Lack of Substantial Evidence of Effectiveness:

The supporting clinical efficacy study GAL-INT-10 fails to provide evidence of effecliveness of
extended-release galantamine.

As you know, the current regutatory standard for a demonstration of effectiveness for treatments of
Alzheimer's Disease is the showing of statistically significant superiority to placebo on both of two
co-primary efficacy measures: a cognitive measure and a globalffunctional measure.
Unfortunately, Reminyl ER was not shown to be superior to placebo on the CIBIC-Plus (for the
intent-to-treat population on the last observation carried forward analysis, the between-treatment
contrast yields p=0.22). Thus, based on the pre-specified primary efficacy analysis, this study must

-
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be considered not lo have shown substantial evidence of effectiveness of Reminyl® Extended-
Release Capsules.

While the between-treatment comparison on the ADCS-ADL, a secondary efficacy measure that
also can be acceptable as a co-primary measure of overall functioning (when so designated
prospectively), was nominally significant (p<0.001), the negative finding on the protocol specified
global measure (the CIBIC-Plus) makes relying on any analysis of further outcome variables
inappropriate, because to do so inflates the overall Type | error for the study.

Before this application can be approved, you must submit a single adequate and well-controlled
investigation that demonstrates superiority of Reminyl ER to placebo on two prospectively
designated outcomes of the sort described above.

7. Summary Of Meeting With Sponsor: February 17, 2004
The following is an extract of the key elements of the meeting minutes

7.1.1 Discussion Points and Decisions (agreements) reached:

The meeting was requested by the sponsor to discuss the Division’s December 23, 2003 Not
Approvable letter for the controlled-release formulation of Reminyl®. The sponsor’s and Division's
viewpoints about the results of Study GAL-INT-10, and the next steps that the sponsor might take
in oblaining approval of Reminyl® ER for the treatment of mild to moderate dementia of the
Alzheimer's type, were discussed. The discussion included an outline of the sponsor’s views as to
why there was no evidence for the efficacy of either the extended-release or immediate-release
formulations of Reminyl® on the CIBIC-Plus analysis in that study.

Based on that discussion, the following were the key agreements reached at the meeting

s The sponsor was advised to submit a detailed argument that addresses, on clinical and statistical
grounds, why the results of the ADCS-ADL analysis for Study GAL-INT-10 should be considered in
lieu of those for the CIBIC-Plus, in attempting to establish that that study is “posilive”.

= The sponsor proposed that another means of establishing the efficacy of the extended-release
formulation of Reminyl® might be the demonstration of a correlation between exposure (based on
AUC) and clinical effect, in a small study using the immediate-release formulation of Reminyl®
alone, given the similarity in AUC between the 2 formulations of Reminyl®. The Division will
comment more fully on such a proposal once more details are submitted. Such a proposal should
clearly describe how a link between clinical effectiveness and pharmacckinetic exposure will be
established.

»  The sponsor proposed that a further efficacy study of the extended-release formulation of
Reminyl® use the ADAS-Cog and ADCS-ADL as primary efficacy measures and be of 3 months
duration. This proposal will in all likelihood be acceptable to the Division, although 3 months is the
minimum duration for an efficacy study in Alzheimer's Disease.
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» A submission comprising one or more of the above would be considered a response to the
Division's Not-Approvable action fetter.

The sponsor asked if the nomenclature to be used for the proposed new formutation in labeling -
Reminyl® ER (galantamine hydrobromide) Extended Release Capsules had been agreed to by the
Division of Medication Errors and Technical Support {DMETS). The Division stated that the final
opinion of DMETS was pending, however, preliminarily it appeared to be acceptable.

8. Summary Of Complete Response To Initial Not-Approvable
Letter

The following is my summary of the Complete Response to the initial Not-
Approvable Letter. As noted earlier, the Complete Response was dated 5/27/04.

In that submission, the sponsor had performed a number of additional analyses
of the CIBIC-Plus. The sponsor contended that the results of these additional
analyses, together with the analyses of the ADAS-Cog and ADCS-ADL described
in the original application, provided substantial evidence of the effectiveness of
the Reminyi® Extended-Release formulation in mild to moderate dementia of the
Alzheimer’s type.

The new CIBIC-Plus analyses, which were all performed using the intent-to-treat,
last-observation-carried-forward dataset (based on a Cochran-Mantel-Haenszel
model using rank scores and stratified by study site) are further summarized
below

+ The sponsor now contended that the Cochran-Mantel-Haenszel test model used
for the protocol-specified analysis of the CIBIC-Plus, which used modified ridit
scores and was siratified by region {US vs. non-US), may not have been
appropriate since, in that analysis, US and non-US centers were equally
weighted, whereas US centers contributed 69% of those enrolled in the study.
The sponsor was now of the view that, since randomization was stratified by
study site, a more appropriate Cochran-Mantel-Haenszel test model for analysis
of the CIBIC-Plus was one that used rank scores and was stratified by study site.
The sponsar then used the latter model to demonstrate what appears to be a
nominally statistically significant supericrity of both the extended- and immediate-
release formulations of Reminyl® over placebo on the CIBIC-Plus, with p-values
of 0.030 and 0.027, respectively; these results were considered by the sponsor to
more accurately reflect the overall treatment effects of both formutations of
Reminy!® on that measure

* A number of baseline variables contributing to CIBIC-Plus outcome were
identified by logistic regression analysis; these variables were screening Mini-
Mental Status Examination score, baseline ADAS-Cog score, and prior
cholinomimetic use. 3 separate analyses of the CIBIC-Plus were then performed
using Cochran-Mantel-Haenszel test models; each was stratified for one of the
variables considered of prognostic importance, and for country. In each of the 3
analyses the extended-release formulation of galantamine showed a nominally



Raniit 8. Mani, MD, HFD-120 Medical Review Page 11 0f 35
NDA 21615, Reminyl® Extended-Release |, Johnson & Johnson 1214/04

statistically significant superiority to placebo; in each model, the immediate-
retease formulation showed either a nominally statistically significant superiority
to placebo, or a superiority that approached nominal statistical significance

» Since US centers contributed about 69% of subjects to this study and since these
subjects were considered by the sponsor to be more homogenous, a CIBIC-Plus
analysis was performed confined to the US centers alone. This analysis, too,
appeared to show a nominaily statistically significant superiority of each
Reminyl® formulation to placebo (p-values of 0.026 and 0.029 for the extended-
and immediate-release formulations, respectively)

9. Text Of Second Not Approvable Letter

Key text from the Not Approvable action letter of 7/27/04 is reproduced verbatim
below

We compieted our review and find the information presented is inadequate. Therefore, the
application is not approvable under section 505(d) of the Act and 21 CFR 314.125(b). The
deficiencies are summarized as follows:

You have presented numerous post hoc re-analyses of the CIBIC-Plus, all of which achieve
nominal significance, and which you suggest establish that Reminyi ER is statistically significantly
superior to placebo on this outcome measure. However, we believe that it is inappropriate to rely
on the results of post hoc analyses unless a compelling argument can be made for disregarding
the protocol-specified analyses (as we noted in our December 23, 2003 letter, relying on additional
analyses in the face of a negative result on the primary analysis inflates the Type | error for the
study). We do not believe that you have provided any convincing rationale for considering the
protocol-specified analysis of the CIBIC-Plus to be inappropriate, and, therefore, replaceable by
other analyses. Indeed, the protocol-specified analysis of this oulcome measure was standard for
this measure, and was reasonable in all fundamental aspects. The fact that you have identified
numerous other analyses of this outcome measure that you believe, after the fact, are more
appropriate, does not constitute, in our view, sufficient justification for rejecting the results of the
original analysis. Therefore, given our view that the protocol-specified analysis was sound, we
consider it inappropriate to accept as definitive analyses done retrospectively, after a non-
significant finding on the original analysis.

Further, even if we were convinced that the protocol-specified analysis of the CIBIC-Plus was
inappropriate, the alternative analyses you performed are not clearly appropriate on their own
terms. For example, in the analysis in which you stratified by study site, you adopted a rule for
pooling small centers that, in addition to being obviously unplanned {(and therefore only one of
many possible pooling schemes), was itself problematic, given that it resulled in a single “center”
that was much larger than any other center in the study. The creation of this very large single
“center” could have tended to obscure the effecls of center in the analysis. Similarly, you have not
adequately justified the appropriateness of the several other specific analyses you have performed,
given the extraordinarily large number of analyses that could have been performed.
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10. Summary Of Contents Of Briefing Package Dated September
3, 2004

This Briefing Package was intended to form the basis for an End-of-Review
conference and its contents are summarized below

10.1 Background
The sponsor stated the following

Galantamine extended-release capsules are a once-daily formulation
consisting of 8, 16, and 24 mg of galantamine hydrobromide in each of 3
capsule sizes

Each capsule shell contains L 3 sugar spheres coated in 3 layers,
as follows

= Aninner layer containing [ 1of the total active ingredient
(galantamine hydrobromide) content which is released over 24
hours

= AT 1 membrane which provides for controlied
release of galantamine via diffusion

= An outer layer of immediate-release galantamine hydrobromide
containing the remaining U 3 of the total active ingredient

A single daily 8 mg dose of the extended-release capsule of galantamine
is equivalent to 4 mg twice daily of the immediate-release tablet of
galantamine, based on the AUCq.»4. [Reviewer's note: The bioequivalence
of the 2 formulations was confirmed when the original submission under
this application was reviewed]

The efficacy of galantamine extended-release capsule was investigated in
Study GAL-INT-10, a randomized, double-blind, placebo controlled study

in patients with mild to moderate dementia of the Alzheimer’s type. In this

study,

* The 2 co-primary efficacy endpoints were the ADAS-Cog, a cognitive
measure, and the CIBIC-Plus, a functional/globat instrument

= An “acceptable alternative global/functional endpoint,” the ADCS-ADL,
was also included in the trial design as the key secondary endpoint
(reviewer’s note: there is no evidence from the study protocol that the
ADCS-ADL was a pre-specified key secondary endpoint).

= A paositive control arm, immediate-release galantamine, was added after
discussions with the Agency in June 1999
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10.2 Current Worldwide Regulatory Status Of Galantamine ER
The sponsor stated the following

An application for authorization to market galantamine extended-release
capsules was submitted in the first quarter of 2003 in the following
countries: the United States, the European Union, Switzerland, Australia,
Canada, New Zealand, Mexico, and Brazil. For all submissions

= The formulation and composition of the drug product are identical

= The site of manufacture for the active pharmaceutical ingredient,
gatantamine hydrochloride, is the same

» The site of manufacture for the extended-release pellets is the same

The Marketing Authorization Application in the European Union was
submitted under a Mutual Recognition Procedure with Sweden as the
Reference Member State (the Reference Member State is responsible for
coordinating the approval process with the other Member State). Sweden
approved the application in March 2004 for marketing and the application
was then submitted to the remaining 16 European Concerned Member
States in June 2004; the procedure is due to be compieted on September
29, 2004.

Galantamine extended-release capsules have so far been approved in the
following countries: Australia, Sweden, Mexico, and Singapore. The
product has been launched in Sweden and Mexico

The approval of galantamine extended-release capsules is expected

shortly in L 1 The sponsor states the following: “We are
currently working with the healthy authorities in Canada, Switzerland and
C _ 1 to resolve initial concerns.”

10.3 Efficacy Of Galantamine ER
The following was stated by the sponsor

10.3.1 Overview
In Study GAL-INT-10

A statistically significant difference in favor of GAL-ER and GAL-IR was
observed, in comparison with placebo, f_or the ADAS-Cog

For the CIBIC-Plus, the differences between the GAL-ER group and the
placebo group, and between the GAL-IR group and placebo, did not reach
statistical significance, using the protocol-specified method of analysis. In
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this trial, the CIBIC-Plus demonstrated reduced assay sensitivity, as
demonstrated by the “weaker” results for the GAL-IR group versus the
placebo group, as compared with previous trials

A statistically significant difference in favor of GAL-ER and GAL-IR
compared with placebo was observed for the key secondary endpoint, a
functional scale, the ADCS-ADL

The results described below are for the intent-to-treat analyses

10.3.2 Efficacy On The ADAS-Cog

Both the ER and IR arms of the GAL-INT-10 trial showed a clear superiority to
placebo (p < 0.001)

10.3.3 Reduced Assay Sensitivity Of The CIBIC-Plus

The results, when the GAL-ER and GAL-IR arms of this study were
compared with placebo, on the CIBIC-Plus were similar; some analyses
showed a statistically significant superiority for the galantamine arms,
whereas others did not :

Evidence of reduced assay sensitivity is provided by the comparison of the
GAL-IR group to placebo; whereas the immediate-release formulation of
galantamine showed a statistically significant superiority to placebo on all
4 earlier trials, the same comparison did not reach statistical significance
in GAL-INT-10 as indicated by the following table which | have copied
from the submission

Studs Formulation Cognon Global Function
ITHLOCT tADAS-cog/l 1) {CIBIC-plus) {I2AD or
P yalue vs Plac P value vs Plac ADCS/ADL)Y

P value vs Plac

Gal-INT-1 [ IR <0 001 <005 NS

(6mths) {DAD)

Gal-TISA-1T | IR <10} <(.05 NS

{6miths) (DAD)

Gal-INT-2 | IR {103 <(1.05 <{).05

{3mths) {DAD)

Cralsl SA- IR -4V OfH ~(Lt3 =002

1O (Fmithsy {ADCS-ADL)

Gal-1nE- IR 0 Nl NS fp=(.144) =018

10 (6miths ) {ADCUS-AIDL

ER {0 NS (p=0.216) <001

{ADCS-ADLY -

Factors identified as potentially accounting for the reduced assay
sensitivity of the CIBIC-Plus in Study GAL-INT-10 were as follows
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The inclusion of patients with milder dementia in Study GAL-INT-10 than
in previous trials

An imbalance between treatment groups in the severity of dementia at
baseline

Failure to properly weight data from individual centers in the protocol-
specified analysis

An analysis of the impact of these factors on the CIBIC-Plus results was
provided in both the original application and in the Complete Response
submitted May 27, 2004

The additional post-hoc analyses of the CIBIC-Plus for GAL-INT-10
described above more accurately reflect the study results. To summarize
these analyses

Screening Mini-Mental Status Examination scores for patients enrolled in
GAL-INT-10 ranged from 10 to 24. When analyses of the CIBIC-Plus for
GAL-INT-10 were confined to the subset with a screening Mini-Mental
Status Examination score of 10 to 22 (the range for those enrolled in
previous trials of immediate-release galantamine), both the GAL-ER and
GAL-IR groups showed a statistically significant superiority to placebo

Baseline demographic data indicated that more of the mildly affected
patients were randomized to the placebo group than to either of the
galantamine groups. Additional post-hoc analyses were performed
adjusting for baseline measures of disease severity that were found to be
associated with response on the CIBIC-Plus. Each of these analyses
yielded results that showed a statistically significant superiority for both
galantamine arms over placebo

The protocol-specified analysis of the CIBIC-Plus used a method that did
not reflect stratified randomization and used a method that resulted in
greater weight being placed on data for a non-US subject than for a US
subject. When a more design-based analysis, stratifying by center, was
used, the analysis yielded results that showed a nominally statistically
significant superiority on the CIBIC-Plus for both the GAL-ER and GAL-IR
groups

The sponsor acknowledges that, while, for the reasons already outlined,
the statistical analyses which demonstrate a treatment effect on the
CiBIC-Plus more accurately reflect the study results, these results are
marginal and not as strong as for previous trials of the immediate-release
formuiation
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10.3.4 Efficacy On Clinically Relevant Endpoints

10.4

The current regulatory standard requires that the efficacy of drugs in the
treatment of dementia of the Alzheimer's type be demonstrated by
showing statistically significant results favoring the drug on each of 2 co-
primary efficacy endpoints

= A cognitive measure (the ADAS-Cog scale is generally recognized as an
appropriate endpoint for assessing the effect on cognition)

= A global or functional domain

The ADAS-Cog scale is generally recognized as an appropriate endpoint
for assessing the effect of a drug on cognition in dementia of the
Alzheimer’s type

The 2 most commonly utilized global/functional scales are the CIBIC-Plus
and ADCS-ADL. Further,

= |n GAL-INT-10, the choice of global/functional primary efficacy endpoint
was arbitrary and the CIBIC-Plus was selected based on prior experience

» The ADCS-ADL would have been equally acceptable as a co-primary
endpoint, had it been specified prospectively

= In this study, the ADCS-ADL demonstrated statistically significant
evidence of efficacy for both the extended- and immediate-release
formulations of galantamine (p < 0.001 and p = 0.018, respectively, at
endpoint)

Sponsor’s Conclusions

The overall results of GAL-INT-10 support the effectiveness of GAL-ER in
the treatment of mild to moderate dementia of the Alzheimer's type

The CIBIC-Plus measure in this trial exhibited lowest assay sensitivity as
demonstrated by the reduced effect of GAL-IR compared with previous
trials. The reduced assay sensitivity is explicable by factors unique to the
GAL-INT-10 trial

Despite the reduced assay sensitivity, statistically significant positive
results favoring the GAL-ER formulation over placebo were obtained on a
cognitive endpoint (ADAS-Cog) and a functional outcome (ADCS-ADL),
which are consistent with current regulatory standards required for the
approval of such drugs
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11. Summary Of Agency Response To Dispute Resolution
Request

A Dispute Resolution Request package was submitted to Office of Drug
Evaluation I on September 27, 2004. The package contained the following items

Formal dispute resolution request, containing the sponsor’s explanation for how
evidence for the effectiveness of the Reminyl® ER formulation has already been
demonstrated

Additional items (documents previously submitted)

NDA 21615, as submitted on 2/23/03

Initial Not-Approvable letter, received by sponsor on 12/23/03

NDA 21615 End of Review Conference Briefing Package, submitted on 1/30/04
Agency minutes from the End of Review Conference, held on 2/17/04

NDA 21615 Resubmission to a Pending Application, and Complete Response to
Not-Approvable letter of 12/23/03. Resubmission date 5/27/04

Second Not-Approvable letter, received by sponsor on 7/27/04

o NDA 21615 End of Review Conference Briefing Package, submitted on 9/3/04

o0 000

o]

Dr Robert Temple, Director, Office Of Drug Evaluation [, has responded to this
request in a memorandum dated October 26, 2004. Please refer to his
memorandum for full details. Key elements of that memorandum are summarized
below.

In his memorandum, Dr Temple has concluded that the sponsor has provided
substantial evidence of the effectiveness or Reminyl® Extended-Release for the
treatment of mild to moderate dementia of the Alzheimer’s type. His basis for that
conclusion is summarized as follows

» Galantamine is a well-evaluated drug and known to be effective as an
immediate-release formulation in the treatment of Alzheimer's Disease;
under those circumstances, an effect on the ADAS-Cog should be
considered sufficient to establish that the extended-release formulation of
that drug is effective

e The effect of the Reminyl® Extended-Release on the ADCS-ADL strongly
supports that on the ADAS-Cog, despite not being essential to establish
efficacy, and despite the ADCS-ADL not being a pre-specified primary
efficacy measure

» The lack of an effect of Reminyl® Extended-Release on the CIBIC-Plus is
greatly mitigated by the failure of the immediate-release formulation to
have an effect on that measure in the GAL-INT-10 trial, given that there is
no doubt from previous studies that the immediate-release formulation
(and thus the galantamine molecule itself) affects both cognition and
global function beneficially
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+ Several of the alternative analyses of the CIBIC-Plus conducted by the
sponsor, and in particular the analysis which was stratified by center, have
considerable merit, even if they are post-hoc

12. Chemistry Data (Dissolution Specifications) In Submission

12.1 Data In Submission

Dissolution specifications for the drug product (in accordance with Agency
recommendations) have been supplied under 2 headings

« Control of critical steps and intermediates: galantamine hydrobromide
controlled-release capsules equivalent to 8 mg, 16 mg, and 24 mg of
galantamine

» Specifications: galantamine hydrobromide controlled-release capsules
equivalent to 8 mg, 16 mg, and 24 mg of galantamine

Please see the submission for further details

12.2 Agency Review Of Data In Submission

The (interim) dissolution specifications recommended by the Agency, and agreed
to by the sponsor in this submission, have been reviewed by Dr Ronald
Kavanagh of the Office of Clinical Pharmacology and Biopharmaceutics.

Dr Kavanagh considers the application acceptable and has the following
comments and recommendations

» He has recommended specific changes to the following sections of the
sponsor’s labeling proposal

= Clinical Pharmacology: Metabolism and Elimination
» Precautions
= Dosage and Administration

+ He provides full details of the interim dissolution specifications - these
details are to be conveyed to the sponsor (these are more detailed than
the interim dissolution specifications contained in the submission)

» He has asked that the sponsor be requested to make a Phase [V
commitment to provide additional dissolution data within 6 months of
approval in order to set final dissolution specifications (the specifics of
these data are contained in his review)
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13. Proposed Labeling

Changes have been proposed to the following sections of the currently-approved
labeling for Reminyl®

Description

Clinical Pharmacology: Metabolism and Elimination
Clinical Pharmacology: Clinical Trials

Precautions

Adverse Reactions

Dosage and Administration

How Supplied

Storage and Handling

Changes proposed for each of these sections are outlined below (the changes
use red strikethrough and underlined text)




3 Page(s) Withheld

§ 552(b)(4) Trade Secret / Confidential

§ 552(b)(5) Deliberative Process

/ § 552(b)(5) Draft Labeling
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C

14. Edited Labeling

The following initial proposal for changes to the current approved labeling for
Reminyl® has been conveyed to the sponsor by the Division on December 1,
2004, in response to the sponsor’s proposal contained in this submission.

Note that no changes have been made by the Division to sponsor’s proposed
changes to the Description, How Supplied, and Storage and Handling sections.

Changes proposed for each of these sections are outlined below (the changes
use red strikethrough and underlined text)

C




1‘{ Page(s) Withheld

§ 552(b)(4) Trade Secret / Confidential

§ 552(b)(5) Deliberative Process

‘/’ § 552(b)(5) Draft Labeling
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1 At the time of completion of this review, discussions between the Agency and sponsor
regarding this transition were not comptlete. It was agreed, however, that this application would be
approved without a firm proprietary name being decided upon, but with the launch of the new
formutation occurring only after the proposed new proprietary name was agreed on.

it was also decided, based on communications between the Division and sponsor, that the
extended-release formuiation of galantamine would have labeling that was separate from the
currently marketed immediate-release tablet and oral solution formulations]

The sponsor's modifications to the Division's labeling proposal of December 1,
2004 consist of

« Providing a proposed label for the extended-release capsule formulation
only, while retaining all non-clinical and clinical information relevant to
galantamine per se (and therefore to the extended-release formulation)
that was based on studies using the immediate-release formulation

» Substituting “galantamine” or “galantamine immediate-release tablets” for
REMINYL®, where appropriate

s Substituting “TRADEMARK extended release capsules” for “REMINYL®
extended release capsules” [this substitution is intended to remain until
such time as a new proprietary name is approved, when the product label
is revised further]

» Making very minor modifications to the Clinical Trials, Precautions, Special
Populations, and Adverse Reactions seclions without changing the
meaning of the text contained in those sections in any significant way

Note that the sponsar had initially fatled to include the following statement in the Dosage and
Administration section of the proposed labeling: “TRADEMARK should be administered once
daily in the morning, preferably with food” {and thereby not provided any indication of how
frequently, or what time of day, galantamine extended-reiease capsules should be taken, and
how the intake of that formulation should relate to food). This omission was tater corrected by the
SpONSOr.

The sponsor’s labeling proposal of December 10, 2004, is therefore acceptable.

16. Comments

e This submission is a Complete Response to the second of two Not-
Approvable action letters that have been issued by the Agency in
response to this application and its Amendments.

« This New Drug Application, originally submitted on 2/24/03, seeks the
approval of Reminyl® Extended-Release Capsules for the treatment of
mild to moderate dementia of the Alzheimer’s type. The Division
responded to that application with a Not-Approvable action letter on
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12/23/03. Subsequently, the sponsor submitted a Complete Response to
the Not-Approvable letter on 5/27/04, to which the Division responded with
a further Not-Approvable action letter on 7/27/04; prior to the Complete
Response being submitted, a meeting was held between the Division and
sponsor on 2/17/04, to discuss the initial Not-Approvable action letter.

¢ Reminyl® Extended-Release Capsules are intended for once-daily
administration, in contrast to the currently-approved immediate-release
tablet and oral solution formulations which are recommended as twice
daily doses.

¢ The evidence in the original submission under this NDA, in support of the
efficacy of Reminyl® Extended Release capsules, consisted of a single
study, GAL-INT-10, the design and results of which are further described
below

= This was a randomized, double-blind, placebo-controlled, parallel-arm
study.

* The study had 3 treatment arms: Reminyl® Extended-Release capsules
16 to 24 mg once daily; immediate-release Reminyl® tablets 8 to 12 mg
twice daily; and placebo. The period of double-blind, parallel-arm
treatment in this study was 26 weeks

= Key inclusion criteria were the diagnosis of probable Alzheimer's Disease;
a Mini-Mental Status Examination score at screening of 10 -24; and an
Alzheimer’'s Disease Assessment Scale — Cognilive {ADAS-Cog) score at
screening of at least 18.

= 971 patients were enrolled in the study and randomized in about equal
proportions to the 3 treatment groups

= The primary efficacy measures were the ADAS-Cog and the Clinician
Interview Based Impression of Change-Plus {CIBIC-Plus). There were 10
secondary efficacy measures, including the Alzheimer's Disease
Cooperative Study — Activities Of Daily Living (ADCS-ADL) scale. *

= The primary efficacy analysis was performed, as specified in the protocol,
on the observed cases dataset at Month 6, and the primary comparison
was between the Reminyl® Extended-Release and placebo groups, again
as specified in the protocol. The difference in this dataset, between the
Reminyl® Extended-Release and placebo groups, for the mean change
from baseline in the ADAS-Cog, was 2.7 points, and favored galantamine
(p < 0.001). For the CIBIC-Plus, using the same dataset, 61% of thase
treated with extended-release galantamine, and 56.8% of those treated
with placebo, either improved or showed no change {p = 0.086, when
changes on the full 7-point scale were compared). Similar resulls were
seen, on both primary efficacy parameters, when the Reminyl®
Extended-Release and placebo groups were compared for the last-
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observation-carried-forward and classical intent-to-treat datasets; the
results were also similar when the immediate-release Reminyi® and
placebo groups were compared.

» The protocol specified that evidence of the efficacy of extended-release
galantamine was to be based on demonstrating a statistically significant
{p < 0.05) treatment difference on both primary efficacy measures
between that galantamine group and the ptacebo group.

= A comparison of the treatment groups on mean change from baseline to
Week 26 scores for the ADCS-ADL using the observed cases dataset,
revealed a mean difference between the Reminyl® Extended-Release
and placebo groups of 2.4 points favoring galantamine (p = 0.003); a p-
value of < 0.001 was seen in each instance when these groups were
compared using the last-observed-carried-forward and classical intent-to-
treat datasets

The Agency's original Not Approvable action (12/23/03) on this application
was based on the following

= The current regulatory standard requires that evidence for the efficacy of
drugs approved for the treatment of Alzheimer's Disease be based on
demonstrating a statistically significant superiority to placebo on both of
two prospectively-designated co-primary efficacy measures: a cognitive
measure and a globai/functional measure. In GAL-INT-10, Reminyl®
Extended-Release capsules were not demonstrated to be superior to
placebo on the CIBIC-Plus. Therefore this study could not be said to have
shown substantial evidence of effectiveness

* The comparison of the Reminyl® Extended-Release and placebo groups
on the ADCS-ADL, a measure that could also be acceptable as a co-
primary measure of efficacy, if prospectively designated, showed a
nominally statistically significant treatment difference that favored the
Reminyl® Extended-Release group. However, the negative finding on the
protocol-specified global measure, the CIBIC-Plus, made relying on the
resuits of any secondary efficacy measures inappropriate

In the earlier Complete Response (5/27/04) to the initial Not-Approvable
action, the sponsor had performed a number of additional analyses of the
CIBIC-Plus. The sponsor contended that the results of these additional
analyses, together with the analyses of the ADAS-Cog and ADCS-ADL
described in the original application, provided substantial evidence of the
effectiveness of the Reminyl® Extended-Release formulation in mild to
moderate dementia of the Alzheimer's type.

The new (post-hoc) CIBIC-Plus anélyses, which were all performed using
the intent-to-treat, last-observation-carried-forward dataset are briefly
listed below, but are further described in Section 8. All analyses showed a
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nominally statistically significant superiority of both the ER and IR
formulations of galantamine over placebo

An analysis in which protocol-specified Cochran-Mantel-Haenszel test
mode! which was stratified by region (US vs. non-US) was modified to
one stratified by study site.

Analyses in which 3 baseline variables {screening Mini-Mental Status
Examination score, baseline ADAS-Cog score, and prior cholinomimetic
use) contributing to CIBIC-Plus outcome were identified by logistic
regression analysis and were then each used as stratification factors in
the same Cochran-Mantel-Haenszel model.

An analysis confined to the US centers alone.

¢ The Agency's second Not-Approvable action, dated 7/27/04, was based
on the fotlowing

The failure to provide a convincing argument for why the protocol-
specified analysis of the CIBIC-Plus should be considered inappropriate,
and, should, therefore be replaced by the post-hoc re-analyses of that
measure, especially since the protocol-specified analysis of this outcome
measure was standard for this measure, and was reasonable in ali key
aspects. In addition, as outlined in the earlier Not-Approvable action
letter, the use of additional analyses after a negative primary analysis
would inflate the Type I error for the study.

Concern that the alternative analyses proposed by the sponsor may not
have been entirely appropriate in themselves

e The current submission relies on the following

cC 0 0 C

Q

The original submission under this application

A meeting held with the Division on February 17, 2004

The earlier Complete Response to the initiat Not-Approvable letter

An End-of-Review Conference Briefing package submitted on September 3,
2004

The Dispute Resolution Request package submitted lo Dr R. Temple on
September 27, 2004 and Dr Temple's response in which he concluded that the
key deficiency in this application, the fack of substantial evidence of efficacy, had
been adequately addressed in the original NDA and subsequent Amendments.
His basis for that conclusion was as follows

¥ Since the galantamine is known to be effective (as an immediate-release
formulation} in the treatment of Alzheimer’'s Disease, an effect on the ADAS-Cog
alone should be sufficient lo establish that the extended-release formuiation of
that drug is effective

¥ The effect of the Reminyl® Extended-Release on the ADCS-ADL strongly
supports that on the ADAS-Coq despite the ADCS-ADL not being a pre-specified
primary efficacy measure
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®»  The lack of an effect of Reminyl® Extended-Release on the CIBIC-Plus is
miligated by the failure of the immediate-release formulation to have an effect on
that measure in the GAL-INT-10 trial, especially since there is no doubt from
previous studies (with the immediate-release formulation) that the galantamine is
a drug that affects both cognition and global function beneficially

>  Several of the alternative, albeit post-hoc, analyses of the CIBIC-Plus conducted
by the sponsor have considerable merit,

« My overall view of this application remains as follows

The current regulatory standard requires that evidence for the efficacy of
drugs approved for the treatment of Alzheimer’'s Disease be based on
demonstrating a statistically significant superiority to placebo on both of
two co-primary efficacy measures: a cognitive measure and a
global/functional measure.

The protocol for the GAL-INT-10 study specified that the efficacy of the
extended-release galantamine formulation in that study was to be based
on demonstrating a statistically significant superiority to placebo on both
primary efficacy measures, the ADAS-Cog and CIBIC-Plus.

Since the treatment differences between extended-release galantamine
and placebo on the CIBIC-Plus did not achieve or approach statistical
significance using the protocol-specified analysis, this study has,
according to all intents and purposes, failed to establish evidence for the
efficacy of extended-release Reminyl® in mild-to-moderate Alzheimer's
Disease.

The comparison of the Reminyl® Extended-Release and placebo groups
on the ADCS-ADL showed a nominally statistically significant treatment
difference favoring the Reminyl® Extended-Release group over placebo.
While the ADCS-ADL would have been acceptable as a co-primary
measure of efficacy in lieu of the CIBIC-Plus, if prospectively designated,
it was one of 10 secondary efficacy measures in this study (albeit the only
secondary efficacy measure other than the dichotomized CIBIC-Plus that
could be considered a global or functional instrument), and these
measures were subject to 90 separate analyses. Moreover, the lack of
any evidence of efficacy on the protocol-specified global co-primary
efficacy measure, the CIBIC-Plus, made relying on the results of any
secondary efficacy measures inappropriate

Since the extended-release formulation of galantamine is intended to be
taken once daily and will therefore be more convenient to use than the
immediate-release formulation, for which twice daily dosing is
recommended, the former formulation is likely to be used much frequently
than the latter, when marketed. It is therefore especially important that
evidence for the efficacy of the extended-release formulation should be
clearly demonstrated prior to marketing approval being granted; such
evidence is currently lacking.
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*

While the sponsor has also performed further analyses of the CIBIC-Plus,
using Cochran-Mantel-Haenszel test modeils different from those used for
the primary efficacy analyses, and although these further analyses have
shown nominally statistically significant differences favoring extended-
release galantamine over placebag, the new analyses are post-hoc, and
their results are model-dependent, confined to a subgroup, or otherwise
deficient. For those results that are model-dependent, the sponsor has
not provided convincing evidence that the models that show “positive”
results are more appropriate to use than those that do not. These
analyses cannot therefore be considered to have met the “substantial
evidence of effectiveness” standard

| have noted Dr Temple’s conclusion that, based on the results of Study
GAL-INT-10, the extended-release formulation of Reminyl® has
substantial evidence of efficacy (in the treatment of mild to moderate
dementia of the Alzheimer’s type), and have fully reviewed his reasons for
arriving at that conclusion. | must, however, respectfully disagree with his
conclusion for the following reasons

The effects of the immediate-release formulation of galantamine on the
ADAS-Cog in the key studies that were the basis for approval of that
formulation were small (indeed minimal), albeit statistically significant,
when compared with placebo; but for the “positive” effects of this
formulation on the global primary efficacy measure in these studies, the
CIBIC-Plus, it would have been very difficult to conclude that the effects
on the ADAS-Cog were dlinically meaningful. On the same basis, the lack
of a statistically significant benefit for the immediate-release formulation
on the CIBIC-Plus in Study GAL-INT-10, could legitimately be interpreted
as indicating that the small effect of that formulation on the ADAS-Coqg,
while statistically significant, was not clinically meaningful in that study,
notwithstanding the effects of that formulation on both measures in earlier
efficacy studies; this interpretation is, in my view, no less legitimate that
concluding that because the efficacy of the immediate-release
galantamine formulation had clearly been demonstrated on both the
ADAS-Cog and CIBIC-Plus is early studies, the lack of an effect on the
CIBIC-Plus in Study GAL-INT-10 may be discounted. The benefits of
galantamine and of other approved drugs in the acetylcholinesterase
inhibitor class are, in fact, marginal enough that variability in their efficacy
across studies may be expected if a sufficiently large number of studies
are done.

The CIBIC-Pius is a widely used and accepted primary efficacy measure
in clinical drug trials in Alzheimer’s Disease, including trials that have
been the basis for approvai of several drugs other than galantamine, and
it is not easy to discount the lack of effect seen on this measure for both
galantamine formutations in GAL-INT-10 as being an anomaly and not a
true drug effect

While the ADCS-ADL may be appropriate, if prospectively designated as
a primary efficacy measure, for use as a means of demonstrating that any
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effect on the ADAS-Cog is clinically meaningfut, it is inconsistent with our
usual standard for drugs designated for the same indication, indeed
unprecedented, to use it for the same purpose in Study GAL-INT-10,
when the ADCS-ADL was one of several secondary efficacy measures
(none of which were prospectively designated as being key), and when
the results of the primary efficacy analysis were negative.

= ltis increasingly likely that the extended-release formulation of
galantamine will be the main, if not the sole, formulation, of that drug
prescribed. Approval of that formuiation should therefore, in my opinion,
meet the same, albeit minimal, standard required for the immediate-
release formulation

In summary, | believe that substantial evidence for the efficacy of the
extended-release formulation of galantamine in the treatment of mild to
moderate dementia of the Alzheimer's type has NOT been established
through Study GAL-INT-10. |, therefore, continue to recommend that the
extended-release formulation of galantamine not be approved for
marketing. However, given Dr Temple's response to the Dispute
Resolution Request submitted by the sponsor, and his overriding
determination that the immediate-release formulation of galantamine has
shown substantial evidence of efficacy, the Division has proceeded with
reaching agreement with the sponsor on the text of the product labeling for
this formulation (see below).

As indicated earlier in this review, the Agency has received a number of
reports of prescribing and dispensing errors apparently resulting from
confusion between the names “Reminyl®” and “Amaryl®;" Amaryl® is an
oral anti-diabetic drug; at least 2 of these instances have led to patient
deaths. In response to these errors, the DMETS staff recommended
earlier that the name "Reminyl® ER" not be approved for the formulation
currently under review.

A Risk Management Program that attempts to address these errors has
already been instituted in consultation with this Division.

In a communication dated December 2, 2004, the sponsor had further
proposed that the extended-release formulation of Reminyl® be lfaunched
under a new proprietary name; based on the same communication, the
sponsor appeared to planning to gradually phase out the immediate-
release and oral solution formulations of Reminyl® (which was continue to
be marketed under the current proprietary name, until all supplies were
depleted) over 6 months. However, in subsequent contacts, the sponsor
indicated that the immediate-release and oral solution would not be
phased out, but would continue to be marketed under a new proprietary
name. At the time of completion of this review, discussions between the
Agency and sponsor regarding this transition were not complete. It was
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agreed, however, that this application wouid be approved without a firm
proprietary name being decided upon, but with the launch of the new
formulation occurring only after a to-be-proposed new proprietary name
was agreed on.

+ The Division and sponsor have reached agreement on product labeling for
extended-release galantamine, which is to be exclusive to that
formulation. In that product labeling, the formulation to be approved is
referred to as “TRADEMARK extended release capsu]es pending Agency
approval of a new proprietary name.

17. Recommendation
I continue to recommend that this application not be approved

sl

Ranjit B. Mani, M.D.
Medical Reviewer

rbm 12/14/04
CC:

HFD-120
NDA 21615
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Review and Evaluation of Clinical Data
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Material Submitted: Briefing Document
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Reviewer; Ranjit B. Mani, M.D.

1. Background

This submission contains a Briefing Package for a meeting between the Agency
and sponsor to be held on 9/22/04. The purpose of the meeting, according to the
sponsor, is to discuss what further steps need to be taken for the above
application to be approved.

NDA 21615, originally submitted on 2/24/03, sought the approval of Reminyl®
Extended-Release Capsules for the treatment of mild to moderate dementia of
the Alzheimer's type. The Division responded to that application with a Not-
Approvable action letter on 12/23/03. Subsequently, the sponsor submitted a
Complete Response to the Not-Approvable letter on 5/27/04, to which the
Division responded with a further Not-Approvable action letter on 7/27/04; prior to
the Complete Response being submitted, a meeting was held between the
Division and sponsor on 2/17/04, to discuss the initial Not-Approvable action
letter.

The original application under NDA 21615 was based mainly on the results of one Phase 111
randomized, double-blind, placebo-controlled efficacy study (GAL-INT-10), an unconirolled, open-
label extension to GAL-INT-10, and several pharmacockinetic trials.

Four-Month and Seven-Month Safety Updates to the original application under NDA 21615 were
submitted on 6/19/03 and 10/3/03, respectively, and were reviewed with the original application.

Reminyl® Extended-Release capsules have been developed under Investigational New Drug
Application {IND)} 61703. The immediate-release tablet and oral solutions formulations of
galantamine, Reminyi®, had earlier been developed by this sponsor for the treatment of
Alzheimer's Disease under IND 51538. NDAs 21169 and 21224, for the use of the immediate-
release tablet and oral solution forms, respectively, of galantamine in the treatment of mild-to-
moderate dementia of the Alzheimer’s type were approved in 2001. Later in 2001, a supplemental
NDA (SCM-(01) was approved for the use of immediate-release tablet and oral solution
formulations of synthetic galantamine {for the treatment of mild-to-moderate dementia of the
Alzheimer’s type}, instead of the plant-derived drug substance approved earlier.

The sponsor had earfier proposed that Reminyl® Extended-Release capsules be administered
once daily, whereas it is recommended in the package insert for the currently approved
immediate-release formulation of Reminyl@ that that drug formulation be administered twice daily.
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Piease see my reviews of the original application under NDA 21615, the
sponsor’s Briefing Package for the meeting held on 2/17/04, and the Complete
Response dated 5/27/04, for further details.

The extended-release formulation of Reminyl® is referred to in this review, interchangeably, as
‘Reminyl® ER”, “GAL-ER”, or “GAL-CR". The immediate-release formulation is referred to in this
review, interchangeably, as “Reminyl® IR or “GAL-IR". The terms “IR" and “ER” are used in this
review as a substitute for “immediate-release” and “extended-release,” respectively.

2. Contents Of Current Submission
The current submission contains the following

o« Cover letter

» Briefing Package consisting of the following subheadings
=  Background
* Current world-wide regulatory status
v Efficacy of Galantamine ER

o Efficacy in the co-primary endpoint ADAS-Cog/11
o Reduced assay sensitivity of the CIBIC-Plus

o Efficacy on clinically relevant endpoints

Conclusion

3. Contents Of Review

This review will address the following items in the same order as below
= Summary of Study GAL-INT-10
» Text of initial Not-Approvable Letter (dated 12/23/04)
=  Summary of meeting with sponsor on February 17, 2004
=  Summary of Complete Response to Not-Approvable Letter (dated 5/27/04)
* Text of second Not-Approvable Letter (dated 7/27/04)

=  Contents of current submission
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4. Summary Of Study GAL-INT-10
The following is an outline of the main features and key efficacy data for Study

GAL-INT-10

4.1 Outline Of Study

The study is outlined in the following table

Protocol
Objective
Design

Key Inclusion Criteria

Dose Groups

Duration

Randomized Population

Primary Efficacy Measures

Secondary Efficacy Measures

Primary Efficacy Anaiysis
Methods

4.2 Results

4.2 1 Disposition

GAL-INT-10
Efficacy and safety of Reminyl® ER in mild-to-moderate Alzheimer's Disease
Randomized, double-blind, placebo-controlled, parallel-arm study

s+ Male or fermnale
. Probable Alzheimer's disease by NINCDS-ADRDA criteria
+  Mini-Mental Status Examination score 10-24 and ADAS-Cog score of at least 18

= Placebo
«  Reminyl® ER 16 to 24 mg q.d.
= Reminyl® IR 8mglo 12 mgb.i.d

26 weeks
Placebo — 324 patients

Reminyl® ER 16 lo 24 mg q.d. - 327 palients
Reminyl® IR 8 mg to 12 mg b.i.d —» 320 patients

=  ADAS-Cog

= CIBIC-Plus

*  ADAS-Cog/13

*  ADAS-Cog/10

=  ADAS-Cog/mem

Percentage of responders on standard ADAS-Cog using 0, 4, 7 and 10 points of
improvement as cut-off

= Percentage of subjects with “improved” or “no change” on the CIBIC-Plus.

. Neuropsychiatry Inventory

= Alzheimer's Disease Cooperalive Study-ADL

ADAS-Cog: ANOVA

CIBIC-Plus: Cochran-Mantel-Haenszel Test
Primary Dataset: Observed Cases

Primary Comparison: Reminyl® ER vs Placebo

The disposition of all randomized patients is summarized in the following table,
which | have taken from the original NDA submission
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Trial Termination Reasons
(Study GAL-INT-10: All Randomized Subjects Analysis Set)

All Randomized Subjects PLACEBC GALIR GALCR
Status (N=324) (N=127) (N=320)
Termination Reasons u (%) n (%) n (%)
Randomized and treated 320(99) 326 (100) 319 (106)
Completed 266 ( 82) 251 (M 251 (78)
Discontinued _ 54(17) 75(2% 68(21)
Adverse event e 6(7 28( 9)
Subject withdrew consent 21( 6) 23{ 7 15( &
Subject non-compliant (D) 14 ( 4) 8( 1)
Other” 11{ 3) 4{ 4) 14( 4)

*Other reasons for discontinuation incldes subject lost to follow-up, ifusufficicat response,
death, and subject violating protocol criteria. 8 subjects died during this trial. None of these
deaths were related to sudy medication.

4.2.2 Primary Efficacy Measures

4.2.3 ADAS-Cog

The resuits of the primary analysis of the ADAS-Cog are summarized in the
following table, which | have taken from the original NDA submission

(Stody GAL-INT-10: ITT Analvsis Set - OC Datay

PEACEBO GAL-IR GAL-CR
Meun Meaan Mean
Cirtrepomt N AMean (sb) Change (SE) N Mean (8F) Change (SE) N Meaa ¢SE) Change (8Ej P ualnd®
Baseline WS 260 (05 - 306 27310 A5y -- 300 26 3 ({154 -
Week 8 IR0 AN LG O0(0.30) 286 254 (0AKY SLT0.30) 284 2406058 LS <0001

Week 12 275 ZR9oty 002y 268 240 5Ty 26003 269 229 STy 220032 <
Veck 26 245 o4 (.72 LY {036) 227 247 (0.69) -18 (0.42) 240 24.8{0.69) -1.4(0.34) <0001
"Parw s comparison for ge diftercnce betagen GAL-CR amd Placebe from ANOV A mendel with factors
lreatment and Pooled Countey itvpe 1H 5w

AL -IR s Placebe at Week 26 pe OL00

4.2.4 CIBIC-Plus

The results of the primary analysis of the CIBIC-Plus are summarized in the
following table, which | have taken from the original NDA submission
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(Study GAL-INT-10: ITT Analysis Set — OC Data)

PLACLEBO GAL-IR GAL-CR
T-Point Catepory N (Cum%e nYed tCum?) Ay (Cum®y  Praluwe’
N at Week 26 259 240 244
Markedly improved ALy LY LY (L 3012y 1
Meaderately improied Q¢ 35 4oy Mo Sy (7D (57 (69
Mildly improved 41 (15X 205 36d505  (22.1y 43175 (244
No change 63 68 93ARBY {608 90 (360 (61.0)
Meddly worse TH2T4 (K3IXy 67 (2T (BR.E) 69 (28U (KU
Moderawely worse 04139y (97T 25clody (992 23 9.3 (934
Markedly worse G 23 (100.0) 2¢ L8y 100.0) 40 1.6) 1000y (1ORG

PGAL-CR s Placebo comparison Usintg e Van Eleren test contrelling for Pooled Country.
Cum ®G cumulative percent

Nota: Percentages calculated with the nuinber of subjects al Week 26 as denominator.
GAL-IR 5. Placebo at Week 26: p 6223,

The results of the analysis of the CIBIC-Plus using the intent-to-treat (identical to
classical intent-to-treat) dataset, and applying the last-observation-carried-
forward (LOCF) method of imputation is in the following table, which | have
copied from the original NDA submission

{Study GAL-INT-10: LOCE.CITT Data)

PLACTRO GAL-TR GAL-CR

T-Pomt Category neel® Cum®e nea® Cum® ni%)® Cume  Pualue’
LOCF CITT at Endpoim® 301 02 296

Markedly improved RET W1 KT e Lty ¢ Ly SeLy 11y

Maderately mnproved The 37y ¢ 47 15¢ 3ty ¢ oy 14 (L7 3D

Mildly improved 80159y 2000 46052 202 966y 22.%

Neo change TTE¢3ay (375 127420y 632y 43RSy 6y

Mildly warse MO e26.6) Xy TR25Ry ( BUy B1(2745 (RN

Moderately worse 4136y (97T 0¢ 9% (990 290 YRy (98Ih

Markadly worse T2 cldosn e ity (1., 6¢ 200 (1D 0216

*GAL-CR vs. Placebo comparison osing the Van Eleeen Lest controdbing for Pooled Countty.

*Fhe endpeint was defined as the last available observation up to 14 days afler the last dose of
study medication

Cum®*,  cumulative percent.

Note Poercentages calculated with the number of suibjects at Week 26 as denonmator,

GAL-IR v Placebo at endpomt p 0.1-H G OCE CHiE D

4.2.5 Selected Secondary Efficacy Measures

4.2.6 ADCS-ADL

The results of the analysis of the ADCS-ADL, using the Observed Cases dataset,
are summarized in the following table, which | have taken from the original NDA
submission
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(Study GAL-INT-10: 11T Analysis Set — OC Data)
PLACEDBO GALLIR GAL-CR
Mean Mean Mean
Timepoint N Mean (SE) Change (813 N Mean (S8 Change (SE) N Mean (S € hange (SEY P value®
Basehne 308 345087 - 310 320 0.90) - 30X 53.53{0.88) -
Week 8§ 294 538098 LT 4N 2925260093 0904 290 35090 BG4y 0013
Week 12 281 320090 0346y 2TI2E0095, L1 (04T 276540140945 040 4%y 0321
Week 26 258 S2.4(1L.O%) -2.4(0.00) 242 50.9(1.12) -1.0 (0.57) 245 53.9(1.03) 0.0¢0.55) 0.003
"airwise comparisen for no difference belween GAL-CR and Placebo from ANOV A modal with factors
Treatuent and Pooled Country (type Hl S5y
GAL-IR vs. Placebo at Week 26: p=0.088,

4.2.7 Neuropsychialry Inventory

The resuits of the analysis of the Neuropsychiatry Inventory, using the Observed
Cases dataset, are summarized in the following table, which | have taken from
the original NDA submission

{Study GAL-INT- 10: ITT Analysis Set - OC Data)

PLACERBG GAL-IR GAL-CR
Mean Mean Alean
Timepoint N Mean (SE)yChange ST0 N Mean (SEyChange SEY N Mean(SEy Change SEy P value?
Baschne 308 10.3¢0.6 - U 1 2.600.76) . A 1207 -

Week 8 295 10.2¢0n 70 0.1 (3 4%y 292 11.53(0.68) L2 (061 291 10 440%5 0N (053 0.220
Week 12 2RE O5¢070) <00 (056 279 1100075 <1907 276 904084 -1.5¢62) 0370
Week 26 258 10.3(0.82) 1{.66) 242 11.5(0.83) -1.2 (0.82) 245 1004076} 0.6 (0.69 0451
*Pairwise comparison for ne ditterence betw cen GAL-CR and Placebo from ANOV A snedel with tactors
Treatniont and Pooled Countey (type H 5%y,

GAL-IR vs. Placebo at Week 26: p 0.2105,

5. Text Of Initial Not-Approvable Letter

Key text from the Not Approvable action letter of 12/23/03 is reproduced verbatim
below

We completed our review and find the information presented is inadequate. Therefore, the
application is not approvable under section 505(d) of the Act and 21 CFR 314.125(b). The
deficiencies are summarized as follows:

Lack of Substantial Evidence of Effectiveness:

The supporting clinical efficacy study GAL-INT-10 fails to provide evidence of effecliveness of
extended-release galantamine.

As you know, the current regulatory standard for a demonstration of effectiveness for treatments of
Alzheimer's Disease is the showing of stafistically significant superiority to placebo on both of two
co-primary” efficacy measures: a cognitive measure and a globalffunctional measure.
Unfortunately, Reminyl ER was not shown to be superior to placebo on the CIBIC-Plus (for the
intent-to-treat population on the last observation carried forward analysis, the between-treatment
contrast yields p=0.22). Thus, based on the pre-specified primary efficacy analysis, this study must
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be considered not to have shown substantial evidence of effectiveness of Reminyl® Extended-
Release Capsules.

While the between-treatment comparison on the ADCS-ADL, a secondary efficacy measure that
also can be acceptable as a co-primary measure of overall funcfioning (when so designated
prospectively), was nominally significant (p<0.001), the negative finding on the protocol specified
global measure (the CIBIC-Plus} makes relying on any analysis of further outcome variables
inappropriate, because 1o do so inflates the overall Type | error for the study.

Before this application can be approved, you must submit a single adequate and well-controfled
investigation that demonsirates superiority of Reminyl ER fo placebo on two prospectively
designated outcomes of the sort described above.

6. Summary Of Meeting With Sponsor: February 17, 2004
The following is an extract of the key elements of the meeting minutes

6.1.1 Discussion Points and Decisions (agreements) reached:

The meeting was requested by the sponsor to discuss the Division's December 23, 2003 Not
Approvable letter for the controlled-release formulation of Reminyl®. The sponsor’s and Division's
viewpoints about the results of Study GAL-INT-10, and the next steps that the sponsor might take
in obtaining approval of Reminyl® ER for the treatment of mild to moderate dementia of the
Alzheimer's type, were discussed. The discussion included an outline of the sponsor’s views as to
why there was no evidence for the efficacy of either the extended-release or immediate-release
formulations of Reminyl® on the CIBIC-Plus analysis in that study.

Based on that discussion, the following were the key agreements reached at the meeting

» The sponsor was advised to submit a detailed argument that addresses, on clinical and statistical
grounds, why the results of the ADCS-ADL analysis for Study GAL-INT-10 should be considered in
lieu of those for the CIBIC-Plus, in attempting to establish that that study is “positive”.

e The sponsor proposed that another means of establishing lhe efficacy of the extended-release
formulation of Reminyl® might be the demonstration of a correlation between exposure {based on
AUC) and clinical effect, in a small study using the immediate-release formulation of Reminyl®
alone, given the similarity in AUC between the 2 formulations of Reminyl®. The Division will
comment more fulty on such a proposai once more details are submitted. Such a proposat should
clearly describe how a link between clinical effectiveness and pharmacokinetic exposure will be
established.

» The sponsor proposed that a further efficacy study of the extended-release formulation of
Reminyl® use the ADAS-Cog and ADCS-ADL as primary efficacy measures and be of 3 months
duration. This proposal will in ali likelihood be acceptable to the Division, although 3 months is the
minimum duration for an efficacy study in Alzheimer's Disease.
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» A submission comprising one or more of the above would be considered a response to the
Division's Not-Approvable action letter.

The sponsor asked if the nomenclature to be used for the proposed new formulation in labeling —
Reminyl® ER (galantamine hydrobromide) Extended Refease Capsules had been agreed to by the
Division of Medication Errors and Technical Support (OMETS). The Division stated that the final
opinion of DMETS was pending, however, preliminarily it appeared to be acceptable.

7. Summary Of Complete Response To Initial Not-Approvable
Letter

The following is my summary of the Complete Response to the initial Not-
Approvable Letter. As noted earlier, the Complete Response was dated 5/27/04.

In that submission, the sponsor had performed a number of additional analyses
of the CIBIC-Plus. The sponsor contended that the results of these additional
analyses, together with the analyses of the ADAS-Cog and ADCS-ADL described
in the original application, provided substantial evidence of the effectiveness of
the Reminyl® Extended-Release formulation in mild to moderate dementia of the
Alzheimer’s type.

The new CIBIC-Plus analyses, which were all performed using the intent-to-treat,
last-observation-carried-forward dataset (based on a Cochran-Mantel-Haenszel
model using rank scores and stratified by study site) are further summarized
below

+ The sponsor now contended that the Cochran-Mantel-Haenszel test model used
for the protocol-specified analysis of the CIBIC-Plus, which used maodified ridit
scores and was stratified by region (US vs. non-US), may not have been
appropriate since, in that analysis, US and non-US centers were equally
weighied, whereas US centers contributed 69% of those enrolled in the study.
The sponsor was now of the view that, since randomization was stratified by
study site, a more appropriate Cochran-Mantel-Haenszel test model for analysis
of the CIBIC-Plus was one that used rank scores and was stratified by study site.
The sponsor then used the latter model to demonstrate what appears to be a
nominally statistically significant superiority of both the extended- and immediate-
release formulations of Reminyi® over placebo on the CIBIC-Plus, with p-values
of 0.030 and 0.027, respectively; these results were considered by the sponsor to
more accurately reflect the overall treatment effects of both formulations of
Reminyl® on that measure

+ A number of baseline variables contributing to CiBIC-Plus ocutcome were
identified by logistic regression analysis; these variables were screening Mini-
Mental Status Examination score, baseline ADAS-Cog score, and prior
cholinomimetic use. 3 separate analyses of the CIBIC-Plus were then performed
using Cochran-Mantel-Haenszel test models; each was stratified for one of the
variables considered of prognostic importance, and for country. In each of the 3
analyses the extended-release formulation of galantamine showed a nominally
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statistically significant superiority to placebo; in each model, the immediate-
release formulation showed either a nominally statistically significant superiority
to placebo, or a superiority that approached nominal statistical significance

» Since US centers contributed about 69% of subjects to this study and since these
subjects were considered by the sponsor to be more homogenous, a CIBIC-Plus
analysis was performed confined to the US centers alone. This analysis, too,
appeared to show a nominally statistically significant superiority of each
Reminyl® formulation to placebo (p-values of 0.026 and 0.029 for the extended-
and immediate-release formulations, respectively)

8. Text Of Second Not Approvable Letter

Key text from the Not Approvable action letter of 7/27/04 is reproduced verbatim
below

We completed our review and find the information presented is inadequate. Therefore, the
application is not approvable under section 505(d) of the Act and 21 CFR 314.125(b). The
deficiencies are summarized as follows:

You have presented numerous post hoc re-analyses of the CIBIC-Plus, alt of which achieve
nominal significance, and which you suggest establish that Reminyl ER is statistically significantly
superior to placebo on this outcome measure, However, we believe that it is inappropriate to rely
on the results of post hoc analyses unless a compelling argument can be made for disregarding
the protocol-specified analyses (as we noted in our December 23, 2003 letter, relying on additional
analyses in the face of a negative result on the primary analysis inflates the Type | error for the
study). We do not believe that you have provided any convincing rationale for considering the
protocol-specified analysis of the CIBIC-Pius to be inappropriate, and, therefore, replaceable by
other analyses. Indeed, the protocol-specified analysis of this outcome measure was standard for
this measure, and was reasonable in all fundamental aspects. The fact that you have identified
numerous other analyses of this outcome measure that you believe, after the fact, are more
appropriate, does not constitute, in our view, sufficient justification for rejecling the results of the
original analysis. Therefore, given our view that the protocol-specified analysis was sound, we
consider it inappropriate o accept as definitive analyses done retrospectively, after a non-
significant finding on the original analysis.

Further, even if we were convinced that the protocol-specified analysis of the CIBIC-Plus was
inappropriate, the alternative analyses you performed are not clearly appropriate on their own
lerms. For example, in the analysis in which you stratified by study site, you adopted a rule for
poofing small centers that, in addition to being obvicusly unplanned {and therefore only one of
many possible pooling schemes), was itself problematic, given that it resulted in a single “center”
that was much larger than any other center in the study. The creation of this very large single
“center” could have tended fo obscure the effects of center in the analysis. Similarly, you have not
adequately justified the appropriateness of the several other specific analyses you have performed,
given the extraordinarily large number of analyses that could have been performed.
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9. Summary Of Contents Of Current Briefing Package

| have summarized the contents of the current briefing package using the
essentially the same headings as those used by the sponsor

9.1 Background
The sponsor states the following

Galantamine extended-release capsules are a once-daily formulation
consisting of 8, 16, and 24 mg of galantamine hydrobromide in each of 3
capsule sizes

Each capsule shell contains [ 1 sugar spheres coated in 3 layers,
as follows

= Aninner layer containing[ 7 of the total active ingredient
(galantamine hydrobromide) content which is released over 24
hours

« AL 3 membrane which provides for controlled
release of galantamine via diffusion

= An outer layer of immediate-release galantamine hydrobromide
containing the remainingy 7 of the total active ingredient

A single daily 8 mg dose of the extended-release capsule of galantamine
is equivatent to 4 mg twice daily of the immediate-release tablet of
galantamine, based on the AUCy.,4. [Reviewer's note: The bicequivalence
of the 2 formulations was confirmed when the original submission under
this application was reviewed]

The efficacy of galantamine extended-release capsule was investigated in
Study GAL-INT-10, a randomized, double-blind, placebo controlled study

in patients with mild to moderate dementia of the Aizheimer’s type. In this

study,

= The 2 co-primary efficacy endpoints were the ADAS-Cog, a cognitive
measure, and the CIBIC-Plus, a functional/giobal instrument

= An “acceptable alternative global/functional endpoint,” the ADCS-ADL,
was also included in the trial design as the key secondary endpoint
(reviewer's note: there is no evidence from the study protocol that the
ADCS-ADL was a pre-specified key secondary endpoint).

= A positive contrel arm, immediate-release galantamine, was added after
discussions with the Agency in June 1999
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9.2 Current Worldwide Regulatory Status Of Galantamine ER
The sponsor states the following

An application for authorization to market galantamine extended-release
capsules was submitted in the first quarter of 2003 in the following
countries: the United States, the European Union, Switzerland, Australia,
Canada, C 3 Mexico, and Brazil. For all submissions

= The formulation and composition of the drug product are identical

= The site of manufacture for the active pharmaceutical ingredient,
galantamine hydrochloride, is the same

= The site of manufacture for the extended-release pellets is the same

The Marketing Authorization Application in the European Union was
submitted under a Mutual Recognition Procedure with Sweden as the
Reference Member State (the Reference Member State is responsible for
coordinating the approval process with the other Member State). Sweden
approved the application in March 2004 for marketing and the application
was then submitted to the remaining 16 European Concerned Member
States in June 2004; the procedure is due to be completed on September
29, 2004.

Galantamine extended-release capsules have so far been approved in the
following countries: Australia, Sweden, Mexico, and Singapore. The
product has been launched in Sweden and Mexico

The approval of galantamine extended-release capsules is expected

shortly in T 1 The sponsor states the following: “We are
currently working with the healthy authorities in Canada, Switzerland and
C ‘ T to resolve initial concerns.”

9.3 Efficacy Of Galantamine ER
The following is stated by the sponsor

9.3.1 Overview
In Study GAL-INT-10

A statistically significant difference in favor of GAL-ER and GAL-IR was
observed, in comparison with placebo, for the ADAS-Cog

For the CIBIC-Plus, the differences between the GAL-ER group and the
placebo group, and between the GAL-IR group and placebo, did not reach
statistical significance, using the protocol-specified method of analysis. In
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this trial, the CIBIC-Plus demonstrated reduced assay sensitivity, as
demonstrated by the “weaker” results for the GAL-IR group versus the
placebo group, as compared with previous trials

A statistically significant difference in favor of GAL-ER and GAL-IR
compared with placebo was observed for the key secondary endpoint, a
functional scale, the ADCS-ADL

The results described below are for the intent-to-treat analyses

9.3.2 Efficacy On The ADAS-Cog

Both the ER and IR arms of the GAL-INT-10 trial showed a clear superiority to
placebo (p < 0.001)

9.3.3 Reduced Assay Sensitivity Of The CIBIC-Plus

L

The results, when the GAL-ER and GAL-IR arms of this study were
compared with placebo, on the CIBIC-Plus were similar; some analyses
showed a statistically significant superiority for the galantamine arms,
whereas others did not

Evidence of reduced assay sensitivity is provided by the comparison of the
GAL-IR group to placebo; whereas the immediate-release formulation of
galantamine showed a statistically significant superiority to placebo on all
4 earlier trials, the same comparison did not reach statistical significance
in GAL-INT-10 as indicated by the following table which | have copied
from the submission

Studs Formulation Cogmibion Global Function
ITHLOCr EADAS-cog T h (CHBIC -plus) (DAD or
P value w5 Plac P ovatue vs Plac ADCSIADIY
: P value vs Plac

Gal-INT-1 IR <{).(HH <) .03 NS
(omths} (DA
Gal-USA-1 IR <1 {108 NS
(Gmihyy {12AD;
Gal-Ix1-2 IR IR ~<{LOS AR XN
{3mih»} 3Dy
Gal-LiSA- iR iRt - 003 RN
1) (Smiths) ' LADUS-ADLY
Gal-I= 1. H 0 NS ip—) 144t =R
I (Onmiths ) {ADCS- A

R S NS p=0.2164 .00t

- (ADOS-AIH

Factors identified as potentially accounting for the reduced assay
sensitivity of the CIBIC-Plus in Study GAL-INT-10 were as follows
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The inclusion of patients with milder dementia in Study GAL-INT-10 than
in previous trials

An imbalance between treatment groups in the severity of dementia at
baseline

Failure to properly weight data from individua! centers in the protocol-
specified analysis

An analysis of the impact of these factors on the CIBIC-Plus results was
provided in both the original application and in the Complete Response
submitted May 27, 2004

The additional post-hoc analyses of the CIBIC-Plus for GAL-INT-10
described above more accurately reflect the study results. To summarize
these analyses

Screening Mini-Mental Status Examination scores for patients enrolled in
GAL-INT-10 ranged from 10 to 24. When analyses of the CIBIC-Plus for
GAL-INT-10 were confined to the subset with a screening Mini-Mental
Status Examination score of 10 to 22 (the range for those enrolied in
previous trials of immediate-release galantamine), both the GAL-ER and
GAL-IR groups showed a statistically significant supericrity to placebo

Baseline demographic data indicated that more of the mildly affected
patients were randomized to the placebo group than to either of the
galantamine groups. Additional post-hoc analyses were performed
adjusting for baseline measures of disease severity that were found fo be
associated with response on the CIBIC-Plus. Each of these analyses
yielded resulis that showed a statistically significant superiority for both
galantamine arms over placebo

The protocol-specified analysis of the CIBIC-Plus used a method that did
not reflect stratified randomization and used a method that resuited in
greater weight being placed on data for a non-US subject than for a US
subject. When a more design-based analysis, stratifying by center, was
used, the analysis yielded resuits that showed a nominally statistically
significant superiority on the CIBIC-Plus for both the GAL-ER and GAL-IR
groups

The sponsor acknowledges that, while, for the reasons already outlined,
the statistical analyses which demonstrate a treatment effect on the
CIBIC-Plus more accurately reflect the study results, these resuits are
marginal and not as strong as for previous trials of the immediate-release
formulation
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9.3.4 Efficacy On Clinically Relevant Endpoints

The current regulatory standard requires that the efficacy of drugs in the
treatment of dementia of the Alzheimer’s type be demonstrated by
showing statistically significant results favoring the drug on each of 2 co-
primary efficacy endpoints

= A cognitive measure (the ADAS-Cog scale is generally recognized as an
appropriate endpoint for assessing the effect on cognition)

= A global or functional domain

The ADAS-Cog scale is generally recognized as an appropriate endpoint
for assessing the effect of a drug on cognition in dementia of the
Alzheimer's type

The 2 most commonly utilized global/functional scales are the CIBIC-Plus
and ADCS-ADL. Further,

= In GAL-INT-10, the choice of global/functional primary efficacy endpoint
was arbitrary and the CIBIC-Plus was selected based on prior experience

= The ADCS-ADL would have been equally acceptable as a co-primary
endpoint, had it been specified prospectively

» In this study, the ADCS-ADL demonstrated statistically significant
evidence of efficacy for both the extended- and immediate-release
formulations of galantamine (p < 0.001 and p = 0.018, respectively, at
endpoint)

9.4 Sponsor’s Conclusions

The overall results of GAL-INT-10 support the effectiveness of GAL-ER in
the treatment of mild to moderate dementia of the Alzheimer’s type

The CIBIC-Plus measure in this trial exhibited lowest assay sensitivity as
demonstrated by the reduced effect of GAL-IR compared with previous
trials. The reduced assay sensitivity is explicable by factors unique to the
GAL-INT-10 trial

Despite the reduced assay sensitivity, statistically significant positive
results favoring the GAL-ER formulation over placebo were obtained on a
cognitive endpoint (ADAS-Cog) and a functional outcome (ADCS-ADL),
which are consistent with current regulatory standards required for the
approval of such drugs
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10. Comments

This submission contains a Briefing Package for a scheduled meeting
between the Agency and sponsor. The purpose of the meeting, according
to the sponsor, is to discuss what further steps need to be taken for this
New Drug Application to be approved

This New Drug Application, originally submitted on 2/24/03, seeks the
approval of Reminyl® Extended-Release Capsules for the treatment of
mild to moderate dementia of the Alzheimer’s type. The Division
responded to that application with a Not-Approvable action letter on
12/23/03. Subsequently, the sponsor submitted a Complete Response to
the Not-Approvable letter on 5/27/04, to which the Division responded with
a further Not-Approvable action letter on 7/27/04; prior to the Complete
Response being submitted, a meeting was held between the Division and
sponsor on 2/17/04, to discuss the initial Not-Approvable action letter.

Reminyl® Extended-Release Capsules are intended for once-daily
administration, in contrast to the currently-approved immediate-release
tablet and oral solution formulations which are recommended as twice
daily doses.

The evidence in the original submission under this NDA, in support of the
efficacy of Reminyl® Extended Release capsules, consisted of a single
study, GAL-INT-10, the design and results of which are further described
below

= This was a randomized, double-blind, placebo-controlied, parallel-arm
study.

» The study had 3 treatment arms: Reminyl® Extended-Release capsules
16 to 24 mg once daily; immediate-release Reminyl® tablets 8 to 12 mg
twice daily; and placebo. The period of double-blind, parallel-arm
treatment in this study was 26 weeks

= Key inclusion criteria were the diagnosis of probable Alzheimer's Disease;
a Mini-Mental Status Examination score at screening of 10 -24; and an
Alzheimer's Disease Assessment Scale — Cognitive (ADAS-Cog) score at
screening of at least 18.

= 971 patients were enralled in the study and randomized in about equal
proportions to the 3 treatment groups

= The primary efficacy measures were the ADAS-Cog and the Clinician
Interview Based Impression of Change-Plus (CIBIC-Plus). There were 10
secondary efficacy measures, including the Aizheimer’s Disease
Cooperative Study — Activities Of Daily Living {(ADCS-ADL) scale.
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The primary efficacy analysis was performed, as specified in the protocol,
on the observed cases dataset at Month 6, and the primary comparison
was between the Reminyl® Extended-Release and placebo groups, again
as specified in the protocol. The difference in this dataset, between the
Reminyl® Extended-Release and placebo groups, for the mean change
from baseline in the ADAS-Cog, was 2.7 points, and favored galantamine
(p < 0.001). For the CIBIC-Plus, using the same dataset, 61% of those
freated with extended-release galantamine, and 56.8% of those treated
with placebo, either improved or showed no change {(p = 0.086, when
changes on the full 7-point scale were compared). Similar results were
seen, on both primary efficacy parameters, when the Reminyl®
Extended-Release and placebo groups were compared for the last-
observation-carried-forward and classical intent-to-treat datasets; the
results were also similar when the immediate-release Reminyl® and
placebo groups were compared.

The protocol specified that evidence of the efficacy of extended-release
galantamine was to be based on demonstrating a statistically significant
(p < 0.05) treatment difference on both primary efficacy measures
between that galantamine group and the placebo group.

A comparison of the treatment groups on mean change from baseline to
Week 26 scores for the ADCS-ADL using the observed cases dataset,
revealed a mean difference between the Reminyl® Extended-Release
and placebo groups of 2.4 poinis favoring galantamine (p = 0.003); a p-
value of < 0.001 was seen in each instance when these groups were
compared using the last-observed-carried-forward and classical intent-to-
treat datasets

+ The Agency's original Not Approvable action (12/23/03) on this application
was based on the following

The current regulatory standard requires that evidence for the efficacy of
drugs approved for the treatment of Alzheimer's Disease be based on
demonstrating a statistically significant superiority to placebo on both of
two prospectively-designated co-primary efficacy measures: a cognitive
measure and a global/functional measure. In GAL-INT-10, Reminyl®
Extended-Release capsules were not demenstrated to be superior to
placebo on the CIBIC-Plus. Therefore this study could not be said to have
shown substantial evidence of effectiveness

The comparison of the Reminyl® Extended-Release and placebo groups
on the ADCS-ADL, a measure that could also be acceptable as a co-
primary measure of efficacy, if prospectively designated, showed a
nominally statisticalty significant treatment difference that favored the
Reminyl® Extended-Release group. However, the negative finding on the
protocol-specified global measure, the CiBIC-Plus, made relying on the
results of any secondary efficacy measures inappropriate
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In the earlier Complete Response (5/27/04) to the initial Not-Approvable
action, the sponsor had performed a number of additional analyses of the
CIBIC-Plus. The sponsor contended that the results of these additional
analyses, together with the analyses of the ADAS-Cog and ADCS-ADL
described in the original application, provided substantial evidence of the
effectiveness of the Reminyl® Extended-Release formulation in mild to
moderate dementia of the Alzheimer's type.

The new (post-hoc) CIBIC-Plus analyses, which were all performed using
the intent-to-treat, last-observation-carried-forward dataset are briefly
listed below, but are further described in Section 7. All analyses showed a
nominally statistically significant superiority of both the ER and IR
formulations of galantamine over placebo

* An analysis in which protocol-specified Cochran-Mantel-Haenszel test
model which was stratified by region (US vs. non-US) was medified to
one stratified by study site.

= Analyses in which 3 baseline variables (screening Mini-Mental Status
Examination score, baseline ADAS-Cog score, and prior cholinomimetic
use) contributing to CIBIC-Plus outcome were identified by logistic
regression analysis and were then each used as stratification factors in
the same Cochran-Mantel-Haenszel model.

= An analysis confined to the US centers alone.

The Agency's second Not-Approvable action, dated 7/27/04, was based
on the following

= The failure to provide a convincing argument for why the protocol-
specified analysis of the CIBIC-Plus should be considered inappropriate,
and, should, therefore be replaced by the post-hoc re-analyses of that
measure, especially since the protocol-specified analysis of this outcome
measure was standard for this measure, and was reasonable in all key
aspects. In addition, as outlined in the earlier Not-Approvable action
letter, the use of additional analyses after a negative primary analysis
would inflate the Type 1 error for the study.

= Concern that the alternative analyses proposed by the sponsor may not
have been entirely appropriate in themselves

The current submission does not present any new arguments favoring the
approval of the extended-release formulation of Reminyl®. The sponsor
does for the first time claim that, in Study GAL-INT-10, the ADCS-ADL
was a key secondary efficacy measure, a claim that is not substantiated
by review of the final study protocol.

My overall view of this application remains as follows
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The current regulatory standard requires that evidence for the efficacy of
drugs approved for the treatment of Alzheimer’s Disease be based on
demonstrating a statistically significant superiority {0 placebo on both of
two co-primary efficacy measures: a cognitive measure and a
global/functionat measure.

The protocol for the GAL-INT-10 study specified that the efficacy of the
extended-release galantamine formulation in that study was to be based
on demonstrating a statistically significant superiority to placebo on both
primary efficacy measures, the ADAS-Cog and CIBIC-Plus.

Since the treatment differences between extended-release galantamine
and placebo on the CIBIC-Plus did not achieve or approach statistical
significance using the protocol-specified analysis, this study has,
according to the current regulatory standard, failed to establish evidence
for the efficacy of extended-release Reminyl® in mild-to-moderate
Alzheimer's Disease.

The comparison of the Reminyl® Extended-Release and placebo groups
on the ADCS-ADL showed a nominally statistically significant treatment
difference favoring the Reminy!® Extended-Release group over placebo.
While the ADCS-ADL would have been acceptable as a co-primary
measure of efficacy in lieu of the CIBIC-Plus, if prospectively designated,
it was one of 10 secondary efficacy measures in this study (albeit the only
secondary efficacy measure other than the dichotomized CIBIC-Plus that
could be considered a global or functional instrument), and these
measures were subject to 90 separate analyses. Moreover, the lack of
any evidence of efficacy on the protocol-specified global co-primary
efficacy measure, the CIBIC-Plus, made relying on the results of any
secondary efficacy measures inappropriate

Since the extended-release formulation of galantamine is intended to be
taken once daily and will therefore be more convenient to use than the
immediate-release formulation, for which twice daily dosing is
recommended, the former formulation is likely to be used much frequently
than the latter, when marketed. It is therefore especially important that
evidence for the efficacy of the extended-release formulation should be
clearly demonstrated prior to marketing approval being granted; such
evidence is currently tacking.

While the sponsor has also performed further analyses of the CIBIC-Plus,
using Cochran-Mantel-Haenszel test models different from those used for
the primary efficacy analyses, which have shown nominally statistically
significant differences favoring extended-release gatantamine over
placebo, the new analyses are post-hoc, and their results are model-
dependent, confined to a subgroup, or otherwise deficient. For those
results that are model-dependent, the sponsor has not provided
convincing evidence that the models that show “positive” results are more
appropriate to use than those that do not. These analyses cannot
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therefore be considered to have met the “substantial evidence of
effectiveness” standard

11. Addendum: November 10, 2004

The contents of this submission were discussed at an internal meeting held with
Dr R. Temple on September 17, 2004,

Based on that meeting, the proposed meeting with the sponsor was cancelled

A Dispute Resolution Request package was then submitted directly to Dr R.
Temple, which was received by his office on September 27, 2004; Dr Temple's
response was provided to the sponsor on October 27, 2004 and concluded that
the key deficiency in this application, the lack of substantial evidence of efficacy,
had been adequately addressed in the original NDA and subsequent
Amendments.

A Complete Response to the Not-Approvable Letters was then submitted on
October 27, 2004 and is being reviewed separately

Ranijit B. Mani, M.D.
Medical Reviewer

rbm 11/10/04
cC.

HFD-120
NDA 21615
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1. Background

This submission is a Complete Response to a Not Approvable letter issued by
this Division for the original submission under New Drug Application (NDA)
21615. That application, originally submitted on 2/24/03, sought the approval of
Reminyl® Extended-Release Capsules for the treatment of mild to moderate
dementia of the Alzheimer’s type. The Not Approvable letter was issued on
12/23/03.

The original application under NDA 21615 was based mainly on the results of
one Phase Il randomized, double-blind, placebo-controlied efficacy study (GAL-
INT-10), an uncontrolled, open-label extension to GAL-INT-10, and several
pharmacokinetic trials. Four-Month and Seven-Month Safety Updates to that
application were submitted on 6/19/03 and 10/3/03, respectively, and were
reviewed with the original application.

Reminyl® Extended-Release capsules have been developed under
Investigational New Drug Application (IND} 61703. '

The immediate-release tablet and oral solutions formulations of galantamine, Reminyl®, had
earlier been developed by this sponsor for the treatment of Alzheimer's Disease under IND
51538. NDAs 21169 and 21224, for the use of the immediate-release tablet and oral solution
forms, respectively, of galantamine in the treatment of mild-to-moderate dementia of the
Alzheimer's type were approved in 2001. Later in 2001, a supplemental NDA (SCM-001) was
approved for the use of immediate-release tablet and oral solution formulations of synthetic

" galantamine {for the treatment of mild-to-moderate dementia of the Alzheimer's type), instead of
the plant-derived drug substance approved earlier.

The sponsor has proposed that Reminyl® Extended-Release capsules be
administered once daily, whereas it is recommended in the package insert for the
currently approved immediate-release formulation of Reminyl® that that drug
formulation be administered twice daily.

The Not Approvable action letter of 12/23/03 was discussed with the sponsor at a
meeting held on 2/17/04. Please see my review of the Briefing Package for that
meeting for further details. Please also see my review of the original submission
under NDA 21615.
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The extended-release formulation of Reminyl® is referred to in this review, interchangeably, as
“Reminyl® ER", “Reminyl® CR", “GAL-ER", or “GAL-CR". The immediate-release formulation is
referred to in this review, interchangeably, as “Reminyl® IR” or “GAL-IR". The terms “IR" and “ER”
are used in this review as a substitute for “immediate-release” and “extended-release,”
respectively.

2. Contents Of Submission
This submission contains the following

e Cover letter

« Document entitled “Effectiveness of Reminyl ER, comprising 3 sections,
entitled as follow

=  Executive summary
= Use of CIBIC-Plus scale in galantamine studies

= Qverall conclusions

3. Contents Of Review
This review will address the following items in the same order as below

= Summary of Study GAL-INT-10

= Text of Not-Approvable Letter

=  Summary of meeting with sponsor on February 17, 2004
= Contents of current submission

* Agency Biometrics review of current submission

= (Consuitation From Division Of Medical Errors And Technical Support

4. Summary Of Study GAL-INT-10

The following is an outline of the main features of the study and key efficacy data
for Study GAL-INT-10

4.1 Outline Of Study
The study is outlined in the following table

Protocol GAL-INT-10
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Objective Efficacy and safety of Reminyl® ER in mild-to-moderate Alzheimer's Disease

Design

Key Inclusion Criteria

Dose Groups

Duration

Randomized Population

Primary Efficacy Measures

Secondary Efficacy Measures

Primary Efficacy Analysis
Methods

4.2 Results
4.2.1 Disposition

Randomized, double-blind, placebo-controlled, parallel-amm study

. Male or female
=  Probable Alzheimer's disease by NINCDS-ADRDA criteria
*  Mini-Mental Slatus Examination score 10-24 and ADAS-Cog score of at least 18

. Placebo
=  Reminyl® ER 16 to 24 mg g.d.
«  Reminyl®IR8mgto 12 mgb.id

26 weeks

Placebo -+ 324 patients
Reminyl® ER 16 to 24 mg q.d. —» 327 patients
Reminyl® IR 8 mg to 12 mg b.i.d — 320 patients

= ADAS-Cog
- CiBIC-FPlus

ADAS-Cog/13

ADAS-Cog/10

ADAS-Cog/mem

Percentage of responders on standard ADAS-Cog using 0, 4, 7 and 10 points of
improvement as cul-off

= Percentage of subjects with “improved” or “no change” on the CIBIC-Plus.

- Neuropsychiatry Inventory

- Alzheimer's Disease Cooperalive Study-ADL

ADAS-Cog: ANOVA

CIBIC-Plus: Cochran-Mantel-Haenszel Test
Primary Dataset: Observed Cases

Primary Comparison: Reminyi® ER vs Placebo

The disposition of all randomized patients is summarized in the following table,
which | have taken from the original NDA submission

Trial Terrmnation Reasons

(Study GAL-INT-10: Al Randomized Subjects Analysis Set)

All Randomized Subjects PLACEBO GALIR GALCR
Status (N=324) {N=327) {N=320)
Termination Reasons n{%) n{%) n (%)
Randomized and treated 320(99) 326 (100) 319(100)
Completed 2006 ( 82) 251(1M 251 (78)
Discontinued 401N 75(23) 68(21
Adverse event 15( 5) 24(N 28(9
Subject withdrew consent 21 ( 6) 2(N 18( &)
Subject non-compliant 7(2) 14( 4) 2
Qther’ 131( 3) 14 ( 4) 14{ 4

*Other reasons for discontinuation includes subject lost 1o follow-up, insufficicnt response,

death, and subject violating protocol criteria. 8 subjects died during this trial. None of these
deaths were related to study medication.
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4.2.2 Primary Efficacy Measures

4.2.3 ADAS-Cog

The results of the primary analysis of the ADAS-Cog are summarized in the
following tabie, which | have taken from the original NDA submission

(Study GAL-INT-1: ITT Analysis Set — OC Data)

PLACLBO GAL-IR GAL-CR
Meoan AMoan Mean
Timepoint N Mean (SE) Change (sEy N Mean (SE) Change (SE) N Mean (S Change (3L P value®
Baseline 305 26140540 - 6 27.3(0.5% - 00 263 (0,54} -

Week & 2RGSO 2EN003) 00030y 286 254(0.58) L7030y 284 246058y -1.5i0.30) <0.001
Week 12 275 2504000y OL{032F 268 24.0¢05Ty -2.6¢031) 269 239057y -2.2(032) <00}
Week 26 248 26.4 (0.72) L3 @.36) 127 24.7 (0.69) -1.8 (0.42) 240 248 (0.69) -£.4 (D34} <0.001
Pairwise comparison for ne ditference between GAL-CR and Placebo from ANOV A mudel with lactors
Treatment and Pooled Counuy dype 1 S5y

GAL-TR vy Placebe at Week 26, p0.004

4.2.4 CIBIC-Plus

The results of the primary analysis of the CIBIC-Plus are summarized in the
following table, which | have taken from the original NDA submission

(Study GAL-INT-10: ITT Analysiy Set — OC Duta)

PLACLBO GAL-IR GAL-CR
F-Pomt Categon %) (Cun i 0%y Cumeyr 0% (Cum®ey 1 valud®
N at Week 26 259 240 240
Markedds improved RS T U B G W23 Sy LY Iy (B2}
Moderawly miproved Q¢ 35 (4 ¢ 5% (7. M isTy (069
Ahitdlv mproved 41003y (205 W05,y 2200 430075 (244
No change G363 (36B) F3¢3IRM bBRY 966 160
Mitdly worse TOLZF00 (KAKY 67427 (REEF Y2540 (89
hModerately norse 3o¢Idyy 9Ty 230004y (vu2y 230 93y (uHd)
Markedly worse 6t 23 (iohin 200Ny iy i 1.6y (1000 1086

*CAL-CR vs Placebs compansan using the Van Elteren test controlling for Pooted Country.
Cum™s  cumvlalive percent

Note: Percentages caleulated with the number of subjects at Week 26 as denominator.
GAL-IR s, Placebe at Week 260 p 0.223

The results of the analysis of the CIBIC-Plus using the intent-to-treat {identical to
classical intent-to-treat) dataset, and applying the last-observation-carried-
forward (LOCF) method of imputation is in the following table, which | have
copied from the original NDA submission
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{Study GAL-INT-10: LOCF.CITT Data)

PLACEIO GAL-IR GAL-CR

7-Puint Category ne%®  Cum®e e’ Cum® ™ Cum® P value®
LOCF.CITT al F.ndpaimb i 02 204

Markedly improved Jg bty ¢ Ly 3k o L Sy

Modermely improved  1E¢ 3.7y ¢ 477 15¢ 300 ( 6.0y (47 5T

Mildly improved 450159 (2060 460132y {212y 49¢166y (223

No change LHEe36.9) ¢ 37.5) 127420y 63.2) 1385 (608

Mildly worse BO26.6F ¢ 84.1p  TR(I5% ( ¥y RI{274 (88D

Moderately worse 4161363 1977 30¢ 9% (9905 29¢ 9% (I8

Markedly worse T 23y (1A A L0 Ly 6¢ 205 (ondy 8216

*GAL-CR vs, Placebo comparison using the Van Elteren test contrelling for Pooled Country.

*The endpoint was defined as the last available observation up to 14 days after the last dose of
study medication

Cum % cumulative percem.

Note: Percentages caleulated with the numbrer of subjects at Week 26 as denominatur,

GAL-IR vg Placebo at endpoint: p 0144 {1 OCTCIHET Y

4.2.5 Selected Secondary Efficacy Measures

4.2.6 ADCS-ADL

The results of the analysis of the ADCS-ADL, using the Observed Cases dataset,
are summarized in the following table, which | have taken from the original NDA

submission
(Study GAL-INT-10: ITT Analvsis Set — OC Data

PLACEBO GAL-IR CGAL-CR
Mean Moan Moean
[hepoint N MeanidE) Chanige ¢85 N Mean (8E) Change 51y N Mean (5SE3 Change (SE3 P vatue®
Rascline 308 S5 WRT - A A0 (090 - RUEILR NI B3| --

Week K 294 53R098 0740045 252060003 09042 D509 oxnd4ly 003
Week 12 281 342099 03046 2TVAS2S095) 1L1indTe 27654 1409 04048y 02321
Week 26 238 524 (L09) -2.4(0.60) 242 50.9 (L.12) -1.0 (0.57) 243 33.9(1.03) 0.0 (0.55)  0.003
*Pairwise companson for no differcnee between GAL-CR and Placebo from ANOV A madel with faciors
Treatment and Pooled Countrs (vpe HL A%y

GAL-fR vs. Placebo at Week 26: p=(LOKY,

4.2.7 Neuropsychiatry Inventory
The results of the analysis of the Neuropsychiatry Inventory, using the Observed

Cases dataset, are summarized in the following table, which | have taken from
the original NDA submission
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{Study GAL-INT-10: ITT Analysis Set — OC Datu)

PLACERO GAL-IR GAL-CR
Mean Mean AMean
Timepoint N Mean (3E)yChange 8Ey N Mean «SE)Change SE)y N Mean (SE» Change SEj P value®
Baseline 308 103 (0.69) - 0 12.46(0.76) - 304 1124079 -
Week 8 208 {0.2(0.70) 0.1 (04%y 292 115¢D.08) -1.2(0.610 291 10408y -DE (3N 0.226
Week 12 281 9.5(0.7H) 0.6 (0.56) 279 11.0(0.735 -1.9¢0.74) 276 96084 -1.5(0.62) 4320
Week 26 258 10.3(0.82) 0.1 (0.66) 242 11.5{0.83) -1.2 (0.83) 245 10.0(0.76} -0.6(6.693 G453}

* "airwise comparison for no difterence between GAL-CR and Macebo from ANOV.A moedel with lactors
Treatment and Pooled Countey ¢type HI $S)
GAL-ER vs. Placebo at Week 260 p-0.203,

5. Text Of Not-Approvable Letter

Key text from the Not Approvable action letter of 12/23/03 is reproduced verbatim
below

We completed our review and find the information presented is inadequate. Therefore, the
application is not approvable under section 505(d) of the Act and 21 CFR 314.125(b). The
deficiencies are summarized as follows:

Lack of Substantial Evidence of Effectiveness;

The supporting clinical efficacy study GAL-INT-10 fails to provide evidence of effecliveness of
exiended-release galantamine. :

As you know, the current regulatory standard for a demonstration of effectiveness for treatments of
Alzheimer's Disease is the showing of statistically significant superiority to placebo on both of two
co-primary efficacy measures: a cognitive measure and a globalffunctional measure.
Unfortunately, Reminyt ER was not shown to be superior to placebo on the CIBIC-Plus (for the
intent-to-freat population on the last observation carried forward analysis, the between-treatment
contrast yields p=0.22). Thus, based on the pre-specified primary efficacy analysis, this study musl
be considered not to have shown substantial evidence of effectiveness of Reminyl® Extended-
Release Capsules.

While the between-freatment comparison on the ADCS-ADL, a secondary efficacy measure that
also can be acceptable as a co-primary measure of overall functioning (when so designated
prospectively), was nominally significant {p<0.001), the negative finding on the prolocol specified
global measure (the CIBIC-Plus) makes relying on any analysis of further outcome variables
inappropriate, because to do so inflates the overall Type | error for the study.

Before this application can be approved, you must submit a single adequate and well-controlied
investigation that demonstrates superiority of Reminyl ER to placebo on two prospectively
designated outcomes of the sort described above.
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6. Summary Of Meeting With Sponsor Held On Februa}y 17,
2004

The sponsor’'s and Division's views about the results of Study GAL-INT-10, and
the next steps that the sponsor might take in obtaining approval of Reminyl® ER
for the treatment of mild to moderate dementia of the Alzheimer's type, were
discussed. The discussion included an outline of the sponsor’s views as to why
there was no evidence for the efficacy of either the extended-release or
immediate-release formulations of Reminyl® on the CIBIC-Plus analysis in that
study.

[In the briefing package for the meeting, the sponsor had argued that the GAL-
INT-10 study demonstrated clinical equivalence between the two galantamine
formulations, based on their efficacy relative to placebo on both the ADAS-Cog
and ADCS-ADL. The sponsor further believes that since both formulations were
superior to placebo on the ADCS-ADL (on the last-observation-carried-forward
dataset), those results are unlikely to have been due to chance.]

Based on that discussion, the following were the key agreements reached at the
meeting

* The sponsor was advised to submit a detailed argument that addressed,
on clinical and statistical grounds, why the results of the ADCS-ADL
analysis for Study GAL-INT-10 should be considered in lieu of those for
the CIBIC-Plus, in attempting to establish that that study was “positive”

« The sponsor proposed that another means of establishing the efficacy of
the extended-release formulation of Reminyl® might be the demonstration
of a correlation between exposure (based on AUC) and clinical effect in a
small study using the immediate-release formulation of Reminyl® alone,
given the similarity in AUC between the 2 formulations of Reminyl®. The
Division agreed to comment more fully on such a proposal once more
details were submitted. The sponsor was advised that such a proposal
should clearly describe how a link between clinical effectiveness and
pharmacokinetic exposure was to be established.

¢ The sponsor proposed that a further efficacy study of the extended-
release formulation of Reminyl® use the ADAS-Cog and ADCS-ADL as
primary efficacy measures and be of 3 months duration. The Division
believed that that proposal would in all likelihood be acceptable, although
3 months is the minimum duration for an efficacy study in Alzheimer's
Disease.

» A submission comprising one or more of the above would be considered a
response to the Division's Not-Approvable action letter.
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The sponsor asked if the nomenclature to be used for the proposed new
formulation in labeling — Reminyl® ER {(galantamine hydrobromide) Extended
Release Capsules had been agreed to by the Division of Medication Errors and
Technical Support (DMETS). The Division stated that the final opinion of DMETS
was pending.

7. Response To Not Approvable Letter
The contents of this submission are summarized under the following headings

7.1 Overall CIBIC-Plus Results In Phase IIT Galantamine Studies In
Alzheimer’s Disease

The sponsor states the following.

» In Phase Ill placebo-controlled trials of the immediate-release formulation
of galantamine in Alzheimer’s Disease (GAL-INT-1, GAL-USA-1, and
GAL-USA-10), evidence of efficacy was demonstrable on both the ADAS-
Cog and CIBIC-Plus.

¢ In contrast, in GAL-INT-10, the immediate-release formulation of
galantamine did not show a statistically significant superiority to placebo
on the CIBIC-Plus, while such a superiority was seen for the ADAS-Cog
and ADCS-ADL. This indicates, according to the sponsor that there was
reduced “assay sensitivity” for the CIBIC-Plus in GAL-INT-10.

These results (and those comparing the extended-release preparation of
galantamine with placebo in GAL-INT-10) are in the following table which | have
copted from the submission.

Endpoint Results of Galantamine Phase 111 AD Studies (LOCF Data)”

Study Formulation Cogrition Global Functional
{ADAS-copfl 1) {CIBIC -plus) {(ADCS-ADL)
GAL-INT-] IR - 001 013 -
GAL-USA-) IR - (3,001 0,003 -
GAL-USA-LD IR - 0.001 - Q001 0.602
. - IR - 0.001 NS 0018
GALANT-10 FR ~0.001 NS <0.001

? p-values versus placebo; NS=not significant; LOCF = Last Observation
Carried Forward. ADCS-ADL was not measured in GAL-INT-1 and GAL-
USA-1.

7.2 Re-Analysis Of CIBIC-Plus Data

The sponsor indicates that a number of re-analyses of the CIBIC-Plus have been
performed to “accurately reflect the study data.”
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All these re-analyses were performed using intent-to-treat, iast-observation-

carried-forward data, and 2-sided statistical tests. All Cochran-Mantel-Haenszel
tests were performed using rank scores

These analyses are summarized under the following headings

7.2.1 Analysis Stratified By Study Site
The sponsor states the following

The protocol-specified analysis of the CIBIC-Plus used a Cochran-Mantel-
Haenszel model with modified ridit scores, stratified by region (US vs. non-

US). The modified ridit score is defined as the rank score divided by the
stratum sample size

e US centers comprised 69% of the study population

The use of modified ridit scores and stratification by region {(US vs. non-

US) tends to underemphasize the contribution of US centers, by giving
equal weight to the US and non-US centers.

Since the randomization of subjects was stratified by study site, a design-
based analysis which weighted each subject’s overall contribution to the
study results equally would be a Cochran-Mantel-Haenszel mode! using
rank scores and stratified by study site; the results of the analysis based
on that model are in the following table which | have copied from the
submission (sites with 3 or fewer subjects were pooled). The sponsor
considers the analysis to indicate a statistically significant superiority of
both the immediate- and extended-release formulations of galantamine to
placebo, and believes the results more accurately reflect the overall
treatment effect of both formulations on the CIBIC-Plus

GAL-INT-10 Week 26 (LOCF) CIBIC-plus Results

PLACFRO GAL FR  GAL IR 3

AINITT Subjects N3 N 2494 N 302 -3

C [BIC-plus 'g
Rharkedh voproved 1, Pty 110, 7
MModeriteh impron s LA + S0 %—
Maddiv omprosed e 16 6%, [5.2%, "'(5‘
Nerchange RIS 2R A, 421%q
Riddl worse 2000, 27 4% 158 8
Modorately worse P2ety Y4t A b o]
Aarkedy worse 2t Sty R <

pyvalue® (v Placebo)

TONMIE moel stranlied by aedy <te

(L3330 0.02%
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7.2.2 Analyses Stratified By Country And Prognostic Factors For CIBIC-Plus
Outcome

7.2.2.1 Prognostic Factors

In order to identify factors associated with the CIBIC-Plus outcome, a logistic
regression analysis was performed, using a cumulative logit model, on all
baseline characteristics.

The results of this analysis are reproduced in the sponsor’s table below. Three
variables were found to be associated with CIBIC-Plus outcome: screening Mini-
Mental Status Examination score, baseline ADAS-Cog score, and prior
cholinomimetic use

Analysis of Potential Prognostic Factors Related To CIBIC-Plus Quicome

GAL-LR v GAL-IR 5.

Candidate tor Prognosiic Factor Placeba Placebo
MMBSE score at sereeming (2220 22) .07 1011
Baschne ADAS-cog 11 score (<18, 18 <G.04H <0.001
Ape at onset of couniin e problems 0.339 0.7
DPuraton since diagnosis of copnitine problems 03kt 0.6253
Ape al diagnosis of probable AD 0.741 0.371
[uration since diagnosis of probable AD {1,589 0 535
Age ' 1583 0.480
Height U477 0.937
Wetaht 0229 0897
Subpect tahen cholinopumetics 0,007 (1.082
First decree relativ es with AD 0874 0839
Sex (1,577 0,869
Smoking U415 SR

Based on these results, 3 separate analyses of CIBIC-Plus data, adjusting for
each of the variables that were considered of prognostic importance, and
country, were performed to examine the treatment effect on CIBIC-Plus
[stratification by country rather than by site was used to prevent having too many
strata with only a few subjects each]

+ Analysis of CIBIC-Plus data stratified by baseline Mini-Mental Status
Examination score (s 22 vs. > 22) and country

e Analysis of CIBIC-Plus data stratified by baseline ADAS-Cog score (< 18
vs. > 18) and country [an ADAS-Cog score of 18 was chosen as a cut-off
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as it was considered to be equivalent to a Mini-Mental Status Examination
cut-off score of 22].

¢ Analysis of CIBIC-Plus data stratified by prior use of cholinomimetic drugs
(used vs. not used) and country.

7.2.2.2 Analysis Stratified By Screening Mini-Mental Status Examination Score
(MMSE) And Country

The sponsor performed an analysis of the CIBIC-Plus data using a Cochran-
Mantel-Haenszel model stratified by screening MMSE score (< 22 vs. > 22) and
country

Based on that analysis, which is the following table that | have copied from the
submission, the sponsor states the following

» In the sub-group consisting of those with screening MMSE < 22, the
CIBIC-Plus responder proportions were consistent with previous studies of
immediate-release galantamine in Alzheimer's Disease

* In the subgroup of subjects with screening MMSE > 22, the CIBIC-Plus
responder proporttions in all treatment groups was higher than for the rest
of the study population; the placebo responder proportion {(77%) was
notably high and greatly decreased the sensitivity of the CIBIC-Plus

» The comparison of the extended-release galantamine group with the
placebo group was considered statistically significant, whereas the
comparison of the immediate-release galantamine group with the placebo
group closely approached statistical significance

Summary of CIBIC-Plus at Week 26 — LOCF Data by Screening MMSE Category (< 22
and > 22)

Appears This Way
On Original
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PLACEBO GAL LR GAL IR

Sabjects with MMSE £22 N=248 N=255 N=236
CIBIC-plus
Markedly improved 0.8% F2% 0.8%
Moderately improved 1.0% $. 7% 4.3%
Mildly improved 14.5% 1.9 15.2%
No change 35.9% 39.6% H31.6%
Mildly worse 38.2% 26.3% 27 3%
Moderntely worse 15.7%% P1.0% 10.6%
Markedly worse 2 8% 2.3%, 1.2%
Subjects with MNMSE >22 N=353 N=41 N=dp
CIBIC-plus
Markedly improved 1.9% 0.0% 223%
Moderatelyv improved 11.3% 4.9% 8£7%
Mildly improved 22.6% 26.8%% §R.2%
No change 41.5% 3T 30.0%
Mildly worse 18.9%, 34.2% 17.4%
Moderately worse 3.8% LR L 6.5
Markedly worse 3.0% 0.0% 0.1
p-valuc® (vs Placcbo) 0.019 0.053

* CMI model stratified by screcning MMSE and country .

Additional similar analyses were performed using MMSE scores of 20, 21, and
23 as the cut-off; these yielded results that were similar to those using a cut-off
MMSE score of 22, and, according to the sponsor, confirmed the robustness of
the latter analysis. These analyses are in the following table, which | have copied
from the submission.

GAL-INT-10 Week 26 (LOCF) CIBIC-Plus Results (p-values) from CMH Model Stratified
by Screening MMSE Category and Country
OAL-ER vs. OAL-TR vs

Strata for CMH Model Placebo Placeho
MMSE (1-20, 200, coumtry 0oz ER I
MMSE ¢ to-21, 21, countny D3 RS
AMSE ¢ 10-220 22, country 1O TREERS
MMSE 10230 230 countny pn2t RIS

7.2.2.3 Analysis Stratified By Baseline ADAS-Cog And Counlry

The sponsor performed an analysis of the CIBIC-Plus data using a Cochran-
Mantel-Haenszel model stratified by baseline ADAS-Cog score (< 18 vs. > 18)
and country '
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Based on that analysis which is the following table that | have copied from the
submission, the sponsor states the following

+ In the sub-group consisting of those with baseline ADAS-Cog < 18, the
CIBIC-Plus responder proportions were consistent with previous studies of
immediate-release galantamine in Alzheimer’s Disease

¢ in the subgroup of subjects with baseline ADAS-Cog > 18 (milder
subjects), the CIBIC-Plus responder proportions in all treatment groups
was higher than for the rest of the study population; the placebo responder

proportion (78%) was notably high and greatly decreased the sensitivity of
the CIBIC-Plus

+ The comparison of the extended-release and immediate-release
galantamine groups with the placebo group were both considered
statistically significant.

Summary of CIBIC-Plus at Week 26 — LOCF Data by Baseline ADAS-Cog Category
PLACEBO GAL R GAL IR
Subjects with Baseline N 223 N 234 N 246
ADAS-can/11 =18
CIBIC-plus

Markedly improved 1.53% 0.8 08"
Moderately improved RA 4.3% 4 1%y
Mildls improved [5.3% 15.89, [4.6% &
No change 327 ERI A 42.3% 0
Mildly worse LA 24 b 25.2% -3
Maoderately worse 17.0%, 120 11.8% g
Markedly worse 3% 2 1% P2 o,
o
Subjects with Baseline N 4 N 57 N 3] @
ADAS-cog/11 <18 O
CEBIKC-plus _8
Markedly impros ed 27 P 8% 207 -
Moderatelv impros ed B 1% 3 3% v.8%,
Mildly improved 18497, 14 3%, 17 6%4
No change 48.65, S, 45 1%,
Mildly sorse 17.6%, i L 23 A,
Moderately worse 4. 1% HEAR 248,
Muarkedly worse TREAN 0yt TR
p-value® (vs Placebo) (021 Lo15

*CMI model straufied by bascline ADAS-cog 11 score and counm
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Additional similar analyses were performed using ADAS-Cog scores of 16, 17,
19, and 20 as the cut-off; these yielded results that were similar to those using a
cut-off ADAS-Cog score of 18, and, according to the sponsor, confirmed the
robustness of the latter analysis. These analyses are in the following table, which
| have copied from the submission.

GAL-INT-10 Week 26 (LOCF) CIBIC-Plus Results (p-values) from CMH Model Stratified
by Baseline ADAS-Cog Category and Country _

GAL-ER s, GAL-IR vs.
Strata for CMI11 Mode! Placebo Placebo
ADAS-cop TH{=16, »16), Country an22 0.019
ADAS-cog 1117, -17). Country 0.019 0.016
ADAS-cop H =18, ~18), Counin 00318 0,013
ADAS-cog [ {219, 193 Country {025 0.020
ADAS-cog 11 {=20. 20y, Countrs 0031 0.029

7.2.2.4 Analysis Stratified By Country And Prior Cholinomimetic Use

The sponsor performed a further analysis of the CIBIC-Plus data using a
Cochran-Mantel-Haenszel model stratified by country and prior cholinomimetic
use

Based on that analysis which is the following table that | have copied from the
submission, the sponsor states the following

* In the sub-group consisting of those with prior cholinomimetic use, the
CIBIC-Plus responder proportions were consistent with previous studies of
immediate-release galantamine in Alzheimer’s Disease

« In the subgroup of subjects without prior cholinomimetic use, the CIBIC-
Plus responder proportions in all treatment groups was higher than for
those who did not receive prior cholinomimetic treatment

» The comparison of the extended-release galantamine group with the
placebo group was considered statistically significant, whereas the
comparison of the immediate-release galantamine group with the placebo
group closely approached statistical significance

Summary of CIBIC-Plus at Week 26 — LOCF Data by Prior Cholinomimetic Use
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PLLACEBO OALER GALL IR

Subjects with Prier N- 137 N2 N=143

Cholinomimetics Use

CIBIC-plus
Markedly improved 2.2% (179, 1 4%
Moderately improved 29% 497, 340,
Mildly improved 10.9%, 6% H.7%
No change 31 4% 40.1% 40 7%
Mildly worse 209, 27 5% 290
Moderately worse 149.0%, 1277 [ AT
Markedh worse 3.6% A 2 1%

Subjects without Prior N o4 N-133 N-157

Cholinomimetics Fse

CIBIC-ptus
Markedly improv cd U.0% 3% 0.6%
Moderately improved 4.3% + 6%, 64%
Mildly improned 20.1% 2204 18 5,
No change 415" LAY 43.3%
Mildly worse 23 8% 26 8% 22.9%,
Moderately worse 9.1 7.2% 8.3%
Markedly worse 1.2% 0.7% Qe

p-yvalue® {vs Placeho) 0.030 0.052

* CMIH modet strautied by chobaonumetics status and country |

7.2.3 Analysis In US Population
The sponsor states the following

* The severity of dementia at baseline was higher in the US population

enrolled in the study than in the non-US population

¢ Since the US population comprised 69% of those enrolled in the study and
was therefore sufficiently large, and was also considered more
homogenous than the non-US population, an analysis of the CIBIC-Plus
results in the US alone, stratified by study site, was considered

appropriate.

« The results of this analysis indicated that an about equal proportion (~
65%) of those in the immediate- and extended-release galantamine
groups were responders versus ~ 58% in the placebo group. While the
responder proportion in the immediate-release galantamine group was
similar to that seen in earlier Phase lll studies, the responder rate in the
placebo group was higher than that observed in earlier Alzheimer's
Disease studies (~ 50%)
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The comparison of each of the galantamine groups with the placebo group
was considered statistically significant. The results of this analysis are in
the following table (sites with 3 or fewer subjects were pooled).

Summary of CIBIC-Plus at Week 26 — LOCF Data (Study GAL-INT-10: US Pepulation)

PLACEBO GAL ER GAL IR

L'.S. Subjects N 24 N=202 N 200

CIBIC-plus
Markedly improved 1.5% F0% 0.5%
Modermely improved 1% 3.0P 3.5%
Mildly improved 11.8% 16.8% 12.5%
No change 42.6% 44.5% 47.0%
Mildly worse 26.0% 24.3% 2300,
Moderatelv worse 13.2% 89y 10.0%
Markedly worse 299, F.5% 1.3%

p-valuce® (vs Placcho) 0.026 0.19

*CMI model straufied by study site,

The sponsor concludes that for the US population, which comprised 69% of
those enrolled in this study, the CIBIC-Plus performed as would have been
expected. The sponsor believes that the large proportion of relatively mildly
demented subjects at the non-US sites reduced the sensitivity of the CIBIC-Plus
by inflating the placebo response

7.3 Sponsor’s Overall Conclusions

The sponsor's overall conclusions may be summarized as follows (they are also
partly surmmarized in the table below, which | have copied from the submission)

The imbalance in mildly demented subjects among treatment groups
contributed to the reduced CIBIC-Plus sensitivity in Study GAL-INT-10

The CIBIC-Plus results from Study GAL-INT-10 comparing Reminyl®
Extended-Release and Reminyl® Immediate-Release with placebo are
positive under the following circumstances

» When the analyses are stratified by study site

= Alter adjusting for country and prognostic factors indicative of disease
severity

= When the analysis is based on the US population alone

The efficacy of Reminyl® Extended-Release in a functional domain is
confirmed by a statistically significant positive efficacy result for Reminyl®
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Extended-Release based on the ADCS-ADL, a valid activities of daily
living measure

Overall Efficacy Results In Study GAL-INT-10

Week 26 (LOCF ) Endpoints GAL-IR 55 GAL-ER vs.
Placebo PMaceho

Cognitive: ADAS-cog/11
Change from baseline to Week 26 0.001 -0.00t1

Functional: ADCS-ADL
Change from hascline 10 Week 26 0018 0.0t

Global: CIBIC-plus

Stratitied by site 06027 0.030
Stratified by country & MMSE at sereening 0052 0.9
Stratified by countrv & baschine ADAS-cog 11 ouis H.02]
Strabfied by countnn & prior cholinemimetc use {3052 0.030
U5 populaton 0.029 0026

The sponsor further believes that, when “properly analyzed,” the resuits of Study
GAL-INT-10 confirm the efficacy of the extended-release formulation of
Reminyi®: statistically significant results have been seen on measures of
cognition (ADAS-Cog), global performance (CIBIC-Plus), and function (ADCS-
ADL). The results of Study GAL-INT-10 therefore confirm the efficacy of
Reminyl® ER in & manner consistent with current requlatory guidelines

8. Agency Biometrics Review

The Agency Biometrics review of the current submission was performed by Dr
Kun He.

Dr He's key comments about the sponsor's new analyses are as follows. Please
see his review for full details.

8.1 Analysis Of CIBIC-Plus Stratified By Study Site

» [n international studies, the CIBIC-Plus is commonly analyzed using a
Cochran-Mantel-Haenszel test stratified by region or by country. When
such analyses were applied {o the current study data using rank scores
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(rather than modified ridit scores, as specified in the protocol), the
comparison of either galantamine group with placebo yield resuits that
were not (nominally) statistically significant, as indicated by the following
table

Stratification GAL-ER vs placebo GAL-IR vs placebo
p-value p-value

None 0.2770 0.1512

By region 0.0951 0.0858

{US vs. non-US)

By country 0.0582 0.0845

The significance of the Cochran-Mantel-Haenszel analysis stratified by
study site is questionable for the following reasons

= There was no pre-specified plan for pooling subjects (in the post-hoc
analysis, sites with < 3 subjects were pooled)

= |t is unclear whether the nominally statistically significant result favoring
extended-release galantamine over placebo in the sponsor's new
Cochran-Mantel-Haenszel (stratified by study site) could have been
“driven” by data from a single large pooled site (#995) with 177 patients
[the p-value for the same comparison at that site was 0.0293]

8.2 Analyses Of CIBIC-Plus Stratified By Country And Prognostic Factors
For CIBIC-Plus Outcome

Cochran-Mantel-Haenszel test-based analyses stratified by each of the
following did not show a (nominally) statistically significant superiority of
the extended-release preparation of galantamine over placebo: country,
baseline Mini-Mental Status Examination, baseline ADAS-Cog, and prior
cholinomimetic use

Stratification GAL-ER vs placebo GAL-IR vs placebo
p-value p-value

None 0.2770 0.1512

By country 0.0582 0.0845

By baseline Mini-Mentat Status Examination score | 0.0777 0.0477

(> 22, < 22)

By baseline ADAS-Cog score 0.1107 0.0251

(> 18;< 18)

By prior cholinomimetic use 0.2140 0.1192

Not that nominally statistically significant differences between extended-release galantamine and placebo were
not seen even when other stratification cut-off points were used for the baseline Mini-Mental Status Examination
and ADAS-Cog

Thus the (nominally) statistically significant differences between extended-
release galantamine seen when stratification by country was combined
with stratification by one of the prognostic variables in Cochran-Mantel-
Haenszel test-based analyses of the CIBIC-Plus may have been due to an
interaction, rather than due to an effect of the individual variables
themselves.
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8.3 Analyses Of CIBIC-Plus Confined To US Centers

+ Cochran-Mantel-Haenszel test-based analyses, limited to the US centers,
did show a (nominally) statistically significant superiority of the extended-
release preparation of galantamine over placebo, regardless of whether
there was stratification by study site

Stratification | GAL-ER vs placebo GAL-IR vs placebo
p-value p-value

None 0.0478 0.0823

By site 0.026 0.029

* These results should be interpreted with caution since they are based on a
sub-group analysis

8.4 Overall Conclusions

The post-hoc analyses of the CIBIC-Plus contained in this submission do not
provide convincing evidence of a statistically significant difference between either
the extended-release formulation of galantamine and placebo, or the immediate-
release formulation of galantamine and placebo

9. Comments

¢ This.submission is a Complete Response to a Not Approvable action letter
that the Division issued on 12/23/03, for the original submission under
NDA 21615. That application had sought the approval of Reminyl®
(galantamine hydrobromide) Extended-Release Capsules for the
treatment of mild to moderate dementia of the Alzheimer's type. Reminyl®
Extended-Release Capsules are intended for once-daily administration, in
contrast to the currently-approved immediate-release tablet and oral
solution formulations which are recommended as twice daily doses.

» The evidence in the original submission under NDA 21615, in support of
the efficacy of Reminyl® Extended Release capsules, consisted of a
single study, GAL-INT-10, the design and results of which are further
described below

» This was a randomized, double-biind, placebo-controlled, parallel-arm
study.

= The study had 3 treatment arms: Reminyl® Extended-Release capsules
16 to 24 mg once daily; immediate-release Reminyl® tablets 8 to 12 mg
twice daily; and placebo. The period of double-biind, parallel-arm
treatment in this study was 26 weeks

« Key inclusion criteria were the diagnosis of probable Alzheimer's Disease;
a Mini-Mental Status Examination score at screening of 10 -24; and an



Ranjit B. Mani, MD, HFD-120 Medical Review Page 20 of 24
NDA 21615 (B2). Reminyl® Extended-Release , Johnson & Johnson 7/26/04

Alzheimer's Disease Assessment Scale — Cognitive (ADAS-Cog) score at
screening of at least 18.

= 971 patients were enrolled in the study and randomized in about equal
proportions to the 3 treatment groups

= The primary efficacy measures were the ADAS-Cog and the Clinician
Interview Based Impression of Change-Plus (CIBIC-Plus). There were 10
secondary efficacy measures, including the Alzheimer's Disease
Cooperative Study — Activities Of Daily Living (ADCS-ADL) scale.

= The primary efficacy analysis was performed, as specified in the protocol,
on the observed cases dataset at Month 6, and the primary comparison
was between the Reminyl® Extended-Release and placebo groups, again
as specified in the protocol. The difference in this dataset, between the
Reminyl® Extended-Release and placebo groups, for the mean change
from baseline in the ADAS-Cog, was 2.7 points, and favored galantamine
{p < 0.001). For the CIBIC-Plus, using the same dataset, 61% of those
treated with extended-release galantamine, and 56.8% of those treated
with placebo, either improved or showed no change (p = 0.086, when
changes on the full 7-point scale were compared). Similar results were
seen, on both primary efficacy parameters, when the Reminyl®
Extended-Release and placebo groups were compared for the last-
observation-carried-forward and classical intent-to-treat datasets; the
results were also similar when the immediate-release Reminyl® and
placebo groups were compared.

= The protocol specified that evidence of the efficacy of extended-release
galantamine was to be based on demonstrating a statistically significant
(p < 0.05) treatment difference on both primary efficacy measures
between that galantamine group and the placebo group.

= A comparison of the treatment groups on mean change from baseline to
Week 26 scores for the ADCS-ADL using the observed cases dataset,
revealed a mean difference between the Reminyl® Extended-Release
and placebo groups of 2.4 points favoring galantamine (p = 0.003); a p-
value of < 0.001 was seen in each instance when these groups were
compared using the last-observed-carried-forward and classical intent-to-
treat datasets

» The Agency’s Not Approvable action on this application was based on the
following

* The current regulatory standard requires that evidence for the efficacy of
drugs approved for the treatment of Alzheimer's Disease be based on
demonstrating a statistically significant superiority to placebo on both of
two prospectively-designated co-primary efficacy measures: a cognitive
measure and a global/functional measure. In GAL-INT-10, Reminyl®
Extended-Release capsules were not demonstrated to be superior to
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placebo on the CIBIC-Plus. Therefore this study could not be said to have
shown substantial evidence of effectiveness

The comparison of the Reminyl® Extended-Release and placebo groups
on the ADCS-ADL, a measure that could also be acceptable as a co-
primary measure of efficacy, if prospectively designated, showed a
nominally statistically significant treatment difference that favored the
Reminyl® Extended-Release group. However, the negative finding on the
protocol-specified global measure, the CIBIC-Plus, made relying on the
results of any secondary efficacy measures inappropriate

In the current application, the sponsor has performed a number of
additional analyses of the CIBiC-Plus. The sponsor contends that the
results of these additional analyses, together with the analyses of the
ADAS-Cog and ADCS-ADL described in the original application, provided
substantial evidence of the effectiveness of the Reminyl® Extended-
Release formulation in mild to moderate dementia of the Alzheimer’s type.

The new CIBIC-Plus analyses, which were all performed using the intent-
to-treat, last-observation-carried-forward dataset (based on a Cochran-
Mantel-Haenszel model using rank scores and stratified by study site) are
further summarized below

The sponsor now believes that the Cochran-Mantel-Haenszel test model
used for the protocol-specified analysis of the CIBIC-Plus, which used
modified ridit scores and was stratified by region (US vs. non-US), may
not have been appropriate since, in that analysis, US and non-US centers
were equally weighted, whereas US centers contributed 69% of those
enrolted in the study. The sponsor is currently of the view that, since
randomization was stratified by study site, a more appropriate Cochran-
Mantel-Haenszel test model for analysis of the CIBIC-Plus was one that
used rank scores and was stratified by study site. The sponsor has used
the latter model to demonstrate what appears to be a nominally
statistically significant superiority of both the extended- and immediate-
release formulations of Reminyl® over placebo on the CIBIC-Plus, with p-
values of 0.030 and 0.027, respectively; these results are considered by
the sponsor to more accurately reflect the overall reatment effects of both
formulations of Reminyl® on that measure

A number of baseline variables contributing to CIBIC-Pius cutcome were
identified by logistic regression analysis; these variables were screening
Mini-Mental Status Examination score, baseline ADAS-Cog score, and
prior cholinomimetic use. 3 separate analyses of the CIBIC-Plus were
then performed using Cochran-Mantel-Haenszel test models; each was
stratified for one of the variables considered of prognostic importance,
and for country. In each of the 3 analyses the extended-release
formulation of galantamine showed a nominally statistically significant
superiority to placebo; in each maodel, the immediate-release formulation
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showed either a nominally statistically significant superiority to placebo, or
a superiocrity that approached nominal statistical significance

Since US centers contributed about 69% of subjects to this study and
since these subjects were considered by the sponsor to be more
homogenous, a CIBIC-Plus analysis was performed confined to the US
centers alone. This analysis, tco, appeared to show a hominally
statistically significant superiority of each Reminyi® formulation to
placebo (p-values of 0.026 and 0.029 for the extended- and immediate-
release formulations, respectively)

s The Agency Biometrics reviewer, Dr Kun He, has concluded the following
about the sponsor’s re-analyses of the CIBIC-Plus using the Cochran-
Mantel-Haenszel test with rank scores

The significance of the analysis stratified by study site is questionable
since there was no pre-specified plan for pooling subjects, and since the
nominally statistically significant result favoring extended-release
galantamine over placebo could have been driven mainly by data from a
single large pooled site

The nominally statistically significant differences between exiended-
release galantamine and placebo that were seen when stratification by
country was combined with stratification by one of the prognostic
variables in Cochran-Mantel-Haenszel test-hased analyses of the CIBIC-
Plus may have been due to an interaction, since such differences were
not seen when these variables were applied individually as stratification
factors. -

In the analysis confined to US centers, the nominally statistically
significant difference between extended-release galantamine and placebo
should be interpreted with caution since it was based on a subgroup

The post-hoc analyses of the CIBIC-Plus presented in this
submission do not provide convincing evidence of a statistically
significant difference between extended-release galantamine and
placebo

My overall view of this application is as follows

The current regulatory standard requires that evidence for the efficacy of
drugs approved for the treatment of Alzheimer's Disease be based on
demonstrating a statistically significant superiority to placebo on both of
two co-primary efficacy measures: a cognitive measure and a
global/functional measure.

The protocol for the GAL-INT-10 study specified that the efficacy of the
extended-release galantamine formulation in that study was to be based
on demonstrating a statistically significant superiority to placebo on both
primary efficacy measures, the ADAS-Cog and CIBIC-Plus.
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= Since the treatment differences between extended-release galantamine
and placebo on the CIBIC-Plus did not achieve or approach statistical
significance using the protocol-specified analysis, this study has,
according to the current regulatory standard, failed to establish evidence
for the efficacy of extended-release Reminyl® in mild-to-moderate
Alzheimer's Disease.

» The comparison of the Reminyl® Extended-Release and placebo groups
on the ADCS-ADL showed a nominaily statistically significant treatment
difference favoring the Reminy!® Extended-Release group over placebo.
While the ADCS-ADL would have been acceptable as a co-primary
measure of efficacy in lieu of the CIBIC-Plus, if prospectively designated,
it was one of 10 secondary efficacy measures in this study (albeit the only
secondary efficacy measure other than the dichotomized CIBIC-Plus that
could be considered a global or functional instrument}, and these
measures were subject to 90 separate analyses. Moreover, the lack of
any evidence of efficacy on the protocol-specified global co-primary
efficacy measure, the CiBIC-Plus, made relying on the results of any
secondary efficacy measures inappropriate

= Since the extended-release formulation of galantamine is intended to be
taken once daily and will therefore be more convenient to use than the
immediate-release formulation, for which twice daily dosing is
recommended, the former formulation is likely to be used much frequently
than the iatter, when marketed. It is therefore especially important that
evidence for the efficacy of the extended-release formulation should be
clearly demonstrated prior to marketing approval being granted; such
evidence is currently lacking.

=  While the sponsor has now performed further analyses of the CIBIC-Plus,
using Cochran-Mantel-Haenszel test models different from those used for
the primary efficacy analyses, which have shown nominally statistically
significant differences favoring extended-release galantamine over
placebo, the new analyses are post-hoc, and their results are model-
dependent, confined to a subgroup, or otherwise deficient. For those
results that are model-dependent, the sponsor has not provided
convincing evidence that the models that show “positive” results are more
appropriate to use than those that do not. These analyses cannot
therefore be considered to have met the “substantial evidence” of
effectiveness standard

10. Conclusion And Recommendations

The sponsor has failed to provide substantial evidence of the effectiveness of the
extended-release formulation of galantamine in the treatment of mild to moderate
dementia of the Alzheimer's type.

I recommend that a further Not Approvable action letter be issued.
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1. Background

This submission contains a briefing package for a meeting that is intended to
discuss a recent Not Approvable letter issued by the Division for the original
submission under New Drug Application (NDA) 21615. That application, originally
submitted on 2/24/03, sought the approval of Reminyl® Extended-Release
Capsules for the treatment of mild to moderate dementia of the Alzheimer's type.
The Not Approvable letter was issued on 12/23/03.

The original application under NDA 21615 was based mainly on the results of one Phase 111
randomized, double-blind, placebo-controlled efficacy study. (GAL-INT-10), an uncontrolled, open-
label extension to GAL-INT-10, and several pharmacokinetic trials.

Four-Month and Seven-Month Safety Updates to the original application under NDA 21615 were
submitted on 6/19/03 and 10/3/03, respectively, and were reviewed with the original application.

Reminyl® Extended-Release capsules have been developed under Investigational New Drug
Application {(IND} 61703. The immediate-release tablet and oral solutions formulations of
galantamine, Reminyl®, had earlier been developed by this sponsor for the treatment of
Alzheimer's Disease under IND 51538. NDAs 21169 and 21224, for the use of the immediate-
release tablet and oral solution forms, respectively, of galantamine in the treatment of mild-to-
maoderate dementia of the Alzheimer's type were approved in 2001. Later in 2001, a supplemental
NDA (SCM-001) was approved for the use of immediate-release tablet and oral solution
formulations of synthetic galantamine (for the treatment of mild-to-moderate dementia of the
Alzheimer's type), instead of the plant-derived drug substance approved earlier.

The sponsor had earlier proposed that Reminyl® Extended-Release capsules be administered

once daily, whereas it is recommended in the package insert for the currently approved
immediate-release formulation of Reminyl® that that drug formulation be administered twice daily.

Please see my review of NDA 21615 for further details.

2. Contents Of Submission And Review

2.1 Contents Of Submission
The submission contains the following
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o Cover letter

« Briefing package containing the following

= Summary of safety, efficacy, and biopharmaceutical information
submitted earlier under IND 21615. This summary uses 3 headings:

o Development History
o Major Efficacy Results (GAL-INT-10})

o Pharmacokinetic Comparison Between Extended-Release Capsules
and Immediate-Release Tablets

= Discussion Points {addressing items in the Not-Approvable Letter)

= An additional question for the Division

2.2 Contents Of Review
In this review, | will address the following in the same order as below

+ Text of Not Approvable Letter

¢ Development history for galantamine (as presented by sponsor)

» Major efficacy results for GAL-INT-10 (as presented by sponsor)

» Pharmacokinetic comparisons between extended-release capsules and
approved immediate-release tablets of galantamine (as presented by

sponsor)

» Discussion points (as presented by sponsor)

3. Text Of Not Approvable Letter

Key text from the Not Approvable action letter of 12/23/03 is reproduced verbatim
below

We completed our review and find the information presented is inadequate. Therefore, the
application is not approvable under section 505(d) of the Act and 21 CFR 314.125(b). The
deficiencies are summarized as follows:

Lack of Substantial Evidence of Effectiveness:

The supporting clinical efficacy study GAL-INT-10 fails to provide evidence of effectiveness of
extended-release galantamine.
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As you know, the current requlatory standard for a demonstration of effectiveness for treatments of
Alzheimer’s Disease is the showing of statistically significant superiority to ptacebo on both of two
co-primary efficacy measures: a cogniive measure and a global/functional measure.
Unfortunately, Reminyl ER was not shown fo be superior to placebo on the CIBIC-Plus (for the
intent-to-treat population on the last observation carried forward analysis, the between-treatment
contrast yields p=0.22). Thus, based on the pre-specified primary efficacy analysis, this study must
be considered not to have shown substantial evidence of effectiveness of Reminyl® Extended-
Release Capsules.

While the between-treatment comparison on the ADCS-ADL, a secondary efficacy measure that
also can be acceptable as a co-primary measure of overall functioning {when so designated
prospectively), was nominally significant (p<0.001), the negative finding on the protocol specified
global measure (the CIBIC-Plus) makes relying on any analysis of further outcome variables
inappropriate, because to do so inflates the overall Type | error for the study.

Before this application can be approved, you must submit a single adequate and well-controlled
investigation that demonstrates superiority of Reminyl ER to placebo on two prospectively
designated outcomes of the sort described above.

4. Development History

The following is a summary of what is stated by the sponsor in the briefing
document

+ Galantamine is approved for the symptomatic treatment of mild to
moderate Alzheimer's Disease

» The table below (which | have copied from the submission) compares the
efficacy of galantamine in relation to placebo during the development of
the immediate-release formulation.

Study Formulation Cogaition Global Function
{ADAS-cog/11} (CIBIC-plus) (DAD or ADCS/ADL)
ITT/LOCF P value vs Plac P value vs Plac P value vs Plac
Gal-INT-1 IR <0.001 <0.05 NS
{6mths) (DAD)
Gal-USA-1 IR <0.001 <0.05 NS
| (6mths) (DAD)
Gal-INT-2 = IR <0.05 <0.05 <0.05
| (3mths) (DAD)
Gal-USA-10 124 <0.001 <0.05 =0.002
{5mths) (ADCS-ADL)
Gal-INT-10 R <0.001 NS =0.018
(6mths) (ADCS-ADL)
ER <0.001 NS <0.001
{ADCS-ADL)
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In regard to the studies depicted in the table

Studies GAL-INT-1, GAL-USA-1, and GAL-USA-10 were considered
pivotal and met the regulatory requirement of showing statistically
significant benefits on 2 co-primary efficacy measures. GAL-INT-2 was a
shorter supportive trial of 3 months duration and corroborated the results
of the pivotal trials

The ADCS-ADL was used an outcome measure in GAL-USA-10 and a
statistically significant effect favoring galantamine was observed on that
measure in that study

The once-daily dosage form (i.e., the extended-release capsule form) was
bioequivalent to the immediate-release formulation in regard to AUC and
Cnin, but had a lower C..(estimated ration of means = 0.76). On account
of a paucity of information about the role of the C,., in the efficacy of this
class of compounds, “the Agency mandated an efficacy study.”

The efficacy study (GAL-INT-10) for the once-daily formulation of
galantamine, which was discussed with the Division, had the following
features

o Itincluded not only a placebo arm but also the immediate-release
formulation as an active control

o In accordance with a draft Agency guidance, the criterion for a “positive”
study was the demonstration of a statistically significant superiority of the
extended-release formulation of galantamine over placebo on the same
co-primary efficacy endpoints {ADAS-Cog and CIBIC-Plus) that were
used in the development of the immediate-release formulation of
galantamine

o The inclusion criteria and dosing regimen used in GAL-INT-10 were the
same as those used for GAL-USA-10, except that the upper limit of the
Mini-Mental Status Examination score range for inclusion was increased
from 22 to 24, so that patients with milder disease could be enrolled.

5. Major Efficacy Results For Study GAL-INT-10

The following is a summary of what is stated by the sponsor in the briefing
document

Study GAL-INT-10 was used to assess the efficacy of extended-release
galantamine versus placebo. This was a 26-week randomized, double-
blind, placebo-controlied, parallel-arm flexible-dose in patients

The study which was carried out in 93 centers randomized 971 patients to
3 treatment groups: placebo, extended-release galantamine, and
immediate-release galantamine
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+ The prnimary efficacy measures were the ADAS-Cog and CIBIC-Plus. The
secondary efficacy measures were the ADCS-ADL and Neuropsychiatry

Inventory.

« The results for the intent-to-treat population, and for the ADAS-Cog,
CIBIC-Plus and ADCS-ADL are summarized in the following table (which |

have copied from the

submission

Summary of efficacy measures between galantamine ER and IR
based on change from baseline in comparison with placebo

ADAS-cog/11 CIBIC-plus [ ADCS-ADL
Mean change (95%CT) % of no change and Mean change (95%CI}
p-value improved p-value
p-vatue*
Pivotal AD clinical study for ER: GAL-INT-10
Intent-to-Trear:
Endpeint LOCF
i 2.4 (-3 34~ .1.49) 60 8% vs. 57.5% 27(124~4.10)
ER vs. Placcbo p<0 001 p=0216 p<0.001
2.3 (-3.70 ~-1.86) 63.2% vs. 57.5% 17(0.29~3.13)
R vs.
vs. Placebo P0.001 p=0.144 p=0018
ER vs. [R 0.4 {056 ~129) 60 8% vs. 63.2% 10(-047 ~2 39}
p=0438 0752 770138

*p value based on the entire 7-point scale

6. Pharmacokinetic Comparison Between Extended-Release
Capsules And Approved Immediate-Release Tablets Of Reminyl®
The following is a summary of what is stated by the sponsor in the briefing

document

+ The pharmacokinetic properties of the extended-release capsules of
galantamine were compared with the immediate-release tablets in the
single-center, randomized, open-label, 3-way crossover Phase I study

GAL-NED-8.

» Based on the comparison of 24 mg doses, the exposure was somewhat
(approximately 10%) less with the extended-release capsule. AUC and
Cmin were within the bioequivalence limits of 80 to 125%, while the
estimated ratio of means for Cqax was 76%

« The results of the study are in the following table {which | have copied

from the submission)
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Summary of PK bioequivalence between galantamine ER and IR

ER vs. IR Bioequivalent Study: GAL-NED-8 (at 24 mg dose |eU
Mean treatment, matio (90% CI) AUC2a Crun Cmax
ER (fasted} / IR (fasted) 93 (90 - 96) 89 (83 ~ 96) 76 (71 - 80)

7. Discussion Points

The sponsor has highlighted two sections of the Not Approvable letter of
December 23, 2003 for further discussion. These sections are highlighted in bold
italics for further discussion with the sponsor’s response below each item

The text highlighted below by me is taken from the actual text of the letter. The
text used by the sponsor for the first item is different from the actual text of the
letter, although the meaning conveyed is the same.

As you know, the current regulatory standard for a demonstration of
effectiveness for treatments of Alzheimer’s Disease is the showing of
statistically significant superiority to placebo on both of two co-primary
efficacy measures: a cognitive measure and a global/functional measure.
Unfortunately, Reminyl ER was not shown to be superior to placebo on the
CIBIC-Plus (for the intent-to-treat population on the last observation carried
forward analysis, the between-treatment contrast yields p=0.22). Thus,
based on the pre-specified primary efficacy analysis, this study must be
considered not to have shown substantial evidence of effectiveness of
Reminyl® Extended-Release Capsules.

While the between-treatment comparison on the ADCS-ADL, a secondary
efficacy measure that also can be acceptable as a co-primary measure of
overall functioning (when so designated prospectively), was nominally
significant (p<0.001), the negative finding on the protocol specified global
measure (the CIBIC-Plus) makes relying on any analysis of further outcome
variables inappropriate, because to do so inflates the overall Type I error
for the study.

» The sponsor’s view is that GAL-INT-10 demonstrated clinical equivalence
between the extended- and immediate-release formulations of
galantamine, in relation to placebo, based on similarly positive findings on
both a cognitive and a functional measure

* The sponsor has the following questions for the Division in relation to
GAL-INT-10

= How did the Division interpret the data for the effect of the immediate-
release formulation of galantamine on the CIBIC-Plus?
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= How did the Division interpret the positive results for effects of both
formulations on the ADCS-ADL (consistent with the results of previous
studies) on the last-observation-carried-forward analysis given that these
results are unlikely to have occurred by chance

Before this application can be approved, you must submit a single
adequate and well-controlled investigation that demonstrates superiority of
Reminyl ER to placebo on two prospectively designated outcomes of the
sort described above.

The sponsor’s response is as follows

e While Study GAL-INT-10 was being conducted , the American Academy of
Neurology published (in May 2001) its clinical practice guideline in which it
is recommended that acetylcholinesterase inhibitors should be considered
for the treatment of mild to moderate Alzheimer's Disease. The guidance
issued by the National Institute of Clinical Excelience (UK) in 2001 has a
similar suggestion. As a consequence of the latter guidance a central
Institutional Review Board in the UK failed to approved GAL-INT-10 which,
in turn, resulted in the UK being removed as a participating region for that
study

» Given current clinical practice standards for treating Alzheimer's Disease,
and “emerging” data suggesting that untreated patients who initiate
treatment late may not reach the same level of function as patients treated
earlier in their clinical course, the sponsor is concerned that placebo-
controlled trials in Alzheimer's Disease may no longer be justifiable or
practical

+ The sponsor wishes to discuss an alternative approach (i.e., an approach
other than a further clinical trial) to secure the approval of the extended-
release formulation of galantamine. This approach will consist of the
demonstration of a link between the pharmacokinetic profile and
pharmacological response. The basis for this approach is as follows

= The pharmacokinetic profiles of the extended- and immediate-release
formulations of galantamine differ in plasma C .. but not in AUC or Ci.

= The similarity in efficacy on the cognitive and functional domains between
the immediate- and extended-release formulations of galantamine
suggests that efficacy is not driven by Cay, although that hypothesis has
not been tested.

The sponsor wishes to know if the Division will be amenable to such an
approach
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8. Additional Question

The sponsor has asked if the nomenclature to be used for the proposed new
formulation in labeling — Reminyl® ER (galantamine hydrobromide) Extended
Release Capsules has been agreed to by the Division of Medication Errors and
Technical Support.

9. Comments

« This submission is a briefing package for a meeting that the sponsor has
sought discuss a Not Approvable action letter that the Division issued, on
12/23/03, for NDA 21615. That application sought the approval of
Reminyl® {galantamine hydrobromide) Extended-Release Capsules for
the treatment of mild-to-moderate dementia of the Alzheimer's type.
Reminyl® Extended-Release Capsules are intended for once-daily
administration.

» The evidence submitted in that application in support of the efficacy of
Reminyl® Extended Release capsules consisted of a single study, GAL-
INT-10, the design and results of which are further described below

This was a randomized, double-biind, placebo-controlied, paralliel-arm
study.

The study had 3 treatment arms: Reminyi® Extended-Release capsules
16 to 24 mg once daily; immediate-release Reminyl® tablets 8 to 12 mg
twice daily; and placebo. The period of double-blind, paraltel-arm
treatment in this study was 26 weeks

Key inclusion criteria were the diagnosis of probable Alzheimer’s Disease;
a Mini-Mental Status Examination score at screening of 10 -24, and an
Alzheimer's Disease Assessment Scale — Cognitive (ADAS-Cog) score at
screening of at least 18.

971 patients were enrolled in the study and randomized in about equal
proportions to the 3 treatment groups

The primary efficacy measures were the ADAS-Cog, and the Clinician
Interview Based Impression of Change-Plus {CIBIC-Plus). There were 10
secondary efficacy measures, including the Alzheimer's Disease
Cooperative Study — Aclivities Of Daily Living (ADCS-ADL) scale.

The primary efficacy analysis was performed, as specified in the protocol,
on the observed cases dataset at Month 6, and the primary comparison
was between the Reminyl® Extended-Release and placebo groups, again
as specified in the protocol. The difference in this dataset, between the
Reminyl® Extended-Release and placebo groups for the mean change
from baseline in the ADAS-Cog was 2.7 points, and favored galantamine
{p < 0.001). For the CIBIC-Plus, using the same dataset, 61% of those
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treated with extended-release galantamine, and 56.8% of those treated
with placebo improved or showed no change (p = 0.086, when changes
on the full 7-point scale were compared). Similar results were seen, on
both primary efficacy parameters, when the Reminyl® Extended-Release
and placebo groups were compared for the iast-observation-carried-
forward and classical intent-to-treat datasets; the results were also similar
when the immediate-release Reminyl& and placebo groups were
compared.

= The protocol specified that evidence of the efficacy of extended-release
galantamine was to be based on demonstrating a statistically significant
(p < 0.05) treatment difference on both primary efficacy measures
between that galantamine group and the placebo group.

= A comparison of the treatment groups on mean change from baseline to
Week 26 scores for the ADCS-ADL using the observed cases dataset,
revealed a mean difference hetween the Reminyl® Extended-Release
and placebo groups of 2.4 points favoring galantamine (p = 0.003); a p-
value of < 0.001 was seen in each instance when these groups were
compared using the last-observed-carried-forward and classical intent-to-
treat datasets

The Agency’s Not Approvable action on this application was based on the
following

= The current regulatory standard requires that evidence for the efficacy of
drugs approved for the treatment of Alzheimer’s Disease be based on
demaonstrating a statistically significant superiority to placebo on both of
two prospectively-designated co-primary efficacy measures: a cognitive
measure and a global/functional measure. In GAL-INT-10, Reminyl®
Extended-Release capsules were not demonstrated to be superior to
placebo on the CIBIC-Plus. Therefore this study could not be said to have
shown substantial evidence of effectiveness

= The comparison of the Reminyl® Extended-Release and placebo groups
on the ADCS-ADL, a measure that could also be acceptable as a co-
primary measure of efficacy if prospectively designated, showed a
nominally statistically significant treatment difference that favored the
Reminyl® Extended-Release group. However, the negative finding on the
protocol-specified global measure, the CIBIC-Plus, made relying on the
results of any secondary efficacy measures inappropriate

In the current submission, the sponsor has argued that the GAL-INT-10
study demonstrated clinical equivalence between the two galantamine
formulations, based on their efficacy relative to placebo on both the
ADAS-Cog and ADCS-ADL. The sponsor further believes that since both
formulations were superior to placebo on the ADCS-ADL. (on the last-
observation-carried-forward dataset), those results are unlikely to have



Ranjit B. Mani, MD, HFD-120 Medical Review Page 10 of 11
NDA 21615 , Reminyl® ER Capsules, Johnson & Johnson 217104

been due to chance. The sponsor has also drawn attention to the lack of
efficacy on the CIBIC-Plus for both formulations.

+ The sponsor believes that the conduct of a further placebo-controlled trial
of Reminyl® may not be justifiable or practical. Accordingly, the sponsor
proposes that an alternative route to approval of this formulation may be
the demonstration of a link between pharmacokinetic profile and
pharmacological activity; further details of this proposal are not provided.

+ This reviewer's opinion continues to be as follows

« The efficacy of Reminyl® Extended-Release capsules in treating mild to
moderate dementia of the Alzheimer's type has not been clearly
established. Study GAL-INT-10 must be considered negative, based on
the results of the prospectively-defined statistical analysis. The similarity
in effect between the two formulations of Reminyl® in this study does not
by itself establish that the extended-release formulation is effective, just
because the immediate-release formulation is approved; the similarity in
effect of both formulations could be explained on the basis that both
formulations were ineffective in this study.

= The sponsor has not provided any details of the proposal to establish a
link between pharmacokinetic profile and pharmacological activity of
galantamine and thereby seek approval

10. Meeting With Sponsor: February 17, 2004
A meeting was held with the sponsor today, chaired by Dr R. Katz.

The sponsor's and Division’s viewpoints about the resuits of Study GAL-INT-10,
and the next steps that the sponsor might take in obtaining approval of Reminyl®
ER for the treatment of mild to moderate dementia of the Alzheimer's type, were
discussed. The discussion included an outline of the sponsor’s views as to why
there was no evidence for the efficacy of either the extended-release or
immediate-release formulations of Reminyl® on the CIBIC-Plus analysis in that
study.

Based on that discussion, the following were the key agreements reached at the
meeting

» The sponsor was advised to submit a detailed argument that addresses,
on clinical and statistical grounds, why the results of the ADCS-ADL
analysis for Study GAL-INT-10 should be considered in lieu of those for
the CIBIC-Plus, in attempting to establish that that study is “positive”

» The sponsor proposed that another means of establishing the efficacy of
the extended-release formulation of Reminyl® might be the demonstration
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of a correlation between exposure (based on AUC) and clinical effect, in a
small study using the immediate-release formulation of Reminyl® alone,
given the similarity in AUC between the 2 formulations of Reminyl®. The
Division will comment more fully on such a proposal once more details are
submitted. Such a proposal should clearly describe how a link between
clinical effectiveness and pharmacokinetic exposure will be established.

The sponsor proposed that a further efficacy study of the extended-
release formutation of Reminyl® use the ADAS-Cog and ADCS-ADL as
primary efficacy measures and be of 3 months duration. This proposal will
in all likelihood be acceptable to the Division, although 3 months is the
minimum duration for an efficacy study in Alzheimer’s Disease .

A submission comprising one or more of the above would be considered a
response to the Division's Not-Approvable action letter.

The sponsor asked if the nomenclature to be used for the proposed new
formulation in labeling — Reminyl® ER {galantamine hydrobromide) Extended
Release Capsules had been agreed to by the Division of Medication Errors and

Technical Support (DMETS). The Division stated that the final opinion of DMETS
was pending.

e

Raniit B. Mani, M.D.
Medical Reviewer
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2. Executive Summary

2.1 Recommendations

| recommend against approval of this application, and propose that a Non-
Approval letter be issued.

2.2 Proposed Indication

This application seeks the approval of Reminyl® {galantamine hydrobromide)
Extended-Release Capsules for the treatment of mild-to-moderate dementia
of the Alzheimer’s type.

Reminyl® Extended-Release Capsules are intended for once-daily
administration.

Currently, an immediate-release tablet formulation of Reminyl® is approved for
the treatment of mild-to-moderate dementia of the Alzheimer's type, but as a
twice-daily dose.

2.3 List Of Studies Included In Submission
This application is based mainly on the following clinical studies

* GAL-INT-10, a randomized, double-blind, placebo-controlled, parallel-arm
efficacy study

¢ GAL-INT-21, an open-label, uncontrolled, extension to GAL-INT-10 (this
study is still ongoing).

* 5 clinical pharmacology studies: GAL-BEL-19; GAL-BEL-20; GAL-NED-8;
GAL-NED-9; and GAL-NED-12.

2.4 Results Of Key Efficacy And Safety Studies

2.4.1 GAL-INT-10

This was a randomized, double-blind, placebo-controlled, parallel- and three-arm
study, whose objective was to evaluate the efficacy and safety of Reminyl®
Extended-Release capsules in mild-to-moderate Alzheimer's Disease. The 3
treatment arms for this study were: Reminyl® Extended-Release capsules 16 to
24 mg once daily; immediate-release Reminyl® tablets 8 to 12 mg twice daily;
and placebo. The period of double-blind, parallel-arm treatment in this study was
26 weeks

Key inclusion criteria were the diagnosis of probable Alzheimer's Disease; a Mini-
Mental Status Examination score at screening of 10 -24, and an Alzheimer's
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Disease Assessment Scale — Cognitive (ADAS-Cog) score at screening of at
least 18.

971 patients were enrolied in the study. The number of patients randomized to,
and the number completing the study in each of the 3 treatment groups is
summarized in the following table.

Treatment group Number randomized Number completing study
Reminyk® Exitended-Release Capsules 327 251
Reminyk® Immediale-Release Tablets 320 251
Placebo 324 266

The primary efficacy measures were the ADAS-Cog, and the Clinician Interview
Based Impression of Change-Plus (CIBIC-Plus). There were 10 secondary
efficacy measures, including the Alzheimer’'s Disease Cooperative Study —
Activities Of Daily Living (ADCS-ADL) scale. Safety measures included vital
signs, safety laboratory tests, physical examinations, adverse events, and body
weight.

The primary efficacy analysis was performed, as specified in the protocol, on the
observed cases dataset at Month 6, and the primary comparison was between
the Reminyl® Extended-Release and placebo groups, again as specified in the
protocol. The difference in this dataset, between the Reminyl® Extended-
Release and placebo groups for the mean change from baseline in the ADAS-
Cog was 2.7 points, and favored galantamine (p < 0.001). For the CIBIC-Plus,
using the same dataset, 61% of those treated with extended-release
galantamine, and 56.8% of those treated with placebo improved or showed no
change {p = 0.086, when changes on the full 7-point scale were compared).
Similar results were seen, on both primary efficacy parameters, when the
Reminyl® Extended-Release and placebo groups were compared for the last-
observation-carried-forward and classical intent-to-treat datasets; the results
were also similar when the immediate-release Reminyl® and placebo groups
were compared.

The protocotl specified that evidence of the efficacy of extended-release
galantamine was to be based on demonstrating a statistically significant (p <
0.05) treatment difference on both primary efficacy measures.

A comparison of the treatment groups on mean change from baseline to Week
26 scores for the ADCS-ADL using the observed cases dataset, revealed a
mean difference between the Reminyl® Extended-Release and placebo groups
of 2.4 points favoring galantamine (p = 0.003); a p-value of < 0.001 was seen in
each instance when these groups were compared using the last-observed-
carried-forward and classical intent-to-treat datasets. However, the analyses
performed on all the secondary efficacy measures involved 90 comparisons of
exlended-release galantamine with placebo, rendering questionable the
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significance of the p-values obtained for those comparisons that evaluated
changes on the ADCS-ADL alone.

The safety profile of the extended-release galantamine formulation was broadly
similar to that of the immediate-release formulation. There were no safety
concerns specific to the extended-release formulation.

2.4.2 GAL-INT-21

This study is an open-label uncontrolled extension to Study GAL-INT-10, and
remains ongoing. To be enrolled in this study, a patient should have completed
Study GAL-INT-10.

All patients enrolled in this study were to be titrated to a dose of Reminyl® ER of
16 to 24 mg once daily. The study is of 12 months’ duration.

Safety outcome measures include vital signs, safety laboratory tests, physical
examinations, adverse events, and body weight.

Based on the Seven-Month Safety Update to this application which had a data
cut-off date of 5/31/03, 722 patients have been enrolled in, and 393 patients have
completed, this study. Interim safety data summaries have been included in the
original application and in the Four-Month and Seven-Month Safety Updates;
they contain information about deaths, other serious adverse events, and
discontinuations due to adverse events for the 536 enrolled patients for whom
such information is available. The spectrum of such events is similar to that seen
in patients treated with immediate-release galantamine, and does not indicate the
presence of any special safety concern that can be linked to the use of the
extended-release capsule formulation of galantamine

2.5 Safety Data From Clinical Pharmacology Studies In Original
Application
A total of 109 unique healthy subjects received at least one dose of study drug in

these trials; of these subjects, all received the extended-release formulation of
galantamine and 50 received the immediate-release formulation.

The spectrum of adverse events seen in these studies was similar to that of
immediate-release galantamine and did not raise any special concerns

2.6 Conclusions

2.6.1 Efficacy )
The protocol for the GAL-INT-10 study specified that the efficacy of the
extended-release galantamine formulation in this study was to be based on

demonstrating a statistically significant superiority to placebo on both primary
efficacy measures, the ADAS-Cog and CIBIC-Plus.
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Since the treatment differences between extended-release galantamine and
placebo on the CIBIC-Plus did not achieve statistical significance, this study has
failed to establish evidence for the efficacy of extended-release Reminyl® in
mild-to-moderate Alzheimer’s Disease.

2.6.2 Safety

Safety data contained in this submission did not indicate any areas of concern
specific to Reminyl® Extended-Release Capsules, with the overall safety profile
of that formulation being similar to that of the approved immediate-release tablet
formuiation of Reminyl®.

Appears This Way
On Original




Ranijit 8. Mani, MD, HFD-120 Medical Review Page 8 of 75
NDA 21615 (000), Reminyl® ER, Johnson & Johnson 12121103

3. Introduction

This submission contains a New Drug Application (NDA) for Reminyl® Extended-
Release capsules (modified-release galantamine hydrobromide capsules), which
the sponsor is seeking to market for the treatment of mild-to-moderate dementia
of the Alzheimer’s type.

This application is based mainly on the results of one Phase Il randomized,
double-blind, placebo-controlled efficacy study, an uncontrolled, open-label
extension study, and several pharmacokinetic trials.

Four-Month and Seven-Month Safety Updates to this application were submitted
on 6/19/03 and 10/3/03, respectively. These Safety Updates are also reviewed
here.

Reminyl® Extended-Release capsules have been developed under
Investigational New Drug Application (IND) 61703. The immediate-release
formulation of galantamine, Reminyl® had earlier been developed by this
sponsor for the treatment of Alzheimer's Disease under IND 51538. NDAs 21169
and 21224 for the use of the immediate-release tablet and oral solution forms,
respectively, of galantamine in the treatment of mild-to-moderate dementia of the
Alzheimer's type were approved in 2001. Later in 2001, a supplemental NDA
(SCM-001) was approved for the use of a synthetic formulation of galantamine
(for the treatment of mild-to-moderate dementia of the Alzheimer's type), instead
of the plant-derived formulation approved earlier.

The sponsor proposes that Reminyl® Extended-Release capsules be
administered once daily, whereas it is recommended in the package insert for the
currently approved immediate-release formulation of Reminyl® that that drug
formuiation be administered twice daily.

This appiication has been the subject of two pre-NDA discussions with the

sponsor, at a formal meeting held on 9/19/02, and a teleconference held on
11/26/02.

The statistical, clinical pharmacology and biopharmaceutics, and chemistry
reviewers of this submission are Drs Kun He, Ronald Kavanagh, and Janusz
Rzeszotarski, respectively.

4. Terminology

In this submission, Reminyl® Extended-Release capsules have also been
referred to as the “controlled-release” or “extended-release” formulation of
Reminyl® or galantamine, and as “galantamine CR" or “GAL-CR.” The approved
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immediate-release formulation of Reminyl®/galantamine has alsc been referred
to as “galantamine IR” or “GAL-IR.”

In addition to using the above terminology, | will, in this review also refer to the

extended-release and immediate-release formulations of Reminyl®, as Reminyl®
ER and Reminyl® IR, respectively.

5. Studies Contained In Submission
This application is mainly based on the following clinical studies

s GAL-INT-10, a randomized, double-blind, placebo-controlled, paraliel-arm
efficacy study.

e GAL-INT-21, an open-label, uncontrolled, extension to GAL-INT-10 (this
study is still ongoing).

« 5 clinical pharmacology studies: GAL-BEL-19; GAL-BEL-20; GAL-NED-8;
GAL-NED-9; and GAL-NED-12.

Limited safety data from 2 additional studies of Reminyl® Extended-Release
capsules have been included in the 7-Month Safety Update for this application.

6. Outline Of Review
The rest of this review will consist of the following in the same order as below:
« Tabular summary of key efficacy study, GAL-INT-10

« Efficacy rating scales and outcome measures used in key efficacy study,
GAL-INT-10

¢ Protocol for Study GAL-INT-10

o Efficacy results of Study GAL-INT-10
o Safety results of Study GAL-INT-10

» Protocol for Study GAL-INT-21

¢ Safety summary of Study GAL-INT-21
+ Four-Month Safety Update

« Seven-Month Safety Update
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« Safety data from clinical pharmacology studies

» Summary of clinical pharmacology and biopharmaceutics review

¢« Pre-NDA discussions with sponsor

s Overall comments on efficacy and safety

» Review of draft labeling

« Financial disclosure certification

+ Recommendations

7. Summary Of Efficacy Study
The protocol and the results of the primary efficacy analysis are summarily

outlined below.

7.1 Protocol

Full details of the rating scales that are listed in abbreviated form in this
summary, are contained in Section 8

Protocol#:
Obijective:
Design:

Key Inclusion Criteria:

Dose Groups:

Duration:

Randomized Population:

Primary Efficacy Measures:

Secondary Efficacy Measures:

GAL-INT-10
Efficacy and safety of Reminyl® CR in mild-to-moderate Alzheimer's Disease
Randomized, double-blind, placebo-controlled, parallel-arm study

. Male or female
. Probable Alzheimer's disease by NINCDS-ADRDA criteria
+«  Mini-Mental Status Examination score 10-24 and ADAS-Coqg score of at least 18

Placebo
Reminyl® ER 16 to 24 mg q.d.
Reminyl® IR 8 mg to 12 mg b.id

26 weeks
Piacebo — 324 patients

Reminyl® ER 16 to 24 mg q.d. — 327 palients
Reminyl® IR 8 mg to 12 mg b.i.d —» 320 patients

«  ADAS-Cog

+ CIBIC-Plus

+  ADAS-Cog/13

+»  ADAS-Cogf10

«  ADAS-Cog/mem
-

improvement as cut-off

Percentage of subjects with “improved” or “no change” on the CIBIC-Plus.
+  Neuropsychiatry Inventory

- Alzheimer’s Disease Cooperative Study-ADL

Percentage of responders on standard ADAS-Cog using 0, 4, 7 and 10 points of
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Primary Efficacy Analysis: ADAS-Cog: ANOVA
{Observed Cases Dataset) CIBIC-Plus: Cochran-Mantel-Haenszel Test

Primary Comparison: Reminyl® ER vs Placebo

7.2 Results Of Primary Efficacy Analyses

7.2.1 Alzheimer's Disease Assessment Scale-Cog (ADAS-Cog)

The results of the analysis comparing the 2 treatment groups on the primary
observed cases dataset is in the foliowing table, which | have copied from the
submission. The primary efficacy analysis is that at Week 26 (boided).

PLACERO GAL-IR GAL-CR
Mcan Mean Mean
Timepoint N Mean (SE) Change (SE) N_Mean (SE) Change (SE) N Mean (SE) Change (SE) P value®
Baseline 3083 26.1¢0.54) - 306 27.310.55) - 300 26.3(105$€ -

Week B 289 258¢063) 0.0(0.30) 286 254 (0.58) -1.7¢0.30) 284 246(0.58) -1.5{030) <0.00
Week 12 275 259¢0.66) 0.0¢032) 268 24.0(0.57) -2.6(031) 249 239037 -22¢031) <0001
Week 26 248 264 (0.72) 1.3{0.36) 227 24.7 (069} -1.8¢0.42) 244 2.8 {0.69) -1.4(0.34} <041
"Pairwise comparison for no difference between GAL-CR and Placebo from ANOVA model with factons
Treatment and Pooled Country (type L1 S8).

GAL-IR vs. Placebo at Week 26: p<0.001.

7.2.2 Clinician Inferview Based Impression of Change-Plus (CIBIC-Plus)

The results of the analysis comparing the 2 treatment groups on the observed
cases dataset at Week 26 is in the following table, which | have copied from the
submission.

IMLACEBO GAL-IR GAL-CR

T-Pont Catesoey Bi')  Cwn'y ai'e)  {Cun s {(Cumte) Pwludt
N at Wack 26 el ] 230 EATY

Muskadly unproved R Ut B I W | E3 LY LY (L3

Moderatedy pnprond V{351 Al 14058 (T.1) 1A TRTY (A

Aty improvad AICISHN (WS 3ROISA 221 43(17.5) (4.0

No change willed)  (S6S] SIONE) (0] Su{3bop [61DY

Maldly aune AT RLSE RT(ITO) [SHE)  GR(IRO) (3R

Mederucly worse WLy A7) 254y Y] 233 8. @R

Markadly mors.: GE 2 Q1000 Tny) flend)  3{ 1.6 1800 (LORG

*GATACR v, Placchs compansin using the Van Ltercn ted controlling for Pooled Country.
Com e - cunndatine porcent

Nute: Porcomtages caloulated mah the aumber of sulyecis al ¥ock 26 as denominanor.
CAL-IR ve. Plcchu m Week 2o prr223,

8. Efficacy Rating Scales/Outcome Measures Used In Study
GAL-INT-10

8.1 Primary Efficacy Variables

8.1.1 Alzheimer's Disease Assessment Scale-Cog (ADAS-Cog)

_ This is a validated instrument consisting of the following 11 items: Word Recall
Task, Naming Fingers and Objects, Orientation Questions, Constructional Praxis
Task, Following Commands, Ideational Praxis Task, Word Recognition Task,
Rating of Spoken Language, Rating of Language Comprehension, Rating of
Word Finding Difficulty and Rating of Ability to Recall Test Instructions. The total
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scores range from 0-70 with higher scores indicating greater cognitive
impairment.

Note that extended forms and subsets of the ADAS-Cog are used as secondary efficacy measures in this protocol. These
include:

ADAS-Cogf13 consisting of the standard ADAS-Cog and 2 additional items: Concentration and Distractibility and Delayed
Word Recall

ADAS-Cog/10 censisting of the non-memory section of the ADAS-Cog

ADAS-Cog/mem comprising the memory items of the ADAS-Cog: Word Recall, Delayed Word Recall and Word
Recognition

8.1.2 Clinician Interview Based Impression of Change-Plus (CIBIC-Plus)

The format for this instrument, as used in the galantamine efficacy studies,
consists of the assessment of an independent clinician, with experience in
Alzheimer's Disease. At the randomization visit this investigator assesses the
patient’s clinical status, audiotaping or videotaping that interview if needed.
Subsequently this rater is denied access to any information about the patient's
condition other than that derived from personal observation of the patient at an
interview, and information provided directly to the rater by the caregiver. The
caregiver can be asked to provide factual information only about the patient, such
as information about recent events, but the clinician will avoid obtaining the
caregiver's opinion about the patient’s condition

A 7-point categorical rating scale was used as follows

1 = markedly improved relative to baseline 5 = minimally worse relative to baseline
2 = moderately improved refative to baseline 6 = moderately worse relative to baseline
3 = minimally improved relative to baseline 7 = markedly worse relative to baseline

4 = no change refative to baseline

8.2 Secondary Efficacy Variables

8.2.1 Neuropsychiatry Inventory

This is an instrument that assesses the following 10 domains (subscales):
delusions, hallucinations, agitationfaggression, depression/dysphoria, anxiety,
elation/euphoria, apathy/indifference, disinhibition, irritability/lability and aberrant
motor behavior. Each item is rated according to its frequency and severity; rating
is based on interviewing a caregiver. The maximum total score (the sum of the
subscale scores} is 120 with a higher score indicating greater behavioral
abnormality.

8.2.2 Alzheimer's Disease Cooperative Study-Activities of Daily Living (ADCS-
ADL)

This is a rating scale used to assess basic and instrumental activities of daily
living. 23 items are rated by the investigator using information supplied by the
caregiver. Each item has a score range varying from 0-3 to 0-7. The maximum
possible total score is 78 with a higher score indicating better function.
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8.2.3 ADAS-Cog Subsets

Subsets of the ADAS-Cog/11 have been used as secondary efficacy measures in
this study. These include:

+ ADAS-Cog/13 consisting of the standard ADAS-Cog and 2 additional items:
Concentration and Distractibility and Delayed Word Recall

+ ADAS-Cog/10 consisting of the non-memory section of the ADAS-Cog

» ADAS-Cog/mem comprising the memory items of the ADAS-Cog: Word
Recall, Delayed Word Recall and Word Recognition

8.2.4 ADAS-Cog Responders

Additional secondary efficacy measures used in this study include the
percentage of patients with changes in ADAS-Cog from baseline, exceeding
each of the following

0 points

- 4 points
- 7 points
- 10 points

8.2.5 Dichotomized CIBIC-Plus
The 7-point CIBIC-Plus has been dichotomized as follows

» ‘“Improved” or “no change” (CIBIC-Plus score of 1 to 4)
« “Worse” (CIBIC-Plus Score of 5to 7)

The proportion of those in the “improved” or “no change” category was a
secondary efficacy measure.

9. Protocol For Efficacy Study GAL-INT-10

9.1 Title

Placebo-Controlled Evaluation Of Galantamine In The Treatment Of Alzheimer's
Disease: Safety Of A Controlled-Release Formulation

9.2 Objectives

9.2.1 Primary

To evaluate the efficacy of controlled-release galantamine 16 mg/day and 24
mg/day compared to placebo in the treatment of Alzheimer's Disease as
measured by the ADAS-Cog and CiBIC-Plus
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9.2.2 Secondary

+ To evaluate the effect of controlled-release galantamine on non-cognitive
behaviors and activities of daily living using the Neuropsychiatry Inventory
and ADCS-ADL

» To estimate the difference in effect between the controlled-release (Reminyl®
ER) and immediate-release (Reminyl® |IR) preparations of galantamine

» To evaluate the efficacy of controlled-reiease galantamine 16-24 mg/day
compared with placebo on scores for additional versions of the ADAS-Cog:
ADAS-Cog-13, ADAS-Cog-11 and ADAS-Cog-mem.

e To evaluate the safety and tolerability of controlled-release galantamine 16
mg/day and 24 mg/day compared to that of placebo and immediate-release
galantamine 8 to 12 mg b.i.d by means of adverse event reports, physical
examinations, electrocardiograms and laboratory tests

9.3 Design

Randomized (1:1:1), double-blind, placebo-controlled, parallel-arm, flexible-dose
study

The study will be conducted at about 120-140 study sites in 8 countries.

3 study arms

Placebo

Galantamine CR 16-24 mg/day (as a single daily dose)
Galantamine IR 16-24 mg/day {as a twice daily dose)

9.4 Duration

6 months of double-blind treatment preceded by a placebo run-in period of one
month

9.5 Sample Size

1020 patients randomized equally to the 3 treatment groups (340 patients in each
group)

9.6 Key Inclusion Criteria

» Male or female

« [f living in a residential home for the elderly, must be independent and
approved by sponsor

« Probable Alzheimer's Disease by NINCDS-ADRDA criteria

+ Mini-Mental Status Examination score 10-24 and ADAS-Cog score of at
least 18

* Cognitive decline that was gradual in onset, progressive over a period of at
least 6 months, and with evidence of sustained memory deterioration in an
otherwise alert subject plus additional involvement in at least one of the
following 5 areas: orientation, judgement and problem solving, functioning in
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community affairs, functioning in home and hobbies, and functioning in
personal care

» Reliable caregiver (criteria specified)

= Signed informed consent from patient or legal representative and caregiver

9.7 Key Exclusion Criteria

* Neurodegenerative disorders such as Parkinson’s disease, Pick’s disease,
and other entities; mild extrapyramidal signs for which no treatment is
needed were not criteria for exclusion

¢ Cognitive impairment due to head trauma, hypoxia, vitamin deficiency
(patients taking regular B12 and/or folate are allowed if their dose has been
stable and ongoing for at least 4 weeks prior to screening), infection,
neoplasm, endocrine or metabolic disease, and mental retardation

* Muiti-infarct dementia or clinically active cerebrovascular disease, for which
the sponsor had specified certain ad hoc criteria listed below (and copied
from the submission). There should have been evidence of :

a. A fistory of a significant cerebro-vascular event yielding a physical or

neurological deficit likely to confound the assessment of the subject's

intellectual function.

b. Multiple focal signs on neurclogical examination indicative of multiple

ischemic attacks.

c.  One or more of the following findings on a CT or MRJ scan (taken within the

last 12 months):

- Muitiple (2 or more) infarcts or white matter {acunes

- A single strategically placed infarct in the angufar gyrus, the thalamus,
the basal forebrain, the Posterior Cerebral Artery (PCA) or Anterior
Cerebral Artery (ACA) territory.

- Extensive periventricular white mauner lesions. Leukoaraiosis
{periventricular white matter, low attenuation) is to be distinguished from
muitiple infarction, Leukoaraiosis is common in normal elderly
individuals and persons with Alzheimer's disease. White marter
deterioration should not result in exclusion unless it is abnormal and
widespread (e.g., Binswanger's disease).

Note: subjects with an isolated cerebral infarct confirmed by appropriate imaging
techmaques, e.g., CT or MR1I (both within the last vear), can be included if the
infarct is not strategically placed, as defined above. A CT or MRI must be repeated
before inclusion if the subject has expericnced significant loss of consciousness or
other neurological signs or symptoms, stepwise deterioration, or has sustained head
injury since the last scan. Subjects with an 1solated loss of consciousness, transient
ischemic attack or 'drop attacks', may be considered for inclusion providing that
these did not occur in the previous 12 months.

At inclusion a CT or MR] scan not older than 12 month has to be available.

+ Any of the following coexisting medical conditions: history of epilepsy or
convulsions (other than febrile convulsions), clinically significant psychiatric
disease, active peptic ulcer (criteria specified), clinically significant urinary
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outflow obstruction, and clinically significant cardiovascular {criteria
specified), hepatic, renal, pulmonary, metabolic or endocrine disease

Any agent being used for the treatment of dementia such as nootropics,
cholinomimetic drugs, estrogens without medical need, non-steroidal anti-
inflammatory drugs or cyclo-oxygenase 2 inhibitors for > 30 days, Vitamin E
(unless a stable dose had been taken for at least 6 months prior to trial
initiation), and deprenyl. Subjects who had previously received
cholinesterase inhibitors or My agonists, whether approved or experimental,
could be included in the trial, provided there was a washout period of at
least 30 days prior to dispensing of study medication

Drug or alcohol abuse within the previous year or prior prolonged history
Female subjects who were not surgically sterile or post-menopausal

History of severe drug allergy or hypersensitivity including to cholinomimetic
agents or bromide

Enrollment in other galantamine trials

Enroliment in other clinical trials except with approval of sponsor

Conditions that could interfere with absorption of compound or evaluation of
disease

Use of any other investigational medication within 30 days prior to
enrollment

Unstitability for a trial of this type as per the investigator

9.8 Concomitant Medications

9.8.1 Prohibited Medications
These are listed above in Section 9.7.

9.8.2 Permitted Medications
These included the following

sedative/hypnotics, if used when essential, not more than twice a week,
and, if possible, not {ess than 48 hours prior to cognitive testing (if
benzodiazepines are used, short acting ones are preferred)
antidepressants if they did not have anticholinergic effects

antipsychotics, provided those with a high tendency to anticholinergic
effects and extrapyramidal adverse effects were avoided

cough and cold remedies provided sedating drugs were discontinued where
possible at least 48 hours before cognitive testing is carried out

chaolinergic agents, except for cholinomimetic drugs intended to treat
dementia

peripherally-acting anticholinergics if gastrointestinal adverse effects of
galantamine were troublesome

anti-emetics provided these were used for short periods of time
antihypertensives except that methyldopa, clonidine and beta-blockers were
to be prescribed with caution.
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9.9 Dosage
As noted above, the 3 dose groups for this study were:

Placebo

Galantamine CR 16-24 mg/day (as a single daily dose)
Galantamine IR 16-24 mg/day (as a twice daily dose)

The dose titration schedule to be used for this study was as follows

Page 17 of 75

Galantamine CR Galantamnine IR

Weeks 1-4 8 mg q.d. 4mgb.id
Weeks 5-8 16 mg q.d. 8mgh.id
Weeks 9-12 16 or 24 mg q.d. 8 mg b.id

or

12mgb.id
Weeks 13-26 16 or 24 mg q.d. 8 mgb.id

or

12mgb.id
Note:

»  Patients in the placebo group were Yo receive placebo throughout the study

+  Inboth the galantamine CR and galantamine IR groups the dose was to be increased at the end of Week 8 lo 24
mg/day based on efficacy and tolerability

+  in both the galantamine CR and galantamine IR groups, at the end of Week 12, the dose could be reduced to 16
mg/day based on lolerability. The dose reduction was to be permitted only at the end of Week 12

»  From Weeks 13-26, the dose used in both the galantamine CR and galantamine IR groups was 1o be fixed at the
dose chosen at the end of Week 12

9.10 Schedule

The study visit schedule is summarized in the following table, which | have
copied from the submission

Appears This Way
On Original
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Vi V2 V3 V4 Ak Vo Y7
Soow’ Eligibitity Bascline End End End Final Visit
confirmation Day0 Wock 4 | WeekB Week Wieck 26
{End scroen?? 12 o prematune
Assessments discontinuation
Informed consent X
MMSE X
Medical History X
Neurol Exam. X
CT Scan / MRI X
Physical Exam X X X X
Vital Signs X X X X X X
Weight X X X X X X
ECG X X X X X
Safety Lab? X - X X X X
DNA Sample X
(optional}
Adwverse Events X X X X X X
Concomitant X X X X X X X
Medicanion
ADAS X X X X X
CiBIC-plus X X X X
ADCS-ADL X X X X
inventory
NH X X X X
Dispense Trial X X X X X
Medication
Collect previous X X X X X
Medication

1 A maximum of 1) days is allowed te obtain all sercesing asscssments.

2 All results from the screening visit (Visit 1], should be checked. Note: If the patient discontinues the trial
hetween Visita 2 and X, then satety evalvations (ECG, clinical laboratory, vital signs, weight, physical
examination. i alone need te be performed for this Frematre Trial Disconteuaticn Visit.

3 Obtain CT or MRI scan of brain if onc has ot been performed within the last 12 months.

4. TSH and B12 will be assayed atthe screening visit anly,

9.11 Outcome Measures

9.11.1 Primary Efficacy Measures

« ADAS-Cog (ADAS-Cog/11; standard ADAS-Cog)
» CIBIC-Plus.

9.11.2 Secondary Efficacy Measures

= ADAS-Cog/13 consisting of the standard ADAS-Cog and 2 additional items:
Concentration and Distractibility and Delayed Word Recall

+ ADAS-Cog/10 consisting of the non-memory section of the ADAS-Cog

s ADAS-Cog/mem comprising the memory items of the ADAS-Cog: Word
Recall, Delayed Word Recall and Word Recognition
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+ Percentage of responders on standard ADAS-Cog using 0, 4, 7 and 10
points of improvement as cut-off

» Percentage of subjects with “improved” or “no change” on the CIBIC-Plus.
Neuropsychiatry Inventory
Alzheimer's Disease Cooperative Study-ADL

9.11.3 Safety Outcome Measures

Vital signs, safety laboratory tests, physical examinations, adverse events, body
weight

9.12 Analysis Plan

9.12.1 General

All p-values were to be rounded to 3 decimal places and were to be based on 2-
sided tests with a significance level of 0.05

9.12.2 Demographic And Other Baseline Parameters

» This analysis was to be done on all patients who received at least one dose of
double-blind study medication.

* A 2-way ANOVA with treatment and country as factors was to be used
comparing continuous variables between the treatment groups

* A Cochran-Mantel-Haenszel test for general association, controlling for
country effect, was to be used for comparing categorical variables between
the treatment groups.

9.12.3 Primary Efficacy Parameters

+ The primary efficacy parameters were the change from baseline in ADAS-
Cog at Week 26 and the CIBIC-Plus at Week 26.

» The primary comparisons were to be between the galantamine CR and
placebo groups

» The primary hypotheses were as follows
= Null hypothesis: No difference in treatment effects between galantamine CR

and placebo as measured by change from baseline in ADAS-Cog at Week 26
and CIBIC-Plus at Week 26.

» Alternative hypothesis: Treatment with galantamine CR improves change from
baseline in ADAS-Cog and CIBIC-Plus

« The population that consisted of all randomized subjects who received at
least one dose of study medication and provided baseline efficacy
assessments was to be used in all efficacy analyses, except the classical
intent-to-treat analysis .

¢ 3 imputation schemes put forward by this Division were to be used for the
primary efficacy analysis: classical intention-to-treat (CITT), traditional
DNDP-last-observation-carried-forward (LOCF), and traditional observed
cases (OC).
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These schemes are defined further as follows:

Clasgicat Intent-To-Treat: The last observation available for each subject {during the trial} is used
regardless of whether this data is obtained from baseline or during the double-
blind period

Traditional DNBP-LOCF: The last observation available for each subject during the double-blind period

prior to the designaled assessment time is used (exclude baseline}

Traditional Observed Cases:  No imputation occurs. This subset includes double-blind data only from subjects

randomized who did not discontinue prematurely and are available for evaluation
at the designated time point

The primary analysis dataset was to be traditional observed cases

For the ADAS-Cog, least squares means were to be used to compare

treatment groups

In addition to treatment group comparisons at Week 26, additional ADAS-

Cog analyses were to be performed at Weeks 8 and 12

For the ADAS-Cog the statistical model to be used was to be as foliows

+ A parametric 2-way ANOVA model was to be used, with treatment and country
as factors, to compare treatment groups

« The country variable might be dichotomized, i.e., “US” and “non-US,” since
70% of study sites were in the US.

+ The interaction of treatment with country was to be examined and removed
from the model if it was found not to be significant at the 10% level or primarily
gquantitative in nature (i.e., differences among treatment consistent within each
country, but varying in magnitude).

e The linear contrasts on the least squares means of the treatment effects was to
be used to perform the between-groups comparisons

s Parametric model assumptions were to be tested using the Shapiro-Wilk test
on residuals for verification of normality, and Levene's test on the variances of
residuals for testing the homogeneity of variances.

For the ADAS-Cog, a paired t-test was to be used for the within-group

treatment comparisons of change from baseline at each timepoint. A mixed

effects model including treatment, country, time and treatment-by-time
interaction as factors was to be performed to assess the effects of treatment
over time

For the CIBIC-Plus the primary analysis was to be based on scores that

used the original 7-point scale as follows: The Cochran-Mantel-Haenszel

statistic using modified ridit scores, derived from rank scores (the Van

Elteren test), controlling for country effect, was to be applied to compare the

distribution between each pair of treatments.

9.12.4 Secondary Efficacy Parameters And Additional Analyses

The secondary efficacy parameters were as follows
Continuous Measures

ADAS-Cog/13 change from baseline scores at Weeks 8, 12 and 26
ADAS-Cog/10 change from baseline scores at Weeks 8, 12 and 26
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+ ADAS-Cog/mem change from baseline scores at Weeks 8, 12 and 26
+« Neuropsychiatry Inventory change from baseline scores at Weeks 8, 12 and 26
+ Alzheimer's Disease Cooperative Study-ADL change from baseline scores at Weeks 8,
12 and 26
Cateqgorical Measures
= Percentage of responders on standard ADAS-Cog using <0, <4, <7 and < 10 points of
improvement as cut-off scores and measuring the change from baseline to Week 26
» Percentage of subjects with “improved” or “no change” on the CIBIC-Plus at Week 26.
* The continuous measures above were be analyzed in a manner identicat to
the analysis of the standard ADAS-Cog
¢ The categorical measures above were to be analyzed using the Cochran-
Mantel-Haenszel test for general association, controlling for country effect.
The differences in percentage between each pair of treatments were to be
estimated and the 85% confidence intervals calculated.
* Sub-group analyses were to be done as follows
* These analyses were to be done on the change from baseline at Week 26 in the
ADAS-Cog, and the percentage of subjects with “improved” or “nc change” in
CIBIC-Plus scores at Week 26
e These analyses were to be primarily exploratory and were to be done to assess
the consistency in treatment effects across sub-groups
« The analyses were to be done on the traditional observed cases dataset
* The statistical models used were to be identical to those described above
* 95% confidence intervals for the differences in LS means (for the ADAS-Coq)
and percentages (for the CIBIC-Plus) between each pair of treatments for each
sub-group were to be estimated
» Subgroup variables were to include gender, race, age group, weight at
screening, ApoE genotype, baseline ADAS-Cog, baseline Mini-Mental Status
Examination, extrapyramidal signs, smoker, first-degree relatives with
Alzheimer’s Disease, years since onset of cognitive problems, years since
diagnosis of Alzheimer's Disease and prior exposure to cholinesterase inhibitors.

9.12.5 Safety Parameters

s The safety analyses were to include all subjects who receive at least one
dose of double-blind study medication

» Vital signs and electrocardiogram results were to be addressed by
descriptive statistics at each timepoint. Within group comparisons were to
be made by using the paired t-test; between group comparisons will be
made using 2-way ANOVA, including treatment and country as factors.

« Physical examination results were to be summarized by the number and
percentage of abnormality in each body system at each timepoint.

» Adverse events were to be coded using WHO preferred terms; the
incidence rates for each treatment group during the double-blind phase
were to be summarized

+ With regard to laboratory parameters: descriptive statistics were to be
calculated for each parameter at baseline and each scheduled timepoint;
changes from baseline results were to be presented in shift tables; a listing
of subjects with laboratory results outside the reference range was to be
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provided; individual subject listings would also contain the results for
laboratory parameters not specified in the protocol.

9.12.6 Sample Size Rationale

* The sample size calculation was based on the primary hypotheses
e Assumptions

= For mean change in ADAS-Cog at Week 26 a drug-placebo difference of 2.5 (“clinically
meaningful difference”) and standard deviation of 6.2 {upper end of pooled range of
standard deviations from completed trials GAL-USA-1, GAL-INT-1 and GAL-USA-10 that
used the immediate-release formulation)

= For CIBIC-Plus an increase of 15% (“clinically meaningful difference”) in subjects with “no
change” or “improved” scores at Week 26 in drug group as compared with placebo; 55%
of subjects in placebo group with “no change” or “improved” scores at Week 26 (upper
end of pooled percentages from completed trials GAL-USA-1, GAL-INT-1 and GAL-USA-
10)

¢ Type l error = 0.05 (2-sided} for each primary endpoint. No adjustment for multiple
comparisons was planned

» Based on the above assumptions for the CIBIC-Plus, at 95% power, 265
subjects would need to complete the trial in each treatment group.

+ Based on the above assumptions for the ADAS-Cog, at >95% power, 265
subjects would need to complete the trial in each treatment group.

e The overall global (i.e., dual outcome) power for testing these hypotheses
was about 95% with 265 patients completing the study in each treatment
group (total=795 patients)

» The dropout rate was assumed to be 22% based on GAL-USA-10.

e The trial would therefore need to randomize 340 patients to each of the 3
treatment groups (total=1020 patients).

9.12.6.1 Amendment To Sample Size Calculation

The sample size calculation was amended, prospectively, as follows

e The assumed power for each primary efficacy endpoint was reduced to
90%.

e The other assumptions were not changed

» Based on the revised power assumption, 230 patients in each group
would be required to complete the trial

» Based on a dropout rate of 22%, 295 patients would need to be
randomized to each of the 3 treatment groups (total = 885 patients)

9.13 Safety Monitoring
Vital signs, safety laboratory tests, physical examinations, adverse events

9.14 Amendments To Protocol
The final protocol is outlined above
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10. Efficacy Results Of Study GAL-INT-10

93 centers in 5 countries participated in the study and were distributed as follows:

United States: 64 centers

Australia: 11 centers
Canada: 10 centers
South Africa: 7 cenlers
New Zealand: 1 center

10.1 Patient Disposition

Patient disposition is summarized in the following self-explanatory table which |
have copied from the submission
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10.2 Demographic And Other Baseline Characteristics

These are summarized in the following table which | have copied from the
submission. The treatment groups appear to have been comparable at baseline.

Appears This Way
On Original
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Alzheimer's Disease history characteristics were also compared between
treatment groups as in the following table. These characteristics were

comparable between treatment groups at baseline
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10.3 Protocol Violations

4% of all subjects enrolled in the trial had 1 or more major protocol violations.
The incidence of these were comparable across treatment groups

10.4 Treatment Compliance

12 patients had treatment interruptions that were considered too long (> 3 days).
Non-compliance with study requirements was seen in 6 patients

10.5 Primary Efficacy Analysis

10.5.1 ADAS-Cog
10.5.1.1 Observed Cases

The table below, copied from the submission, summarizes change from baseline

scores on this measure for the observed cases data

- e g e -

set at each study timepoint
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Mean

Bascline 305 261 (054 - 306 27.3005835) -

Week 8 289 258(0.6%) 0000300 286 2341058) 1.7 (0030
Week (2 278 259066 00(03N 268 240{0.57) 26031
Week 16 248 264 (0.72) £3(0.36) 227 24.7¢0.6%) -1.8(0.41)

300
284
269
140

2634054
2460038
239m5N
24.8 (0.69)

-E50.300 <0001
-2.210.32) =0.021
-1.4 {0.34)  <6.001

‘Pairwise compartson for na difference betneen GAL-CR and Placebo from ANOVA model with factors

Treatment and Poeled Comtry (tvpe 1] 85).
GAL-IR vs. Placeho al Week 26: pfi0i .
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For the observed cases dataset at Week 26, the dataset pre-specified for the
primary efficacy analysis, a statistically significant superiority for the controlled-
release galantamine group was seen in comparison with placebo, for an effect
size of 2.7.

As indicated in the table above, and in the figure below, the galantamine groups
showed a mean improvement compared with baseline, whereas the placebo
group worsened over the course of the study. However, the effect size, in
comparison with placebo was slightly higher for the immediate-release
galantamine group than for the controlled-release group
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10.5.1.2 Last-Observation-Carried-Forward And Classical Intent-To-Treat

The analysis of these datasets, neither of which was the protocol-specified
primary efficacy analysis, yielded results similar to the primary efficacy analysis
proper.

PLACEBO GAL-IR GAL-CR
Mean Mcean Mean
Timepoint N Mean (SE)Change(SF) N Mean (SE) Change (SE} N Mean (SE) Change (S8E) P value”
Bascline

LOCF 308 26.1¢(0.54) -- 06 27.3(0.55) - 0 26.3¢0.54 -
CITT 36 2611054 -- 310 27.5¢(0 555 -- M 2640530 -
Week 8

LOCF 293 2590063 0.0(0.30) 294 254{0.57) -L.7¢0.29) 287 24.7(0.57) -1.5(0.30) <0.001
CiTT 316 26240600 0000300 M9 239057 -L.T(0.29) M3 25.0(0.56) -1.5¢030) <0601
Week 12

LOCE 206 26040640 0.218.01) 296 245(0.56) -25(0.30) 290 24.2(0.356) -20¢031) <0001

CITT 26 263062 0203y 39 25 20056) <2503 M3 2460055 20033 <0001
Endpoint”

LOCF 206 2700007y L2033 294 25400621 -L64R36Y 291 249¢0.62) <1302 - (000]

CITT Jlo 272(0.65) 1L.200.33) M9 2600062y -L6 0360 313 25230601 -1.310031) -0.001

*Parwise comparison for no difference beiween GAL-CR and Placebo from ANOVA model with factors
Treatment and Pooled Country (1ype 111 851

*The endpoint was defined as the last available abservation up 1o 14 days after the last dase of audy medication.
GAL-IR vs. Placebo at endpoint; p-0. 001 {LOCFCITTs
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10.5.2 CIBIC-Plus

10.5.2.1 QObserved Cases

The results for the primary efficacy analysis for this parameter (Month 6,
observed cases) are summarized in the following table and figure which t have
copied from the submission.

PLACERO GAL-IR GAL-CR
7-Point Calegory n{%) (Cum%) n(%) Cum%) n(%) (Cum¥%) Bvalud
N at Week 26 259 240 246
Markedly improved (LYY (1.2 I (1.5 31y (1.
Moderately improved 9( 35 (46 1458 (1L 14 {57) (69
Mildly improved 41¢158)  (20.5) 36(15.0 {221y 43(17.5) (244,
No change 91¢36.3)  (56.8) 93388 (608) 90(366) (610
Mildly worse TO27.0)  (83.8) 67279 (8B&) 69(28.0) (89
Moderately worse 360139 (97 25(104) (9927 23 93) (984
Markedly worse 6 23y (1000) 2 08 {1000y 4{1.6) (10007 0.086

*GAL-CR vs. Placebo comparison using the Van Elteren test controlling tor Pooled Country.
Cum¥s = cumulalive percent

Note: Percentages caleulated with the number of subjects at Week 26 s denominator.
GAL-IR vs. Placebo st Week 26: p=0.223.
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As the above results indicate, neither galantamine group showed a statistically
significant superiority to placebo; only a minimal trend in that direction was seen
for the Reminyl® ER group, albeit inconsistently, across the 4 improvement
categories. The sponsor has noted that there was a higher proportion of placebo
responders in this study, as compared with the pre-approval studies with

immediate-release galantamine.

10.5.2.2 Last-Observation-Carried-Forward And Classical Intent-To-Treat

The analyses of these datasets (which were identical) revealed no statistically
significant differences between either galantamine group and placebo group
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PLACERBO GAL-IR GAL-CR
7-Point Catepory n (%f’ Cum % af®%P® Cum% ni%’ Cum% P valud
LOCF/ICTTT at Endpoint® 301 302 206

Matkedly improved 3L ( 10y 310 ( 10 (L0 (10)
Modemtelyimproved  Li{ 3Ty ( 47 13¢50y ¢ &0) 14(4T 30

Mildly improved 484159y (20.6) 46(152) ¢ 212y 49¢l6y (22.3)

No change 11369 (57.3) 127¢42.1) i 63.2} 114{38.5) (60.8)

Mildly worse 80(26.6) (R41) TB(238) (891 Bl2T4 (882
Moderately worse 41(13.6) (97 (99, (990 29( 98 (98.0) '
Markedly worse 7023 (000 3¢ 10y (1000)  S( 2.0y (100.0) 0216

*GAL-CR vs. Placebo comparison using the Van Elteren test controlling for Pooled Country.

"The endpoint was defined as the last available observationup 1o 14 days atter the last dose of
study medication

Cum %% = cumulabve percent.

Note: Percentayges caleulated with the number of subjects at Weck 26 as denaminator.

GAL-IR vu. Placebo at endpoint: p=0.144 (LOCF/CITT).

10.6 Secondary Efficacy Analyses
Note again that the secondary efficacy parameters were as follows

Continuous Measures

«  ADAS-Cog/13 change from baseline scores at Weeks 8, 12 and 26

» ADAS-Cog/10 change from baseline scores at Weeks 8, 12 and 26

s  ADAS-Cog/mem change from baseline scores at Weeks 8, 12 and 26

« Neuropsychiatry Inventory change from baseline scores at Weeks 8, 12 and 26

= Alzheimer's Disease Cooperative Study-ADL change from baseline scores at Weeks 8, 12 and 26

Cateqorical Measures

« Percentage of responders on standard ADAS-Cog using < 0, < 4, <7 and £ 10 points of
improvement as cut-off scores and measuring the change from baseline to Week 26

* Percentage of subjects with “improved” or “no change” on the CIBIC-Plus at Week 26.

Based on the above, and the actual analyses performed

* There were a total of 10 secondary efficacy measures

« Analyses on each of these measures was performed at Weeks 8, 12, and 26

« Each of the analyses were performed on 3 different datasels (observed cases,
classical intent-to-treat, and last-observation-carried-forward)

Thus, the analyses of the secondary efficacy measures involved 90 compariscns of

controlled-release galantamine with placebo. For each secondary efficacy measure at

each timepoint and for each dataset, comparisons of the immediate-release galantamine
. group with placebo, and of the 2 galantamine groups were also performed.

The protocol did not specify that any of the secondary efficacy measures would be
weighted more importantly than the others.

10.6.1 Percentage of responders on standard ADAS-Cog using 0, 4, 7 and 10
points of improvement as cut-off

These results for the Week 26 observed cases dataset are summarized in the
following figure, a cumulative distribution graph taken from the submission
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The changes seen on these measures correlate with those seen on the ADAS-
Cog/11. p-values for the comparison of each galantamine group with the placebo
group for the observed cases dataset at Month 6 are in the following table.

Respanse Crilerion % responders p-value p-value
{improvement in ADAS-Cog score compared (Observed Cases) Gal-CR vs placebo | GakIR vs placebo
with baseline at Week 26}
<10 Placebo 1.6 0.008 < 0.001
Gal-IR i1.5
Gal-CR 6.3
<7 Placebo 7.3 0.002 < 0.001
Gal-IR 20.7
Gal-CR 16.3
<4 Placebo 19.0 0.002 < 0.001
Gal-tR 374
Gat-CR 31.3
<0 Placebo 46.0 < 0.001 < 0.001
Gal-IR 67.8
Gal-CR 67.1

The p-values for the last-observation-carried-forward dataset for Week 26 were
similar.

Similar analyses were also performed at Weeks 8 and 12.

10.6.2 Percentage Of Subjects With “Improved” Or “No Change” On The CIBIC-
Plus.

These results are summarized in the following table for the observed cases, last-
observation-carried forward and classical intent-to-treat datasets
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PLACEBO GAL-IR GAL-CR
Timepoint n/N {%a) a'N (%) /N (%46) P valuc*
Week 8
oc 22/204 (75.5) 20203 (785) 2257288 (78.1) 0.466
LOCF 225/299 (75.3) [SI01 (BN 227293(T5) 0.529
CITT 257299 (75.3) N5A01(7BY)  22T9I(TLS 0.529
Week 12
oc 168279 (71.0) 02278(727) 21S/275¢78.D) 0.053
LOCF 2157301 (71.4) 219/302¢72.5y 226296 (76.4) 0172
CITT 2151301 (714 219/302{72.5y  226/296(76.4) 9172
Weck 26/Endpoint’
oc 1477259 (56.8) 146/240 (60.8) 1507246 (61.0) 0.361
LOCF? 173301 (52.5) 191/302 (63.2) 180/296(60.3) 0.412
T 1735301 (57.5) 191/302 (63.2) 180/296 (60.8) 0.412

* Pairwise companson for no differences between GAL-CR and Placebo from CMH test for general association

controlling for pooled country.

¢ endpoint was defined a5 the last available observation up to 14 days after the last dose of study medication.
Responder: improved or no change {1-4}; nonresponder: worsened (5-7).

As the above table indicates, the proportion of responders was slightly higher in
both galantamine groups as compared with the placebo group.

10.6.3 Neuropsychiatry Inventory

The results of the analysis of change-from-baseline scores at Month 6 (observed
cases) are summarized in the following table and figure, both copied from the
submission

i oL

PLACEBD GAL-CR

GAL-IR
Mean Mean Mean
Timepoint N  Mean (SE)Change SEY N Mean(SE)Change 3SE) N Mean (SE) Change SE) P valee'
Baseline 308 143 (9.69) - 310 12.6¢0.76) - 304 112 ¢0.79) --
Week 8 205 1020701 0.1¢048) 292 11.3¢0.68) -1.2(0.61) 291 104085 -0R@3H 0226
Week 12 28] 95(0.70) 0600536 2T 11040755 -19¢0.74) 276 9.6(0.84) -1.5(0.62) 0320
Week 26 258 106.3(5.82) 0.1 (0.66) 242 11.5(0.83) -1.2 (0.83) 245 10.6(0.76) -0.6 (0.69) 0451

*Pairwise comparison forno difference between GAL-CR and Placebo from ANOVA mode] with factors
Treotment and Poolbed Cowntry (tvpe 111 S5,
GAL-IR s, I’laccb-:f at Week 26: p=0203.
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As the data indicate, neither Reminyl® group showed even a nominally
statistically significant superiority to placebo. Very minor treatment effects, if any,
were seen with both galantamine groups.

The results for the last-observation-carried-forward and classical intent-to-treat
datasets were similar.

Similar analyses were also performed at Weeks 8 and 12.

10.6.4 Alzheimer's Disease Cooperative Study-ADL

10.6.4.1 Observed Cases

The results of the analysis of change-from-baseline scores at Month 6 (observed
cases) are summarized in the following table and figure, both copied from the
submission

g rNAIMA Y W4t mLw 5514 LW & A & 3 millaegarens meis R ]

PLACERO GAL-IR GAL-CR
Mean Mean Mean
Timepoint N Mem (SB) Chanpe (SEY N Mean (SE) Chanpe {SE} N Mean (SE) Change (SE) P value®
Baseline 308 3.5¢0.8M .- 3{032.0¢0.90) -- 303 535 (0.88) -

Weck § 294 S3Re0.98) -0.7(0.45) 202 5326(093) 00¢0.42y 200 34.5¢004h 0R¢0.417 0013
Week 12 281 542¢099) -0.3(D.46) 279528(095) L1¢047) 27634.1(094) 0.4(0,48) 021
Week 26 258 324 (149) -2.4{0.60) 242 50.9(1.12) -L8(0.57) 24553.9¢1.03) 00055 (.00
*Pairwise companson for no difference between GAL-CR and Placebo from ANOVA modcl with Gciors
Treatment and Pooled Country {type LI 85).

GAL-IR vs. Placebo at Week 26: p=0.088.

Improvement

.1 A
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0 a 12 5
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As the table and figure above indicate, a nominally statistically significant
difference (p = 0.003) between the Reminyl® ER and placebo groups was seen
on the measure at Week 26. Note that this analysis was one of 90 planned
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comparisons between the controlled-release galantamine and placebo groups on
the secondary efficacy measures, and that this nominally statistically significant
comparison was not as clearly statistically significant (p < 0.05) after the Type I
error was adjusted for multiple comparisons.

10.6.4.2 Last-Observation-Carried-Forward And Classical Intent-To-Treat

The results of analyses of these datasets yielded results similar to analysis of the
observed cases dataset at endpoint.
PLACEBO GAL-IR GAL-CR

Mean Mean Mcan
Timepoint N Mean (SE)Chanpge(SE) N Mean (SE) Change {SE) N Mean (SE) Change SE) P value®
Bascline

LOCF 308 54.5¢0.87) - 31 52.0(0.90) - 303 53.5 (0.88) .
CITT 30 543(0.87) -- 323 51.9(0D.8%) -- A6 533 -
£0.861)
Weck B

LaCF 299538(096) -0.8¢045) 300 52.7(0.91) 08(0.41y 295342099 0.8(040y 0007

T 319 53.5:093) -0.5{0.45) 323 52.6(087) 0.B(D.41y MA5L0(091 0R{04 0007
Week 12

LOCF 301 54.0¢095) -06(0.45) 301 S2.9¢091) 0.900.45) 20652700947 0.3(0.46) D146

CIT 319 53.7¢093) -0.6(0.45) 323 S2.7(0.87) 09045 31653.6¢0.91) 0.3(0.46) Q.146
Endpuimh

LOCF 301 52.001.02) -2.7{0.56) 301 51.0{0.9%) -1.0¢D.50) 296 33.3(096) 0.0{0.48) <0.001

CITT 393L7(009) -2.7(0.56) 323 31.0{0.94) -1.0{0.50) 316353.2(0.93) 0.0{0.48) <0001
*Pairwise comparisen forno difference between GAL-CR 1nd Placebo from ANOVA model with factors
Treatment and Pooled Country (tvpe 111 88).

*The endpoint was defined as the last available observation up to 14 days after the last dose of study medication
GAL-IR vs. Placebo at endpoint: p=0.018 (LOCE.CITT)

10.6.5 ADAS-Cog Subsets (Subscales)

The treatment groups were compared on the change from baseline to Week 26
scores for each of the following ADAS-Cog subsets: ADAS-Cog/13, ADAS-
Cog/10, and ADAS-Cog/mem. For each of these subsets, the Reminyl® ER
group had a nominally statistically significant (p < 0.002) superiority to placebo on
both the observed cases, intent-to-treat-last-observation-carmed-forward, and
classical intent-to-treat datasets.

10.7 Subgroup Efficacy Analyses

The treatment groups were compared on the change from baseline in ADAS-Cog
score at Week 26, and the CIBIC-Plus score at Week 26 on subgroups based on
sex, body weight, baseline ADAS-Cog and Mini-Mental Status Examination
scores, smoking status, presence of a first-degree relative with Alzheimer's
Disease, years since onset of cognitive difficulty, years since diagnosis of
probable Alzheimer’s Disease, and previous exposure to cholinomimetic drugs.
The results of these analyses were interpreted by the sponsor as being
consistent with the primary efficacy analysis.
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10.8 Additional Efficacy Analyses

Additional post-hoc efficacy analyses were conducted by the sponsor to
determine the extent to which the protocol-specified efficacy analyses were
reproducible. These analyses were conducted on each of the following efficacy
parameters: ADAS-Cog, CIBIC-Plus, and ADCS-ADL. In addition, composite
responder analyses were also performed.

The additionatl efficacy analyses are summarized below

10.8.1 Analyses For Subjects With Screening Mini-Mental Status Examination
Score Of 10 to 22

Analyses were performed on the subset of those with a screening Mini-Mental
Status Examination score of 10 to 22 comparing the treatment groups on the
change from baseline in ADAS-Cog and ADCS-ADL at Week 26, and the CIBIC-
Plus score at Week 26. The p-values for the comparison between the Reminyl®
ER and placebo groups on the observed cases and intent-to-treat-L OCF
datasets is in the following table

Parameter p-value
Observed Cases LOCF
ADAS-Cog < 0.001 < 0.001
CIBIC-Plus 0.024 0.049
ADCS-ADL 0.004 < {.001

Nominally statistically significant p-values were seen for all the comparisons as
indicated in the table above.

The resuits of the entire analysis (i.e., comparisons of both the extended- and
immediate-release preparations of Reminyl® with placebo) of the CIBIC-Plus for
this subset, as defined by a screening Mini-Mental Status Examination score of
10 to 22, are in the following table which | have copied from the submission. The
table represents the observed cases dataset

PLACEBO GAL-IR GALCR
7-Pomt Category ni"e) Cum®e n{%s) Cum 1 {% Cum %
nat Week 26 212 242 20
Markedly inpion ed 2{ 09 i 0.9 2¢ 1y ¢ 1m 3¢ 1y t L4
Moderately improved RESE T 24y 100 ADy o 3y 12(3Fy 1 T
Mildly improsed 3240050 1735 3Lebs3y (213 3203 % i 225}
No change oM, 324y T6376) 0 Sy Ta3TE t 603}
Mildly worse 61288 i8E Dy 5920y o BRI ST2TX i 8761
Moderately worse Moledy  (wiy 220109 ) 990 224109 i 98 b
Markedly worse Gy 2% (100.0) 20 14y ¢ 100 & 11 v {1000y

Pairwise p-value ivs placeloy —- 0.062 4024

*Van Elteren test controlling for pooled country.

Cum s curmutdative pereent

Nete: Percentayes cakeulated with the number of subjects with CTBIC-plus scores w each treatinent group
as demominatar.
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10.8.2 Analysis For Subjects With Screening Mini-Mental Status Examination
Score Of 10 to 22 For US Centers

Analyses were performed on the subset of those with a screening Mini-Mental
Status Examination score of 10 to 22, at US centers only, comparing the
treatment groups on the change from baseline in ADAS-Cog and ADCS-ADL at
Week 26, and the CIBIC-Plus score at Week 26. The p-values for the
comparison between the Reminyl® ER and placebo groups on the observed
cases and intent-to-treat-LOCF datasets, for this subset, are in the following table

Parameter p-value
Observed Cases LOCF
ADAS-Cog <0.001 < 0.001
CiBIC-Plus 0.007 0.009
ADCS-ADL 0.001 < 0.001

Nominally statistically significant p-values were seen for all the comparisons as
indicated in the table above.

The results of the entire analysis (i.e., comparisons of both the extended- and
immediate-release preparations of Reminyl® with placebo) of the CIBIC-Plus for
this subset (US centers only), as defined by a screening Mini-Mental Status
Examination score of 10 to 22, are in the following table which | have copied from
the submission. The table represents the observed cases dataset

———:

PLACEBO GAL-IR GALCR
7-Poiut Catepory n (%} Cam% n{% Cun% o (%) Cum %
nat Week 26 137 129 141]
Markedly improved 2{ 1.5 { Ly I ( 08 2014y ¢ 14y
Moderately improved 0¢00) i L3 6( M ( 5 S5(3% ( At
Mildly improved 15(10.9) ( 124y 16412y ¢ 178y 20{142) ¢ 19.h
No change 56 {40.9) ( 333 SMd2y (N7 67¢Ln { 66.T)
Mildly worse A8 (27.7) { &LOY 3527y (86&y 31{220h (88D
Moderately worse 21 ¢13.3) ( 96.4) 15¢12y ( 984y 14099 { 98.6)
Markedly worse 5¢ 3.6 (10007 2( 2y 1060y 2¢ L4y (100.0)
Pairwise p-value {vs. placeboy’ — 0.035 0.007

“Van Elteren test controlling for pooled centers (Section 3.11.2.3)..

Cum % = cumulative percent.

Note: Percentages calculated with the number of subjects with CIBIC plus scores in each treatment
group as denominator.

10.8.3 Composite Responder Analyses

10.8.3.1 ADAS-Cog And CIBIC-Plus Composite Responders

This category of composite responder was defined by having a combination of a
reduction in ADAS-Cog score of at least 4 points, and a CIBIC-Plus result of
improved or no change at endpoint

The treatment group comparison for this measure, on the observed cases
dataset, is in the following table which | have copied from the submission.
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PLACEBG GAL-IR GAL-CR
{N=24T {N=225) {N=239) P value
Composite responders (%a) 33(13.4) 37{25.3) 31¢21.3) 0.020

* Pairwise compansen for no difference between GAL-CR and Placebo fiom CMH test for peneral association
controtling for pooled country.
GAL-IR vs. Placebo: p=0.001.

Note: Percentages calculated with the number of subjeets in ¢ach treatment group as denonunator

As the table indicates, the proportion of composite responders in both the
Reminyl® IR and Reminyl® ER groups was higher, at a nominally statistically
significant level, than in the placebo group.

10.8.3.2 ADAS-Cog, CIBIC-Plus, And ADCS-ADL Composite Responders

This category of composite responder was defined by having a combination of a
reduction in ADAS-Cog score of at least 4 points, a CIBIC-Plus result of
improved or no change at endpoint, and a change in ADCS-ADL > 0

The treatment group comparison for this measure, on the Observed Cases
dataset, is in the following table which | have copied from the submission.

PLACEBO GAL-IR GAL-CR
(N=245) (N=225) {N=238) P value'
Composite responders ("%} 20(8.2) 43(19.1) 38006 0.008

* Pairwise companison for no differences between GAL-CR and Placebo from CMH test for general nssociation
controlling for pooled country.
GAL-IR vs. Placebo: p<0.001.

Note: Percentapes calculated with the number of subjects in cach treatment group as denomnator,

As the table indicates, the proportion of composite responders of this category
too in both the Reminyl® IR and Reminyl® ER groups was higher, and at a
nominally statistically significant level, than in the placebo group

10.9 Sponsor’s Conclusions

o Both galantamine treatments showed a statistically significant superiority
to placebo on the change from baseline in ADAS-Cog score at Week 26
on the primary observed cases dataset.

« On the CIBIC-Plus, both galantamine treatments showed a numerical
superiority to placebo, that was not, however, statistically significant (on
the primary observed cases dataset). The lack of a statistically significant
superiority for both galantamine treatments, over placebo, is mainly due to
the high placebo response rate in this study.

» Repeating the above analyses of the ADAS-Cog and CIBIC-Plus on the
intent-to-treat-LOCF and classical intent-to-treat datasets yielded results
that were similar to those seen when the observed cases dataset was
analyzed.
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10.11

The protocol specified that for this study to be declared positive, Reminyl®
ER should be shown to be superior at a statistically significant level on
both primary efficacy measures; that objective was not achieved in this
study

For the “key” secondary efficacy endpoint, the ADCS-ADL, the analyses
yielded results that were consistent with those of the primary efficacy
analysis. A statistically significant superiority over placebo was seen for
the Reminyl® ER group, but not for the Reminyl® IR group.

Composite responder analyses supported the results of the primary
efficacy analysis.

Agency Statistical Reviewer’'s Comments

Dr Kun He has performed the Agency statistical review of this submission.
He has confirmed the results of the sponsor’s analysis of the primary
efficacy parameters and ADCS-ADL.

He has concluded that the results of the study do not support the
proposed claim for the use of extended-release Reminyl® in the treatment
of mild-to-moderate dementia of the Alzheimer’s type, given the sponsor’s
pre-specified criteria for declaring this study positive.

He has also expressed the view that the p-values derived from the
analysis of the ADCS-ADL using the observed cases and last observation
carried forward datasets, although nominally statistically significant, should
be interpreted with caution as the primary efficacy analysis was “negative”
overall and the Type I error, therefore, “spent” even prior to the analysis of
the secondary efficacy measures being performed.

Please refer to his review for full details.

Reviewer's Comments

Using the criteria specified a priori in the analysis plan, Study GAL-INT-10
must be considered “negative” in demonstrating the superiority of the
extended-release formulation of galantamine over placebo: the difference
at endpoint between the extended-release galantamine and placebo
groups on the CIBIC-Plus, although showing a numerical trend in favor of
galantamine; was not statistically significant, with a p-value of 0.086 when
the analysis was performed on the observed cases dataset. For the last-
observation-carried-forward and classical intent-to-treat datasets (these 2
datasets were identical), the p-value for this comparison was 0.216.

The purpose of using the CIBIC-Plus, a global instrument, as a primary
efficacy measure in Phase 11i studies of drugs for Alzheimer's Disease, is
to establish that any drug effect seen on the cognitive primary efficacy
measure is clinically meaningful.
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A measure of activities of daily living is an acceptable alternative to a
global primary efficacy measure in clinical drug trials in Alzheimer's
Disease. In Study GAL-INT-10, the (modified) ADCS-ADL, a secondary
efficacy measure, evaluated functional abilities. On the change from
baseline score for this measure, the difference between the extended-
release galantamine and placebo groups at endpoint on the observed
cases dataset was at least nominally statistically significant (p = 0.003);
nominally statistically significant differences (p < 0.001) were also seen on
the last-observation-carried-forward and classical intent-to-treat datasets.

However, whether the “positive” result on the ADCS-ADL can be used to
offset the “negative” result on the CIBIC-Plus, so as to render the overall
study “positive” is questionable, for the following reasons.

o The ADCS-ADL was one of 10 secondary efficacy measures and it was
not specified a priori that the ADCS-ADL would be a key secondary
efficacy measure; nor was the primary method of analysis for this
measure specified a priori

o About 90 analytical comparisons of the extended-release galantamine
and placebo groups were performed on the secondary efficacy measures.
Thus, if adjusted for multiple comparisons the difference between the
these groups on the ADCS-ADL can no longer be considered statistically
significant in relation to a p-value < 0.05

It is noteworthy that there was no evidence that the 16-24 mg/day (8 mg
BID to 12 mg BID) dose of immediate-release Reminyl® was superior to
ptacebo on the CIBIC-Plus in this trial; this is in contrast to the clear
evidence of efficacy on that measure that was seen at doses of both 16
mg/day and 24 mg/day (8 mg BID and 12 mg BID, respectively) in GAL-
USA-10, which was a key study done prior to the approval of the
immediate-release formulation of Reminyl®.

The sponsor has suggested that both the immediate-release and
extended-release formulations of Reminyl® may have failed to show a
statistically significant superiority to placebo on the CIBIC-Plus, because
of an unexpectedly high response rate to placebo. Notwithstanding that
explanation, this study must still be considered to be “negative”, based on
the a priori criteria for success.
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11. Safety Results Of Study GAL-INT-10

11.1 Datasets Analyzed

The safety results are based on 965 patients who were randomized, received at
least one dose of study medication and had any safety data after the start of
study treatment.

11.2 Adverse Events

This was a flexible dose study; the dose could be increased to the highest dose
level 24 mg/day based on safety and tolerability

A larger proportion of patients (66%) in the Reminyl® ER group reached a dose
of 24 mg/day in comparison with the Reminyl® IR group (61%).

11.2.1 All Adverse Events

While adverse events were more frequent in the Reminyl® groups than in the
placebo group, the adverse event profile in the 2 Reminyl® groups was similar as
indicated by the following table (copied from the submission) which indicates the
incidence of adverse events occurring in > 2% of patients in each treatment
group. Nausea was the most common adverse event in the Reminyl® ER group,
and more common than in the placebo, and Reminyl® IR groups.
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The sponsor has performed a further analysis of adverse events, based on actual
total daily dose at the time the adverse event occurred. The incidence of such
events was comparable at given doses between the two galantamine groups.

11.2.2 Deaths, Other Serious Adverse Events, And Adverse Event
Discontinuations

The incidence of deaths, other serious adverse events, and adverse event
discontinuations in the 3 treatment groups are summarized in the following table
which | have copied from the submission

PLACTHO Sad-iR QAlL-CR Total
{N- 3200 N 326 {N 319} N 96k
Categores n ™) b (%) 1 "% i
Dk XN e D 524 i o1
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As the above table indicates, the overall incidence of deaths and adverse event
discontinuations was slightly higher in the controlled-release galantamine group
than in the immediate-release galantamine group.

Further details about these events are summarized below.
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11.2.2.1 Deaths

These are summarized in the following table, taken from the submission. The
deaths listed are those which occurred during treatment or within 30 days of
study termination . .

Relstondnp  Trawoeut
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| have read the narratives for these deaths; a further description of individual
events is not warranted. Although the incidence of deaths in the Reminyl® ER
group is higher than in the placebo group, the narratives for individual deaths
suggest that they were more likely to be related to intercurrent ilinesses than to
galantamine.

11.2.2.2 Serious Adverse Events

The following table lists the incidence of individual non-fatal serious adverse
events which occurred in > 1% of patients in any treatment group during
treatment or within 30 days of study termination. The table is taken from the
submission
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As the table indicates there were no striking differences in the incidence of
individual serious adverse events between the galantamine groups. Pneumonia
was, however, more common in the galantamine groups than in the placebo

group.

The sponsor has performed a further analysis of serious adverse events, based
on actual total daily dose at the time the adverse event occurred. The incidence
of such events was comparable between the 2 galantamine groups at specific
doses.

| have read the narratives for all these events and believe a more detailed
description is not warranted.
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11.2.2.3 Adverse Event Discontinuations

The following table lists the incidence of individual discontinuations for adverse
events which occurred in > 1% of patients in any treatment group during
treatment or within 30 days of study termination. The table is taken from the
submission
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As the table above indicates, there were no prominent differences in the
incidence of individual events between the galantamine treatment groups,
although the incidence of nausea was slightly higher in the controlled-release
galantamine group than in the immediate-release group.

[ have read all the sponsor-supplied narratives for these events and do not feel
that a more detailed description of individual events is warranted.

11.2.3 Incidence Of Nausea And Vomiting During Dose-Titration

An analysis was conducted to compare the incidence of nausea and vomiting,
the most common adverse seen with acetylcholinesterase inhibitors between the
treatment groups during the dose-titration period. The results of the analysis are
displayed in the following table, copied from the submission
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As the table above indicates, the overall incidence of nausea and vomiting was
slightly lower in the controlled-release galantamine group than in the immediate-
release galantamine group. The incidence of both adverse events was higher in
the galantamine groups at Weeks 5 and 9, compared with the placebo group.

11.2.4 Muscle Weakness Related Adverse Events

The incidence of adverse events considered potentially related to muscle
weakness (a prominent adverse event for a previously-reviewed
acetylcholinesterase inhibitor drug) was compared between treatment groups
without any clear differences between the two galantamine groups, although
fatigue was more frequent in the galantamine groups than in the placebo. These
results are summarized in the sponsor table below

PLACERQ CGAL-TR GAL-{R Tetal
{2-3200 1N-326) {N=-3 1%} {N-965)
Preferral Tenn nit} n (%} ni*a} n 2ol
‘Tokal wo. subjects with wascle weakness Wl 826 16) s2{ 16 143 17}
rall T W &) 20( 6 M6
Iatigne 240 120 4 12§ 3} 266 3
1 yspica 81 Y St 2l 7L 2 w{n
Gt abrxoernal L0 &i Y} T( 21 i 2
Myalgia LY et <[ 2] nin
Asthznia Tl 4¢ 1} YT mih
Muscle contmctions mvohmtry 200 3¢ 0 LY ] 8{n
Ataxu [] 1} 21 i
PDysphagna i I 1) 1{«1 st h
Masch: woakness 1§13 EIW b 1«1 s
Drysphonia ] 1=l 21 1 EIEH Y]
AMalare [] 313 n Fi<li
Hypekmesa [ Il b~1) 1§<t)
Pand yras 11=1} L} L L{~t}
Spoxch dhrondar L) [ 1«1} L=k

Nate: Percentages calenlsiad wath the so. of subpocts in ezch proug os desomumuor.
Fate: Seloctad adhorse ovents dhring duublke-bhral reatmcnt phase and all serivus whverw: events donng
treatment or wthe W daax alicr siop of doublke-bhad medcation

11.3 Safety Laboratory Tests

11.3.1 Changes In Laboratory Values Over Time

There were no changes in mean values for hematology or clinical chemistry
variables that could be considered clinically important, based on tables contained
in the submission.

11.3.2 Changes From Baseline In Individual Subjects

The incidence of changes in individual laboratory values from within normal limits
at baseline, to pathological during the study, are summarized in the following
table, contained in the submission. With the exception of increases in random
blood glucose and serum triglycerides, these changes were very infrequent. For
blood glucose and serum triglycerides, these changes were similar in the placebo
and galantamine groups
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High 49¢ 21 G612 T2 172¢ 24
Phosphons 2B5 294 290 865
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Note: Percentages calculated with the number of subjects per laboratory test a5 denominator.
A sulyect may be in more than one category | LowHigh)
Abnormality defined as dmicalky stenificant abnonnal assessment during the double-blind period.
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Laboratory Class PLACEBO GAL-IR GAL-CR Total

Laboratory Test (N=320) {N=216) (N=319) (N=943)
Abnormalities n{%a) n (%) n (%) n ("a)

Clinical chemistry (continuwed)

Total bilirabin 281 2584 285 850
Low 0 0 0 0
High ) 3D LY A g 1)

Total protem 286 89 200 865
Low 6( 2) 2¢ I It 1) lo¢ Iy
High 2{H I{<ly 0 3=l

Triglycerides n2 246 07 715
Low 1} 1] 0 0
High 48( 17) 2¢13 3214 1D4¢ 15}
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High 12( 4 8( M 5¢ 25¢ 3)

Hematology 285 292 20 $67

Hematocril 273 284 278 LEY)
Low 15( % 17( 6 9f 3 41t 3)
High 0 0 0 0

Hemoglobin 264 277 277 820
Low 18¢N 139 Q¢ 3) i 3
High 0 o 0 0

Platelet count 276 276 271 817
Low 2{h i h iy LIGE]
High 15¢ 6) 14¢ 8 14¢ 3 43( 5}

RBC 277 286 ) 347
Low 4¢ Iy 10¢ 3 3t h 18( 2)
High 0 0 0 0

WBC 276 286 X 841
Low 2( 1] 1} 2=
High 11( 4 15( 5 19¢( 7 43¢ 5)

Note: Percentages calculated with the number of subjects per laboratory test as denominator.
A subject may be in more than one category (Low/High)
Abnormality defined as ol mically significant abnormal assessment during the double-blind peried.

11.3.3 Individual Clinically Significant Abnormalities

The frequencies of individual laboratory abnormalities reported as adverse
events was similar across treatment groups. The most frequent of these was
hyperglycemia (2%)

11.4 Vital Signs

The incidence of changes in vital signs from within normal imits at baseline to
pathological during the study are summarized in the following table, contained in
the submission.
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PLACEBO GAL-IR GAL-CR Total
Vital Signs (N=320) (N=326) {N=319) R=965)
Abnormalities N (%) n (%) n (%) n (%)
Systofic BP 302 313 97 922
Low 1¢=1) 1t <) JTENS] A=
High (h EY A ) & 2} 13( b
Diastolic BP 3105 34 308 927
Low 40D {2 6( 2D 15¢ 2%
High AT Q o 2¢ =1
Pulse rate 09 318 09 934
Low D 0 (D 5t D
__}_I_iéh 1{=l) Q Q 1¢{=1)

Note: Percentages calculated with the number of subjects per parameter s denominator.
Note that the incidence of these changes was small and without prominent
differences between treatment groups.

None of the individual changes in vital signs was considered clinically important.

11.5 Physical Examinations

Changes in physical examination findings were similar across treatment groups
with none being considered clinically significant.

11.6 Electrocardiograms

11.6.1 Mean Changes From Baseline

Mean changes from baseline in electrocardiogram parameters are summarized
in the following table taken from the submission

Appears This Way
On Origing




Ranijit B. Mani, MD, HFD-120 Medicat Review

Page 48 of 75

NDA 21615 {000}, Reminyi® ER, Johnson & Johnson 12/21/03
PLACEBO GALIR GAL-CR
Mean Change Mean Chamge Mean Change
from Baseline from Bascline from Baseline
N Mecan (SD) (SN N Mean (8D (STH N Meon(Sh S
FR interval {(ms)
Baselins 304 165.1 {3452 315 163.60(34.2D 31 164.2 (32403
Weck 12 272 1661 (3327 1.0(1698) 268 1653(3650) 0.1(16.16) 264 1653 (32.53) O.8(2081)
Week 26 242 164.8(31.98) 02(1603) 233 1650033701 05(1726) 233 1636 (3217 0.9 (18.60})
QRS interval (ms)
Baseline 315 92.9¢22.50) 320 9312141 N6 94.7(22.06)
Week 12 279 90.7¢20.61)  -0.6¢14.68) 270 92.7(21.2%) -05(11.91) 269 935(23.5Ty 0.8¢12.00}
Week 26 230 90.53¢2089) -1.1¢13.68) 235 942¢21.69) 0Q6(12.74) 235 962¢23.73) 1.6(13.47)
QT interval (ms)
Bascline 312 4D7.613342) 318 403.7¢32.17) 310 3092 (20.83)
Week 12 273 409313443 1.7(23.80) 262 4133(31.97) 8.8(26.74) 257 4159(31.73) 6.042807%)
Week 26 244 4059 (31.95) -LA(28.12) 229 4130(33.28) ES(2767) 226 4143(32.77) 43{2734)
QTc lincar (ms)
Bascline 112 419623 91) X8 4181 (2054 310 420.8(21.18)
Week 12 272 41952269 QT7(IRTS) 262 4209023800 3.1(2131) 257 4220(22.16) 1.3(19.89)
Week 26 244 417.8¢21.631 08¢2030) 220 4201.1(22.89) 3.8{20.14) 226 421.4(21.88) 0.4(20.25)
QTc linesr derived (ms)
Basetine 312 4205 (23.84) 18 419.2¢20.56) 110 421.7¢21.25)
Week 12 213 42023(22.51) 0.6(1883) 262 421524007 26(21.35) 257 42.4(22.1%) 09(19.84)
Week 26 244 418.7(21.75) -0.7(20.30) 229 421.7¢2291) 3.4(20.07) 226 422.0(21.73) 02 (20.12)
QTc Bazeit (ms)
Baseline 32 4362 (25.40) I8 4262 (23.16) 20 4274 (2357
Weck 12 273 425.5(2407) 032027 262 426,1¢26.99) 07(2300) 257 4259(23.41) -09(21.16)
Week 26 244 4247:2428) 002140 220 4264 (25.14) 1702109 226 426.0(22.83) -13¢21.20)
QTe Fridericia (ms)
Baseline 312 419.6424.32) 18 418.3¢20.90) 3D 421.0421.46)
Week 12 273 419.8¢23.25) ©08018.79) 262 421.5024.18) 3S5QLTT 257 422.3(22.243 1.5(20.07)
Weck 26 344 417902200 072027 329 420.6423.33) 4112053 26 421.7¢2216) 0.5(20.2T
Heart rate (bpm)
Baseline 315 66.6( 10.46) 320 6B2(1232) 316 66.4( 9.92)
Week 12 279 66.0( 10767 0.4(7.28) 270 648(1031) 29811 269 635(9.73) -20(82%
Week 26 230 667011125 Q7(940) 235 632(10.86) -22:842) 2358 64.2¢(10.19) -1.8(833)

The data appear to indicate the following

 Mean changes in PR and QRS intervals were very small across treatment

groups

+ Small mean increases in the absolute QT interval were observed in both
galantamine groups compared with placebo

¢ Mean changes in several QT. parameters were small in all 3 treatment
groups. Small mean increases were seen in the immediate-release
galantamine group only

» Small mean decreases in heart rate were seen in both galantamine

groups.

11.6.2 Individual Subject Changes

The incidence of changes in individual electrocardiogram parameters from within
normal limits at baseline to potentially clinically significant during the study are
summarized in the following table, contained in the submission. The table
indicates the number and proportion of patients in each treatment group with

potentially clinically significant changes in each parameter
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PLACEBC GAL-IR GAL-CR Total
ECG Parameters (N=320} {N=2326) (N=319) {N=065}
Abnormalities n(") n (%) n{%) n (%)
PR interval pack 287 261 786
Low ) 0 o 0
High 12¢ 5 la¢ 4 16( 6) BH
QRS interval 278 288 278 844
Low 1( =1}y 4¢ 13 40D 9c 1)
High I h 11 4 ] 22¢ %)
QT interval 288 22 281 861
Low ¢} 1 0 0
High it<h i h 52 8 1)
QT¢ Linear 275 281 274 830
Low 0 0 0 0
High 13t 3 23 26( M 62( 73
QTc Linear derived 275 281 274 830
Low 0 0 g 0
High 14¢ &) 25(9 27¢ 10} 66( B)
QTc Bazett 260 269 239 797
Low Q G 0 4]
Hizh 241 9011 22{ B) 5C @
QTc Frideridia 175 pacd| 274 830
Low 0 a 0 1]
High 14( 5 24{ % 24( 62( T
Heart rate 284 285 287 B61
Low 4t h 1{ <1} Tt 12é
High 0 0 Y] 0

Note: Percentages calculated with the number of subjects per parameter a5 denominator.
A subject may be in more than one category {Low. Highi
Abnormuality defined as clinically significant abnormal assessment during the double-blind period.

As the table above indicates
« The proportion of subjects with potentially clinically significant increases in
PR interval, increases in QT.B interval, and in decreases in heart rate was
similar across treatment groups
» For QT. intervals caiculated by other methods, a slightly higher proportion
of subjects in the galantamine groups had abnormalities as compared with
the placebo group

QT interval prolongation as an adverse event was reported for only 1 patient in
the study who received placebo. The maximum post-baseline QT:B and QT.LD
intervals were 466 msec and 451 msec, respectively.

11.6.3 Maximum QT And Maximum Changes In QT.

The distribution of maximum post-baseline QT.B intervals by treatment group
and gender, stratified by QT interval range, is in the following table, taken from
the submission
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oo Dt i e a4 4 ees e meemmmemm e e s mmmem e g e ee 2 smmesoem = o
PLACEBO GAL-IR GAL-CR
{N=320) {N=326) (N=319)

Maximum QTcB All All All
Interval (ms) Subjects  Male Female Subjcis  Male Female Subjects Male Female
No. of Subjects’ 297 103 194 300 11 159 290 i03 187
<430 110(37) 44¢43) 66 (34 126(d42)  47(42) 794427 107(37y 36(3%) 7T1{33;
431-450 122041y 31¢30) 91(47y 100i33) 34301 66(35y 120041 421 78 42;
451470 44015 16(16) 2814y  47(16y 16(14) M6y 4817 210 17(14)
471-300 (3 249 7(4H W0(DH W™ 10(%H 14 5 Ay 11 8
>3500 502y 3(% 201 2 4{ 4 302} (<D ¢y O

*Subjects with at least one posthaseline QTcB interval value.

The distribution of post-baseline maximum QT values > 450 msec was similar
across treatment groups, regardless of the correction method used.

The distribution of maximum increases from baseline in QTB intervals by
treatment group and gender, stratified by change in QT interval range, is in the

following table, copied from the submission

4 e e —

GAL-CR

PLACEBO GAL-IR
N=32(0 (N=326} (N=31%

Maximum QTcB
locrease from Al All All
Baseline {ms) Subjects  Male Fermile  Subjects  Male Female Subjects Male Female
No. of Subjects 222 8 144 203 77 126 193 6 117
<30 175079y 59¢76) t16{ 81y 135(761 55(71) 100¢7) 150(78) o61(80) BY(7&)
- 44(20) 18¢2%) 26{18) 22y 182V 26(2D) 40(21)y  15@20) 23(1DL)
60 ¢y 1(hL 2N 4(2) (™ 0 3¢ 2) 0 1(3)

*Subjects with a baseline and at least one postbaseline QTeB interval value. Percentapes for males and females are based
on tatal males and females who had a baseline and at teast one postbaseline QTcB interval value.

The distribution of these changes was similar across treatment groups as

indicated in the above table.

11.7 Body Weight

Mean changes in body weight in the 3 treatment groups are in the following table,

taken from the submission

PLACERO

GAL-IR

GAL-CR

Mean Change
from Baseline

N Mecan (813 i5D)

N

Mean (SD

Mean Change
from Baseline

(512}

N

Mean Change
from Baseline

Mean (SDn (S

Baseline 319
Week 12 281
Week 26 252

6781 14.5%
6301474 80y 215
68.3( 1466 -B0( 2.74)

T

25
274
239

G8.3( 15.86)
68.4( 1566) 0.6( 2.66)
67.6( 15.45) L3¢ 3%

A9 686(14.16)

2%
238 687 140 -1.00 347

68.6( 142T) 03¢ 217y

As the table indicates, mean changes (decreases) in each treatment group were

small

A higher proportion of subjects in both galantamine groups than in the placebo
group had at least a 7% decrease in body weight from baseline at Week 26. The
number and proportion of patients who had specific levels of weight change are
in the following tabte, which | have copied from the submission
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Parameter PLACEBO CGAL-IR GALCR Total

Time hiterval (N=320) (N=324) (N=319) {N=D65)
Culcgonics n {"5) n (%) n{%s) n (7o)

Tatsl no. subjects 308 ( 96) M9 LIBNR )] Q36{ 97)

Percent clunge from baseline weight

Week 4 306 Neé 30 932
Decrease: »= 21%, 0 0] 0 7
Decreuse: 15%1to <21% 0 ] L¢<) (=)
Decrease: 7% to <15% It n 3¢ 1} 4{ 1} 10¢ 1}
Decrease; »0% to <T% 106 ¢ 35) 110 35) 105 ¢ 34y 321(3
No change or gain 197¢ 64) 203 ¢ 64y 200( 631 600 (¢ 64
Week 8 2493 295 89 877
Decrease: >= 2 %% 0 1] 0 0
Decrease: 15%to <21%% 0 ] 1{=l}) L{=l}
Decrease: 7% o <13% 2t D 62D 1=l 90 1)
Decreass: >0% to <T% 3¢ 39 150¢ 5 142 (49 405 ¢ 46)
Mo change or gain 178 ¢ 61) 139¢ 4Ty 145 ( 50) 45250
Week 12 281 2794 270 825
Decrease: >= 21% ] 1¢ <) 0 lLe<h
Decrense: 5% ta <2174 ¢ 0 1<l 1¢<l)
Decrease: 7% o <15% 6{ 2} 14¢ 3 70 3) 703
Decrease: »0% to <7 112040 142( 52 141(32) 395048
No change or gain 183( 38) 117¢43) 121(45) 4149

Weck 26 252 239 238 729
Decrease: >= 21% 0 a 1{ =<1} (=1
Decrease: 13%10 <21% le<l) N 0 40
Decreass: 75 1o <13% 91 4) 27¢ 11 291 12) G5( 9N
Decrease: >0% to <% 94 37} 128¢ 54y 103 ¢ 43 325(4%
No change or gain 143 ¢ 5%} Bl( 34y 105 ( 44 334 46)

Note: Percentapes calculated with the nimber of subjeets observed at each time point as denominator.

11.8 Sponsor’s Conclusions

+ The controlled-release formulation of galantamine, administered in a
flexible dose regime of 16 to 24 mg/day was well-tolerated

» The safety and tolerability profile of controlled-release galantamine was
comparable to that of the approved immediate-release product

11.9 Reviewer’s Comments

The safety profile of the extended-release galantamine formulation was broadly
similar to that of the immediate-release formulation, based on the head-to-head

comparison that was possible in this study. There were no safety concerns

specific to the extended-release formulation.

12. Summary Of Protocol For Open-Label Extension Study GAL-

INT-21

The protocol for this study, dosing regime, and the schedule for study

assessments is summarized below.
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12.1 Summary Of Protocol
This study protocol is summarized below; the study is currently ongoing

Protocol: GAL-INT-21

Primary Objective: To evaluate the long-lerm safety of controlled-release galanlamine in Alzheimer's Disease
Design; Open-label uncontrolied trial

Key Inclusion Criteria: Completion of Study GAL-INT-10

Dosage: Reminyl® ER 16 to 24 mg q.d.

Duration: 12 months

Original Projected Sample Size: 700 patients

Safety Outcome Measures: Adverse events, vital signs, safety laboratory tests, electrocardiograms, and physical examinations
Efficacy Outcome Measures: ADAS-Cog, Neuropsychiatry Inventory, ADCS-ADL
Status Ongeing

12.2 Dosing Regime
The dosing regimen for this study was as follows

» Patients enrolled in this study were to be titrated to a dose of Reminyl® ER of
either 16 mg q.d. or 24 mg q.d.

¢ All patients were to initially receive Reminyl® ER in a dose of 8 mg g.d. for 4
weeks, followed by a dose of 16 mg q.d. for at least 8 weeks.

s Subsequently (i.e., at Visit 2 or thereafter; see study schedule below) the dose
could be increased to 24 mg q.d., based on safety and tolerability

e At or beyond Visit 2, dose adjustments could be made only twice {inciuding the
initial increase to 24 mg q.d.). A decrease to 16 mg q.d. could be made based on
safety and tolerability, but once such a decrease was made, the dose would have
to remain unchanged for the remainder of the trial.

12.3 Schedule For Assessments

The schedule for safety and other assessments is summarized in the following
table copied from the submission
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Visit D V17 TPhone Calll ] VA" va"
End of End of End of End of

Asacssmcot Lnitial Month3 Month 4 Month & Month 12

Informed Consent X

Eligibility Criteriy X

Maidical History X

ADAS X X X

NP1 X X X

ADCS-ADL lnveniony X X X

Physicsl xamnation X X X X

Bady Woight X x X

Vital Sigms X X X" X X

ECG X X ol X X

1.aberatary Safoty X X x“;;’ X X

Adverse Events X X X X X é

Iese Tolerability X Q

Concornitan Thempy X X X X X ‘&,

Dispense Trial Medicition X X X" X -

ICBHE! Trial Maticslion X x" X X 0
oy The inpriolvisdt {(Vist 1) of GAL-ENE.2} should oceur the sime day m the fim] visit ¢ Wisit 7) of the praceding )
danhle-blind iy GALINT- 1. Therebre, infammtion obtainad o the fiml visit ¢ Visir 7} of the desbfe.bling %
trnlcan be used R the instial visi (Visti 1) of ihe present trial, TNihere is 3 debay 57 days, the physiaal rl
cxaminztion. weight, ital signs, and advecss 2eats mudd b rsgseseed b Vit 1 T ihe debiy i =3 4days, the 0
subjoct iswat bl O
Bl W a stbspec) miszos 4 o maee coasonitive daya of trial wedication he. she most repest the fold doss tioatvm o

wepence, Savbng with § ag CR oud The subjocd et relurn 1o the chime fur assessmaem of hudy weight, vilad ‘O-L

signs, advarse evons, and concomsict therpy Labontiey sumples may be taken andor sa £0G pafoemed al

the darsiion of the investigatar. Trial medication digpensacal the peevinm viad sall be callected and vew trinl

malicaticn dnpmssl.

Bassd ou sulety amil teferabibiy: the unestipstor nmy ncrcose the dose o M meCR o d

Subjocts or cantgivers e o be corbacted Ty tekophane d the cnd of Month 4 (Mink 161 Basad oa sfety and
dersbubiy. the inverligston may it the dozetw 24 wg CR o or reducr the dose 1o 1o CRed Ifa

ey aclpusiment s roquiinad. Hie sichyed musd retwrn to e Chne B gew tral rosdicabios and sy

assesamonis e oohed i he Mowoloet).

Ay

L/

¢ Adthe discrstion of the investipator

13. Safety Summary Of Study GAL-INT-21

GAL-INT-21 is an ongoing study. The safety summary for this study contained in
the criginal application provides information for deaths, other serious adverse

events, and adverse event discontinuations only.

In addition to a very brief overall narrative summary, the sponsor has provided

appendices containing adverse event reports for these events.

The cut-off date for data included in this submission is September 30,

The key data included in the safety summary are summarized below.

13.1 Disposition

2002.

Key information on patient disposition is as summarized below; the first patient to

enter this study did so on 9/20/01
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Category

Enrolled 719 (100)
Completed 130 (18)
Ongoing 487 (68)
Prematurely discontinued 102 (14)

The most common reasons for discontinuation was adverse events.

13.2 Deaths

18 patients died during the study. They are listed in the table below. The medical
conditions listed do not appear to have been consistently based on preferred
terms

Initials | Age Sex | Listed Conditions
_h 88 F Hematemesis, respiratory failure, cardiac amest, shock, sepsis
3 39 F Septicemia, intestinal stenosis, bowel perforation, malignant colonic neoplasm
| a1 M Myocardial infarction
B 76 M Heart attack
B 79 M Sudden death
B 79 F Accidental injury, cerebral hemorthage, respiratory failure
| 69 F Stroke, hemiparesis, hyperiension, atrial flutter-fibrillation
L 83 M Sudden death {earlier had surgery for a volvulus)
L 78 M Accideni, multiple organ failure, myocardial infarction, intra-abdominal hemorrhage, respiratory failure
1 91 F Cardiac arest, aspiration pneumonitis, injury, falt
B 79 F Cushing's syndrome, alrial fibrillation, hypoxia, agitation, and urinary tract infection
| 80 M Non-Hodgkins lyrnphoma
B 91 M Pneumonia
B 75 M Cerebral hemorrhage
B 83 F Stroke, heart attack, acute renal failure, gangrene
i 91 F Fall, subdural hematoma, coma
B L_’ 85 F Myocardial infarction, congestive hear failure
| 73 F Failure to thrive

1 nave read the adverse event reports for all these events. None of the events
above warrant further description; most are events that are common in this
population.

13.3 Serious Adverse Events

103 patients experienced serious adverse events (including fata! ones) during the
study.

The most common serious adverse events were fall, injury, myocardial infarction,
urinary tract infection, syncope, and pathological fracture.

I have read the adverse event reports for all these events. None of the events
above warrant further description; most were events that are common in this
population or attributable to the pharmacological effects of galantamine.

13.4 Adverse Event Discontinuations
25 patients withdrew from this study on account of adverse events.

The most common such adverse events were nausea, vomiting, and decreased
weight.
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I have read the adverse event reports for all these events. None of the events
above warrant further description; all were events that are either common in this
population or attributable to the pharmacological effects of galantamine.

13.5 Reviewer’s Comments

The interim data for deaths, other serious adverse events, and adverse event
discontinuations in this study do not raise any safety concerns that have not
already been evident with the approved immediate-release formulation of
galantamine.

14. Four-Month Safety Update

The 4-Month Safety Update was submitted on 6/19/03. 1t had a cut-off date of
2/28/03. The Safety Update contained data from GAL-INT-21 only (this is the
only study with Reminyl® ER that was ongoing at the time of submission of that
update).

The safety summary for the GAL-INT-21 study that was contained in the original
application provided information for deaths, other serious adverse events, and
adverse event discontinuations only. The 4-Month Safety Update continued to
provide information about the same types of events only.

In the 4-Month Safety Update, in addition to a very brief overall narrative
summary, the sponsor had provided appendices containing full reports for
deaths, serious adverse events, and adverse event discontinuations.

The key data included in the Safety Update are summarized below.

14.1 Patient Disposition

Key information on patient disposition (for the entire population included in this
study) was as summarized below.

Category n (%)
Envolled 720 (100)
Completed 378 (53)
Ongoing 198 (28)
Prematurely discontinued 144 (20)

A total 46 subjects had discontinued this study on account of adverse events,
through the cut-off date of 2/28/03.

14.2 Deaths

13 additional deaths had occurred during the GAL-INT-21 study at the time of the
4-Month Safety Update (through the cut-off date of 2/28/03)
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Inili='s Listed Conditions

a

A

Pneumonia, fall, accidental injury

Pneumonia, cardiac arresi

Myocardial infarction

Rhabdomyolysis, dehydration, aggression, pneumonia, exacerbation of Alzheimer's Disease

Cardiac arrest, pulmonary embolism, deep vein thrombosis, injury, congestive heart failure

Failure to thrive, fall, anorexia, injury, aggravation of Alzheimer’s Disease

Death (further details unavailable)

Accidental injury

Malignant lymphoma

Congestive heart failure, chest pain, leukocyltosis, hypotension, unconsciousness, urinary tracl
infection, decubiti

Heart attack

Respiratory failure, septic shock, pneumonia, dehydration

Sex
M
F
F
M
F
M
F
M
M
F
M
F
F

uJ

Pnieumonia, acute renal failure

| have read the adverse event reports for all these events. None of the events
above warrant further description; most are events that are common in this
poputation.

14.3 Serious Adverse Events

52 patients had new serious adverse events during the GAL-INT-21 study at the
time of the 4-Month Safety Update (through the cut-off date of 2/28/03); 12 of
these patients had other serious adverse events reported in the original
submission of this application. The most commonly reported new adverse events
included pneumonia, injury, cardiac arrest/failure, falls, chest pain, neoplasm,
urinary tract infection, worsening of Alzheimer's Disease, coronary artery
disease, dehydration, myocardial infarction, and syncope.

| have read the adverse event reports for all these events. None of the events
above warrant further description; most were events that are common in this
population or attributable to the pharmacological effects of galantamine.

14.4 Adverse Event Discontinuations

An additional 22 subjects withdrew from the GAL-INT-21 study on account of
adverse events at the time of the 4-Month Safety Update {through the cut-off
date of 2/28/03). Several of these were also classed as serious adverse events
and were subsumed as such under the original submission or the 4-Month Safety
Update.

The most commeon adverse events that led to premature discontinuation included
nausea, cardiac arrest/failure, myocardial infarction, asthenia, cerebrovascular
disorder, falls, injury, pneumonia, and vomiting.

| have read the adverse event reports for all these events. None of the events
above warrant further description; most were events that are cormimon in this
population or attributable to the pharmacological effects of galantamine.
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14.5 Reviewer’'s Comments

The interim data for deaths, other serious adverse events, and adverse event
discontinuations in the GAL-INT-21 study, as contained in the 4-Month Safety
Update, do not raise any safety concerns that have not already been evident with
the approved immediate-release formulation of galantamine.

15. Seven-Month Safety Update

The 7-Month Safety Update was submitted on 10/3/03. It has a cut-off date of

5/31/03.

The safety summaries for this study contained in the original application, and the
Four-Month Safety Update provided information for deaths, other serious
adverse events, and adverse event discontinuations only. The current summary
provides information about the same types of events only.

In the current submission, in addition to a very brief overall narrative summary,
the sponsor has provided appendices containing reports for deaths, serious
adverse events and adverse event discontinuations, only

Data from the following 3 ongoing studies are included in this Safety Update

» GAL-INT-21, which was the only study for which data were submitted in

the 4-Month Safety Update

e GAL-SCH-210, a study of Reminyl® ER as an adjunct to risperidone in the
treatment of outpatients with schizophrenia associated with cognitive

deficits

¢ GAL-NPH-101 is a pharmacokinetic study that is intended to evaluate 4
different formulations of controlled-release galantamine, in comparison

with the immediate-release formulation

GAL-SCH-210 and GAL-NPH-101 are summarized in the table below

Study GAL-SCH-210

GAL-NPH-101

Objective Efficacy of Reminyl®@ Extended-Release as
an adjunct to risperidone in schizophrenia
associated with cognitive deficits

Pharmacokinetics of 4 different formulations of
controlied-release galantamine compared with
the immediate refease formulation

Design Randomized, double-blind, placebo- Randomized, open-label, single-dose, cross-over
controlled, parallel-arm study study

Key Inclusion » Male Male or female

Criteria _

»  Age: 18 to 50 years
=  Schizophrenia
»  Taking stable doses of

Age: 18 to 55 years
Healthy
Body Mass Index: 19 to 28 kg/m’

risperidone
+  Using tobacco products
Duration 8 weeks of double-blind, parallel-arm Single doses at 1-week intervals (5 doses)

treatment
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Dose Groups 3 dose groups 8 mg single doses of each formulation
. Placebo

*  Reminyl® ER 8 mg daily
«  Reminyi® ER 16 mg daily

Sample Size 90 patients randomized equally to the 3 16 healthy subjects
treatment groups

Safety Monitoring Adverse events, vital signs, standard safety  Adverse events, vital signs, standard safety
laboratory tests, electrocardiograms, taboratory tests, electrocardiograms, physical
physical examinations, serum profactin, examinations

Simpson-Angus Extrapyramidal Side
Effects Scale — Abbreviated, Bames
Akathisia Rating Scale, and Abnormai
Involuntary Movements Scala

The key data included in the Safety Update are summarized below.

15.1 Patient Disposition
Patient disposition for each study, as of 5/31/03 is summarized below.

15.1.1 GAL-INT-21

722 patients have been enrolled in this study, but information is available for only
536 patients. The disposition of these 536 patients is summarized in the following
table.

Category n
Information available 536 (100)
Completed 393 (73)
Discontinuation prematurely 143 (27)

Discontinuation prematurely on account of adverse events 52 (10)

The age range for enrolled patients for whom information was available was
between 50 and 93 years; the median age was 78 years.

156.1.2 GAL-SCH-201

5 patients have enrolled in this study; none have completed the study or
prematurely discontinued. The median age for these patients was 40 years
{range: 22 to 55 years).

15.1.3 GAL-NPH-101
Patient disposition is summarized in the following table

Category n
Enrolled 17
Completed 16
Consent withdrawn 1

Of those enrolied
¢ 9 were male and 8 female
» The median age was 40 (range: 22 to 48)
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15.2 Deaths, Other Serious Adverse Events, And Adverse Event
Discontinuations

Only those events not listed in the original NDA and in the 4-Month Safety

Update are below. All events listed below were in Study GAL-INT-21.

15.2.1 Deaths

A single new death occurred, in Study GAL-INT-21: a 92 year old man (initials
-— sustained a cardiac arrest against a background of pre-existing atrial
fibrillation

Another patient, initials — {see Section 14.2) previously reported to have died of
malignant lymphoma, also had hypothermia, renal failure and cardiac failure

| have read the adverse event reports for both the above events. None of the
events above warrant further description; most are events that are common in
this population.

15.2.2 Other Setious Adverse Events

12 patients, all from Study GAL-INT-21, had newly reported serious adverse
events other than death at the time of the 7-Month Safety Update. Among the
events newly reported were the following: pneumonia, injury, cardiac failure,
myocardial infarction, atrial fibrillation, abdominal aortic aneurysm, fall with injury,
urinary incontinence, depression, ataxia, grand mal convulsions, and lymphocytic
leukemia.

| have read the adverse event reports for all these events. None of the events
above warrant further description; these were events that are common in this
population or attributable to the pharmacological effects of galantamine.

15.2.3 Adverse Event Discontinuations

5 more patients withdrew during the new reporting period for the following
adverse events: diarrhea, headache, purpura, anorexia, and somnolence. All
discontinuations were from Study GAL-INT-21

| have read the adverse event reports for these events. None of the events above
need further description or raise any new safety concemns.

15.3 Reviewer’s Comments

The interim data for deaths, other serious adverse events, and adverse event
discontinuations in this 7-Month Safety Update do not raise any safety concerns
that have not already been evident with the approved immediate-release
formulation of galantamine.
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16. Safety Data From Clinical Pharmacology Studies

A total of 5 clinical pharmacology studies are part of the development program
for the controlled-release preparation of galantamine: GAL-BEL-19; GAL-BEL-20;
GAL-NED-8; GAL-NED-8; and GAL-NED-12.

16.1 Summary Of Clinical Pharmacology Studies
These studies are summarized in the following table, which | have copied from

the submission

GALBEL1? _ GALBEL30 __ GALNEDS __ GALNED9S __ GALNED.12
Subjects Healthy males or  Healthy makes or  Healthy males or  Healthy young Healthy males or
females aged females aged females aged {1835 years} females aged
18-55 years 18-55 years 18-43 years and eldery 18-55 years
{63 years)
nules or females
Country The Nethetands  The Netherlands  The Netherlands  The Netherlands  The Netherlands
Study design Randomized, Randomized. Randomized. Opeu-label. Randomized,
open-label. open-label, apen-label. repeated-dose. open-label,
single-dose, repeated-dose. repeated-dose. pamtlel-group repeated-dose.
3-way crossover  J-way crossover 3wy crossover 2-way crossaver
Stady dmug (GAL)Y
Dasage
escaltion Notapplicable
Week | CR 8 g g.d. CR Emg gqd. CRE8mgq.d CR 8mgq.d. k
Week 2 CR 16 mg q.d. CR 16 mgqd. CR 16mgg.d. CR 16 mgqd.®
Study drugs 2 CR CRMmgqd.® CR24mgqd CR24mgzgd.  CR24mgqd™®

final dosage

a
§mg | dose

IR12mgbid *

(feds ?

CR 24 mgqd.*

CR CR24 mgqd
Smg ! dose ™ (fasted)®
IR IR12mabid
3 mg 2 doses ® (fasted) ®
Total plrnned Single dose 1 weeks 5 woeks I wecks 4 weeks
duration of
GALCR
treniment ©
Totat planned 12 16 M a2 25
nurmber of
subjects

Note: b.id. = twice daily: q.d. = once daily.
* Randomized crossover design: all subjects were to receive all treatments.
* This hatch of galantamine CR was intended for marketing and was used in the Phase 3 study
¢ Manned duration of treatment includes period of dosage escalation trepeated-dose dudies) and the period of

treatment with alt fernmulations of galantamine CR and or galantanune IR,

16.2 Exposure’

A total of 109 unique healthy subjects received at least one dose of study drug in
these trials; of these subjects, all received Reminyl® ER and 50 received
Reminyl® IR.

Further data regarding the duration of exposure to study drug in these 5 trials
combined is in the following table, which | have copied from the submission
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Treatment duration,

days Placebo CAL IR CALCR
Phasze | studies: NED-3+NED-9+NED-124BEL-20+BEL-19 Analysis Set
N - 30 169
Mean (8D - 5.4(2.63) 21.4(2.08)
Median - 7.0 218
Range - 1-7 1-28

16.3 Reasons For Study Termination
These are in the following table. The overall discontinuation rate was small

Calantamine
Statns (N=9T)
Termination Reasons n (%)
Completed 9l {94}
Discontinned 61 &)
Adverse event 4{ N
Subject non-compliant ¢ 13
lneligible 1{ 1

16.4 Deaths And Other Serious Adverse Events
No deaths or other serious adverse events occurred in these studies

16.5 Adverse Events Leading To Discontinuation

4 patients permanently discontinued study drug on account of adverse events in
these 5 studies. These discontinuations are summarized in the following table,
which | have copied from the submission.

QAL CR GAL CR GALCR GAL IR
8 my 16 g 24 my M my Total

Systems Organ Class ENYIT {N=I0) {N=94) {N=38) {N=3T}

Prefermred Term ni®u} ni%i ni*s) 0 {%e} n (%)
Total no. subjects with e D {} 20 L{ 3} 4{ 41
permancnat stop
Gastrointestinal system EC Dy 1 242 1 3) 44
disorders

Nausen le by 1 26 2 It 3 4 4y

WVamatimy 1i i 1 [l 1] i

Nele Percentages calvalated using the number o subjects i each group as denominator.
One subpeet could be counted in meore than | eclumin.

As the table indicates, these adverse events were all gastrointestinal in type.

16.6 All Adverse Events

These are summarized in the following table, taken from the submission, which

provides the incidence of treatment-emergent adverse events that occurred in >
5% of patients in any dose category.
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GAL CR GALCR CALCR GAL R
8 mg 16 my M mg 24 mg Total
System Organ Class (N=97) {N=06) {N=04) {N=38) (N=97)
Preferred Term n (%} n (%} n{%) n (%) n (")
Tutal no. subjects with adverse 52t 54 55(57) 621 66) 24 (63 R6(89)
everts
Castroiutestinal system 37128 37(39; 5137 18¢47) 61 6M)
#izorders
Nausea 1A¢ 14) 28 (29 22123 Ih(42) 46 1 47)
Diarrhea B 8 3 3) et H 19 24)
Vormiting 414 h 9y 10) 20 5 TR
Flatulence 6( 6) 1¢ 1) 59 h ¢} et
Centr & periph nervons system 24¢28) 29 (30) 21 M) 16¢42) S8 60}
diserders
Headache 20{ 21) 18¢ 19} 321 23} 5013 4445
Dizziness N1 1314y 15116} 15 { 29) 33(3h
Muscle contractions inveluntary L] 2(2 2y 2 2y 6{ &)
Body as a whale - general 7N TN 134 14) Iy 2(n
dizorders
Fatigue 3j Y &6 6) 9110y 0 14( 1
Psychiatric disorders 10 ¢ 1% 5 H 10411 411 2324y
Somnolence 2( 2 SR 41 4) 29 o( 9
Concentration impaired 0 217 EEER)) 2¢ 5) XY
Red blood cell disarders Fi I ¢ S+ 5y [t} & 6
Anaimia 1 h [Q 51 4 0 6{ 6)
Yision disorders o e 1y 21 ) it 8 5( %)
Vision atnormal 1] 1] 1 1) 2{ 5 Hn

Note: Percentages cakulated using the number ofsubjects in each group as denominator.

One sutyect could be counted in more than | eolumn.

16.7 Laboratory Data

No changes in [aboratory data were noted that could be considered clinically
important; the most common abnormalities were decreases in hemoglobin and
hematocrit, which the sponsor attributes to the high volume of blood sampied.

16.8 Vital Signs And Physical Examinations

None of the changes in these parameters appeared clinically significant.

16.9 Electrocardiograms
Again, no changes were seen that were considered clinically important.

7 subjects had protonged QT intervals described as an adverse event. In these

7 subjects:

e The maximum QT.B interval was 456 msec (range: 420 to 456 msec) and the

maximum QT.LD interval was 460 msec (range: 391 to 460 msec)

* The maximum increase from baseline, in both QT.B and QT.LD, was < 60 msec
in 6 subjects and > 60 msec in one subject (the latter subject had a maximum
QT.B of < 450 msec.
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Mean QT.B decreases from baseline in galantamine-treated subjects in the 4
repeated-dose trials were < 6 msec.

16.10 Reviewer’'s Comments

The spectrum of adverse events and other safety abnormalities seen in these
studies was similar to that of immediate-release galantamine.

17. Summary Of Clinical Pharmacology And Biopharmaceutics
Review

Dr Ronald Kavanagh is the Clinical Pharmacology and Biopharmaceutics
reviewer of this submission.

The capsule strengths of Reminyl® ER that are proposed for use are 8, 16, and
24 mgq.

17.1 Key Issues Addressed In Review
Key items in Dr Kavanagh's review are below

« The structure and composition of the proposed modified-release
formulation is described

o The extent of absorption is similar between the modified- and immediate-
release formuiations after both single doses and at steady-state after
repeated dosing. Cmax is 15 to 30% lower and ty., longer (median of 3.5 to
5 hours versus 1 hour) for the modified-release capsules

o There are no consistent differences in half-life between the modified- and
immediate-release preparations that could be attributed to flip-flop
kinetics.

e With multiple dosing with the modified-release formulation, dose
proportionality is observed from 8 to 24 mg/day

« While the extent of absorption of the Reminyl® ER capsule at the highest
to-be-marketed strength (24 mg) is not altered in the presence of food, the
tmax IS delayed by about an hour, and the Crax about 12% higher in the
presence of food.

« The pharmacokinetics of the modified-release formulation of Reminyl® are
comparable between healthy older and younger adults.
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« A gender effect was not examined with the modified-release capsule of
Reminyl® and there were too few subjects to examine the effect of race or
ethnicity

« The commercial batches of the modified-release capsule were
bioequivalent to the pivotal clinical trial batches

¢ The proposed dissolution method is acceptabie; modifications to the
dissolution specifications have been recommended (interim dissolution
methods and specifications for all strengths of the modified-release
capsules have been specified)

17.2 Office Of Clinical Pharmacology And Biopharmaceutics
Recommendations

« This application is acceptable

« This sponsor should be requested to provide additional dissolution data
(details are in Dr Kavanagh's review) within 6 months of approval to set
final dissolution specifications

s Changes to the sponsor’s proposed iabeling for the Clinical
Pharmacology, Precautions, and Dosage and Administration sections
have also been recommended (see Dr Kavanagh's review).

18. Summary Of Chemistry, Manufacturing, And Controls
Review

The Chemistry review of this submission was performed by Dr Janusz
Rzeszotarski. Please see his review for full details.

He has recommended Approvable status for this application, subject to the
recommendations made in the Establishment Evaluation Report (EER).

Subsequently this Center's Office of Compliance issued an overall Acceptable
recommendation.

Based on the above, the Office of New Drug Chemistry has recommended that
this application be approved.

19. Pre-NDA Discussions With Sponsor

As mentioned eartier in this review, a pre-NDA meeting concerning this
application was held with the sponsor on 9/19/02, and a further teleconference
on 11/26/02. A summary of the results of Study GAL-INT-10 were presented in
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the briefing package for the latter discussion. Please see the minutes of both
discussions for further details.

At the teleconference held on 11/26/02, the Division conveyed the following to
the sponsor, in regard to Study GAL-INT-10, and the proposed supplemental
NDA for the extended-release formulation of Reminyl®.

« Based on the contents of the briefing package, the Division would not refuse
to file the proposed NDA

e The Division noted that the GAL-INT-10 study results on the Observed Cases
dataset, as contained in this submission, showed evidence of the following

« That Reminyl® ER had a statistically significant superiority to placebo on the
ADAS-Cog {p < 0.001), similar with what was seen with the immediate-release
preparation of Reminyl® in the current study, and in the pre-approval studies of
that formulation

« That the difference between the Reminyl® ER and placebo groups on the CIBIC-
Plus was not statistically significant (p = 0.086)

« That a nominally statistically significant (p = 0.003} difference was seen between
the Reminyl® CR group and placebo group on the ADCS-ADL*.

« In the proposed application, a detailed argument should be provided as to
why the study might still be considered to show evidence for the efficacy of
Reminyl® ER in mild-to-moderate dementia of the Alzheimer's type.

« The results of analyzing the CIBIC-Plus data using datasets other than
Observed Cases (e.g., intent-to-treat-LOCF) should be provided

*The Type I error for the secondary efficacy analyses had, in the view of our statisticians
been “forfeited” since the results of the primary efficacy analysis for the CIBIC-Plus was
negative; thus a Bonferroni correction of the Type 1 error could not, strictly speaking, be
applied to the analysis of the ADCS-ADL.

20. Overall Comments

20.1 Efficacy

« In this application, the efficacy of the extended-release formulation of
galantamine is intended to be based on the resuits of the GAL-INT-10
study. This was a randomized, double-blind, placebo-controlled, paraliel-
and three-arm study whose main objective was to evaluate the efficacy
and safety of Reminyl® Extended-Release capsules in mild-to-moderate
probable Aizheimer's Disease. The 3 treatment arms for this study were:
Reminyl® Extended-Release capsules 16 to 24 mg once daily; immediate-
release Reminyl® tablets 8 to 12 mg twice daily; and placebo. The period
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of double-blind, parallel-arm treatment in this study was 26 weeks,
including the period of dose-titration.

The primary efficacy measures for this study were the ADAS-Cog, and the
CIBIC-Plus. There were 10 secondary efficacy measures, including the
ADCS-ADL scale which measures activities of daily living; however,
neither the ADCS-ADL nor any other secondary efficacy measure was
designated as a key instrument.

» The primary efficacy analysis was performed, as specified in the protocol,
on the observed cases dataset at Month 6, and the primary comparison
was between the Reminyl® Extended-Release and placebo groups, as
again specified in the protocol. The difference in this dataset, between the
Reminyl® Extended-Release and placebo groups for the mean change
from baseline in the ADAS-Cog was 2.7 points, and favored galantamine
(p < 0.001). For the CIBIC-Plus in the same dataset, 61% of those treated
with extended-release galantamine, and 56.8% of those treated with
placebo improved or showed no change (p = 0.086, when changes on the
full 7-point scale were compared); on the last-observation-carried-forward
and classical intent-to-treat datasets (these 2 datasets were identical), the
p-value for this comparison was even less robust at 0.216.

Similar results were seen, on both primary efficacy measures, when the
immediate-release Reminyi® and placebo groups were compared.

+ The protocol specified that evidence of the efficacy of extended-release
galantamine was to be based on demonstrating a statistically significant (p
< 0.05) treatment difference on both primary efficacy measures.

« Thus, based on the pre-specified primary efficacy analysis, this study must
be considered not to have shown evidence for the efficacy of Reminyl®
Extended-Release over placebo

« A comparison of the treatment groups on mean change from baseline to
Week 26 scores for the ADCS-ADL, a secondary efficacy measure, using
the observed cases dataset, revealed a mean difference between the
Reminyl® Extended-Release and placebo groups of 2.4 points favoring
galantamine (p = 0.003); nominally statistically significant differences (p <
0.001) were seen on the last-observation-carried-forward and classical
intent-to-treat datasets as well.

» The analyses performed on alt 10 secondary efficacy measures involved
90 comparisons of extended-release galantamine with placebo. None of
these analyses was designated a priori as being more critical to the
outcome of the study than the others. When adjusted for multiple
comparisons, the p-value for the comparison of the extended-release
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galantamine and placebo groups on the ADCS-ADL is no longer even
nominally statistically significant.

At a pre-NDA meeting, at which the preliminary results of this study were
discussed, the sponsor was asked to provide, in this application, a
detailed argument as to why the study might still be considered to show
evidence for the efficacy of Reminyl® ER in mild-to-moderate dementia of
the Alzheimer's type. The sponsor was also asked to provide the results of
analyzing the C!IBIC-Plus data for this study using datasets other than
observed cases (as noted earlier in this review, the subsequent analysis of
the last-observation-carried-forward and classical intent-to-treat datasets
on this measure yielded results that were even less robust than for the
observed cases dataset)

In this application, the sponsor has conceded that according to the criteria
specified in the protocol, this study cannot be considered “positive.” The
sponsor has, however pointed out that, in this study

= Both galantamine treatments showed a numerical superiority to placebo

= The effects of extended-release galantamine on the ADCS-ADL, and in a
composite responder analysis tended to mirror those of the primary
efficacy

The current regulatory standard requires that evidence for the efficacy of
drugs approved for the treatment of Alzheimer's Disease be based on
demonstrating a statistically significant superiority to placebo on both of
two co-primary efficacy measures: a cognitive measure and a
globalffunctional measure.

In this study, evidence of the superiority of extended-release galantamine
over placebo at endpoint was seen only on the cognitive primary efficacy
measure (ADAS-Cog), and not on the global primary efficacy measure,
(CIBIC-Plus). Nominally statistically significant treatment differences
favoring galantamine on the ADCS-ADL, a measure of activities of daily
living, are insufficient to substitute for the lack of an effect on the CIBIC-
Plus, for the reasons already stated above.

Thus, it must be concluded that evidence for the efficacy of the extended-
release preparation of galantamine, Reminyl® ER, has not been
demonstrated by the usual regulatory standard.

Since the extended-release formulation of galantamine is intended to be
taken once daily and will therefore be more convenient to use than the
immediate-release formulation, which needs to be taken twice daily, the
former formulation is likely to be used much frequently than the latter,
when marketed. It is therefore especially important that evidence for the
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efficacy of Reminyl® ER be clearly demonstrated prior to marketing
approval being granted; such evidence is currently lacking.

20.2 Safety

» In this application, safety data for the extended-release formulation of
Reminyl® was mainly derived from the GAL-INT-10 study, its open-label,
uncontrolled extension, GAL-INT-21, and clinical pharmacology studies

¢ The submitted safety data for the Reminyl® Extended-Release formulation
show a spectrum of findings that are not meaningfully different from those
seen with immediate-release galantamine, both in a head-to-head
comparison in Study GAL-INT-10 and using pre-approval and post-
marketing safety data for the immediate-release formuiation for Reminyl®.

20.3 Clinical Pharmacology And Biopharmaceutics

Based on a review performed by the Office of Clinical Pharmacology and
Biopharmaceutics

« This application is acceptable
« Additional dissolution data are to be requested as part of a post-marketing
commitment

20.4 Chemistry, Manufacturing, And Controls

The Office of New Drug Chemistry has recommended that this application be
approved.

21. Review Of Draft Labeling

This section contains the following
+ Changes (additions) to labeling proposed by the sponsor
o Comments

21.1 Changes Proposed To Labeling

Changes have been proposed to the following sections of the approved labeling
for Reminyl®

Description

Clinical Pharmacology: Metabolism and Elimination
Clinical Pharmacology: Clinical Trials

Precautions

Adverse Reactions

Dosage and Administration

How Supplied

Storage and Handling




4 Page(s) Withheld

§ 552(b)(4) Trade Secret / Confidential

§ 552(b)(5) Deliberative Process

/§ 552(b)(5) Draft Labeling
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21.2 Comments

Since, in this reviewer's opinion, the GAL-INT-10 study has failed to establish the
efficacy of extended-release galantamine and this application should therefore
not be approved, the labeling has not been further edited by me.

22. Site Inspections

22.1 Site Inspection Report

The Clinical Inspection Summary for study sites has been completed by Ni A.
Khin, MD, of the Division of Scientific Investigations.

The sites inspected and their classification following inspection are in the
following table, which 1 have copied from Dr Khin's report

NAME CItyY STATE ASSIGNED RECEIVED | CLASSIFICATION
DATE DATE
Dr. Aronson | Farmington | Ml 04-23-2003 08-14-2063 VAL
Hills
br. Goldstein | San CA 04-23-2003 08-13-2003 NAI
Francisco

VAl Voluntary aclion indicated, data acceplable. NAI: No action indicated

Dr Khin's overall assessment was that the data from the two inspected sites
appeared acceptable for use in support of this NDA.

Please see Dr Khin's report for full details.

22.2 Reviewer’s Comments

The site inspection summary did not yield any findings that would preclude the
use of data from those sites in support of this application.

23. Financial Disclosure Certification

23.1 Components Of Certification
This certification provided by the sponsor has 3 components.

23.1.1 Certification Pertinent To Investigators/Sub-Investigators Who Declared

That They Did Not Have Any Relevant Financial Interests

The sponsor has supplied a list of all such investigators and sub-investigators

who were involved in Studies GAL-INT-10, GAL-BEL-18, GAL-BEL-19, GAL-

BEL-20, GAL-NED-8, GAL-NED-9, and GAL-NED-12. In regard to this list, the

sponsor has:

» Certified that it has not entered into any financial agreement with the clinical
investigators listed in the application whereby the compensation to the
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investigator could be affected by the outcome of the study in which the
investigator was a participant, as defined by 21 CFR 54.2 (a)

« Certified that each listed clinical investigator required to disclose to the
sponsor whether the investigator had a proprietary interest in this product or a
significant equity in the sponsor as defined in 21 CFR 54.2 (b) did not
disclose any such arrangements

» Certified that no listed investigator was the recipient of significant payments of
other sorts as defined in 21 CFR 54.2 (f)

This certification has been provided on FDA Form 3454.

23.1.2 Certification Pertinent To Investigators/Sub-Investigators From Whom
Financial Information Could Not Be Obtained

The sponsor has stated listed a number of investigators and sub-investigators
who were involved in Studies GAL-INT-10, GAL-BEL-19, GAL-NED-9, and GAL-
NED-12, for whom financial information could not be obtained. For these the
sponsor states that the steps for due diligence were performed; these steps are
described.

This certification has been provided on FDA Form 3454.

23.1.3 Certification Pertinent To Investigators/Sub-Investigators With
Disclosable Financial Interests

The sponsor has provided a list of investigators and sub-investigators who were
involved in Studies GAL-INT-10 and GAL-BEL-18 who had a significant equity
interest [as defined in 21 CFR 54.2 (b)] held by the clinical investigator in the
sponsor. The specific disclosable financial interests that these investigators and
sub-investigators had in the sponsor have also been stated.

This certification has been provided on FDA Form 3455.

The financial interests listed include the following:
e Being an employee of the sponsor
» Becoming an employee of the sponsor, subsequent to participation in the
clinical trial
« Payments from the sponsor, covering educational and research grants,
speaking, and consulting.
e Equity interest in the sponsor

23.2 Reviewer’'s Comments

It appears unlikely that the financial arrangements disclosed above introduced
significant bias into the results of studies carried out with controlled-release
Reminyl®, and submitted with this application.
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24. Recommendation

| recommend that this application NOT be approved, on the grounds that the
efficacy of the extended-release formulation of Reminyl® has not been

established. /S/

Ranijit B. Mani, M.D.
Medical Reviewer

rbm 12/21/03

CC.

HFD-120
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