
 
These records are from CDER’s historical file of information 
previously disclosed under the Freedom of Information Act (FOIA) 
for this drug approval and are being posted as is.  They have not 
been previously posted on Drugs@FDA because of the quality 
(e.g., readability) of some of the records. The documents were 
redacted before amendments to FOIA required that the volume of 
redacted information be identified and/or the FOIA exemption be 
cited.  These are the best available copies.   
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NOA 20-690 

Eisai America, Inc. 
Attention: Nicholas J. Farina, Ph.D. 
Glenpolnte Centre East 
300 Frank W. Burr 
Teaneck, NJ 07666-6741 

Dear Dr. Farina: 

food and D•ug Admlniatrotion 
Rockville M) 20867 

Please refer to your March 29, 1996 new drug application submitted under section 
505(b) of the Federal Food, Drug, and Cosmetic Act for Aricept™ (donepezll 
hydrochloride) 5 mg and 10 mg Tablets. 

We acknowledge rec'!1pt of your amendments dated October 3, 1996, October 11, 
1996, October 20, 1996 and November 5, 1996. 

This new drug application provides for the following indication: AricoptT"'is indicated 
for the treatment of mild to moderate dementia of the Alzheimer's Type. 

We have completed the review of this application, including the enclosed draft 
labeling, and iiave concluded that adequate information has been presented to 
demonstrate that the drug product is safe and effective for use as recommended in 
the enclosed draft labeling. Accordingly, the application is approved effective on the 
date of this letter. 

The final printed labeling (FPL) must be identical to the enclosed draft labeling. 
M::irketing the prucJuct with FPL that 1s not identical to this draft labeling may render 
the product misbranded and an unapproved new drug. 

Please submit sixteen copies of the FPL as soon as it is available, in no case more 
than 30 days after it is printed. Please individually mount ten of the copies on heavy 
weight paper or similar material. For administrative purposes this submission should 
be designated 11FINAL PRINTED LABEUNG" for approved NOA 20-69'0. Approval of 
this submission by :.oA is not requ;red before the labeling is used. 

Should additional information relating to the safety and effectiveness of the drug 
become available, revision of ttiat labeling may be required. 
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Ph••• IV Commitment: 

We remind you of your Phase 4 commitment specified In your submission dated 
October 3, 1996 in which you commi\ .. 

These 
reports shculd be submltteci to your NOA as correspondence. For administrative 
purposes. all submissions, including labeling supµlements, relating to this Phase 4 
commitment. must be clearly de11gnated "Phase 4 Commitments." 

Validation of the regulatory methods hos not been completed. At the present time, it 
is the policy of the Center not to withhold approval because the methods are being 
validated Nevertheless, we expect your continued cooperation to resolve any 
problems that may be identified. We note that you have proposed ar. 
method for identification of the drug substance in the dosage forms. We wiil contact 
you regarding possible improvement:. m the method. 

Please submit one marltet package of the drug when it is available. 

We remind you that you must comply with the requirements for an approved NOA set 
forth under 21 CFR 314.~0 and 314.81. 

If you have any questions, pleaoe contact: Katurah Higgins, R.Ph. 
Project Manager 

ENCLOSURE 

(301) 594-5504 

Sincerely yours. 
r--·-

Jlw- f e. ... t\ 4 h_(('ll. 
Robert Temple, M.D. 
Director 
Office of Drug Evaluation I 
Center for Drug Evaluation and Research 



NDA# 20-690 

Eisai .Ai-nerica, Inc. 
AlTN: Nicholas J. Farina. Ph.D. 
Glcnpointe Centre East 
300 Frank. W. Burr Blvd. 
Teaneck, New Jersey 07666-6741 

Dear Dr. Farina: 

MAY 2 I l9QS 

• 

We have received your new drug application (NDA) submitted under •ection SOS(b) oftbe 
Federal Food. Drug, and Cosmetic Act for the followina: 

Name of Drug Product: AriceptTM (donepezil hydrochloride) Tablets 

Therapeutic Cla111fication: P 

Date or Applicatian: March 29, 1996 

Date of Reeeipt: April 5, 1996 

Our Reference Number: NOA 20w690 

Unless we notify you within 60 days of the receipt date that the application is not sufficiently 
complete to permit a substantive review, this application will be flied under section SOS(b) of the 
Act on June 5, 1996 in accordance with 21CFR314.lOl(a). 

Under 21 CFR 314.102(c) of the new drua reiulations and in accordance with the policy 
described in the Center for Drug Evaluation and Research Sta.ff Manual Guide CDER 4R20.6, 
you may request an informal conference with this Di\lition (to be held approximately 90 days 
from the above receipt date) for a brief report on the status of the review but not on the 
application's ultimate approvability. Please request the meeting at least 15 days in advance. 
Alternatively, you may choose to receive such a report by telephone. Should you wish a 
conference, a telephone report. or if you have any questions concerning tit::> NOA, please 
contact: 

Katurah Higgins 
Project Manaaer 
(301 )S94-.SS29 



Please cite the NOA number I isted above at the top of the first page of any communications 
concerning this application. 

Sincerely yours, 

CZ!!:Purvi ~It~ 
Chief, Project Management Staff 
Division ofNcuropharmacological Drug Product 
Office of Drug Evaluation I 
Center of Drug Evaluation and Research 

• 
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NOA 20-690 .........., rug Adminlatretlon 
Rockville MO 20857 

Eisai America, Inc. 
Attention: Nicholas J. Farina, PhD. 
Glenpointe Centre East 
300 Frank W. Burr 
Teaneck, NJ 07666-6741 

Dear Dr. Farina: 

SEP I 9 1996 

Please refer to your March 29, 1996 new drug application submitted under !.ection 
505(b) of the Federal Food, Drug and Cosmetic Act for Aricept™ (donepezil HCI) 5 mg 
and 1 o mg Tablets. 

We acknowledge receipt of your submissions dated: 

04-05-96 
05-01-96 
05-02-96 
05-13-96 

06-03-96 
06-04-96 
06-05-96 
06-11-96 

06-27-96 
06-28-96 
07-02-96 
07-03-96 

07-09-96 
07-15-96 
07-18-96 
08-01-96 

08-02-96 
09-04-96 

We have completed the review of this application as submitted with draft labelin~1. and it 
Is approvabla. Before this application may be approved, however, it will be necessary 
tor you to responc1 to the follr•wing issues and adopt as labeling for Aricept 1"', the draft 
package insert attached to ttiis letter, modified as requested (i.e., as per this letter and 
the notes embedded within the text of the attached package insert). 

Package Insert 

Tt1e attachment to this letter provides a draft of the labeling that thA Agency proposes 
be '"nJuµted for Aricept •M Tablets upon its approval. Although sections of this proposal 
are taken verbatim from the labeling µroposed by you in the NOA. other sections have 
been extensively revised. Please note that we have embedded throughout the text of 
the attached draft labeling, "Notos to Firm:", requesting further revisions or clarification 
of the label. We have the following specific comments and requests for the following 
sections of labeling. 

1. CLINICAL PHARMACOLOGY: Clinical Trial~ subrqction: 

Although there are many ways the data could be displayed, we WO!Jld prefer that 
the description of the effects t'Jf donepezil in clinical use be based on the 
observed cases data set as defined in the protocols for studies 301 and 302, i.e., 
patients completing the study, including all patinnts, Irrespective of compliance or 
protocol violations. For this reason, we requast that all graphics, tables and 
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numerical citations be modified to use this data set rather than the Intent to treat 
data set. The values provided should be unadjusted (i.e., not least mean square 
estimates). In tho event that additional analysos are required to generate 
results, we ask that you provide us with the data and analytical models used. 

We also note that you did not Include data for the withdrawal phase of the 
two studies In Figures 1 and 4. This is a critical oversight; the prescriber 
needs to know about the consequences of treatment withdrawal, and the 
result of withdrawal has mechanistic Implications. Our text does not 
inr.lude any statement regarding n- ... , pace at which the effects of Aricept™ 
are lost In view of the fact that you have not studied this issue 
systematically (only one observation is made following withdrawal and 
that occurs at the end of the withdrawal period). 

We have eliminated the two Illustrations of the CIBIC-plus results over time 
provided in the Clinical Trials subsection for studies 301 and 302. In our view, 
the CIBIC-pll•s. like many global assessments which have no landmarks and are 
highly study and asseir;sor dependent, conveys minimal clinically useful 
information beyond the conclusion that an effect was detected in the clinical trial. 

We have also eliminated statements that report the treatment effect in terms of 
improvement per week in a manner that implies it increases linearly and 
monotonically over the course of treatment. The analyses of the studies do not 
surport this, a point illustrnted by the plots of the ADAS-cog over time, 

Finally, our description of the trials eliminates any reference to "treatment 
successes" as this term uses a definition (no worsening} that is an arbitrary 
critPi 1011 for a "succeBs". The figures showing respcmse distribution should allow 
µhy::.1c1ans to understand the array uf responses seen. 

2. CLINICAL PHARMACOLOGY: Pharmacokinetics subsection: & 
PRECAUTIONS: Drug Interactions subsection 

Although the pharmacokinetics of Aricept are, in many respects unremarkable 
(e.g., linear, not dose dependent, nat time dependent), the fact that it is 
metabolized by CYP 3A4 and CYP 206 requires certain additions to labeling and 
further study of potential interactions and individual differences. In vitro data 
indicate that Aricept is untikely to Interfere with the metabolism of drugs 
metabolized by CYP450, 206 or 3A4 but suggest that Inhibitors of CYP450,206, 
and 3A4 could affect clearance. This should be studied and we would like your 
commitment to do so. 
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Also, bBcause CYP 206 displays a genetic polymorphism (8% of Caucasians are 
classlfled as poor metabollzers), you should ascertain whether people deficient 
in this enzyme have an Impaired ability to metabolize doncpezll and slgniticantly 
altered clearance. 

Finally, we suggest studies to investigate the potential of enzyme induction by 
Aricept™. 

3. ADVERSE REACTION section: 

At this time, the number of patients for which we have complete safety 
information is limited to studies 201, 202, 301 and 302; in toto, this represents 
experience ~ained in no more than 700 to 800 subjects. Moreover, experience 
a! the highest recommended dose, especifllly in extended use. Is exceedingly 
limited (approximately 100 patients at 6 months). The numbers and rates 
presented in labeling must be updated to include information provided in the 
safety update. See Safety Update section below. 

if additio· 1al information relating to the safety or effectiveness of this drug becomes 
available, revision lif this labeling proposal may be required. 

Chemistry, Manufacturing and Controls 

1. We note that the drug product made at and at Pfizer/BrotJklyn use different 
film coatings. Please provide an explanation for this. We request that you 
standardize on a single c:>ating composition for each strength. Please also 
describe the Identity test you perform for the colorant in the 

2. Tt1e Identification test(s) for the drug product are not acceptable. We request 
that you develop, provide and implement a spectrophotornetric Identity 
procedure, specifically an for identification of the drug 
substance in the drug product. Should an test not be feasible, we request 
that you describe the attempts to develop such a method. In the event ar. 
method cannot be developed, lden!lty of the drug product will require thA use of 
two distinct chromatographic procedures: i.e., one 
are not acceptable. 

3. We note that you have concluded that drug product specifications for impurities 
and degradants are not necessary. While we concur that degradant levels are 
low in the ~.tability studies conducted to date, these 1Studies (on the product to be 
marketed) have been of minimal duration. We request that you incorporate a 
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general impurity/degradant limit into the drug product specfficatlons. Such a limit 
may be that used with the Pfizer product (see Volume 14 page 14], or a more 
general spec!ficatlon, such as "Total Impurities no single impurity 
(either known or unidentified) greater than 

4. We note that th• Pfizer manufacturing Instructions provide for rework of coated 
tablets. Such provision Is not accAptable [i.e., should be withdrawn from the 
ND.A.) unless you can document the rework validation and demonstratfi 
perfonnance characteristics that meet specifications for thd reworked tablets. 

5. Please identify the supplier(s) of the starting material 

6. Please provide a list of equipment us~d for the new drug synthesis which 
includes size and type/model as used for making commercial size batches of 
donepezil hydrochloride. 

1. We note that the ranges in your synthesis description appear quite broad. 
Please provide a revised general synthesis description for donepezil 
hydrochloride which conforms to the ranges (e.g., time and temperature) which 
have been validated in actual manufacture. 

Biopharmacoutics 

We ask that the following final dissolution methodology and specification be adopted for 
Ancept 5 mg and 1 O rng film-coated tablets: 

Medium: 
Apparatus: 
Specification: 

Although not requirements for approval, we have the following recommendations and 
requests for additional biopharmaceutic information (please note that recommen ... .,.:ttions 
involving in vitro drug-drug interaction studies have bsen discussed earlier): 

1. We recommend that you repeat your in vitro metabolism studies using rt. ,avant 
therapeutic concentrations of Ancept to determine the.specific 
isozyme responsiblo for the metabolism of Aricept. Vva note that the 
concentrations of Aricept used in the submitted In vitro studies were so higl . 
µM} that switching from a high affinity, low capacity enzyme (e.g., CYP 206) to a 
low affinity, high capacity enzyme (e.g., CYP 3A4) Is a clear possibility. 



NOA 20-690 P&ge 5 

2. In your drl.!g metabolism and elimination study, you have provided AUCo- values 
for total radioa':ttvity and E2020 In plasma: however, in or--lei to determine the 
amount of exposure to metabolites, provide the Individual AUCo- values. 

Phase 4 Commitment 

We remind you of your commitment to complete _ . _ 
(Phase 4). Please provide an estimate of when 

the reports of these studies will be submitted. 

Safety Update 

Under 21 CFR 314.50(d)(5)(vi)(b), we ask that you update your NOA by submitting all 
safety information you now have regcrding your new drug. Please provide updated 
information including ail deaths and any adverse events that led to dlscontlm: ~don of 
ttle drug and any information suggesting a substantial difference in the rate of 
occurrence of common but less serious adverse evenis. The update should cover all 
studies and uses of the dwg including: (1) those involving indications not being sougnt 
in the present submission, (2) other dosage forms, and (3) other dose levals, etc. 
Please include the following: 

A table that enumerates the doso and duration or patient exp•)sure to Aricept. This 
table should include the mean daily dose as well as the durat;on ot· administration. A 
table for each study as well CIS an overall exposure table should be provided in both 
paper and as an eloctronlc data set. 

Also include the foilowing information: 

1. Tables comparing advt:1rse reactions at the time the NOA was submlttt!d and for 
the updated safety data. 

2. Tables of dmp~outs with new drop-outs identifktd. Discuss, if appropriate. 

3. Details of any significant changes or findings, if any. 

4. A summary of worldwide experience on the safety of this drug. 

5. Casa report forms for each patient who died during a clinical study or who did not 
complete a ~tudy because of an adverse event. 

6. Ele'.'...ronic data sets for the safety data domains for studies 202, 303, and 305. 
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Other 

Also, please submit three copies of tha introductory promotional material that you 
propose to use for this product. All proposed materials should be submitted in draft or 
mockqup form, not final print. Please submit one copy to this Division and two copies of 
both the promotional material and the package Insert directly to: 

Food and Drug Administration 
Division c,f Drug Marketing, Advertising tl11d Communications, 
HFD-40 
5600 Fishers Lane 
Rockville, Marylar.d 20857 

Within 10 days aft1}r the date of this letter. yol! are r~quired to amend the application, 
notify us of your intent to fl!e an amendment. or follow one of your other options under 
21 CFR 314.110. In the absence of such action FDA may take action to withdraw the 
application. 

The drug may not be legally marketed until you have been notified in writing that the 
application is approved. 

Should you •1ave any questions, please contact: Katurah Higgins, R.Ph. 
Project Manager 
Telephone: (301) 594-5504 

Attachment( 1) 

Sincerely yours, 

a~+~ 
Robert Temple, M.D. 
Director 
Office of Drug Evaluation I 
Center for Drug Evaluation and Research 
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llM.i STWIES IH PEDIATRIC PATlfNTS 
(To be c~leted rnr all NE'• recarmended ror 1PPmval) 

NJA I _Qo-(o9Q 
Dw:k any or the rollowing that IPPlY and explain, •• recessary, on the next 
page: 

l. A proposed claim in the drart labellng is directeu towara a 1pecitic 
pediatric illness. The appUcat1on contains adequate and we.ll
controiled stUdies Jn pediatric patients to sl(.>port that claim. 

2. The draft labell:ig includes pediatric dosing information tnat is not 
basea on ~dequate and well-contro.J..led studies in cnildren. The 
application contains a request lllder 21 CFR 210.58 or 314.l26(c) for 
waiver of the requiunent at 2l Cf'R 20l.!»7(f) tor A&WC stucJies in 
children. 

a. The application contains data shewing that the ""Course of the 
disease and the effects or the drug are sufficiently similar 
in adults ana chi.Loren to permit extrapolation of the data 
rrom adults to children. The waiver request should be 
grantea ana a statement to that effect is ircluded in the 
action letter. 

b. The information includeo iri the application aoes not 
adequately support the waiver request. Tne request should 
not be grantea ano a statement to that ef'f 11ct is included in 
the action letter. (Cclnplete IJ ur •4 oelow as appropriate.) 

3. Peoiatric stuaies (e.g., do•e-finding, pnarmacoK1ntttic, woverse 
reaction, adequate and well-controllea for safety ard effic~cy) snou1a 
be done after approval. The drug proouct has some potential for use 
in children, but there is no reason to expect early widespread 
pediatric use (because, for exaf11)le, alternative drugs are available 
or the conclition is uncoomon in cnilaren). 

a. The applicant has conmitteo to doing sucn studies as will be · 
requireci. 

(lJ Stuales are ongoing. 
(2) Protocols have been suomitted ano approvea. 
(}J Protocols have been submitted ana are under 

review. 
(4J lf no protocol nas oeen sut.xn1ttea, on tne next 

page exolain tne status of discussions. 

o. If tne sponsor is not willing to do pediatric stuaies, 
attach copjes of FCJA's written request thlt such stUdi~s be 
acne ano c,f the sµonsor' s written response to tnat request • 

..:f:_ 4. Pediatric stuaies co not need to ue encourageo because tne aru~ 
proauct nas little potential ror use in children. 



Page ~ -- Drug Studies in Pediatric Patients 

_ >. lf none or ttw aoove apply, exp.1.ain. 

Explain, as necessary, the foregoing items: 

ra mAlth µ. Hi · 
~~re of Prepit"'° 

cc: Orig NOA 
t-FD-11.!2./Div file 
NOA Action Package 

.... 



CONFIDENTIAL 

DEBARMENT CERTIFICATION 

On behaU of Eisai America, Inc., I hereby certify that we did not and will not 
use ~y capadty the services of any individual, partnership, corporation, or 
assoaation debarred W\dtr 1ubsection1 (a) or (b) of Section 306 of the Federal 
Food, Drug and Cosmetic Act in coMection with NOA 2<>-690 for ARICEPTT .. 
(donepezlr hydrochloride). 

DEBARMENT CERTIFICATION 
NDA NUMBER 20-690 

S~ra,Ph.D. 
Eisai America, Inc. 
Vice President 
Clinical Research 



Memorandum Department of Health and Human Service• 
Public Health Service 

Food and Drug Admlnlatratlon 
Center for Drug Evaluation and Research 

---~~~----------------------------------------------------DATE: 

FROM: 

November 22, 1881 

Paul Leber, M.D. 
Director, 
Dlvt1lon of Neuropharm•cologlcal Drug Produot1 
HFD•120 

SUBJECT: App1·ov1I of NDA 20·810, Arlcept™ (donepezll) 

TO: Fiie NDA 2u·890, 

' Robert Temple, M.D. 
Director, Office of New Drug Evalu•tlon 1 

This memorandum conveys my conclusion that the NDA for Arlcept™ 
(donepezll), submitted by Eisai America, Inc. on 3/29/96, and declared 
approvable on September 19, 1996, may be approved. 

The basis for my conc1usion that Aricept has. within the meaning of the 
Act, been shown to be effective in use and safe for use is provided in my 
8/30/96 memorandum to the file. 

Beyond the adequacy of the safety update, the primary substantive issue 
affecting my view of the application's final approval is product labeling1. 

The sponsor initially offered labeling that differed substantially from the 
draft provided in the approvable action letter, labeling upon which we had 
conaitioned final approval of Aricept. Generally, the sponsor sought 
labeling that in my view was potentially false and misleading in that it 
could be used to irnply the existence of advantages and distinctions 
between Aricept and the other drug product currently marketed for use as 
an antidementia agent (I.e., Cognex at<a tacrlne) that had not been 
evaluated, let alone documented. For example, the firm sought to 
represent their idiosyncratic CIBIC plus assessment in a manner 

1 There are also some CMC issues that must be communir.ated, but none of 
these must be resolved prior to the appro\'al of the NOA. 
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suggesting that a not only had a numerical quantitative Interpretation 
with public meaning, a property that global assessments simply do not 
possess, but in a manner that might have allowed an inference that the 
nume1 .. 41 changes on their global could not only be compared to, but were 
superior to, the CIBI scores obtained with Cognex. We persuaded the 
sponsor that such a use of their CIBIC plus data was inappropriate. 

Thus, through a process o: iterative negotiation, a version of labeling text 
was developed that is acceptable to both the Division and the sponsor. 
Accordingly, I am now able to conclude that, within the meaning of the 
Act, Aricept is safe for use and effective in use as proposed for use in the 
labeling that is being forwarded as an attachment to the approval action 
letter. 

I do wish to note for the record, however, that the warrant of safety is 
based on a smaller number of patients (reports of safe passage derive 
from experience with fewer than 1000 US patients; of these less than 600 
have been exposed to 1 O mg a day for 90 or more days) than we had 
anticipated would be available at the time the approvable action was 
taken. Although this sho1fall does not affect my conclusion about the 
application's suitability for approval, It does lead me to reiterate the 
caveat, offered in my approvable action memorandum, that the extent of 
experience with Aricept limits the strength of the warrant that can be 
offered vis a vis Aricept's freedom from risks not observed. As a 
consequence, no person should be surprised if adverse clinical events, 
some quite serious, either not seen and/or not fully appreciated during 
Aricept's development, are reported post-marketing. 

Conclusion: 

The application may be approved. 

Paul Leb'ir, M.0. 
11/22/96 



Memorandum Department of Health and Human Services 
Publlc Health Service 

Food and Drug Administration 
Center for Drug Evaluatlon and Ae1earch 

DATE: Auguat 30, 1888 

FROM: P1ul Leber, M.D. 
Director, 
Dlvlalon of Neuropharm•cologlc1I Drug Product• 
HFD-120 

SUBJECT: NOA 20-190, Arlceptn. (donepeill) 

TO: Fiie N DA 20·880, 
a 

Robert Temple, M.D. 
Director, Ortic• of New Drug lv11u1tlon 1 

This memorandum conveys my endorsement of the review team's unanimous 
recommendation that the NDA for Arlcept1M (donepezll), submitted by 
Eisai America, Inc. on 3/29/98, be declared approvable. 

Introduction 

The reports submlttad to NOA 20·690 contain sufficient Information to 
establish, within the meaning of the Act, that Artcept™ (donepezll) wlll be 
"effective in use" and "safe for use" If marketed under the conditions of use 
described In the version of draft labeling' developed by the Division. 

In the course of the Division's systematic review of the Information and 
reports provided in the NOA, no finding or Issue has been uncovered that can 
reasonably be considered exceptional, dlsconcttrtlng, or controversial. 
Accordingly, the NOA has not been presented to the Peripheral and Central 
Nervous System Dmg Products Advisory Committee. 

A caveat is in order, however. Although there la sufficient Information to 
justify an approvable action at this time, It would be Imprudent not to take 
note of the relatively modest size of the clinical safety data base upon which 
our conclusions are based. A more extensive discussion of the limitations 
imposed by the size of the data base Is provided In a later section of this 
memorandum. 

1 attachment to the draft approvable action letter being forwarded, in 
the company of this memorandum, to the Director of ODE 1 for signature. 
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NOA 20-690 was designated, at the instruction cf the Director of ODE 1, as a 
"P" 1tppllcatlon. This decision reflects his appreciation of the advantage 
offered by an ontidementia drug that does not require patients using It to 
undergo weekly blood teats to monitor for potential serum transaminase 
elevations. In other respects, however, Aricept would appear to offer no 
advantage to Cognex. (There Is no head to head cllntcal comparison, however, 
of the two drug products tn a valid clinical experiment). 

As a consequence of its "p• designation, the "quaal-PDUFA date for the 
NOA la 10/04/98 (the official date, however, remains 414/97). 

Effectlven••• In U1e. 

The sponsor has submitted reports of two 2 clinical Investigations, Study 
301 and Study 302. that provide results that satisfy what are tantamount 
to the agency's current requirements for substantial evidence of 
effectiveness for an antldementla drug product. 

Outcome tn each trial was evaluated, as per our current guidance, using a dual 
outcome assessment strategy. The ADAS cog, a performance based, multi· 
Item measure of cognition, served to document the domain of action of the 
product, and a proprtetary3 variant of the CIBIC-plus was employed to gauge 

2 There is, in fact, a third adequate and well controlled trial conducted 
by the sponsor, Study 201, that failed to provide results that qualify it as a 
source contributing to the body of evidence that would, under current policy, 
be deemed substantial for an antidementia claiQl. Nothing in Study's 201's 
outcome undermines the conclusion that E2020 is effective, however. In fact, 
the change in the ADAScog score for its 5 mg/ day group, but not its 3 or 1 mg 
groups was statistically significant from that of placebo. Study 201's failure to 
attain statistical significance may be reasonably explained by its lower dose 
range (1,3, and 5 mg) and it low statistical power: 40 subjects per treatment 
group, rather than 150 or so in studies 301 and 302. Study 201 did, however, 
employ a clinician'& global measure of change (CGIC), and that difference (e.g., 
a possible differential sensitivity between the CGIC and the CIBIC-plus ) 
might also have contributed (vide infra). 

' The version of the CIBIC-plus used in these studies must be viewed 
as proprietary in that it is a version that was used in the E2020 trials by Eisai, 
and, as far as it is known, in no other drug development program. 
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~he global importance of the treatment from a clinical perspective. For both 
instruments. higher values denote greater impairment or seventy. The ADAS 
cog score for a patient may range from O to 70. a typical nonnal elderly 
individual scoring 6 or less. The CIBIC plus is a 7 point. symmetrical 
categorical change measure (4 • no change, 7 maximum worsening, 1 
maximum improvement). A note of caution is in order regarding the latter's 
use. however. 

Although the ADAS cog Is, to the extent we can tell, the same instrument 
that has been used in other clinical trials of anti-dementia drug products, the 
CIBIC·pluEt is not4. Accordingly, the effect size reported for the CIBIC-plus 

Accordingly, although it is scored in the same way as a ClBIC or CIBIC-plus 
used in other trials, these scores have no necessary corre:ipondence with those 
reported in those other studies. This, admittedly, will also be true of CIBICs 
used by different companies. 

• There is not much we can easily do about the situation, however, aa 
the agency is on record as an institution as having accepted the 
reconunendations made by several of its expert advisors at the 2nd 
Symposium on Antidementia Drug Development Guidelines concerning the 
fungibility of the CIBIC·plus and CIBIC. Those who pressed us to adopt this 
policy presumed that the CIBIC plWt had greater face validity, reflecting actual 
clinical practice more than the CIBIC. I have always viewed this argument as 
irrelevant. The CIBIC~plus undoubtedly does correspond mMc closely to the 
way in which physicians in clinical practice follow their patients, but that is 
hardly a reason favoring the CIBIC-plus' adoption as an outcome assessment 
instrument for clinical research. In any event, for a number of reasons, some 
more political than scientific, that is what hapJ1ened. As a consequence, a 
CIBIC plus. rather than a CIBIC has become the de facto standard for assessing 
the clinical relevance of the effects associated with the cognitive 
improvements detected by the ADAS cog. While the CIBIC-plus is, in theory, 
more likely to be sensitive to change than the CIBIC ( no doubt a reason 
contributing to its popularity among commercial sponsors) because it makes 
use of information obtained from family and caregivers, I believe, personally, 
that the advantage is illusory. Pirst, the CIBIC plus does not secure the kind 
of information that I sought to obtain when 1 first proposed to use a 
clinician's interview based global assessment as a means of evaluating the 
clinical relevance pf an agent that produced a detectable change on some 
measure of cognitive performance. The source of information driving a 
CIBIC plus may still in part be a reflection of an expert clinician's interview 
based assessment but it is just as likely to be a score dominated by family or 
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in Eisai America's clinical trials cannot be compared meaningfully with that 
reported for the CIBIC-plus used in clinical trials conducted by other 
sponsors and Investigators. Obviously, the same warning s.pplies to 
comparisons of CIBIC-plus and CIBIC scores; although both are 7 point 
categorical assessments, they do not measure the same thing. In particular, 
the CIBIC scores obtained In : pivotal 6 month long Cognex 
trial (e.g., 970w61) and the CIBIC·plus scores reported for E2020 in Study 
302 cannot be compared. These observations have relevance In regard to the 
descripdon of cllnlcal trials reAults provided In Aricept™ product labeling 
(e.g., see approvable action letter ). 

Study 301 was a 12 week long clinical investigation of 461 Alzheimer's 
Disease patients (baseline ADAS cog - 26) who were randnmlzed to placebo 
(N·150), 5 mg/day of E2020 (N= 156) or 10 mg a day of E2020 (N-= 155). 

On the ADAS cog, the differences among the treatments, and between each 
dose of E2020 and placebo were highly significant (p s; 0.0001) for the Intent 
to treat study sample. The adjusted least square means effect size on the 
ADAScog (drug vs placebo group difference In the extent of change from 
baseline) was 2.7 for the 5 mg dose and 3.2 for the 10 mg dose at 12 weeks. 
Of interest, the cognitive performance of patients In both drug groups, In 
contrast to those randomized to placabo, actually improved on average (I.e., 
change from baseline was ·2.2 and -2.8 ADAS cog units for the 5 and 10 mg 
dose groups. respectively) at the end of the 12 week study. 

On the CIBIC-plua, the differences among treatments and both pairwise 
drug placebo differences were again highly sigrllflcant (all p s 0.01 ). There 
was no indication of a dose effect, however, although, the 5 mg/day group did 
ever so slightly worse numerically than the 1 O mg/day group (3.9 vs. 3.85). 

Study 302 was Identical, save for its longer duration (24 weeks vs 12 

care-giver derived reports. It is an assumption, and a highly· arguable one, 
that family members can assess the performance of patient more reliably than 
a clinician at an interview (stories told 3rd hand by untrained observers are 
always of questionable validity /reliability). Even worse, in my view, the 
input from families and/or caregivers increases the probability that the 
clinician assessor will become aware of the patient's treatment assignment, a 
result that totally undermines the validity of a global assessment. 
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weeks) in d6sign to Study 301, comparing 5 and 10 mg doses of E2020 with 
placebo in e. balanced randomization of some 4·73 SDAT patients to placebo: 
N=162, 5 mg E2020: N-=157 and 10 mg E2t20: N:157. 

On the ADAS cog, the differences among the troatments, and between esch 
dose of E2020 and plar;ebo were highly significant (p s 0.0001) for t!,e intent 
to treat study sample. The adjusted least square means effect size on the 
ADAScog (drug vs placebo group difference in the extent of change from 
baseline) was 2.8 among 5 mg assigned sub}~cts and 3.2 units among those on 
the 10 mg dose at week 24. Over this longer interval, surprisingly, both 
treatment groups, were on average, bette~ than they were at baseline. (mean 
ADAS cog change from baseline for the 5 and ·1 o mg groups was -0.9 and • 
1.32 units respectively.) 

On the CIBIC-plua, the differences among treatments and both pairwise 
drug placebo differences were again highly significant (all p s 0.01 ). There 
was a suggestion of a dose effect, howevar. Not unexpectedly, given the 
length of tha trial, the mean scores of all grmJps indicated worsening, albeit 
sllgM In all 3 groups: 4.5, 4.2 and 4, resp~cuvely for the placebo, 5 mg and 
1 O mg groups. The direction of the changa in the CIBIC plus, therefore, Is 
inconsistent with that observed on the ADAS cog. 

Comment: The lack of deterioration In cognitive performance (at least as 
measured by the direction of changes from bdseline In the mean group ADAS 
cog scoras) among patients treated with E2020 might lead some to opine that 
it is hard to imagine that E2020 does not exert some kind of a 
neuroprotecttve effect. At least 2 findings suggest that this sanguine 
conjecture Is unwarranted. 

• 

First, the Alzheimer's Disease patients who participated In the E2020 
development program did unexpectedly well in the absence of treatment. In 
study 301, the placebo group detertorated at an annualized rate of only 2 
points per year (0.5 x 52112 ); in Study 302, the rate was higher, about 4 
points per year (1.9 x 52/24). These observed rates must be considered in 
light of the fact that longitudinal cohorts of SDAT patlenta. similar to those 
enrolled in the two E2020 trials are expected to expertenr.e about an 8 to 12 
point average annual increase in their ADAS ~og scores. 

An even more persuasive reason to discount an effect on the neuro
anatomical progression of Alzheimer's Disease as an explanation for the 
seemingly sustained nature of E2020's effects is the almost immediate 
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deterioration In cognitive performance that is oi:>served :101.1owlng the 
withdrawal of E2020 at each study1s end. In each study, thA patients 
withdrawn from E2020 suffer a decrement in cognitive perfonoance 
(measurAd after 3 waeks in Study 301 and 6 weeks In Study 302). In Study 
302, the loss of gain is so great that at the end of that study's 6 week long 
washout period, the mean ADAScog scores for patients Initially randomized 
to each E2020 group are Indistinguishable from those randomized to placebo 
(Figure 1 b of Dr. Hoberman's review ( 6/20/96) illustrates this point 
graphically). 

In sum. the evldance developed In 2 adequate and well controlled 
investigations Is entirely consistent with a conclusion that E2020 exerts an 
effect on cognitive performance in Alzheimer's patients, an effect that Is of 
sufficient size to be detected using a CIBIC plus. Under cu"ent policy, these 
results constitute eubstantial evidence of an antldementta treatment effect. 

Safety In uae 

Precllnlcal safety 

Although there are no findings among the reports of preclinical toxicological 
tests submitted that raise concerns about the potential of this reversible 
cholinesterase Inhibitor to cause Injury to humans•, It bears note that 
results of in vivo life-time rodent carcinogenicity testing are not yet 
available. The absence of reports for such studies in the NOA Is a 
consequenca of a decision, initially taken during the course of tacrtne's 
development, to adopt a generic policy allowing sponsors developing 
treatments for dementia to submit reports of carcinogenicity studies In 
phase 4. I note for the record that E2020 Is clttstogenlc (but only at 
cytotoxic doses) in a chlnese hamster lung cell test, but Is not mutagenlc In 
the Ames or mouse micronucleus tests. 

Cllnlcal Safety 

General obaervatlona about thd cllnlcal., safety data. 

The information bearing on Aricept's safety is described in Dr. Levin's review 

s A conclusion of Dr. Rosloff that is endorsed by Dr. Fitzgerald, the 
team leader for Pharmacology (8/7 /96) 
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of 7/1/96, his llteam leader" memorandum of 8/2/96, and a 2 page addendum 
(8/27/96) that I asked him to prepare that enumerates the extent of exposure 
of individuals to Aricept by both tlmae and dose. 

The determination that E2020 is .. safe for use" der;ves from Information, 
observation, and lab (and special) test results obtained from a number of 
different clinical sources. The quality of the evidence is not uniform, 
however, and varies with the kind of Information reported upon. 

Deaths, serious adverse events and events causing premature withdrawals 
from ellnlcal trials are presented for all patients at risk, Including those 
exposed in Japan during phase 1 and 2 to doses below 5 mg a day, the 
minimum dose that will be recommended upon marketing. 

What we currently believe we know about the probable risks of E2020 at the 
joses proposed for use comes, therefore, from a relatively limited 
experience gained in approximately 600 to 700 patients who were exposed to 
doses of 5 or 10 mg a day for periods of 12 weeks or longer. I am mindful 
that for most routine indications, this number might well not be deemed 
sufficient to support an approvable action. 

Given the nature of the dementia, the lack of fully satisfactory treatments 
available for Its management, the kind of adverse events reported so far 
(chollnergic ADRa), and the clear cut documentation of E2020's 
effectiveness, It seems reasonable to make this application an exception to 
ordinary practice. This comes at a price, however. It requires that we 
tolerate uncertainty about risks associated with Aricept's use that occur at 
an incidence as high as 1 In a 100 or so, an Incidence that ls relatively high 
when considered from a public health perspecttve. 

Fortunately, prior to any final approval action, the actual number of patients 
on whom we will have Information is likely to Increase substantially. 
Specifically, with the submission of the safety update that la required as a 
final condition of approval of the NOA, there may be reports on as many as 
500 to 600 additional patients from both ongoing trails an~. from extensions 
to completed trials. Among these will be patients who were Initially 

e Unfortunately, the exact time on dose for patients in the Japanese 
studies is not available. Accordingly, the estimates provided are based on 
planned exposures and are, therefore, likely to be too generous (aee page 2, R. 
Levin, 8/27 /96) 
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assigned to placebo and who accepted the opportuf"lity, at the completion of 
their participation in the study, to take Aricept™ under open conditions. 
At the moment, however, the extent of exposure to 10 mg of Aricept, the 
highest dose that will be recommended in laheling is limited. 

In his 7/1/96 safety review. Dr. Levin focuses on the infonnation generated 
on some 747 E2020 exposed po.tients who participated In one of 3 completed 
RCTs (201, 301 and 302) and one open label extension trtal (202). 

I taka note of the following: 

Deaths: 

There were 27 deaths that occurred on or within 4 weeks of exposure to 
E2020 among the patients reported in the NOA (the 3 controlled trials and the 
Japanese studies). Dr. Levin finds no basis to attribute E2020 a role in any of 
them; after reading his synopses of the cases, I see no reason to dispute his 
conclusion. 

Dlacontl nu atlor. s: 

Taking the 3 American controlled tnals (201, 301, and 302) as a pool, the 
incidence of discontinuation attributed to adverse clinical events among 
patients randomized to 5 mg a day of E2020 Is 5 %, the same as that among 
placebo patients. The incidence Is 13% am<mg those randomized to 1 O 
mg/day. Because I have not been provided with a tabulation of tho Incidence 
by dose, by week of discontinuations, I am unable to evaluate the lime course 
of the dropouts. Accordingly, the firm Is being asked to do so because this 
may provide some Insight into what extent the change in dose rather than the 
dose itself contributes to this rate. 

I do note that several oases of syncope were reported. All could, .,,, course, 
have nothing to do with E2020, but I am sensitive to the fact that excess 
cholinerglc vagal activity can slow, even pause the heart. 

Serious Cllnlcal !vents 

About 6% of the 747 patients in the safety database experienced a "serious" 
Adverse Event. The tabulation of these events provided In Dr. Levin's review 
shows no signal that the Incidence ts dose related, but the number of events 
is probably far too small to exclude the posslblllty. 
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Treatment Emergent Adverse Events 

The tabulation provided by Dr. Levin documents that naus~a and vomiting are 
common; they are, of course, expected consequences of the chollnomimetlc 
action of E2020. Less commonly, but also s.temlngly llnked to the use of 
E2020 (by intraocular test), are muscle cramps, fatigue, vomiting, anorexia 
and perhaps weight loss (10 mg /day, only). 

Treatment Emergent Abnormal Lab l!venta 

There are no blood chemistry or EKG's findings that would signal a risk 
specific to the use of E2020. 

Blopharm1coklnetlc1 and Do1e 

PK-PD laauea 

E2020 has a long half life of elimination (about 70 hours). At least 1 of 
E2020's metabolites, 6·0-desmethyl donepezll is active as a cholinesterase 
inhibitor and Is present In substantive amounts In the plasma (circa 20% of 
the radloat,1ivity after a single dose). Accordingly, maximal effects of 
E2020 may not be attalm~d until a patient la maintained for 2 weeks or more 
at a given dose (i.e .• is in steady state). Moreover, even if the postu\ated link 
between E2020's cholinesterase Inhibitor activity and its therapeutic 
effects exists, It may not be direct. Accordingly, the latency to maximum 
effect of a given dose may be even longer than that predicted by the drug's 
elimination half-life. 

These facts are not only con\·eyed In labeling, But influence what labeling 
text can reasonably state. For example, given the uncertainty of the linkage 
between ABC cholinesterase activity and the drug's therapeutic effects I see 
no basis for including the Emax model linking RBC inhibition and plasma 
concentration in product labeling. 

The Information on pharmacokinetl~~ also affects dosing re9ommendatlons as 
I note in the following section. 

Dosing Recommendatlon1. 

The firm's development of E2020, at least In thf1 phase 3 American studies 
has focused on 5 and 1 O mg a day doses. Lower doses (1, 3 and 5 mg were 
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used in study 201) and in uncontrolled Japanese studies, and the sponsor 
attests thftse, In aggregate, provide no results bearing on the product's 
effectiveness in use. Although it Is tempting to view Study 201 as providing 
evidence of the lack of effectiveneas of doses of 1 mg and 3 mg/day, It would 
be stretching a bit given the study's lack of power to document the effects of 
the 5 mg dose of E2020 on the CGIC. 

The problem confronting us at •his juncture Is that based on the findings of 
the clinical Investigations upcn which we rely, there are no formal findings 
(statlstlcally significant differences) that would justifying recommending a 
dose In excess of 5 mg a day. On the other hand, the data, by Inspection, 
suggest that a numerically larger effect is seen In both studies 301 and 302 
with the 1 O mg dose. It Is possible to Interpret this as no more than a 
failure to conduct studies with sufficient power to prove the dose dependent 
differences are real. 

I am reluctant to do so, however. Accordingly, I am proposing a narrative 
discussion of th& problem In the Dosage and Administration section of 
labeling that draws attention to the fact that there Is a suggestion in the 
evidence, but not proof, that a higher dose may be mora effective. This 
section also takes note of the futility of trying to 'titrate' dose by 
therapeutic response with a drug of this kind In this population. 

Metabolic route of ellmlnatlon. 

Arlcept is metabolized by cytochrome P450 oxidative enzymes including both 
206 and 3A4. The firm argues that the effects of Aricept on the metabolism 
of other drugs that are eliminated by these enzymes, In particular those with 
narrow therapeutic ratios Is not likely to be cff nicatty Important because the 
maximal plasma concentrations likely to be attained with Aricept at 1 O 
mg/day will be very low relative to the Kl for both these enzyme systems 
(based on in vitro experiments. The argument ts loglc&I enough, but In the 
absence of cllnlcal trials, little more. Accordingly, the draft of labeling we 
have produced in the Division calls attention to this limitation . 

.. 

The firm unfortunately has not even conducted in vitro experiments to 
determine to what extent drugs that are known inhibitors of CYP450 206 and 
3A4 systems will affect the metabolism of Aricept. They fall to 
acknowledge this fact · in their proposed labeling. The division's draft 
labeling makes prominent note of this limitation in a bolded advisory 
statement; removal of !his advisory statement is exprassly linked to the 
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firm's conducting of tests evaluating the potential of common drugs, known 
208 or 3A4 inhibitors, to Interfere with the clearance of Artcept™. 

Other Labellng laauea 

A number of other issues in regard to labeling are taken up in the text of the 
letter to the firm and/or t~' body of the labeling Itself. I will not review 
these matters. Suffice it to say that our Interventions are Intended to 
prevent the firm from overstating the strength of the evidence bearing on 
efficacy and safety of Arlcept. 

Chemistry 

Inspections of manufacturing facllltles in Japan are not planned until mid to 
late September. The ONDC is aware of the short time between the Inspection 
date and the PDUFA date. 

OSI 

R'1utlne lnapectlona. 

At least one routine Inspection has not yet been completed. 

Unaubatantlated allegatlon concerning the Integrity of the 
evidence upon which the aponaor rellea. 

A xeroxed copy of a one page letter, dated August 1, 1998, without signature, 
but identified as having been written by "Concerned Investigators,• was sent 
to me through the malls. It alleges that "a senior official at Qulntl!s;:s, Kl.~ 
Keim pb.Q., personally .. visited a number of investigator sites during the 
conduct of this [?] study, and Instructed Investigators to change their scores 
of the CIBIC-plus evaluation.• The letter Implies that It Is directed at the 
Phase II (3 month) and Phase Ill @~ month trials) 

I sent the copy of the letter and envelope I received to OSI on 8/15/96. 

Summ•ry •nd Conclualona: 

The reports provided In NOA 20·890 support a concluslon that, within the 
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meaning of the Act, Artcept will be safe for use and effective in use 
provided It Is 1) dlstrtbuted for use under the conditions described In product 
labeling and 2) that the firm satlsfactorH.v complies with the requests 
conveyed In the approvable action letter b\1ing forwarded to the Office of New 
Drug Evaluaiion 1 . 

In reaching this conclusion I am mindful of the limited amount of Information 
upon which our Inferences about the safety of Artcapt are based. I am 
persuaded, however, that If effective drugs are to be rapidly developed and 
expeditiously evaluated for the treatment of sertous Illnesses such as 
Alzheimer's Dementia, this Is the price society must pay. Society , lrt tum, 
must accept the fact that Aricept may well cause Injury and harm at a high 
Incidence of a kind of which we have yet to see ev8'' a single example. 
Indeed, society will also have to live with the pos~lblllty that events that 
have been reported and noted In the NOA database occur at an Increased 
incidence in association with Arlcept's use (e.g., syncope, pancreatltls, etc.). 
Unfortunately, we simply can't know at this time whether or not these events 
are or are not causally linked to AriceptTM. 

This caveat about our uncertainties offered, I recommend that the approvable 
action letter be issued. 

Paul Leber, M.D. 
8/29/98, 4:20 pm 
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Center for Dru1 Evaluation and Research 

812196 

Randy Levin, M.D., Neurology Team Leader 
Division of Ncuropharmacological Dtug Products, HFD-120 

NOA 20-690, Aricept (donepezil, c2020) 

file 

Aricept (donepezil, e2020) is a reversible acetylcholinesterase inhibitor (AChEI). 
It is a piperidinc based inhibitor compared to tacrine which is a acridine based 
molecule. 

Eisai submitted 11' , . for the evaluation of e2020 in the treatment of 
Alzheimer's disease (AD) on 12/20/90 and the NOA was submitted on 3129196. 

I reviewed the safety and efficacy infonnation provided in the NDA. Other 
ponions of the NOA were reviewed by Dr. Rzesotarski (chemistry), Dr. Rosloff 
(pharm/tox). Dr. Tammara (PK) and Dr. Hobennan (statistics). 

Overview of the clinical pro1ram: 

Phase 1: 

Eighteen Phase 1 studies were conducted in Japan, UK and US and included PK 
studies, drug interaction studies and studies in special populations. A total of 285 
subjects were enrolled with 262 receiving drug for up to 5 weeks. In phase 1 
studies, the drug was found to be readily absorbed without significant first pass 
metubolism. 95% is bound to human plasma proteins. The terminal half life was 
about 70 hours with steady state achieved in 15 days. The PK is liriear from doses 
of 2 mg to 10 mg. 

Phase 2: 

Seven phase 2 studies were conducted in Japan. The study reports were not 
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included in the NOA but serious AEs were reported in the integrated summary of 
safety. The safety result.~ were reported by the sponsor to be similar to those seen 
in the US population. GI adverse events were most common. 

One phase 2 study, 201, was conducted in the US. This was a 12 week, 
randomized, double blind, placebo controlled, parallel, study evaluating doses of 
1, 3 and 5 mg/day. Patients completing this study were eligible to be enrolled into 
study 202, an open label extension. Following a series of protocol amendments. 
patients were aJlowed to be titrated to a maximum of 10 mg/day. 

Phase 3: 

Two phase 3 studies were conducted in the US, studies 301and302. Study 301 
and 302 had similar designs. These studies were randomized, placebo controlled, 
double blind, parallel trials evaluating doses of Sand 10 mg/day. In study 301, 
the double blind phase of the study was 12 weeks while in study 302, the duration 
of the double blind phase was 24 weeks. Patients were eligible for a long tenn 
extension study, 303. A study report for study 303 was not provided in the NOA. 
Deaths and serious AEs leading to withdrawal and lab values collected in study 
303 prior to the cut off date arc provided in the integrated summary of safety. 

A third phase 3 study, 304, was ongoing as of the time of the NDA submission. It 
wa~ being conducted outside the US and had a design similar to study 302 with 
doses of 5 and 10 mg/day being compared to placebo. 750 patients were to be 
enroll for this 24 week study. Patients were eligible for a long term extension, 
study 305. A':l of 12/31/95, 438 patients were enrolled in stud}' 304. A study 
report was not provided with the NOA but deaths, serious AEs leading to 
withdrawal and lab values collected prior to the NDA cut off date were provided 
in the integrated summary of safety. 

Efficacy data: 

Overview or the pivotal and supportive emcacy studies 

The sponsor identified studies 301 and 302 as adequate and wen·controlled studies 
providing definitive evidence for the efficacy of e2020 in the treatment of AD. 
They identified study 201 as a supportive trial. A review of the protocols 
confirmed that studies 301 and 302 were, by design, adequate for providing 
definitive evidence for efficacy for the symptomatic treatment of AD. 

A comparison of these three studies is su111marized in the following table: 
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Comparison of protocols for studies 201,301 and 302 

Parameter Study 201 Study 301 Study 302 

Age of patients 55-85 ~so ~50 

Doses evaluated o. l, 3 and 5 0, 5 and 10 0, 5 and 10 
(mg/day) mg/day mg/day mg/day 

Patients per group 40/group 150 per group 150 per group 

Duration of 12 weeks 12 weeks 24 weeks 
double blind phase 

Duration of 2 weeks 3 weeks 6weeks 
placebo washout 

Primary efficacy ADAS-COG, ADAS-COG, ADAS-COG, 
outcome measures CGIC CIBI-C plus CmI-C plus 

Secondary MMSE. QOL, MMSE, CDR. MMSE, CDR, 
outcome measures ADL, CDR QOL QOL 

Time points for O,l,3,6,9,l2,14 0,1,3,6,9,12,15 0,6, 12, 18,24,30 
efficacy weeks weeks weeks 
assessments 

The results of the efficacy studies are summarized in the following table: 
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Summary of efficacy results (treatment effect for the highest e2020 
dosel vs placebo using LOCF data set2) 

Outcome measure Study 201 Study 301 Study 302 

ADAS-COG • (-3.19) * (-3.07) • (-2.88) 

CIBIC plus n/a • (-0.34) • (-0.44) 
·-

CGIC + (-0.11) n/a nla 
-

MMSE + (l.11) * (1.82) • (l.36) 

CDR + (··0.21) + (-0.17) • (-0.6) 

ADL + (-4.61) n/a nla 

QOL - (3.34) n/a - (-2.05) 

I Highest dose for study 201 was S mg while 10 mg was the highest dose for study 301 and 302. 
2LS means used for treatment differences in all cases except for the CIBIC and CGIC 
*Statistically significant in favor of e2020 when compared with placebo 
+ No statistical difference but numerical difference in favor of the drug 
- No statistical difference but numerical difference in favor of placebo 

Study 302: 

Disposition and demographics: 

68% of the patients on 10 mg/day and 80% on placebo completed the 24 week 
study. Baseline characteristics were similar between groups. The mean MMSE 
score was 19. Patient disposition is summarized in the following table: 

Study 302: Disposition-number of patients at each visit ( % ) 

Placebo 5 mg 10 mg 
(n=162) (n=l54) (n=l57) 

week 6 (%) 146 (90) 144 (94) 137 (87) 

week 12 (%) 139 (86) 139 (90) 126 .(80) 

week 18 (%) 138 (85) 135 (88) 113 (72) 

week 24 (%J 130 (80) 131 (85) 106 (68) 

Discontinued(%) 32 (20) 23 (15) 51 (32) -
Discontinued for AEs (%) 11 (7) 9 (6) 26 (17) 
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Primary outcome measures: 

For the ADAS-COG and CIBIC plus, the treatment differences for both the 5 and 
10 mg/day group compared to placebo were statistic8lly significant at week 12 
through week 24. The effect was consistent across centers. The results were 
similar for all data sets analyzed. 6 weeks after discontinuation of the study 
treatment, the differences between groups were associated with a p value> 0.05. 
The results are summarized in the following tables: 

Study 302: ADAS-COG change from baseline (± SE) 

Placebo 5 mg/day 10 mg/day 

Baseline 27.3 (0.34) 26.1 (0.35) 27.4 (0.31) 

Observed cases 

week6 -1..51 (0.39) -1.86 (0.35) -1.83 (0.45) 

week 12 0.80 (0.42) -1.25 (0.41) -1.97 (0.50) 

week 18 l.90 (0.51) -0.90 (0.41) -1.48 (0.56) 

week 24 1.91 (0.52) -0.78 (0.42) -1.26 (0.57) 

week 30 2.82 (0.53) 2.70 (0.57) 1.89 (0.53) 

LOCF 1.91 (0.49) -0.69 (0.40) -1.40 (0.51) 

ITT 1.90 (0.49) -0.61 (0.41) -1.07 (0.50) 

Study 302: CIBIC plus score (± SE) 
- -

Observed cases Placebo 5 mg/day 10 mg/day 

week6 3.97 (0.066) 3.94 (0.065) 3.96 (0.069) 

week 12 4.20 (0.075) 3.99 (0.066) 3.92 (0.085) 

week 18 4.40 (0.083) - 4.10 (0.082) 3.94' (0.093) 

week 24 4.53 (0.084) 4.20 (0.093) 4.09 (0.099) 

week 30 4.75 (0.087) 4.45 (0.097) 4.65 (0.086) 

LOCF 4.50 (0.080) 4.18 (0.091) 4.07 (0.086) 

ITT 4.52 (0.080) 4.18 (0.091) 4.07 (0.086) 



Responders were defined for a post hoc descripti 'ln of the data as those with no 
change or better on the 24 week CIBIC and ADAS-COG. 38, 46 and 64% of 
patients on placebo, 5 and 10 mg, fulfilled these criteria, respectively. 

Study 301: 

Dlspos!tion and demographics: 

83% of the patients on 10 mg/day and 93% on placebo completed the 12 week 
study. Baseline characteristics were similar between groups. The mean MMSE 
score was 19. Patient disposition is summarized in the following table: 

Study 301: Disposition of patients 

Placebo 5 mg lOmg 
~ 

Number of patients at each visit 

Baseline 153 157 158 
-

week 3 (%) 150 (98) 149 (95) 146 (92) 

week 6 (%, 147 (96) 145 (92) 137 (87) 

week 9 (%) 145 (95) 142 (90) 131 (83) 

week 12 (%) 142 (93) 142 (90) 131 (83) 
·~---

Discontinued (%) 11 (7) 16 (10) 29 (18) -
Discontinued for AEs (%) 3 (2) 7 (4) 16 (10) 

Primary outcome measures: 
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There was a statistically significant difference between the 5 and 10 mg/day 
group compared to placebo at all timepoints for the ADAS-COG and at 12 weeks 
for the CIBIC plus. 3 weeks after discontinuation of the treatmenr, there 
continued to be a statistically significant difference between groups. The results 
were consistent across groups ar.d data set.~ analyzed. The results are summarized 
in the following tables: 



Study 301: ADAS-COG change from baseline (±SE) 

Placebo 5 mg/day 10 mg/day 

Baseline (±SE) 25.7 (0.82) 26.2 (0.88) 26.6 (0.87) 

Observed cases 

w~ek3 -0.69 (0.30) -1.98 (0.36) -3.03 (0.36) 

Wtck6 -0.14 (0.35) -1.55 (0.34) -3.01 (0.45) 

week9 -0.27 (0.36) -1.98 (0.39) -2.52 (0.44) 

week 12 0.45 (0.41) -2.22 (0.45) -2.68 (0.50) 
-

week 15 1.5 (0.45) -0.57 (0.41) -l.61 (0.47) 

'LOCF 0.44 (0.39) -2.12 (0.43) -2.69 (0.47) 

ITT 0.42 (0.39) -2.17 (0.43) -2.64 (0.47) 

Study 302: CIBIC plus scores (± SE) 

Placebo 5 mg/day 10 mg/day 

Observed cases 

week 3 3.98 (0.052) 3.98 (0.053) 3.86 (0.062) 

wcek6 3.98 (0.066) 3.84 (0.068) 3.91 (0.068) . 
week 9 4.03 (0.076) 3.74 (0.082) 3.84 (0.068) 

week 12 4.19 (0.074) 3.85 (0.081) 3.82 (0.082) 

week 15 4.25 (0.080) 4.07 (0.088) 4.10 (0.088) 

LOCF 4.20 (0.072) 3.87 (0.078) 3.82 (0.079) 

ITT 4.21 (0.072) 3.87 (C.J79) 3.82 (0.079) 

Responders were defined for a post has description of the data as those with no 
change or better on the 12 week CIBIC and ADAS-COG. 40, 64 and 61 % of 
patients on placebo, 5 and 10 mg, fulfilled these criteria, respectively. 
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Study 201: 

Disposition and demographics: 

92% of the patients on 10 mg/day and 90% on placebo completed the 12 week 
study. Baseline characteristics were similar between groups. Patient disposition is 
summarized in the following table: 

Study 201: Disposition of patients 

Placebo 1 mg 3mg Smg 

Number of patients at each visit 

Baseline 40 42 40 39 

week 3 (%) 37 (93) 39 (93) 40 (100) 38 (97) 

week 6 (%) 36 (90) 37 (88) 40 (100) 35 (90) 

week 9 (%) 35 (88) 36 (86) 39 (98) 35 (90) 

week 12 (%) 36 (90) 35 (83) 38 (95) 36 (92) 

Discontinued (%) s (13) 8 (19) 2 (S) 5 (13) 

Discontinued for AEs (%) 2 (5) 5 (12) 2 (5) 3 (8) 

Primary outcome measure: 

Patients on 5 mg/day had a statistically significant difference compared to patients 
on placebo for the ADAS.COG at week 3, 9 and 12. The differences between the 
week 12 CGIC while not statistically different were numerically in favor of the 
drug. The results are summarized in the following table: 



9 

Study 201: ADAS-COG change from baseline (±SE) 

Placebo 1 mg/day 3 mg/day 5 mg/day 

Baseline (±SE) 27.2 (l.78) 26.6 (1.52) 29.2 (1.71) 29.1 (2.00) 

Observed cases 

week3 -0.91 (0.77) -1.82 (0.80) -3.09 (0.66) -3.77 (0.75) 

wcek6 -0.42 (0.79) -1.92 (0.73) -2.40 (0.66) -2.30 (0.70) 

week9 0.01 (0.83) -1.46 (0. 71) -1.35 (0.78) -3.11 (0.69) 

week 12 0.64 (0.82) -1.12 (0.76) -1.28 (0.76) -2.52 (0.59) 

week 14 1.37 (0.70) 1.10 (0.68) 0.41 (0.87) -2.00 (0.71) 

LOCF 0.66 (0.75) -0.87 (0.68) -1.33 (0.72) -2.43 (0.54) 

Study 201: CGIC scores (±SE) 

Observed cases Placebo 1 mg/day 3 mg/day 5 mg/day 

weekO 3.98 (0.025) 3.81 (0.13) 4.05 (0.05) 4.03 (0.045) 

week 3 3.76 (0.098) 3.92 (0.093) 3.85 (0.098) 3.80 (0.080) 

week6 3.92 (0.14) 3.78 (0.088) 3.75 (0.10) 3.80 (0.11) 

week9 3.91 (0.14) 4.06 (0.13) 3.77 (0.10) 3.74 (0.10) 

week 12 3.81 (0.15) 3.83 (0.12) 3.86 (0.11) 3.72 (0.12) 

week 14 4.11 (0.16) 4.05 (0.11) 3.92 (0.12) 3.89 (0.11) 

LOCF 3.85 (0.15) 3.88 (0.11) 3.90 (0.11) 3.74 (0.11) 

Safety data: 

Indication: 
-

The sponsor is recommending 5 mg of e2020 per day as the initial dose. A dose 
increase to 10 mg/day can be considered after one month of treatment. 

Source of safety data: 

While the sponsor has conducted 32 studies, the ma iority of the safety 
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infonnation on the drug comes from 3 placebo controlled studies; 20 l, 30 l and 
302. In studir.s 201 and 301, patients were exposed to the drug for up to 12 weeks 
and in study 302, 24 weeks. For long term safety, the sponsor has provided 
information from study 202, the long tenn extension of study 201. To support 
the- safety of the drug, the sponsor has included infonnation on serious AEs and 
withdrawals from the other studies. They have also included information about 
serious AEs and lab abnormalities from • 1Jdy 303, the long term extension for 
studies 301 and 302. 

Exposure: 

In phase l and 2 studies, the sponsor evaluated doses up to 5 mg/day. In the phase 
3 studies, 5 and 10 mg/day doses were evaluated. A summary of the exposure for 
studies 201, 202, 301 and 302 is in the following table: 

Number of patients exposed to e2020 by dose and duration 
(studies 201, 202, 301 and 302) 

All doses S mg lOmg 

Any >3 >6 Any >3 >6 Any >3 >6 
months months months months months months 

787 625 337 4SO 383 223 382 240 107 

Since the maximum dose in phase 2 was increased to 10 mg/day after the 
initiation of the study, the long tenn exposure to doses of 10 mg is limited. In 
study 202, only 50 patients had been exposed to doses of 2! S mg/day for 1 year 
and no patients had been exposed to doses of 10 mg/day for ~ 1 year. 

Information about the safety of the 10 mg/day dose in durations over 6 months 
comes from study 303. In study 303, patients from study 301 and 302 were 
treated with doses of 5 or 10 mg/day. lnfonnation on serious AEs and lab values 
of over 700 patients enrolled into study 303 from study 301 and 302 were 
included in the safety data base though a fonnal study report was not included in 
the NOA. In study 303, as of the cut off date for the NOA, 196 patients were 
exposed to e2020 for 2! SO weeks. 95'10 of the patients in study 303 were on doses 
of IO mg/day. 

Deaths: 

There were a total of 27 deaths that occurred within 4 we~ks of treatment of 



11 

e2020 in all studies. ·lbere were 4 deaths out of the 1102 patients (0.4%) during 
the 3 to 6 month controlled clinical trials 201. 301 and 302. 3 of 355 (0.8%) 
placebo treated patients and 1 of 315 (0.3%) patients on I 0 mg/day died during 
these studies. No patierns on 1, 3 or 5 mg/day died while in the controlled clinical 
trials. 

There were 17 deaths in the long term extension studies 202, 303 and 305. These 
trials involved over 900 patients as the cut off date of th~ NDA. 3 of 133 patients 
ir1 study 202 died (2.2%) , 9 of 767 (1.2%) patients exposed in study 303 died. 4 
patients in study 305 died. The total number of patients exposed in study 305 is 
not known but it is < 488 patients. The remaining deaths occurred in study 304, 
an ongoing blinded 24 week efficacy study. 5 of 488 ( 1.0%) patients exposed in 
study 304 died. One patient involved in a 190 (0.5%) patient Japanese study died. 

The mortality rates in the long teintl studies are expected to be higher than in the 
controlled trials because the duration of involvement is longer. The mean number 
of days on drug at the time of death for the open label studies 202, 303 and 305 
was 187 days compared to the 85 days in the controlled clinical trials 201, 30 I, 
302 and 304. 

The deaths were related (O causes common in this age group including cardiac 
events Ci patients), pneumonia including aspiration pneumonia (5 patients), stroke 
(4 patients) and cancer (4 patients) (bladder, pancreatic, lung and metastatic). 
Other causes o{ deaths were pulmonary embolism (2 patients), pancreatitis 
associated with cholclithiasis (2 patients), accident (2 patients) and upper GI bleed 
( 1 patient). Of the cases above, the following were associated with the use of 
placebo: caidiac, pulmonary embolism and upper GI bleed. The following cases 
are still blinded: pneumonia, cardi~c (2 patients), pulmonary embolism and 
accident. 

Discontinuations: 

In the controlled clinical trials, over 75% of the patients enrolled completed the 
studies. 5% of the placebo patients, 5% of the patients on 5 mg/day and 13% of 
the patients on 10 mg/day discontinued-for adverse events. Of patients entering 
study 202, the long term extension study, 76 of 133 (57%) discontinued. Most 
discontinued for lack of efficacy (21 % ) or by request (20%) rather than for AEs 
(11 %). 
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Discontinuations for adverse events: 

GI symptoms were the major cause of discontinuation for AEs in studies 201, 30 I 
and 302. 20 of the 42 patients discontinuing for AEs had GI complaints. The 
majority of these complaints were for nausea, diarrhea and vomiting. Other AEs 
leading to withdrawal had incidence rates of S I%. TI1e events that had an 
incidence of l % in the 10 mg/day group when the rate in the placebo group was 
< 1 % were accidents, fatigue, weight decrease, fractured bone, depression, 
aggression and insomnia. In study 303, seven patients withdrew with syncopal 
spells. This represents a rate of about 1 % of the patients at risk. The duration r-f 
exposure in this population was not presented in the NDA. In study 202, 1 of 133 
patients had a syncopal spell (0.75%) 

Discontinuation for lab abnormalities: 

Two patients withdrew for elevation of the ALT. One patient had an elevation to 
163 on <lay 82 which returned to nonnal within 2 weeks of discontinuation of the 
drug. The other patient had an elevation to 508 on day 76. This also returned to 
normal levels within 3 weeks of discontinuation of the drug. 

Othtr discontinuations: 

Four patients discontinued for ECG abnormalities. The specific changes were 
supraventricular tachycardia, atrial fibrillation and multifocal PVCs. One patient 
had changes that were not specified. 

Other s~rious AEs: 

In the controlled clinical trials, 7% of the patients on 10 mg/day and 5% of 
patients on 5 mg/day or placebo had at least one serious AE. The serious AEs that 
were more frequent in the I 0 mg/day group compared to placebo included: 
accidents, fractured bone, pain, hernia and aphasia. Accidents and fractured bones 
occurred at a frequency of 2% while the others occurred at a frequency of I%. 

In study 202, 34 of the 131 patients had at least one serious AE as .. of the cut off 
date for the NOA. The serious AEs occurring in more than one patient were 
cancers (7), agitation (5), stroke (2), seizure (2), fall (2), syncope (2) and low 
back pain (2). The AEs occurring in a single patient were hallucinations, 
duodenal ulcer, UTI, atrial a:Thythmia, bronchitis, angina and renal colic. 

In study 303, 67 of the 739 patients exposed to the drug, 196 of whom were 



treated for > 50 weeks and 95% at doses of I 0 mg/day, had at least one serious 
AE (including death) as the cut off date of 6/30/95. Serious AEs occurring in 
more than one patient were syncope (10), cancer (8), surgery (7), fall/fracture 
(6), UTI (5), pneumonia (4), atrial fibrillation (3), intracerebral bleed (3), MI 
(3), stroke (2), vomiting (2) and bronchitis (2) . Serious AEs occurring in a 
single patient were pulmonary embolism, viral encephalitis, hemoptysis, renal 
failure, abdominal pain, depression, sepsis, retinal vein thrombosis, agitation, 
cholecystitis, bleeding ulcer and agitation. 

Treatment emergent AEs: 
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Approximately 95% of the all adverse events were rdted as mild to moderate. 
Those occurring at a frequency of~ 5% in the 10 mg/day group and with a 
frequency greater than the placebo group are summarized in the following table. 

Study 201, 301 and 302: Treatment Emergent Adverse events 

Placebo 5mg lOmg 5+10 mg 
(N=355) (N=352) (N=318) (N=670) 

N % N % N % % 

Nausea 19 5.35 20 5.68 59 18.55 11.79 

Diarrhea 14 3.94 24 6.82 45 14.15 10.30 

Insomnia 18 5.07 19 5.40 41 12.89 8.96 

·Headache 28 7.89 27 7.67 32 10.06 8.81 

Pain 26 7.32 28 7.95 29 9.12 8.51 ,___, 

Dizziness 19 5.35 28 7.95 25 7.86 7.91 

Accident 18 5.07 25 7.10 19 5.97 6.57 

Muscle Cramp 6 1.69 19 5.40 24 7.55 6.42 

Fatigue 11 3.10 13 3.69 24 7.55 5.52 

Vomiting 9 2.54 10 ~"'2.84 25 7.86 5.22 

Anorexia 5 1.41 9 2.56 18 5.66 4.03 

Lab abnormalities: 

For the controlled clinical trials, the mean lab values increased in the S and 10 
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mg group relative to placebo for the ALT, AST, LDH and CPK. The mean lab 
values decreased in the S and 10 mg group for glucose. There were no lab values 
where a shift in frequency was greater than 3% for the 10 mg group compared to 
placebo. For the long tcnn extension study, 5% of the patients had an elevation of 
the CPK. The elevations in CPK did not appear to be related to any AE event or 
symptom. 

Chemistry review: 

The final chemistry reviews are pending at the time of this memo. From 
preliminary information, the sponsor needs to provide 3 month stability data 
from the US manufacturing site and an inspection needs to be completed at the 
Japanese site prior to chemists recommending that the drug be approved. 

Pharm/tox review: 

A review of the pharmltox material was submitted by Barry Rosloff, Ph.D. He 
concluded that there were no issues that preclude approval of the drug. He 
recommended labeling changes. 

Dr. Rosloff noted that although the carcinogenicity studies are ongoing, it has 
been policy for these studies to be submitted post marke~ing for drug used in the 
treatment of AD. 

Biopharm review: 

A biopharm review was submitted by VJ Tammara, Ph.D. 

Dr. Tammara had requests for additional studies. The only study that was 
relevant to the approval of the drug was a dissolution study of the 5 and 10 mg 
tablets. All of the clinical studies were conducted using film coated 5 mg tablets 
manufactured in Japan. Patients on 10 mg/day took two 5 mg tablets The sponsor 
has proposed marketing both a 5 and a 10 mg tablet. The marketed dosage form 
will be made in the US. Studies demonstrated bioequivalency of the Japanese and 
US made 5 mg tablet. The sponsor is requesting a biowaver for the 10 mg tablet. 
According to Dr. Tammara, the sponsor must show similar dissolution profiles 
for the 5 and 10 mg tablet in order to obtain this biowaiver. These studies have 
not been performed. It is possible that the 10 mg tablet could lead to higher drug 
levels than two 5 mg tablets. 

Dr. Tammara has recommended labeling changes. Most of the changes are related 
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to formatting. He has added additional infonnation regarding metabolism and 
drug interactions. Dr. Tammara noted that the metabolism of e2020 may be 
affected by other drugs that are CYP 206 and CYP 3A4 inhibitors and inducers. 

Additional issues: 

The trademark ARICEPT is acceptable to the CDER Labeling and Nomenclature 
Committee (LNC) however, they noted that USAN objected to the use of the 
syllable CEPT in the ARICEPT name. USAN reserves this syllable for agents that 
act at specific receptors. The LNC points out that other CEPT trademarks have 
been approved for drugs that do not act at a specific receptor. 

Conclusions: 

Efficacy: 

From recommendations of the PCNS advisory committee and experts in the field 
of AD, demonstration of a symptomatic effect in AD requires that a sponsor 
conduct placebo controlled, parallel, randomized, double blind trials of 3 and 
preferably 6 months in duration to demonstrate that the drug not only produce a 
significant improvement in cognitive function on a performance based test such as 
the ADAS-COG but that it also leads to a clinically detectable improvement. The 
results presented in the NOA demonstrates that the sponsor has accomplished 
these tasks. In two adequate and well controlled clinical trials, studies 301 and 
302, the sponsor has shown that patients receiving e2020 have a statistically 
significant mean improvement in cognitive performance on the ADAS-COG and 
have a statistically significant mean clinical improvement as demonstrated on the 
CIBIC plus. 

As seen with tacrine, another cholinesterase inhibitor, the size of the effect is 
modest. At 12 weeks, there appears to be a mean 2 to 3 point improvement in the 
ADAS-COG and 0.2 to 0.4 point improvement in the CIBIC plus. This treatment 
effect appears to persist with at least 24 weeks of treatment. The onset of 
improvement was first noted at 3 weeks, the first observation point, in study 201 
and 301 , In study 302, the groups wer~-similar at 6 weeks, the first observation 
point, but different at the 12 weeks, the second observation point. The drug does 
not appear to have an effect on the underlying progression of the disease. This is 
suggested by the loss of cognitive function 3 to 6 week after discontinuing e2020 
to a level seen in patients who were treated with placebo. The sponsor was unable 
to demonstrate a consistent effect in measures claiming to evaluate quality of life. 
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The sponsor also demonstrated that the treatment effect is dose related. In study 
20 l, the cognitive perfonnance of patients on doses of l and 3 mg/day were not 
significantly different from placebo whereas patients on 5 mg/day had a 
statistically significant improvement in ADAS-COG scores. While patients on 10 
mg/day generally had numerically better scores than patients on 5 mg/day for the 
ADAS-COG and CIBIC, the differences were not statistically significant. In all 
cases, patients on both 5 and 10 mg/day had statistically significant improvement 
compared to placebo for both the ADAS-COG and CIBIC plus. The 5 mg/day 
group had better scored on the QOL measures compared to either the 10 mg/day 
group or the placebo group. 

Safety: 

The drug appears to be relatively well tolerated. Over 75% of patients in the 
highest dose group of 10 mg/day were able to complete the 3 to 6 month studies. 
Of the adverse events that occurred, 95% were rated as mild to moderate in 
severity. The most common problems with the drug were GI related, specifically, 
nausea, vomiting and diarrhea which is consistent with the expected cholinergic 
effects. 

Some safety concerns for the cholinergic drugs such as GI ulcers, bradycardia, 
etc have been seen with this drug in small numbers of patients. While the 
incidence of these events do not suggest a causal relationship. precautions 
concerning the events seen for the drug class should be included in labeling. 

Potential problems seen in the data base included falling and syncope. These were 
more common serious AEs though the cause is not known. An elevation of the 
CPK was also seen without clear cause or clinical significance. 

In describing the safety of this drug, one drawback is the lack of long term 
experience, especially at the highest recommended dose of 10 mg/day. The NOA 
only contained complete safety infonnation from 133 phase 2 patients treated 
long term with the drug. Since the maximum dose of the drug until late in phase 
2 was 5 mg/day, there was essentially no experience at doses of 10 mg/day. The 
sponsor supplemented the safety data base with information on serious AEs and 
lab abnonnalities in patients involved in the phase 3 long term extension studies, 
303 and 305. In these studies, patients were allowed to be titrated to doses of 10 
mg/day. In study 303, 95% of the patients were titrated to 10 mg/day. At the time 
of the cut off to the NDA. 196 patients were treated for about one year. Overall, 
in this long tenn experience, the pattern of serious AEs support the relative 
safety of this drug in patients with AD. 
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Re1:ommendations: 

Based on the findings of a statistically significant treatment effect along with 
relative safe passage, I recommend that NDA 20-690 is approvable pending final 
recommendations from the chemistry reviewers. Suggestions for changes to the 
sponsor's labeling from clinical, biopharm and pharm/tox are included in the 
attached document. Comments from biophann review should be conveyed to the 
sponsor. Chemistry comments are pending. A safety update should be provided. 

cc: 
Original IND 
HFD-120 
HFD-120/Leber/Higgins 
rl/ August 2, 1996 

~~L 
Randy Levin, M.D. 
Medical Reviewer 
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FINAL PRINTED LABELING HAS NOT BEEN SUBMITTED TO THE FDA. 

DRAFT LABELING IS NO LONGER BEING SuPPLIED SO AS TO ENSURE 
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Review and Evaluation of Clinical Data 

NDA:·········-·········--····· 
Sponsor:·-····················· 
Dru1:·-··················---··· 
Indication:--····-·····-······· 
Material Submltted:·········
Correspondence Date:···-···· 
Date Received:-········· .. ••••• 
Review Completed:····-------

Introduction: 

20-690 
Eisai 
e2020 

Response to approvable letter 
10/3/96, 10/26/96 
10/4/96 
11/9/96 

On 9/19/96, following review of the NOA submitted on 3/29/96, an approvable 
letter was sent to the sponsor. In the approvable letter, we provided draft labeling 
with comments and specific requests for the sponsor to address. We also 
requested a safety update. In the safety update, we requested that the- sponsor 
provide a table that enumerates the dose and duration of patients exposed to the 
drug for each study and total. We also requested that the sponsor provide a table 
that compares the AEs at the time of submission and for the update. We requested 
that tables for drop outs identify new drop out and that the sponsor identify any 
significant changes or fmdings. We also requested electronic data sets for studies 
202, 303 and 305, open label extension studies. 

With the initial submission, the sponsor failed to provide information on the 
safety update as requested. They did not provide an adequate enumeration of the 
duration of exposure to each of the doses. They did not provide dosing 
information from the Japanese studies. The sponsor did not provided a 
comparison of the AEs and drop outs from the original study and the update. 
They did not provide electronic safety data sets for study 305. They did not 
provide the table of AEs stratified by dose group. This inadequate response 
significantly delayed the review of this response. 

The problems with the safety update was conveyed to the sponsor and they 
submitted supplemental tables and files on 10126/96 



Safety update: 

Introduction: 

In the original NOA, the sponsor provided all safety inform.ation on the US 
controlled clinical trials, 201, 301 and 302 as well as study 202, the open label 
extension fur study 201. They also provided information 010 the serious AEs, 
deaths and drop out from study 303, the open label extension for studies 301 and 
302, study 304, an ongoing efficacy study and its open label extension, study 305. 
Finally information about serious AEs from Japanese phase 2 studies were 
included. The cut off dates for the labs was 12/95 and for AEs 9/30/95. 

In the safety update, the sponsor has provided complete safety infonnation for 
studies 202 and 303 as of the cut off date of 4115196. They have also provided 
infonnation on labs, thr. serious AEs, deaths and discontinuations for studies 304 
and 305. 

Extent of exposure: 

The sponsor failed to provide adequate documentation of the cxtenc of exposure 
to 5 and I 0 mg/day. They have not provided any information on the exposure to 
patients in study 304, 305 or the Japanese studies. 

I have calculated the number of patients in studies 20 I, 202, 30 I, 302 and 303 
exposed to 5 or 10 mg/day for 3, 6 or 12 months from the data sets provided by 
the sponsr · in the NOA and update. 
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Number of patients exposed to e2020 for a specific duration in US 
studies (201, 202, 301, 302, 303) 

5 mg/day 10 mg/day Any dose 

Study 303 

> 0 days 728 I 651 751 

C?: 90 days 297 487 636 

~ 180 days 144 335 489 

~ 360 days 8 84 159 

Study 202 

> 0 days 138 62 151 

~ 90 days 93 49 121 

C! 180 days 73 41 103 

~ 360 days 8 32 59 

All US studies 

> 0 days 866 713 902 

~ 90 days 390 536 757 

~ 180 days 217 376 592 

~ 360 days 16 116 218 

Number of patients exposed to e2020 for a specific duration in 
study 304• 

5 mg/day 10 mg/day Any dose 

> 0 days 160 160 320 

~ 90 days 125 125 250 

~ 180 days 115 115 230 
"'Because study 304 is blinded and ongoing, f!te treatment assignments are not.known. I have 
taken information from the chemistry data base on the number of patients with lab values at 90 
and 180 days and divided the number by three based on the assumption that one third would be 
assigned to each treaonent group. 
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The dose and duration for the phase I studies and the phase 2 Japanese studies 
(estimated) are provided in the following tables. 

Dose and duration of exposure in phase I studies (some subjects 
may have received more than one dose) 

Plb O.! to 1 mg 2 to 4 mg 5 mg 6 to 9 mg lOmg Total 

One day 8 30 36 144 6 6 230 

21 days 9 6 6 6 27 

28 days 14 14 28 

Total 17 36 42 164 6 20 285 

Dose and Duration for the Japanese phase 2 studies 

Plb ~ 1 mg 2mg 3 mg 5mg Total 

8 weeks 31 9 40 

12 weeks 33 31 2 18 84 

16 weeks 60 66 64 190 

38 weeks 19 19 38 
48 weeks 46• 46 

Total 79 64 96 77 82 398 

a38 patients treated in study 131A were subsequently enrolled into study 131B. 

Demographics: 

The mean age of the patients was 73 with 15% < 65 and 5% ~ 85. 42% were age 
75 to 84 and 39% were age 65 to 74. 64% were female and 95% were white. 

Discontinuations: 

Study 202: 133 of the 141 eligible patients enrolled into study 202. As of 4/15/96, 
38 remained in the study. 16 patients withdrew for AEs with !WO patients 
discontinuing since the NOA submission. Patient 042 withdrew on 120 mg/day 
withdrew for agitation after 1123 days on drug. Patient 092 received drug for 
368 days and withdrew for increased confusion, agitation and hallucinations when 
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withdrawing on piaccbo. 

Study 303: A total of 53 patients have discontinued from study 303. The reasons 
for discontinuation are summarized in the following table: 

Reasons for discontinuation 

Reason Number Comments 

GI 11 2 patients with bleeding ulcer 

Agitation 10 

Syncope 9 Including near syncope, fainting 

Stroke 3 

Dizziness 2 
·-

MI 2 -
Arrhythmia 3 Sinus bradycardia, 

Other 12 One patient for each event 

pancreatitis, lethargy, headache, incontinence, pneumonia, pulmonary embolism, 
cancer, meningitis, tremor, leg cramp, renal failure, death 

Deaths: 

As of 4/15/96, 34 patients have died while on treatment or within 4 weeks of 
discontinuing treatment. 8 have died since the NOA submission. These patients 
are described in the following table: 

s 



Patients who died since the NDA submission 

Patient Reason Comments 

Study 202 071 MI and or PE Treated 1159 days reached 10 mg/day 

Study 303 212-301 Sttoke Treated 572 days reached 10 mg/day 

330-301 AD Treated 491 days reached 10 mg/day 

450-301 AD Treated 332 days on 5 mg/day 

475-301 Lung cancer Treated 412 days reached 10 mg/day 

137-302 Lung cancer Treated 419 days reached 10 mg/day 
.. -

Study 305 578 Intracercbral Treated for 5 days with 5 mg/day in 
hemorrhage open label following 6 month DB 

tteatment 

Serious AEs: 

Study 202: 6 new cases of serious AEs occurred since :he NDA submission.Two 
for pneumonia, one patient died with an MI or PE, one patient with lung cancer 
was hospitalized for dehydration, one patient with abdominal and lower back pain 
and one with hip fracture from a fall. 

Study 303: Of the 761 patients exposed to the drug in study 303 (about 500 fCir 6 
months or more, 152 serious AEs have been reported with 85 since the NDA 
submission. The most common serious AEs (number of patients) were cancer 
( 17). GI problems (8), confusion/worsening AE (8), stroke (8), cardiovascular 
events (7) and syncope (7). A gross total of the serious AEs (no data set provided 
for the data since the NOA) included syncope (17), cancer (25), stroke including 
3 intracerebral bleeds (13), cardiovascular events (10), GI problems incl\Jding 2 
UGI bleeds and one pedorated ulcer (11), fall/fracture (12). 

St1.1dy 304: 25 serious AEs were reported since the NDA. About one third of the 
serious AEs were related to increased agitation or confusion common event (8). 
One patient was diagnosed with cancer (malignant melanoma), one patient had a 
stroke and one patient had a syncopal episode. ·· 

Study 305: J 7 serious AEs were reported since the NDA. One patient had an Ml, 
one had a stroke, one had a TIA and one patient had an intracerebral 
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hemorrhage. Three patients had increase confusion. 

Other AEs: 

Study 202: 12 new AEs reported. 4 were for agitation. 

Study 303: The most common A& in study 303 are UTI (9%), pain (9%), 
agitation (9%), dian'hea (8%), accidents (8'fJ). 19 patients had syncopal episode 
(2%). AEs seen in> 5% of patients in study 303 were seen with a similar 
frequency in patients in the controlled clinical trials. 

When AEs were evaluated for the relationship to duration of treatment, the rate 
of UTls, agitation and accidents increased during the later portions of the trials 
(weeks 25 to 60). 

Vital signs: 

Study 202: The only new clinically significant change in vital signs was recorded 
in a single patient, 037. who was noted to have a heart rate of 49. 

Study 303: 6 patients had clinically significant changes in their vital si~ns. 2 
patients had a decrease in pulse rate below 50, 1 had an increase in systolic BP, I 
had a decrease and two had an increase in diastolic BP. 

ECGs: 

Study 202: 1'1e sponsor reported in a separate communication that there were no 
changes in the ECG reports in study 202. 

Study 303: OF "'i4 patients with at least one ECG during the study, 210 were 
noted to hav< jus bradycardia. 64 had a heart rate of < SO. Only S patients had 
an ECG and pulse rate on exam< 50. 12 patients had clinically significant ECG 
abnormalities. 4 patients had sinus bradycardia, 2 had PVCs, 2 had prolongation 
of the QT interval (one was normal on repeat), 1 had atrial fibrillation, 1 had 
atrial flutter, 1 had t wave abnormalities, 1 had RBBB. S patients had ECGs that 
were serious or led to withdrawal. 2 had bradycardia associated with syncope, 
one had incomplete RBBB associatcd-lYith syncope,1 bad atrial fibrillation and 
one had an PVCs. 
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Labs: 

Study 202: The sponsor reported that no clinically relevant changes in lab results 
were seen when compared to the NOA submission. 

Study 303: The rates of abnormal labs were similar to rates reported in study 202 
and the controlled studies in the ISS. There were no lab abnormalities reported as 
serious AEs. No lab abnormalities led to discontinuation of treatment except 
patient 346-301 who was found to have an elevated BUN and crcatinine at week 6 
while receiving 5 mg/day. The patient was subsequently discontinued for renal 
failure, hyperkalemia and bladder cancer. 

There were 24 patients with an elevation in ALT, 6 of these patients also had an 
elevation of the Aile phos. All but 7 patients continued on treatment. Of the 7 
patients who discontinued, none discontinued for the elevation. A single patient 
(511) had an elevation about 10 times the ULN. Th.is patient had a single 
measurem.-=nt and continued on drug for another 72 days prior to being 
discontinued for protocol violation. Two patients had elevations about 5 times the 
ULN and 2 had elevations about 3 times the ULN that either did not change over 
time with continued dosing or decreased with continued dosing. 

An elevation in the CPK was seen in 149 patients. 36 of these patients had 
elevations at baseline. 17 patients with elevations discontinued treatment but the 
time of discontinuation was not associated with the ~levation. 83 patients had 
elevations > 2 times baseline. Most of the elevations came down with continued 
treatment. There were no associated symptoms with the elevations. 

Elevations of glucose was seen in abut 7% of patients similar to the elevations 
noted in the controlled clinical trials. 

Hematology re~ults did not appear to differ frorr ti-.~ results seen in the controlled 
clinical triels. ~ of patients had a low hematoc ~' 1 ith 33% the lowest in males 
and 27 .5% in females. 

Study 304: As of 4/15/96, 604 patients had baseline lab evaluations and 317 
patients had completed the 30 week study. Elevation in the CPK was seen in I 0% 
of patients The elevation appears to have peaked at week 3. By week 24, the 
levels are sim:lar to baseline. - ·· 
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Adverse events by age, sex and race: 

There were slight increases in the rate of AEs seen with advancing age. Three 
AEs were seen with greater rates in females compared to males, accidents (5% v 
9%), nausea (4% v 7%) and UTI (9% v 12%). Because there were only 36 non 
white patients, no analyses were presented by race. 

Adverse events by titration: 

In study 301 and 302, generally, there was an increase in AEs for patients 
randomized to 10 mg/day compared to those on S mg/day. In study 303, patients 
were titrated to 10 mg/day over 6 weeks in~teAd of the 1 week titration in study 
301 and 302. The incidence of AEs was gen1~rally less with this titration. I 
requested that the sponsor compare the AE rates for patients not previously 
exposed to drug with the one and six week titration schedule. Patients entering 
303 who were assigned to plac"bo in studies 301and302 were compared to 
patients in study 301 and 302 assigned to drug. The rate of AEs was generally 
less in naive patients titrated to 10 mg over 6 week compared to those titrated 
over 1 week. This is summarized in the following table: 

Comparison of rates of AEs in patie.1ts titrated to 10 mg/day over 1 week and 
over 6 weeks. 

Study 301/302 (one week Study 303 (6 
titration) week titration) 

AE Placebo 5 mg/day 10 mg/day 301/302 AE rates for 
(n=315) (n=31 l) (n=3 l.5) Placebo patient package insert 

(n=269) (n=747) 

Fatigue 3% 4% 8% 3% 5% 

Diarrhea 5 8 15 9 10 

Nausea 6 5 19 6 11 

Vomiting 3 3 8 5 5 

Anorexia 2 3 7 3 4 

Wt loss 2 2 5 - 1 3 .. 

insomnia 6 6 14 6 9 
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Lab abnormalities by age, sex and race: 

Elevated BlTN and decrease hematocrit were more common in the older age 
groups. CPK levels were greater in the younger patients and males. Decrease 
hematocrit and calcium level abnormalities were seen more frequently in males. 

Comments: 

The sponsor has provided a safety update and revised labeling as requested in the 
approvable letter. The safety data base for which we have complete information 
is relatively small. In regards to the occurrence of serious AEs, the safety data 
base is larger in that it includes patients from study 304 and 305 and the data 
from safety update has not identified any new safety problems with the drug. 

The sponsor has provided additional information regarding titration and adverse 
events. A comparison of patients treated with 10 mg/day following 1 week on 5 
mg/day and 6 weeks on 5 mg/day indicated that the 10 mg Jose was better 
tolerated following the 6 week titration. 

In regards to labeling, after additional discussion with Lie sponsor, the following 
concerns were raised by the sponsor: 

The sponsor wants to include a display of t..he CIBIC plus results over time. 
They argue that the addition of a graph depicting the CIBIC plus ratings over 
time is both useful to the prescriber and is scientifically justifiable. They describe 
the validity and reliability of the AD cooperative study consortium global and 
argue that the global has specific landmarks (anchor points). They have placed the 
figures showing the effects on the global over time. From the division's point of 
view, the CIBIC has been used only as a check on the ADAS-cog as an 
independent test on the efficacy of the drug. The reason that the ADAS-cog is 
discussed in such detail in the labeling is because it provides the prescriber with 
an indication of the modest effect of the drug. The cm1c has less use for this 
purpose because it is not a standardized test like the ADAS-cog. The use of the 
CIBIC as proposed by the sponsor will not add any additional information not 
already provided by the ADAS-cog but can lead to confusion when prcscribers 
review labeling for e2020 and tacrine as well as other drugs approved in the 
future. Inclusion of the CIBIC may lead.Jo a false sense that c2020.is more 
effective than other chugs that do not include discussion of the CIBIC in labeling. 
For these reasons, we recommend not including the CIBIC time course in the 
labeling. 
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The sponsor wants to include more specific instructions on the use of the drug in 
the dosing section. Specifically, they want to identify the 5 mg dose as the initial 
dose. I have added this to labeling. 

The sponsor has argued and I agree that the I week titration led to a different 
adverse event profile when compared to the 10 mg dose. I have included in 
labeling the most common AE~ for both the 1 week and 6 week titration. Because 
the more rapid titration in the controlled trials appears to have added to the AEs 
reported for the 10 mg group, I have included in the AE table a comparison of 
the placebo and all doses of e2020 rather than the dosing by 5 and 10 mg group 
because this probably reflects more accurately the AE profile for patients taking 
the dose as recommended in the dosing section. 

Recommendation: 

The response and labeling has to be reviewed by all reviewers. From a clinical 
point of view. I recommend that the drug be approved with the attached labeling. 

cc: 
Original IND 
HFD-120 
HFD-120/Leber/Higgins 
rl/NovemLer 14, 1996 
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REVIEW AND EVALUATION OF CLINICAL DATA 

NDA:--········-················ 
SPONSOR:·-··················· 
DRUG:·········-··············· 
INDICATION:················· 
MATERIAL SUBMITTED:··· 
CORRESPONDENCE DATE:· 
DA TE RECEIVED:··········· 
DA TE COMPLETED:········· 

Introduction: 

20-690 (000) 
Eisai 
Aricept (donepezil, e2020) 
Alzheimer's disease 
NDA 
3/29/96 
3/29/96 
7/1/96 

Aricept (donepezil, e2020) is a reversible acetylcholinesterase inhibitor (AChEI). 
It is a piperidine based inhibitor compared to tacrine which is a acridine based 
molecule. 

Eisai submitted IND - for the evaluation of e2020 in the treatment of 
Alzheimer's disease (AD) on 12120/90. An end of phase 1 meeting took place on 
9/17/91. An end of phase 2 meeting took place on 9/21/93. A pre NDA meeting 
took place on 11/13/95. The NDA was submitted on 3/29/96. 

For this NDA review, I have used information from individual reports for 
studies 201, 301 and 302 as well as the integrated summary of safety and efficacy. 
Tilis was provided as electronic documents from a CANDA submitted at the time 
of the NOA. I also used safety and efficacy data provided by the sponsor as part 
of the CANDA for additional review. I have also reviewed sununaries of the 
preclinical data and phannacokinetics (PK) data. I have also reviewed the 
sponsor's labeling proposal and provided comments and suggestions . .. 

Other portions of the NOA were reviewed by Dr. Rzesotarski (chemistry), Dr. 
Rosloff (pharm/tox), Dr. Tammara (PK) and Dr. Haberman (statistics). 

Overview of the clinical data sources: 

Phase 1: 

Eighteen Phase 1 studies were conducted in Japan, UK and US and included PK 
studies, drug interaction studies and studies in special populations. A total of 285 
subjects were enrolled with 262 receiving drug for up to 5 weeks. In phase 1 
studies, the drug was found to be readily absorbed withoul significant first pass 



metabolism. 95% is bound to human plasma proteins. The tenninal half life was 
about 70 hours with steady state achieved in 15 days. The PK is linear from doses 
of 2 mg to 10 mg. 

Phase 2: 

Seven phase 2 studies were conducted in Japan. The study reports were not 
included in the NDA but serious AEs were reported in the egratcd summary of 
safety. The safety results were reported by the sponsor tfJ be similar to those seen 
in the US population. GI adverse events were most common. The studies are 
summarized in the following table: 

Phase 2 studies conducted In Japan 

Study Design Doses studied Duration of Number of 
(mg/day) treatment patients 

J081-l ll Open label 1, 2 Up to 12 63 
weeks 

JOSI-112 Open label 3 mg Up to 12 9 
weeks 

J08l-l31A Open label 0.1, 2 Eight weeks 69 

J08l-l31B Open label 2 Up to48 46 
weeks 

JOSI-132 Double blind 0.2 24 to 48 38 
weeks 

JOS l-133 Open label 3, 4, s 4 weeks per 20 
~ dose 

J081-134 Double blind 3, 5 Up to 16 190 
weeks 

One phase 2 study, study 201, was conducted in the US. This was a 12 week, 
randomized, double blin~ placebo controlle~ parallel, study evaluating doses of 
1, 3 and 5 mg/day. Patients completing this study were eligible to be enrolled into 
study 202, an open label extension. Following a series of protocol amendments, 
patients were allowed to be titrated to a maximum of 10 mg/day. 
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Phase 3: 

Two phase 3 studies were conducted in the US, studies 301and302. Study 301 
and 302 had similar designs. These studies were randomized, placebo controlled, 
double blind, parallel trials evaluating doses of 5 and 10 mg/day. In study 301, 
the double blind phase of the study was 12 weeks while in study 302, the duration 
of the double blind phase was 24 weeks. Patients were eligible for a long tenn 
extension study, 303. A study report for study 303 was not provided in the NDA. 
Deaths and serious AEs leading to withdrawal and lab values collected in study 
303 prior to the cut off date are provided in the integrated summary of safety. 

A third phase 3 study, 304, was ongoing as of the time of the ~"DA submission. It 
was being conducted outside the US and had a design similar to study 302 with 
doses of 5 and 10 mg/day being compared to placebo. 750 patients were to be 
enroll for this 24 week study. Patients were eligible for a long term extension, 
study 305. As of 12131/95, 438 patients were enrolled in study 304. A stUdy 
report was not provided with the NDA but deaths, serious AEs leading to 
withdrawal and lab values collected prior to the NDA cut off date were provided 
in the integrated summary of safety. 
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Overview of the plvon'I and supportive efficacy studies 

The sponsor has identified studies 301 and 302 as adequate and well controlled 
studies providing definitive evidence for the efficacy of c2020 in the treatment of 
AD. They have identified study 201 as a supportive trial. 

A comparison of these three studies is summarized in the following table: 

Comparison of protocols for studies 201,301 and 302 

Parameter Study 201 Study 301 Study 302 

Age of patients 55-85 ~50 C?SO 

Doses evaluated 0, 1, 3 and 5 0, 5 and 10 0, 5 and 10 
(mg/day) mg/day mg/day mg/day 

Patients per group 40/group 150 per group 150 per group 

Duration of 12 weeks 12 weeks 24 weeks 
double blind phase 

Duration of 2 weeks 3 weeks 6 weeks 
placebo washout 

Primary efficacy ADAS-COG, ADAS-COG, ADAS-COG, 
outcome measures CGIC CIBI-C plus CIBI-C plus 

Secondary MMSE. QOL, MMSE, CDR, MMSE,CDR, 
outcome measures ADL,CDR QOL QOL 

Time points for 0,1,3,6,9,12,14 0,1,3,6,9,12.15 0,6,12,18,24,30 
efficacy weeks weeks weeks 
assessments 

Protocol: 

Design: 

In all three studies, patients were enrolled at multiple centers in the US. They 
were randomized in a double blinOfashion to multiple doses of e2020 or placebo 
and treated in parallel for a duration of 12 to 24 weeks. The double blind 
treatment period was followed by a single blind, placebo washout and patients 
were then eligible for open label extension studies. 
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Dosing: 

In study 201, the patients received tablets containing 0, 1, 3 or 5 mg of the drug. 
The tablets were given once each evening prior to bedtime. In study 301 and 302, 
5 mg tablets were used and patients received either 0, 5 or 10 mg each evening 
prior to bedtime. Patients on I 0 mg received 5 mg/day for 7 days and then 10 mg 
for the duration of the study. The titration w.u blinded. 

Selection: 

Ambulatory patients with probable Alzheimer's disease (AD) as defined by the 
NINCDS and DSM-m-R criteria who were generally in good health were 
enrolled. Patients had mild to moderate AD as defined by an MMSE score of 10 
to 26, inclusive, and a CDR rating of 1 or 2. Patients were excluded if they had 
insulin dependent diabetes or uncontrolled non insulin dependent diabetes. 
chronic obstructive pulmonary disease or asthma, clinically significant, active 
gastrointestinal, renal, hepatic, endocrine or cardiovascular system disease. 
Patients with controlled hypertension (supine diastolic BP < 95 mmHg), right 
bundle branch block (complete or partial) and pacemakers were allowed. Patients 
with schizophrenia, delirium, delusions and depression were excluded. Patients 
with dementia complicated by other organic disease were excluded. 

Outcome variables: 

ADAS-COG: The ADAS-COG used in these studies were similar to those used in 
the evaluation of Cognex. The 11 item portion of the 21 item ADAS evaluating 
memory. orientation, language and praxis was used. Scores could range from 0 to 
70. Worsening is associated with an increase in score. 

CIBIC plus: This was used in study 301 and 302. This was a global rating similar 
to that used in the evaluation of Cognex. In this rating, a clinician familiar with 
AD, interviewed the patients and the patient's caregiver in a semi structured 
interview. The raters were directed to inquire about areas of functioning in the 
domains of general, cognitive and behavioral functioning as well as activities of 
daily living This clinician was not involved with the patient's care and was 
blinded to performance tests scores and adverse events (AEs) experienced by the 
patient. The clinician evaluated thepatients at baseline and then rated the 
impression of change based on a 7 point scale. A rating of 4 equaled no change. A 
rating of 1, 2 and 3 equaled marked, mod~rate and minimal improvement 
respectively. A rating of 5, 6 and 7 equals minimal, moderate and marked 
worsening, respectively. 
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CGIC: This scale was only used in study 201. The clinician, who was blinded to 
the ADAS-COG and MMSE score only, based their assessment on their clinical 
experience with the patient. On a 7 point scale, without anchor points, they would 
rate the global impression of change and the severity of the illness. 

MMSE: This tes~ commonly used as a screening tool for cognitive function, was 
based on 11 questions assessing orientation, memory and attention, the ability to 
name objects, foll cw verbal and written command and copy. The maximum score 
was 30 with a higher score associated with better cortical functionin~. 

Clinical Dementia Rating (CDR): This was a test to rate the stages of dementia by 
assessing 6 functional categories: memory; ori~ntation; judgement and problem 
solving; community affairs: home and hobbies, and personal care. The rating was 
performed by members of the patient's treatment team, except for the CIBI-C 
interviewer. Raters interviewed the patients and had access to collaborating 
sources including results of all of the other tests. The ratings were on a scale 
from 0 to 3 based on the severity of the AD. No AD (CDR 0), questionable or 
uncertain AD (CDR 0.5), mild AD (CDR 1 ), moderate AD (CDR 2) or aevere 
AD (CDR 3). During the study, scores from each of the 6 categories are added 
(Sum of Boxes) to provide a total score. 

Uniform Activities of Daily Living (ADL): This scale had 10 sections evaluating 
the patient's abilities in: bathing, grooming, dressing/undressing, feeding, 
toileting, movement, telephone, errands, table setting and miscelbneous activities. 
A total of 76 items were represented on the scale and patients were evaluated on 
an 8 point scale: l = independent, 2 = requires assistance, 3=requircs supervision, 
4 = requires assistance, but no lifting, 5 = requires assistance and physical lifting, 
and 8 =: can not do. High scores on the ADL represented a greater degree of 
lmpairfuent. 

Quality of Life (QOL): In study 201, there were 8 items and in studies 301 and 
302, there were 7 items to evaluate the patient's perception of well-being, as 
measured by relationships, eating and sleeping and social/leisure activity. This test 
was conducted through an interview with the patient by a nurse/evaluator or 
clinician. For study 201, a separate interview was conducted with the caregiver to 
determine their perception of the patient's life quality. ·· 

Ana~ysls: 

Definitions: ( 1) "On treatment" visit were all visits that occurred prior to or no 
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more than 3 days after the last double blind dose. Otherwise the treatments were 
considered "off treatment". (2) Endpoint visit was defined as tJ.e last available 
post baseline assessment obtained from an on treatment visit. If an on treatment 
assessment was not available then the last available off treatment assessment was 
used. In study 201 and 30 l, the endpoint visit was week 12, in study 302, the 
Endpoint visit was Week 24. (3) Retrieved drop out visit was defined an off 
treatment visit at week 12 for study 301 and week 24 for study 302. 

Missing efficacy scores: Missing variables were not replaced in these studies. 
Total scores were not calculated if one or more subcomponents were missing. If a 
patient was unable or unwiU. '1g or cooperate with a test, then the patient was 
assigned the worst score. 

Patient populations: 

( 1) Observed cases were all patients randomized to treatment, received at 
least one dose of medication, had baseline data, and had an on treatment 
assessment at week 12 in study 201 and 301 or week 24 in study 302, 
irrespective of complianc" and protocol violation. 

(2) LOCF included all patients randomized to treatment, who received at 
least one dose of medication, had baseline data, and had at least one post 
baseline, on treatment assessment, irrespective of compliance and protocol 
violation. The last available on treatment assessment was used. 

(3) Classical intent to treat included all patients randomized to treatment, 
who received at least one dose of medication, had baseline data, and had at 
least one post baseline assessment, irrespective \)f compliance and protocol 
violation. For patients who did not have a week 12 or week 24 assessment, 
the retrieved drop out score was used. For patients without the week 12 or 
week 24 on or off treatment assessment, the last observation was used. 

( 4) The Fully Evaluable subset was defined as all patients who went 
through 12 or 24 weeks of double blind treatment, were ~ 80% compliant 
and had at least two other visits during the double blind treatment and no 
significant protocol violations such as disallowed concomitant medications. 
Assessments had to be made within 3 days of taking the study treatment. 

Primary analysis: The primary analysis was the endpoint data for the Fully 
Evaluable population\ 
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Model: For continuous variables, the comparison was based on the change from 
baseline to the Endpoint visit using ANCOV A including effects for treatment, site 
and trr:atment by site interaction with the baseline as a covariate. For the CffiIC 
plus, the treatment group comparison was analyzed using CMH test with the 
centers as strata. Scores of 0 were not u.:ed in the analysis. 

Results: 

Studies 301 and 302 provided evidence for improvement in cognitive functioning 
as measured by the ADAS-COG with demonstration of global improvement as 
measured by the CIBIC. Study 201 provided supportive evidence. The results are 
summarized in die following table: 

Summary of efficacy results (treatment effect for the highest e2020 
doset vs placebo using LOCF data set2) 

Outcome measure Study 201 Study 301 Study 302 

ADAS-COG • (-3.19) • (-3.07) * (-2.88) 

CIBIC plus n/a • (-0.34) • (-0.44) 

CGIC + (-0.11) nla n/a 

MMSE + (1.11) • (1.82) • (1.36) 

CDR + (-0.21) + (-0.17) • (-0.6) 

ADL + (-4.61) n/a n/a 

QOL - (3.34) nla - (-2.05) 

1 H1ghest,dose for study 201 was 5 mg while 10 mg was the highest dose for study 301 and 302. 
2LS means used for treatment differences in all cases except for the ClBIC and CGIC 
*Statistically significant in favor of e2020 when compared with plL.ebo 
-t No statistical difference but numerical difference in favor of the drug 
- No statistical difference but nu~nerical difference in favor of placebo 
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Efficacy results for study 302: 

Disposition: 

32% of the patients on 10 mg/day dropped out compared to 20% of patients on 
placebo. AEs were the major reason for dropping out. The disposition of patients 
is summarized in the following table: 

Study 302: Disposition of patients -
Placebo 5mg 10 mg 

Number of patients at each visit(%) 

Baseline 162 154 157 

week 6 (%) 146 (90) 144 (94) 137 (87) 

week 12 (%) J 39 (86) 139 (90) 126 (80) 

week 18 f%) 138 (85) 135 (88) 113 (72) 

week 24 (%) 130 (80) 131 (85) 106 (68) 

Discontinued (%) 32 (20) 23 (15) 51 (32) 

AE (%) 11 (7) 9 (6) 26 (17) 

Request(%) 5 (3) 4 (3) 5 (3) 

non compliance(%) 0 2 (1) 7 (4) 

protocol violation (%) 7 (4) 2 (1) 7 (4) 

other(%) 9 (6) 6 (4) 8 (5) 

Demographics: 

The demographics and baseline cbaractetlstics of the treatment groups were 
similar. The only difference that rear.bed statistical significance was age. Jn the 
statistical analysis treatment by age interaction was not significant. Inclusion of 
age in the model, did not alter the statistical significance of the findings. The 
mean age was 73, 62% of the patients were female. 95% were"wbite. 75% had a 
CDR rating of 1 and the mean MMSE score was 19. 
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Primary outcome measures: 

ADAS-COG: The treatment differences were statistically 
significant at week 12 through week 24. The results of the ADAS
COG are summarized in the following table: 

Study 302: ADAS-COG change from baseline (± SE) 

Placebo 5 mg/day 10 mg/day 

Baseline 27.3 (0.34) 26.l (0.35) 27.4 (0.31) 

Observed cases 

week6 -1.51 (0.39) -1.86 (0.35) -1.83 (0.45) 

week 12 0.80 (0.42) -1.25 (0.41) -1.97 (0.50) 

week 18 1.90 (0.51) -0.90 (0.41) -1.48 (0.56) 

week 24 1.91 (0.52) -0.78 (0.42) -1.26 (0.57) 

week30 2.82 (0.53) 2.70 (0.57) 1.89 (0.53) 

LOCF 1.91 (0.49) -0.69 (0.40) -1.40 (0.51) 

ITT 1.90 (0.49) -0.61 (0.41) -1.07 (0.5U) 

There was a significant tteaunent by site interaction that appeared to be related to 
magnitude and not direction. In 22 of 24 sites. either the 5 or 10 mg/day group 
had better scores compared to placebo. In 15 of 24 sites, both the 5 and 10 
mg/day group had better scores compared to placebo. 

I took the week 24 observed cases and rounded the change in ADAS-COG score 
from baseline to the nearest whole number and plotted the cumulative frequency 
results in the following figure: 
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cm1c plus: There were statistically significant differences hetween 
the active groups and placebo at 12, 18 and 24 weeks. Th~ results of 
the CIBIC plus are summarized in the following table: 
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Study 302: CIBIC plus score (± SE) 

Placebo 5 mg/day 10 mg/day 

Observed cases 

week6 3.97 (0.066) 3.94 (0.065) 3.96 (0.069) -
week 12 4.20 (0.075) 3.99 (0.066) 3.92 (0.085) 

week 18 4.40 (0.083) 4.10 (0.082) 3.94 (0.093) 

week24 4.53 (0.084) 4.20 (0.093) 4.09 (0.099) 

week 30 4.75 (0.087) 4.45 (0.097) 4.65 (0.086) 

LOCF 4.50 (0.080) 4.18 (0.091) 4.07 (0.086) 

ITT 4.52 (0.080) 4.18 (0.091) 4.07 (0.086) 

ITT Total N 162 157 153 

ITT Scorel 0 2 1 

2 6 5 2 

3 9 30 29 

4 55 48 60 

5 55 44 33 

6 19 12 7 

7 1 1 1 

By week 12, the difference bet.7een the 10 mg/day dose and placebo was 
associated with a p value of< 0.05. On week 18 and 24, both the 5 and 10 mg/day 
doses were associated with a p value of< 0.05 when compared to placebo. 
Similar results were seen with the LOCF and m data sets. 14 of 24 sites had a 
better score in both the treatment groups compared to placebo. In 22 of 24 sites, 
either the 5 or 10 mg/day dose had a better score than placebo. 

Responders: 

I defined a responder as a patient with no change or better on the week 24 CIBIC 
plus and no change or better on the week 24 ADAS-COG. 611161 (38%) patients 
on placebo, 71/153 p~tients (46%) on 5 mg/day and 100/157 patients (64%) on 10 
mg/day fulfilled these criteria. The differences between the 10 m/day dose and 

15 



placebo was associated with a nominal p value of< 0.05. 

Secondary outcome measures: 

The sponsor collected information on the MMSE, CDR and (JOL. An increase in 
score represents improvement for the MMSE and QOL and a deterioration for 
the CDR. Patients on both 5 and 10 mg/day had improvement in MMSE and CDR 
scores that were associated with nominal p values < 0.001. The difference 
between groups for the QOL were associated with p values> 0.05. The direction 
of the scores were in favor of the drug for the 5 mg/day group when compared 
to placebo and in favor of the placebo group when compared to the 10 mg/day 
group. 

The treatment by site interaction was significant for the endpoint CDR and 
MMSE. The sponsor stated that it ~ppearcd to be based on magnitude of 
improvement rather than direction. The treatment by baseline interaction was 
also significant for the CDR. This appeared to be a result of greater improvement 
seen in the 10 mg/day group in patients with higher baseline scores. 

The results of d;e LS mean change scores for the week 24 ITI data set are 
summarized in the foDowing table: 

Secondary outcome measures: LS mean change from baseline 

~lacebo 5 mg/day 10 mg/day 

l\1MSE Baseline 19.40 (0.37) 19.44 (0.37) 19.17 (0.37) 

Week 24 ITI -0.97 (0.28) 0.24 (0.28)••• 0.39 (0.29)••• 
.. 

CDR Baseline 6.98 (0.19) 7.11 (0.19) 7.13 (0.19) 

Week 24 ITI 0.58 (0.14) -0.03 (0.14)••• -0.02 (0.14)*** 

QOL Baseline 295 (3.35) 287 (4.03) 282 (3.91) 

Week24 ITI -2.8 (3.18) 3.4 (3.27) -4.9 (3.29) 

•••p value < 0.0()1, ••p value < 0.0 l, •p value < 0.05 in comparison with 
placebo. - ·· 
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Efficacy results for study 30 i : 

Disposition: 

18% of the patients on 10 mg/day dropped out compared to 7% of patients on 
placebo. AEs were the major reason for dropping out. The sponsor excluded 13 
patients from investigator 53 in Hartford because of errors in record keeping. 
The disposition of patients is summarized in the following table: 

Study 301: Disposition of patients -
Placebo Smg lOmg 

Number of patients at each visit 

Baseline 153 157 158 

week 3 (%) 150 (98) 149 (95) 146 (92) 

week 6 (%) 147 (96) 145 (92) 137 (87) 

week 9 (%) 145 (95) 142 (90) 131 (83) 

week 12 (%) 142 (93) 142 (90) 131 (83) 

Discontinued (%) 11 (7) 16 (10) 29 (18) 

AE (%) 3 (2) 7 (4) 16 (10) 

Request(%) 3 (2) 4 (3) 6 (4) 
I---

non compliance (%) 1 (1) 0 0 

protocol violation (%) 2 (1) 3 (2) 4 (3 

other (%) 2 (1) 2 (1) 3 (2) 

Demographics: 

The demographics and baseline cha.. acteristics of the treatment groups were 
simil&r The only difference that reached a nominal p value< 0.05 was race 
though ~ 95% of the patients were white. The mean age was 74, 63% of the 
patients w'~re female. >75% had a eDR rating of 1 and the mean MMSE score 
was 19. 
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Primary outcome measures: 

ADAS-COG: The patients in the 5 and 10 mg/day gruups 
demonstrated a statistically significant difference in the change score 
of the ADAS-COG at all time points during treatment. The scores of 
the 10 mg/day group were numerically better than the 5 mg/day 
group though there was no statistical difference between groups. 
Following withdrawal, there continued to be a statistically significant 
difference between drug and placebo groups. The results are 
summarized in the following table: 

Study 301: ADAS-COG change from baseline (±SE) 

Placebo 5 mg/day 10 mg/day 

Baseline (±SE) 25.7 (0.82) 26.2 (0.88) 26 6 (0.87) 

Observed cases 

week3 -0.69 (0.30) -1.98 (0.36) -3.03 (0.36) 

week6 -0.14 (0.35) -1.55 (0.34) -3.01 (0.45) 

week9 -0.27 (0.36) -1.98 (0.39) -2.52 (0.44) 

week 12 0.45 (0.41) -2.22 (0.45) -2.68 (0.50) 

week 15 1.5 (0.45) -0.57 (0.41) -1.61 (0.47) 

LOCF 0.44 (0.39) -2.12 (0.43) -2.69 (0.47) 

ITT 0.42 (0.39) -2.17 (0.43) -2.64 (0.47) 

There was a significant treatment by site interaction that the sponsor nott.'d to be 
related to magnitude and not direction. In all sites, either the 5 or 10 mg/day 
group had better scores compared to placebo. In 20 of 24 sites, both the 5 and 10 
mg/day ADAS-COG scores were better than placebo. There was no difference in 
significance when the data was analyzed by the sex of the patient. There was a 
statistically significant treatment by baseline interaction. The sponsor noted that 
this was a results of a greater improvement in patients with higher baseline values 
in the 10 mg/day group. 

Cumulative percentage of patients with a change from baseline in the ADAS-COG 
is summarized below: 
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CIBIC plus; The scores of the patients receiving S and 10 mg/day 
were statistically better than patientq on placebo by week 12 (p values 
~ 0.01). At week 9, there was a statistically significant difference 
between the patients on 5 mg/day and placebo. At 15 wt!eks, the 
groups were not significantly different. Similar results were seen 
with the LOCF and ITI data sets. The results are summarized in the 
following table: 
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Study 302: CIBIC plus scores (± SE) 

Placebo 5 mg/day 10 mg/day 

Observed cases 

week3 3.98 (0.052) 3.98 (0.053) 3.86 (0.062) 

week6 3.98 (0.066) 3.84 (0.068) 3.91 (0.068) 

week9 4.03 (0.076) 3. 74 (0.082) 3.84 (0.068) 

week 12 4.19 (0.074) 3.85 (0.081) 3.82 (0.082) 

week 15 4.25 (0.080) 4.07 (0.088) 4.10 (0.088) 

LOCF 4.20 (0.072) 3.87 (0.078) 3.82 (0.079) 

ITT 4.21 (0.072) 3.87 (0.079) 3.82 (0.079) 

Total N 154 151 143 

Score 1 0 0 1 

2 5 12 R 

3 22 38 29 
4 73 66 54 

5 45 29 32 
6 8 5 3 

7 1 1 0 

In 21 of 24 sites, the CIBIC plus score was better in either the 5 or 10 mg/day 
group or both compared to placebo. The sex by treatment i&teraction was not 
statistically significant. The mean proportions of visits with a score of > 4 
("failed visitn) was statistically different between patients treated with 5 mg/day 
and placebo but not for patients on l 0 mg/day. 

Secondary outcome measures: 

~ 

The sponsor collected infonnation Oil the MMSE, CDR and QOL. An increase in 
score represents improvement for the MMSE and QOL and a deterioration for 
the CDR. Patients on.both 5 and 10 mg/day had improvement in the MMSE that 
was associated with p values < 0.01. There was no difference between groups for 
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the CDR. The difference between groups for the QOL were associated with p 
values > 0.05. For the QOL measure, the direction of the scores were in favor of 
the drug for the 5 mg/day group when compared to placebo and in favor of the 
placebo group when compared to the 10 mg/day group (p =0.025). 

The treatment by site interaction was significant for the endpoint CDR and 
MMSE. The sponsor noted that this appeared to be based on magnitude of 
improvement rather than direction. 

The results of the LS mean change scores for the week 24 ITI data set are 
summarized in the following table: 

Study 301: Secondary outcome measures: LS mean change from 
baseline (± SE) 

Placebo 5 mg/day 10 mg/day 

MMSE Baseline 19.80 (0.35) 19.39 (0.39) 19.35 (0.40) 

Week 12 ITT 0.14 (0.26) 1.03 (0 .25)*• 1.35 (0.2)••• 
- _....,._ 

CDR Baseline 6.81 (0.18) 6.85 (0.18) 7.18 (0.20) 

Week 12m -0.14 (0.11) -0.10 (0.11) -0.31 (0.11) 

QOL Baseline 289 (3.44) 292 (3.5~) 284 (3.51) 

Week 12m 4.0 (2.73)• 5.7 (:!.70) -4.27 (2. 71) 

•••p value< 0.001, ••p value< 0.01, •p value< 0.0S in comparison with 
placebo. 

Responders: 

I defined a responder as a patient with no c.bange or better on the week 24 CIBIC 
plus and no change or better on the week 24 ADAS-COG. Si (40%) patients on 
placebo, 91 patients (64%) on 5 mg/day and 79 patients (61 %) on 10 mg/day 
fulfilled these criteria. 

21 



Efficacy results study 201: 

Disposition: 

The disposition of patients is summarized in the following table: 

Study 201: Disposition of patients 

Placebo 1 mg 3mg 5mg 

Number of patients at each visit 

Baseline 40 42 40 39 

week 3 (%) 37 (93) 39 (93) 40 (100) 38 (97) 
·-

week 6 (%) 36 (90) 37 (88) 40 (100) 35 (90) 

week 9 (%) 35 (88) 36 (86) 39 (98) 35 (":\J) - week 12 (%) 36 (90) 35 (83) 38 (95) 36 (92) 

Discontinued (%) 5 (13) 8 (19) 2 (5) s (13) 

AE (%) 2 (5) 5 (12) 2 (5) 3 (8) 

Request(%) 0 1 (2) 0 0 -
non compliance(%) 0 0 0 0 

protocol violation ( % ) 3 (8) 1 (2) 0 1 (3) -
other(%) 0 1 (2) 0 1 (3) 

J?emographics: 

The demographics and baseline characteristics of the treatment groups were 
similar. The only differences that was associeted with a nominal p value< 0.05 
were height and weight though the actual diffel'enccs were small. The mean age 
was 70 to 73 years. 28 to 45% of the patients in the groups were male. ~ 90% of 
the patients were white. The mean MMSE score at baseline was 17.8 to 19.8. 

Primary outcome measures: 

ADAS-COG: The patients in the 5 mg/day group demonstrated a 
statistically significant difference in the change score of the ADAS
COG at week 3, 9 and 12. There was no statistical difference 
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bf.!Ween the 1 and 3 mg/day groups and placebo. Following 
withdrawal, there continued to be a statistically significant difference 
between the S mg/day group and placebo groups. The LOCF 
analysis had the same results. In thls study drop outs were not 
retrieved so an ITI analysis was not performed. The results are 
sUJDJIWized in the following table: 

Study 201: ADAS·COG chlll'ige fl·om baseline (±SE) 

Placebo 1 mg/day 3 mg/day 5 mg/day 

Baseline (±SE) 27.2 (1.78) 26.6 (1.52) 29.2 (1.71) 29.1 (2.00) 

Observed cases 

week3 -0.91 -1.82 (0.80) -3.09 (0.66) -3.77 (0.75) 
(0.71) 

week6 -0.42 -1.92 (0.73) -2.40 (0.66) -2.30 (0.70) 
(0.79) 

week9 0.01 (0.8~) , -L46 (0.71) -1.35 (0.78) -3.11 (0.69) 

week 12 0.64 (0.82) -1.12 (0.76) -1.28 (0. 76) I -2.52 (0.59) --
week 14 1.3'7 (0.70) I.IO (0.68) 0.41 (0.87) -2.00 (0.71) 

-
LOCF 0.66 (0.75) -0.87 (0.68) -1.33 (0. 7",) -2.43 (0.54) 

Additional analyses were performed to correlate the ADAS-COG 
scores with plasma levels (r=~0.198, p value 0.014), inhibition of 
AL.11EI (r=-0.216, p=0.008), CGIC (p < 0.001), AOL (p=0.052), 
QOL (p=s().261), CDR (p=0.002) and MMSE (p< 0.003). 

CGIC: This atudy was designed prior to n.:commendations about 
conducting global evaluations. There were no statistically significant 
diffGrences noted between groups for the CGIC for the observed case 
or LOCF data sets. The re&ults are summarized in the following 
table: · 
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Study 201: CGIC scores (±SE) 

Placebo 1 mg/day 3 mg/day 5 mg/day 

Observw cases 

weekO 3.98 (0.025) 3.81 (0.13) 4.05 (0.05) 4.03 (0.045) 

week3 3.76 (0.098) 3.92 (0.093) 3.85 (0.098) 3.80 (0.080) 

week6 3.92 (0.14) 3.78 (0.088) 3.75 (0.10) 3.80 (0.11) 

week9 3.91 (0.14) 4.06 (0.13) 3.77 (0.10) 3.74 (0.10) 

week 12 3.81 (0.15) 3.83 (0.12) 3.86 (0.11) 3.72 (0.12) 

week 14 4.11 (0.16) 4.05 (0.11) 3.92 (0.12) 3.89 (0.11) 

LOCF 3.85 (0.15) 3.88 (0.11) 3.90 (0.11) 3.74 (0.11) 

Total N 40 41 39 38 

Score 1 0 0 0 0 

2 
., 

1 0 0 .... 

3 ··2 10 8 12 

4 18 23 24 21 

5 6 7 6 4 

G 2 0 0 0 

7 0 0 0 0 

A comparison of the mean proportions of visits with a score of > 4 
("failed visit") between patients treated with 5 mg/day J.nrl placebo 
was associated with a nominal p value of 0.072. 

Secondary outcome measures: 

't"'. 

The sponsor collected information on the AOL, MMSE, CDR and QOL. An 
increase in score represents improvement for the MMSE and QOL and a 
deterioration for the ADL and CDR. For the AOL, the S mg/day group had 
better scor~~ (;OW.l'~~.d to placebo but the changes were associated with a nominal 
p value of 0.168. in the MMSE, all centers reported improvement for the S 
mg/d?.y gronp but th~ changes were associated with a p value of 0.155. For the 
QOL m~asure, the differences between the S mg/day groap and placebo was 
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associated with a p value of 0.21. Analysis of dose response was associated with a 
p value of 0.0383 for the patient rated QOL. In all of the comparisons involving 
secondary outcome measures, there were no treatment differences associated with 
a p value of< 0.05. 

Study 201: Secondary outcome measures: LS Mean change from 
baseline (week 12 LOCF data set used) 

Placebo 1 mg/day 3 mg/day 5 mg/day 

ADL Baseline 92.44 91.9 98.8 105.6 

LOCF 1.5 (2.38) 4.0 (3.10) 0.58 (1.56) .. J.07 (1.67) 

MMSE Baseline 18.2 19.8 18.6 17.8 

LOCF 1.15 (0.38) 0.56 (0_40) 0.89 (0.42) 1.99 (0.32) 

CDR Baseline 6.66 6.48 6.91 7.30 

LOCF 0.1 (0.17) 0.18 (0.19) 0.23 (0.21) mQ,11 (0,15) 

QOL Baseline 295 291 270 283 

LOCF -1.33 (5.20) 0.75 (4.83) 2.56 (7.00) ~.75 (7.18) 

***P value< 0.001, **p value< 0.01, *p value< 0.05 in comparison with 
placebo. 

Sponsor's concLisions: 

The sponsor offered the following as a conclusion for the efficacy results: 

All three controlled studies demonattate that B2020 significan~J improves cognitive 
fnnctiorun~. These findin~ are supported by statistically significant improvement as 
measun".d by the ADAS-COG. This finding was consistent acrosa the three studirs and is 
supported by data generated not only for the ADAS-COO but clso for ihe MMSE (in Study 
301 and 302). 

The results of Study 201 generallr support those found in Studies 301and302 on tests of 
cognitive status. The ADAS-COO measure wu statistically significantly improved by 
B2020 relative to placebo and there was a trend toward improvement on the MMSE. 

The conclusion of all three studies-with respect to the effect of E2020 on the cognitive 
status in Alzbeimer's DiseMe is the same: 62020 improYes functioning on measures of 
cognitive ability in dementia patients. This effect is strong statistically and clinically and is 
consistent across srJdies. 

Evidence for 1eneral clinica1 global improvement durina the Ratment period was collected 
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by conducting evaluations of patients' global functionality. These evaluations were 
performed by clinicians who were blinded to the outcome of cognitive testing and other test 
procedures such as laboratory results aud adverse event reports. Interviews with the patient 
and a collateral source whc hid knowledge of the patient's general functioning were 
conducted. 

In Smdies 301and302, consistent and statistically significant improvements on the CIBl-C 
Plus were repo~ Patients receiving E2020 were less likely than placebo treated patients 
to exhibit a worsening in clinical condition at any Ul"'ID'"t and were more likely to show 
clinical improvement The results of the CDR-SB support those of the CIBI-C Plus. 

The small dose-ranging investigation, Study 201 (n•161patients,40/treatment), is 
regarded as supportive in nature rather than scientifically conclusive concerning the effect 
of E2020 on global evaluation scores, because no statistically significant overall treatment 
effects were seen for any measure cf global improvement An examination of the results for 
these measures does, however, suggest that the Smg/day treatment p>Up exhibited a trend 
toward superiority relative to placebo on tM CGIC, AOL. CDR-SB and QOL measures at a 
number of assessment periods and at Endpoint. 

In summary, two well-controlkd clinical trials have provided strong evidence for the 
effectiveness of E2020 in the treaancnt of Alzheimer's Disease. The drug produces its 
i .ffects by improving both cognitive status and global functioning. The improvement in 
both parameters exceeded standard statistical criteria A third well-controlled clinical trial 
provided additional supportive evidence for the effectiveness of E2020 in the treatment of 
Alzheimer's Discue. 

Reviewer's conc~u~ions: 

From recommendati.ons of the PCNS advisory committee and expens in the field 
of AD, demonstration of a symptomatic effect in AD requires that a sponsor 
conduct placebo controlled, parallel, randomized, double blind trials of 3 and 
preferably 6 months in duration to demonstrate that the drug not only produce a 
significant impr:>vement in cognitive function on a performance based test such as 
tht; ADAS-COG but that it also leads to a clinically detectable improvement. The 
results J>rcsented in this NOA demonstrates that the sponsor bas accomplished 
these tasks. In two adequate and well controlled clinical trials, studies 301 and 
302, the sponsor bas shown that patients receiving e2020 have a statistJcally 
significant mean improvement in cognitive performance on the ADAS-COG and 
have a statistically significant mean clinical improvement as demonstrated on the 
cm1c plus. 

As seer with tacrine. another cboline&terase inhibitor, the sizo·of the effect is 
modest. A~ 12 weeks, there appears to be a mean 2 to 3 point improvement in the 
ADAS-COG md 0.2 to 0.4 point improvement in the CIBIC plus. 'Ibis treatment 
effect appears to pereist with at least 24 weeks of treatment. The onset of 
improvement was first noted at 3 weeks, the f:trst observation point, in study 201 
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and 301. In study 302, the groups were similar at 6 weeks, the first observation 
point, bi:'.t different at the 12 weeks, the second observation point. The drug does 
not appear to have an effect on the underlying progression of the disease. This is 
suggested by the loss of cognitivr function 3 to 6 week after discontinuing e2020 
to a level seen in patients who were treated with placebo. The sponsor was unable 
to demonstrate a consistent effect in measures claiming to evaluate quality of life. 

The sponsor also demonstrated that the treatment effect is dose related. In study 
201, the cognit'.ve performance of patients on doses of 1and3 mg/day were not 
significantly different from placebo whereas patients on 5 mg/day had a 
statistically significant improvement in ADAS-COG scores. While patients on 10 
mg/day generally had better scores than patients on 5 mg/day for the ADAS-COG 
and CIBIC, the differences were not statistically significant. In all cases, patients 
on both 5 and 10 mg/day had stati.stically significant improvement compared to 
placebo for both the ADAS-COG and CIBIC plus. The 5 mg/day group had better 
scored on the QOL measures compared to either the 10 mg/day group or the 
placebo group. 

cc: 
Original IND 
HFD-120 
HFD-120/Leber/Katz/LevirJHiggins 
rVJuly 2, 1996 
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REVIEW AND EVALUATION OF SAFETY DATA 

NDA:··--········-·······-······ 
SPONSOR:·-···············-·iil· 
DRUG:························~ 
ll'llDICATI<>N:···············~· 
MATERIAL SUBMITTED:··· 
CORRESPONDENCE DATE:· 
DA TE RECEIVED:··········· 
DATE COMPLETED:-·-······ 

Safety Database: 

Studies: 

20-690 ( 000) 
Eisai 
Aricept (donepezil, e2020) 
Alzheimer's disease 
NDA 
3/29/96 
3/29/96 
7/1/96 

The safety data base contained information from 32 studies conducted worldwide. 
In 28 studies, Gnly deaths, serious AEs and withdrawals related to serious AEs 
were discussed. All of the safety information was presented for the remaining 4 
studies, 201, 202, 30 I and 302. In addition to the 32 studies, the sponsor had 
included serious AEs and lab abnormalities for studies 303 PJld 304. TI1ese studies 
were ongoing at the time of the NOA cut off date. Study 303 was the open label, 
long tenn extension for patients in study 301 and 302. As of 9/30/95, the date of 
the lab cut off, 739 patients were cnrolle.d at doses up to 10 mg/day. Study 304 
was a 6 month controlled trial conducted outside the US with a design similar to 
study 302. As of 12/31/95, the day of the lab cut off, 438 of a projected 750 
patients had been enrolled. 

Patient populations: 

The sp0nsor divided the safety population into three groups: all patients, 
controlled, completed studies (201, 202, 301, 302) and uncontrolled studies 
(202). 13 patients enrolled at the Hartford site in ~tudy 301 were excluded. This 
site was discontinued due to irregularities in recorJ keeping procedures, protocol 
violations and general lack of acceptable performance. Problema included mi11ing 
documentation, postdated CRF information, po11ible f oraery, failure to maintain 
control ovr.r the double blind study label• and incomplete ruantenance of •tudy 
records. .. 

Do1e1: 

In 1tudi11 30 l and 302, pationta received either 5 or I 0 m1 IVIJ'Y eventna. 
Pationta on I 0 m1 were alv•n 5 m1 for the ftnt 7 day• ln u attempt to 1vcld 
choU...rfic 1id8 effects. In 1tudy 303, 5 and 10 m11iven once daily were al10 



evaluated. In study 202, the dosing schedule WdS amended 4 times. The final 
amendment allowed patients to receive treatment up to 10 mg. In this study, 
patients were initially started on 3 mg/day with the dose increased by 2 mg/day 
up to a total dose of 7 mg/day. The dose could then be increased to 10 mg/day or 
decreased to as low as 3 mg/day. In study 303, patients received either Sor 10 
mg given once daily. In this study, the dose could be increased to 10 mg or 
decreased to 5 mg daily. 

Safety evaluations: 

In the sponsor's table I B from the ISS, the safety ASsessment~ were outlined. In 
study 202, safety assessments took place every 3 weeks for the first 12 weeks and 
then every 12 weeks. 
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T"aaa.eal 
E2Ql)..AOO 1-201 x .x 
E2oahMJOl-301 x x 
E2oa>-.\OO 1-302 x x 
T"•••V•• 

E2mo-M>01-201 x-x 
!2~..001-301 x -x 
!2~-AOOl-302 x-x 

P:b.\lio-1 E-iu.tiol 
E2020-A001-201 X' X* X* X* X* xt X' 
E2020-AOO 1-301 X' X* X* r r ~ r 
E2020-.\001-302 x:- X* X* r X* r X* X' 

Vital lips 
E2011>-AOO 1-201 x x x x x x 
E2020-AOO 1-301 X' X* X* X* r X' 
E201.l-AOO 1-302 X' X* X* r X* X* X* X' 

EOO 
E202D-AOO 1-201 x x 
E201l-AOO 1-301 x x r 
E201l-AOO 1-302 x x r 

Luora.1:>ry Dt 11 rmiuli>u' 
£201'>-AOO 1-201 x x x x x x x 
E201l-AOO 1-301 x x x x x x x 
E201l-AOO 1-302 x x x x x x x x 

ADalytioal flam. plt4 Colbc tioD. 
E201l-AOO 1-201 x x x x x x x 
E201>-AOO 1-301 x x x x x x 
E201l--AOO 1-302 x x x x x x x 

M•rs• E•li: Mouormg 
E201>-ADO 1-201 x x x x x x x 
E201>-AOO 1-301 x x x x x x 
E201>·ADO 1-302 x x x x x x x 

~ ..... a:ar ..... :Gonl~ 
H aAlDt, Jria'to midall.o«t '11.elWI o:Ma~, litMol:1fy,a4111'iaJJ'* 
IColl}ltt•: GIMral •ll-hill,IP, wt I'll•, •iall, Wfl&, tds. 
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Exposure: 

Placebo controlled studies: 

A total of 1102 patients were treated in the controlled clinical trials 201,301 and 



302. 747 were treated with c2020 and 355 were treated with placebo. A fourth 
placebo controlled study, 304, was ongoing and still blinded at the ti.me of the 
NDA submission and no exposure data was available. The distribution of patients 
in the three studies is summarized in the following table: 

Treatment assignment for studies 201, 301 and 302 

Placebo 5mg lOmg All doses 

Study 201 40 39 0 161• 

Study 301 153 157 158 468 

Study 302 162 154 157 473 

Total 355 350 315 1102 

a 42 patients were treated with 1 mg and 40 \\~re treated with 3 mg 

The exposure by dose and duration for study 301 is summarized in th~ following 
table. The duration of the study was 12 weeks (84 days). Patients in study 301 
were subsequently eligible for study 303 for continued dosing. 

Study 301: Exposure by dose and duration 
··-

Any exposure > 3 months(~ 80 days) 
·-·---· 

All doses 315 256 

5 mg 157 136 

10 mg 158 120 

The exposure by dose and duration for study 302, a 24 week study, is 
summarized in the following table. Patients enrolled into this study were eligible 
to enroll into study 303. 

Study 302: Exposure by dose and duration 302 

Any exposure > 3 months 6 months (~160 days) 
-

All doses 311 - 249 234 
.. 

5mg 154 138 127 

IO mg 157 111 107 



Long term extension studies: 

133 of the 162 patients from study 201 were subsequently enrolled into study 
202, the long term extension. The distribution of patients from each treatment 
group enrolling is summarized in the following table: 

,..-
Enrollment of patients from study 201 into study 202 

Placebo 1 mg 3mg 5mg 

Study 201 40 42 40 39 

Study 202 31 34 37 31 

For patients involved in study 201 and 202, the duration of cr.tjosure to any dose 
of e2020 is summarized in the following table: 

Study 201 and 202: Exposure by dose and duration 
""" ---r 

Any >3 >6 > 12 > 24 months 
exposure months months months 

--
All doses 161 120 103 58 10 

~ 5 mg ns 109 96 50 7 
~---

10 mg 62 9 0 0 0 

Study 303 is the long term extension study of studies 301 and 302. In this study: 
the drug could be increased to 10 mg/day or decreased to 5 mg/day at any visit 
before week 72. 384 patients from study 301 and 356 patients from study 302 
were enrolled into study 303. The sponsor noted that 196 patients completed~ 50 
weeks of treatment by 9/31/95. The distribution of the patients enrolling into 
study 303 is summarized in the following table: 

Enrollment of patients in study 301 and 302 into study 303 
f--

Patients in Entering Patients in Entering 
study 301 study 303 study 302 study 303 

Placebo 153 133 162 128 
5mg 157 130 154 128 

10 mg 158 121 157 100 -· Total A68 384 473 356 
" ..... 



Total exposure by dose and duration: 

Studies 201, 202, 301 and 302: 

All safety data from studies 201, 202, 301 and 302 were included in the safety 
data base. The number of patients expoJure to recommended doses of e2020 in 
these studies and the duration of the c-xposure is summarized in the following 
table. 

rumber of pat!•nls .,;;:;; . ,; ,~-EJ020 by dose and duradc.n (studies 201, 
202, 301 an~ ~402) 

I .\II «i~;~;~ -·-·-. - - -, .. --:;--·· 10 mg 

~~;~1~~ -·-rAny-r- 3 -- -- , > 6 - --r A:Y:f > 3 > 6 Any > 3 > 6 
months months months months months months 

201/2Q2a 152 120 103 135 109 96 62 9 0 

301 315 256 0 161 136 0 163 120 0 

302 311 249 234 154 138 127 157 111 107 

AJI studies 778 625 337 450 383 223 382 240 107 

a in study 202 patients could be on both 5 and I 0 mg/day. Patients on 7 mg were 
jncluded in the 5 mg/day group. 

Only 50 patients have been exposed to doses of 5 mg for 1 year or more. No 
patients were exposed to doses of 10 mg for 1 year or more. 

Study 303~ 

Serious AEs and lab abnormalities from study 303, the long term extension study 
for studies 301 and 302, were included in the safety data base. The cut off date 
for reporting serious AEs was 6/30/95 and for lab data was 9/31/95. Taking into 
account patients enrolled into study 303, an additional 261 patients exposed to 
placebo in study 301 and 302 were exposed to doses of 2: S mg and 479 patients 
already exposed to doses of 5 or 10 mg/day for 3 to iS months were continued on 
e2020. The sponsor noted that 196 patients had completed 2: 50 weeks of 
treaunent. From the information in thCHiata base, at least 300 of patients were 
exposed for 2: 24 weeks. 95% of the patients in study 303 were titrated to 10 
mg/day. 

D~mographics (studies 201, 301, 302): 

For the placebo controlled tria!~, the mean age of patient& was 73, ran~ng from 



50 to 94. 5% of the patients were~ 85 and 15% were< 65. 95% of the 
population were white and 63% were female. The demographics were similar 
between groups and was similar to the patients entering study 202. 

Baseline characteristics (studies 201, 301, 302): 

76% of all patients had a CDR rating of 1. The mean MMSE score was 19 with 
scores ranging from 8 to 27. The treaunent groups were similar. Other baseline 
characteristics including medical history, prior medication, concomitant 
medication, height and weight were similar between groups. 

Disposition (studies 101, 301, 302): 

75% or more of all patients completed the controlled clinical trials. Less than 4% 
discontinued for a serious AE. The disposition of patients is summarized in the 
following table: 

R D!~positi\Jn of patients in the controlled clinical trials 
It-

Number(%) of patients 

Placebo 1 3 5 10 All 
mg/day mg/day mg/day mg/day E2020 

Total 355 42 40 350 315 747 

Number of Patients who 307 (86) 34 (81) 38 (95) 306 235 613 
Completed (87) (75) (82) 

Number of Patients who 48 ( 14) 8 (19) 2 (5) 44 (13) 80 (25) 134 
Discontinued (18) 

Reason for Discontinuation: 

Adverse. Event 16 (5) s (12) 2 (S) 19 (5) 42 (13) 68 (9) 

Request of Patient/Investigator 8 (2) 1 (2) 0 8 (2) 11 (3) 20 (3) 

Medication Noncompliance I (<1) 0 0 2 (1) s (2) 7 (1) 

Protocol Violation 12 (3) 1 (2) 0 6 (2) 11 (3) 18 (2) 

Other 11 (3) 1 (2) 0 9 (3) 11 (3) 21 (3) 

Of the 141 patients who completed study 201, 133 entered study 202. 42 (32%) 
continued in the study at the time of the cut off date. 76 (57%) discontinued. 14 
( 11 % ) discontinued for an AE, 9 of which were serious. 26 (20%) by request of 
the patient or investigator and 28 (21 % ) discontinued because of lack of efficacy 
or withdrawal of consent. 



Deaths: 

There were 27 deaths that occwred either during the studies or within 4 weeks of 
discontinuing in all of the studies. 

There were 4 deaths during the controlled clinical trials, 201, 301 and 302. Three 
deaths occurred in patients assigned to placebo (N=355) and 1 assigned to 10 
mg/day (N=315). The patient in the 10 mg/day group died from metBstatic 
disease. 

There were 5 deaths ir study 304, a 6 month, double blind efficacy study. 739 
patients were enrolled in this study with 488 assigned to active treatment. Since 
this efficacy study was ongoing at the time of the submission, the data was 
blinded. 

One patient involved in study 1081-134, a double blind study involving 190 
patients randomized to 0, 3 or 5 mg/day for up to 16 weeks of treatment died. 
This patient had a stroke after 32 days of treatment with 5 mg/day. 

17 deaths were reponed in the long tenn extension studies, 202, 303 and 305. 
Three patients were in study 202 ( 131 patients exposed), 9 were in study 303 
(767 patients exposed, 196 for~ 50 weeks) and 4 were in study 305 (number 
unknown). The sponsor's summary of the deaths are in table 7A. Narratives of 
the patients who died in all studies is in Appendix 1 of this review. 
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Discontinuations for adverse events in controlled clinical trials: 

In studies 201, 301and302, 5% of patients on placebo and~% of patients on S 
mg/day withdrew for AEs. 13% of patients on 10 ma/day withdrew for AEa. Out 
of the 68 patients withdrawing for AEs, S2 of the patients withdrew for non 
serious AEs, mostly for nausea. diarrhea and vomitina. Other non serious AEs 
included dizziness, depression and aggreaaion. 1 took all patient& who withdrew 
for AEs. If the rate was ~ 1 % in either the S or 10 ma group and wu greater 
than the rate observed in the placebo group, I included it in the following table. 



Studies 201, 301 and 302: Percentaae or patients wlthdrawlna for 
any AE _.,._. __ 
AE Placebo (N•355) S mg (N•350) 10 mg (N•31S} .. 
Total (serious AEs) 5 (2} 5 (2} 13 (3) 

Accident <l 0 1 

Fatigue 0 0 1 
~- . 
Nausea l 1 3 
-·--====~-----~---· ~- ~ -~ 

Diarrhea 0 <l 3 
-- - ....... 

Vomiting <1 <1 , .. 
&..--..._.,.,,,,~__....__--- ---=~ . ---~· ~ ·'~ --
Abdominal disturbance <l 0 <l 

--.----.-. 

Anorexia <1 l 0 
.....,._~ .. - ·~ 

W eiaht decrease 0 0 1 
--~~= . 

--~--~--~ .. -.~-

Fracture Bone 0 0 1 
~--=-~~--' 

Depression 0 1 1 
-~--o-=----- t--~ ----

Dizziness 0 1 <l 
~~~ -· ~ 

Aggression 0 1 1 
---~-., ____ , -----.....-------··--~- .. ~--

Insomnia <1 0 ] 

Discontinuations for adverse eventl In extended clinical trlal1: 

In study 202, 14 of 133 patient• {l l %) withdrew for adverse events. The causes 
of discontinuation were GI complaints in three patients (stomach pain, heartburn, 
GI bleeding from ulcers), stroke in two patients, and in sinale patients; 
hallucinations, agitation, headache, fall, syncopal spell, UTI, depre11ion and 
seizure. 

In study 303, over 700 patients were emolled from study 301 and 302 with 196 
patit:nts exposed to e2020 for~ 50 weeks (9'% at do1e1of10 mg/day). 12 
patients discontinued for serious AEs. 7 of these patientl had syncopal epi1odes. 
11Us compares co 1 in 133 patienta in study 202 (0.8% ). The onset of syncope 
ranged from 7 to 31 weeks after initiation of treatment. Other events included 
renal failure, gastric ulcer, epigutric pain, 1eizur~ and agitation. 



Narratives for patients dl1contlnuln1 for 1erlou1 AE1: 

A narrative for all patients discontinuing for eerious A.Ea in the safety data baic is 
in Appendix 2. This includes information from patients in studies 201. 301 and 
302 as well as from studies 202, 303 and 304. 

Other Serlou1 AE1 In the controlled cUnlcal trials: 

In the controllod clinical trial1, 47 of the 747 patlentl on dru1 (6%) and 18 of the 
355 patients on placebo (5%) had at least one 1eriou1 AB. The percentage of 
serious AEs noted in ~ 1 ~ of patients on S or 10 ma/day with a higher rate than 
in patients on placebo is summarized in the following table. 

Percentaae of patients with a serious AE1 In the controlled cllnlcal 
trial• 
- -

-0~ 

AE Placebo (N=355) s mg (N• 3,0) 10 ma (N=31~) ,__ ___ --
- - ·-·- --~ ..--.- .. 

At least one SAE 5 .5 7 
~~~ "··------·------o-,,, __ ~ -
Accident 0 l 2 
---~ .. ,_,.,. --
Chest pain <l 1 ~· -- =·--~~,.....-.·-,,•" ·~ 

pain 0 0 l 
..... ,~ ··-----·-·- .........._. 

hernia 0 0 I 
~ - ~ - --~-----~-., ..... - --·- - ... ~-~--=~- - ~===-'=-=ao 

infection 0 2 0 
~ ---- 1---~-·· ~--~----====---~ -
sy~l:ope <l l <1 . -----~~-_,,,._ ·-..-·---- -="= ~~~~ 

Anginu 0 1 0 
-- ~~-~~~=-,, '-------'-'-~~--~- ~~~~-- -- --· 

Fractu'rc bone () 0 2 
~--~~====,,=~=======-~--. - - f- ---
aphasia 0 0 1 

Serious AF.1 In 1tudy 202: 

34 of the 131 patients (26%) in study 202, had at lout one SAE pnor to the cut 
off dute of l/30/9S. Seriout: AEs (numner of patients) included cancer (8) 
(11quamou1 cell carcinoma, prostatic (3), baaal cell, tranaitional cell, breut, 
uterine), agitation (,), syncopal 1pell1 (2), 1trok.e (2), aeizure (2), fall (2}, low 
back pain (2). Other serious AE1 that occumd in only one patient included 01 
bleed related to duodenal ulcer, un, hallucinations, depre11ion, death (Ml (1)) , 
unknown. angina, bronchitis, renal colic, atrial arrhythmia. 



Serious AE1 In 1tudy 303: 

In study 303, 67 of the 739 paticnta exposed to tile drug, 196 of who~n were 
treated for ~ 50 weeks, had at least one serious AE (includina death) as the cut 
off date of 6/30/9~. The serious ABa (number of patienu) included srncope (10), 
cancer (8), surgery (7), fall/fracture (6), UTI (S), pneumonia (4), atrial 
fibriJJation (3), intracerebral bleed (3) and Ml (3), stroke (2), vomiting (2), 
bronchitis (2) . Other serious AEa occurrina in only one patient included 
pulmonary embolism, viral encephaliti1, hemopty1i1, renal failure, abdominal 
pain, depression, sepsis, retinal vein thrombosis, agitation, cholecyatitis, bleeding 
ukcr. agitation. 

Treatment Emeraent Adver'le events: 

Methods: 

I took the double blind portion of studies 20 l , 301 and 302 and found all of the 
adverse event tenns for the placebo, S and I 0 ma treatment groups. The 
frequencies of AEs were calculated by dividing the total number of AEs by the 
number of patients exposed to the drug; 3,S, 3S2 and 318 for the placebo, 5 and 
10 mg sroups, respectively. I combined the ~ and 10 ma group and to<'k all of 
the AEs that were more frequent in the e2020 sroup when compared to placebo, 
eliminated those with a frequency < l % for the combined group and placed the 
remainder in the table below: 



Studies 201, 301 and 302: Adverse events ·---
Plb 5 mg 10mg 5+10 mg 
(N=35'> (N;;:352) (N•318) (N=670) 

- - --

N % N % N % % 
- - - -~-

Nausea 19 5.35 20 S.68 59 18.55 11.79 
---.·~--·- -
Diarrhea 14 3.94 24 6.82 45 14.lS 10.30 

..__,...~,.-----~~ - -

Insomnia 18 S.07 19 5.40 41 12.89 8.96 
~~~----"""------·~--- - .. 

Headache 28 7.89 27 7.67 32 10.06 8.81 
----· -·· -~~· . -~-~-....,,,, 

Pain 2(, 7.32 28 7.9S 29 9.12 8.51 
-·----... .-... ---- •-"" ~~ 

,____ 

Diz1jness 19 5.3.5 28 7.95 25 7.86 7.91 
-, -=-~-~---·~-----...--_,,. .. ~--~~ 

Accident 18 5.01 25 7.10 19 5.97 6.57 
~- ----- ---- --
Muscle Cramp 6 1.69 19 5.40 24 1.SS 6.42 
~~-=--··~ -- --- "LO- ----~ - ~ 

Fatigue --HI __ 3.10 13 3.69 24 7.55 S.52 
-- -

Vomitin!' ~- 2.54 10 2.84 25 7.86 5.22 
~~ -~ - ~ ~ --·- --~·---

,,,______ 

Anorexia 1.41 9 2.56 18 5.66 4.03 
- --=-=---~ -

Rhinitis 2.54 11 3.12 13 4.09 3.58 
~--= =~-~--- =--~ 

FO ------- --------· -

. ..,...,_,____....._ 

Infection (l 1.69 13 3.69 10 J.14 3.43 
~- -· ·- -·--·-e - ·---- ~ 

Stomach Upset 6 1.69 13 3.69 9 2.83 3.28 
____ ___,, •'--i~·~o ---~== 

f-----~--- ~----~--- ------.-~· 

Dreams () 0.00 10 2.84 8 2.S2 2.69 
Abnormal 

-- ··..O-------~ ~------~ c--o"'-- - 1--

Ecchyinosis "T 1 97 11 3.12 7 2.20 2.69 • 
-- - ---- -- ----"_.,.__~.- ~ --- _., __ 

Confustion R 2.25 7 1.99 10 3.14 2.54 
·-=··-----·=---- ·- -
Depression 2 0.56 7 1.99 10 3.14 2.54 
~-~---=-=-----""""''·--

Weight 4 1.13 5 l.42 12 3.77 2.~4 

Decrease 
~--==~---,.-~------ - - .. 

Upper Resp 8 2.25 10 2.84 6 1.89 2.39 
Tract Infection 

......... - ... .,,, .... 

Anxiety 4 1.13 5 1.42 9 2.83 2.09 



Studies 201. 301 and 302: Adverse events (continued) 
-

Plb 5 mg lOmg 5+10 mg 
(N=355) (N=352) (N•318) (N=670) 

N % N % N % % 
-·-~-·----·- --
Arthritis 3 0.85 3 0.85 9 2.83 1.79 
~·------..·-·- -- >"-•~ 

Frequent 2 0.56 6 1.70 6 1.89 L79 
Urination 
~-"· -~ ---·->-
Somnolence 1 0.2~ 5 l.42 6 1.89 1.64 

~~· - ""~ e- ,-
~, ____ 

Syncope 3 0.85 9 2.56 2 0.63 l.64 
·- ·- 1--= = -· ·- -

Weakness l 0.28 7 1.99 4 1.26 l.64 
Generalized 
-···--""'·-·- -n.- f---~ •. 

·~----·-

Aggression 0 0.00 " 0.57 7 2.20 1.34 ..... 
-~-,--·- _,,,,,~= ~ -~-

Incontinence 2 0.56 l 0.28 8 2.52 1.34 
Fecal 
~·~-~~~~--~-~ - - ···---------·-~-- ·- ~~~----- --
Dyspneu 2 0.56 3 0.85 .5 1.57 1.19 
--·'. -----------~-=--· ............. _ .......... ~--~t-- -

Tooth Disorder ' 0.28 4 1.14 4 1.26 1.19 

Severe AEs: 

The AEs rated as severe that were more frequent in the c2020 group compared 
with placebo included accidents, headaches, vomiting, nausea and fractured bones. 
All were present in 1 % of patients on 10 mg/day and< 1 % in the placebo group. 

Occurrence of AEa by time on treatment: 

The sponsor conducted an analysis of the incidence of AEs by exposure to the 
drug. The first incidence of nausea, diarrhea, vomiting, insomnia, fatigue and 
anorexia occurred within the first 3 weeks of treatment in mol'e tl1an 50% of 
patients. Muscle cramps occurred more frequently during weeks 4 to 12. 

AEs durina the placebo washout period: 

No new events occurred in more than 2% of the patients receiving 10 mg/day 
during the washout period. 



AEs during the open label extension (study 202): 

All AEs occurring at a frequency of > 5% during the open !abel extension, study 
202, are summarized in the following table: 

Study 202: Percenta11e of patients with A Es 
- -

AE Overall incidence Severe -
Agitation 18 2 

~· .. -

lJTI 10 I 
---......... ---~- -- ,____ ____ . --- ·-
URI 8 0 

I--• 

Confusion 8 1 
,_, --· -- - ----
insomnia 7 1 
---~--...,..~·~· - -- ' - -
dizziness 7 0 

~___,____,_..,, ______ ·-
Fracture bone 5 2 
... ----~··-·-~---~-. -
anxiety 5 1 
------. ··~- -- - - ·----~--'""-~- ....... ...._ ____ - ~--·-

coughing 5 0 
·--··--·-...... -·- --

depression 5 1 
- =-~-~ ................... -~~ . -

vertigo 5 0 
'··-------~--~-~-·- >--·--~~---.~- ·-
halltu.:ination 5 2 

Vital signs: 

for the' controlled clinical trials, in the 10 mg group, there was an overall 
increase in pulse of 1.9 hpm. a decrease in systolic BP of 3.1 mmHg and a 
decrease in diastolic BP of 2. 7 mmHg. Clinically significant changes occurred in 
5 placebo patients, 5 patients on 5 mg/day and 6 patients on 10 mg/day. The 
changes are summarized in the following table: 



Number of patients with clinically significant chauges in BP 
and/or heart rate (HR) (ranae of changes) 

-

Change Placebo (Ns355) S mg/day (N=3S2) 10 mg/day 
(N=315) 

-
Decrease in HR I (48 bpm) 1 (48 bpm) 0 

Incrcas .... in HR I (136 bpm) 1 (127 bpm) 0 

Decrease in BP 0 1 (systolic to 82) 1 (diastolic to 49) 
~·· 

Increase in BP 3 (systolic to 181 ~ 4 (sy~.olic to 184 - 5 (systolic to 184 -
220) 186, diastolic to 208, diastolic to 

114) 108) 

In the open label study, 202, there was one patient on e2020 who had a clinically 
significant change in vital signs. Patient 069 had a BP of 198/106 at week 4 ~ 
while on 5 mg/day. At week 84. the diastolic BP was 110. During the washout 
period, the patient was noted to have labile BP measurements. 

ECGs: 

Investigators categorized the ECGs as nonnal, abnonnal but not clinically 
significant and abnormal and clinically significant. The number of patients withe 
change in ECG from nonnal at baseline to clinically significantly abnonnal was 
as follows: placebo 2/298 (1 %), 1 mg/day 0/37 (0%), 3 mg/day 2/37 (5%), 5 
mg/day 5/291 (2%), 10 mg/day 0/222 (0%). The changes are summarized in the 
following table: 



ECG changes rated as clinically slgnlftcantt, serious2, and/or leading 
to withdrawalJ 

-
Dose Patient ID Ef'G abnormality 

-
Placebo 301-135 Atrial fibrillation2 
(N=299) 

.. 
301-164 LBBBl 

301-308 Sinus bradycardia 1, PVCs 1 - . -
1 mg 201-30 ECG abnormal3 
(N=37) 

~ ---· 

3 mg 20i-6 Atrial fibrillation 1 
(N=37) 201-157 Absent p wave t 

--
5 mg 201-138 Supraventricular tachycardia3 
(N=291) 301-9 Arrhythmia with pacemaker2 

301-17 PVCsl, possible RBBB I 
- , --

301-149 Atrial fibrillation2 
- . 

301-309 Sinus bradycardiat, LADl, increased QRS voltagel 
--

302-2 Frequent PVCs I, multifocal PVCsl, atrial fibrillation 1,3 
~~ -~ ----
302-31 Sinus arrhythmial, minor IVCDI, t wave invt:rsionsl 

. -~·· ~ ~·---- ~---~·----·-

302-273 Multif• >eal PVCs2,3 ---
302-424 Possible old Mil, sinus bradycardial 

The onJy ECG change reported as possibly dose related was sinus bradycardia. 
For all reports of sir.us bradycardia, the incidence was as follows: placebo 4/299 
( 1.3%), 1 mg/day 1/37 (2.7%), 3 mg/day 1137 (2.7%), 5 mg/day 26/291 (8.9%), 
10 mg/day (9.5%). 

Labs: 

Methods: 

The sponsor reported ( 1) the change in clinical laboratol) values from baseline to 
the last value on treatment and (2) any value that was qualified as an abnonnal 
value based on set criteria provided by the division. Abnormal values obtained 
during the placebo washout were also included. 



Mean changes In lab values: 

The mean changes and number of t'atients widl clinically relevant shifts were 
similar m the placebo and drug groups. The mean lab values increased in the 5 
and 10 mg group relative to placebo for ALT, AST, LDH and CPK 
measurements. The mean glucose level decreased in the 5 and 10 mg group 
compared to placebo. A large shift in CPK in the 5 mg group was related to a 
single patients who had elevations associated with long distance cycling. The 
changes arc summarized in the following table: 

Study 201, 301 and 302: Mean chan1e In lab values during the 
-'---on trolled clinical trials 

Lab value Placebo 5 mg 10 mg - -
ALT 0.32 2.09 2.41 

--

AST 0.25 1.26 2.11 
____..,~= 

LDH 1.3 2.93 2.08 

,_ 

.. . _ __,.---~~--

CPK -0.21 10.63 1.95 
-- ~ 

Glucose 0.38 -'2.55 -2.59 

Shift in lab values from normal to abnormal: 

There were no lab value where the frequency of patients with a shift from 
nonnal to abnormal was greater than 3% in the 10 mg group compared to 
placebo. There were no changt:s noted during the placebo phase washout. 

Durit1g·~he l(1ug term extension study, 202, there were few patients with clinically 
relevant changes from baseline to endpoint. 4% of patients had a high BUN 
though none were associated with a crcatinine above 2.0. 5% of patients had an 
elevation of the CPK. 7% had an elevation of glucose and 5% had a reduction in 
glucose. 14% had low calcium but the lowest level was 8.0. In the urine analysis, 
18% had occult blood in the urine, 11 % had glucose in the urine and 5% had 
protein in the urine. Overall, the changes were not thought to be clinically 
significant. - · 

Lab values for studies 303 and · 304: 

Lab data was collc~tcd through 9/31/95 for study 303 and 12/31/95 for study 304. 
The greatest number of lab abnormalities determined to be AEs included elevated 
BUN at S%, elevated glucose at 6%, low t:alcium at 3%, elevated CPK at 4%, and 



a decrease hematocrit at 6%. In most patients, the lab abnonnalitics did not 
change or fluctuated over the course of the study. 

LFTa: 

Two patients withdrew for elevated LFTs. 

Patient 105 in study 201 was randomized to 3 mg/day and at day 75 was noted to 
have an increase in ALT to 75 which peaked at 163 on day 82. The drug was 
discontinued and the ALT fell to S2 by day 96. Patient 041 in study 301 was on 
10 mg/day. The ALT level increased to 508 on day 76. The drug was 
discontinued and the ALT fell to 69 on day 81 and was 15 on day 97. 

Renal function tests: 

The shifts from nom1al to abnonnal were mixed between placebo and drug. 
There did not appear to be a dose related effect on renal function. 

CPK: 

Patients on drug had a higher mean CPK thrn patients on placebo. I reviewed the 
patients in study 302 with an elevation of the CPK ( 17 on placebo, 28 on S 
mg/day and 31 on 10 mg/day). ·n1c elevations did not appear to be associated with 
symptoms. 3 of the placebo patients had evidence of injury (ccchymosis or 
" "dents reponed) that , uld possibly explain the change in CPK. Compiaints of 
1atigue. weakness. muscle cramping were not associated with the ~levations in the 
CPK. In study 303, patients with CPK elevations had fluctuating levels during the 
course of the study. 

Safety information from other sources: 

The sponsor conducted 6 phase 1 and 6 phase 2 studies in Japan. 357 patients 
received doses between 0.1 and S mg in phase 2 trials. 82 had received doses of S 
mg. The sponsor reported that the safety profile was similar to that seen in the 
controlled clinical trials. 

Phase 1 studies in the US involved over 700 patients. The sponsor did not report 
any serious adverse events. 

Drua-Drug lnter'1ctions: 

The sponsor fonn1' Uy conducted interaction studies with digoxin, thcophylline, 
cimetadine and warfarin. Sec the PK review for additional information. 



Drug-Den1ographics interaction: 

There did not appear to be a significant difference between groups with the 
common adverse events based on the age, sex of the patients though nausea and 
vomiting appeared to be more prominent in the female patients compared to the 
male patients. 

Drug-disease interactions: 

There did not appear to be a significant difference in the PK in patients with 
renal or hepatic impairment. 

Sponsor's conclusions: 

E2020 is a pipcridine-based, reversible, acctylcholinestcrase inhibitor that specifically inhibits brain 
acetylcholine;;terase, resulting in an increase in brain acetylcholinc. Results of animal studies and 
human studies demonstrate that, unlike the acridine-hased inhibitors, E2020 is devoid of 
hepatotoxicity. Results presented in this ISS demonstrated that B2020 doses up to 10 mg/day did 
not affect liver function tests during the 12 or 24 week butmcnt periods of the controlled studies 
or during the one year of treatment in the ongoina. long-tenn extension studies. 

E2020 was well~tolerate-0 by the elderly, Alzheimer's Disease patients in these studies. While 
greater proportions of patients given 10 mg/day B2020 relative to those given S mg/day or placebo 
withdrew from treatment, withdrawals due to advene events in this group were infrequent ( 13% ). 
The most common adverse events that led to withdrawal in the 10 mg/day group were nausea, 
diarrhea. and vomiting. However, the proportion of patients in the 10 mg/day group who 
withdrew because of these SS were only 3.5%, 3.2, and 1.6%, respectively. Thus the I 0 mg/day 
dose of E2020 was well-tolerated by the great majority of patients. 

Greater proportions of patienl, given 10 mg/day E2020 relative to those given placebo expericnc ... d 
nausea, diarrhea, vomiting, fatigue, muscle cramp, insomnia. and anorexia. Two of these evenu, 
diarrhea tmd muscle cramp, showed a relationship to the 5 mg/day E2020 dose as well. For the 
small minority of patients experiencing these SS, episodes were transient and resolved on 
cunlinued E2020 treatment. 

For the 10 mg/day group, the Digestive System TESS experienced were mild or moderalc in 
severity, occurred predominantly during the first 3 weeks of treatment. typically luted 1-2 W.ys, 
and arc expected with compounds that increue cholincraic activity. 

Incidences of nausea, diarrhea, vomiting, fatigue, insomnia. and anorexia generally increased with 
both E2020 dose and age and were experienced by a greater proportion of the female population 
relative to the male population. The incidence of muscle cramp wu higher in the female population 
given lO mg/day E2020 relative to the male population aiven 10 mg/day but wu independent of 
age. 

Overall, the elderly population in these studies tolerated E2020 treatment well and lmS related to 
treatment were mild or moderate and abated during continued treatment. 



Safety conclusions: 

The drug appears to be relatively well tolerated. Over 75% of patients in the 
highest dose group of JG mg/day were able to complete the 3 to 6 month studies. 
Of the adv\!rse events that occU1TCd, 95% were rated as mild to moderate in 
severity. The most conurton problems with the drug were GI related, specifically, 
nausea, vomiting and diarrhea which is consistent with the expected cholinergic 
effects. 

Some safety concerns for the cholinergic drugs such as GI ulcers, bradycardia, 
etc have been seen with this drug in small numbers of patients. While the 
incidence of these events do not suggest a causal relationship, precautions 
concenling the events seen for the drug class should be included in labeling. 

Potential problems seen in the data base included falling and syncope. These were 
more common serious AEs though the cause is not known. An elevation of the 
CPK was also seen without clear cause or clinical significance. 

In describing the safety of this drug, one drawback is the lack of long tenn 
experience, especially at the highest recommended dose of 10 mg/day. The NDA 
only contained complete safety information from 133 phase 2 patients treated 
Jong term with the drug. Since the maximum dose of the drug until late in phase 
2 was 5 :ng/day, there was essentiully no experience at doses of 10 mg/day. The 
sponsor supplemented the safety data base with infonnation on serious AEs and 
Jab abnonnalities in patients involved in the phase 3 long tenn 1~xtension studies, 
303 and 305. In these studies, patients were allowed to be titral~d to doses of 10 
mg/day. In study 303, 95% of the patients were titrated to 10 mg/day. At the time 
of the cut off to the NDA, 196 patients were treated for about one year. Overall, 
in this long term experience, the pattern of serious AEs support the relative 
safety of this drug in patients with AD. 

cc: 
Original IND 
HFD-120 
HFD-120/Leber/Katz/Levin/Higgins 
rUJuJy 2, 1996 

~L 
Randy Levin, M.D. 
Medical Reviewer 



Appendix 1: Narratives of patients who died during studies: 

Placebo: 

Study 201, patient 012: This was a 79 year old female who completed the 12 
weeks of treabnent on placebo. Following discontinuation of the drug, the 
patients had an increase in weakness Pnd refused intake. She died in her home 
almost 3 weeks later. 

Study 30 l, patient 320: This wu an 83 year old male who was on placebo for 
about 9 weeks when he was admitted for hcmatemasis whict ·vas diagnosed as 
being related to a gastric uiL~f. The study treatment was •iiscontinued. The 
patient was transferred to a nurJing home and died about 2 weeks later from 
renal failure. 

Study 302. patient 355: This was a 73 year old female who was on placebo for 22 
days when she complained of chest pressure. She was hospitalized and the next 
day complained of severe chest pain and died. A pulmonary embolism was 
suspected as the cause of death. 

S to 7 mg: 

Study 202, patient J 34: This was ;~ 69 year old male with a total exposure of 340 
days. The patient was \.itrated to a dose of 7 mg'day. The drug was discontinued 
because the caregiver thought that the drug was longer providing a benefit. One 
day after discontinuation, the patient was found to be in atrial fibrillation. The 
patient W~!'1 admitted to the hospital and subsequently deteriorated cognitively. 
The patient was then discharged to a long tenn care facility. Approximately 3 
weeks following discontinuation of the study drug, the patient developed a fever 
to 104.6. The patient subsequently died and the cause of death was 
cardiorespiratory arrest due to aspiration. 

Srudy 202, patient 147: This was a 68 year old female who was on 7 mg/day. The 
patient was a passenger in a car involved in a motor vehicle accident. She died at 
the site of the accident. 

Study 303, patient 360-3021 _ This-was an 81 year old female who received S 
mg/day for 22 weeks. After treatment for 4 weeks, th" patient had a stroke. She 
continued on treatment. After 18 weeks, she collapsed at home and subsequently 
died. A recurrent stroke was the diagnosis as the cause of death. 

Study 303, patient 378-302. This was a 70-year-old female who received 
opcn·label E2020 5 mg daily for S weeks at the time of her death. The patient 



related to her caregiver that she had severe cold symptoms (cough. pharyngitis, 
rhinitis) and wanted to go to bed early. She was found dead in her room about 
8:00 p.m. by the caregiver who went in to give the patient her medications. An 
autopsy revealed severe acute retroperitoneal hemorrhagic pancreatltts due to 
choleli thlasis. 

Study JOS 1-134, patient 2031 This was a 73 year old male who was on 4 
weeks of study treatment. The patient's level of consciousness decreased and a 
work up found an arrhythmia and subsequently, the patient bad a cardiac 
arrest. The patient was also on distimgime bromide. 

10 mg: 

Study 202, patient 068: This was a 69 year old male who was titrated to 10 
mg/day after being on 7 mg/day for 261 days. The dose was reduced to 7 mg/day 
after the patient had diarrhea for 2 days. The drug was subsequently discontinued 
because of heartburn. 9 days of the drug was discontinued, the patient collapsed 
and was unable to be resuscitated. Total exposure was 329 days. 

Study 302, patient 326: This was an 80 year old female who was titrated to I 0 
mg/day. She was on treatment for about I 0 weeks when she was discontinued 
from treatment when she developed was diagnosed with a DVT and placed on 
coumadin. The patient died 1 month after the study treatment was discontinued. 

Study 303, patient 070: This was a 58 year old female who was enrolled in the 
open label study and received 5 mg/day for 29 weeks followed by 10 mg/day for 
an additional 33 weeks. She developed severe vomiting and was diagnosed with 
pancreatitis. The patient had gallstones removed endoscopically. She went into 
septic s.hock and died 5 days after discontinuation of the study treatment. 

Study 303, patient 131-301.- This was a 83 year old female. She received S 
mg for 6 weeks and 10 mg for an additional 39 weeks. The patient was diagnosed 
with leiomyosarcoma. The investigator felt that the tumor predated the patient's 
participation in the study. The patient died of an uplratlon pneumonia. 

Study 303, patient 15-3011 ·This wg a 78 year old male who received S 
mg/day for 6 weeks and then 10 mg/day for 2 weeks. The patient developed 
severe chest pain and collapsed and was pronounced dead on arrival to the 
hospital. 

Study 303, patient 187-302, 'Ibis was a 74 year old female who was on 5 
mg/day for 6 weeks and then 10 mg/day for an additional 18 weeks. She 
developed chest pain and after transfer to the hospital and developed cardiac 



arrest and subsequently died. 

Study 303, patient 346-301, This wu an 82 year old female who was S 
ma/day for 6 wee.kl aaid then 10 mg for 2 weok1. She was known to have 
transitional cell carcinoma of the bladder at the time of enrollment. She 
developed ~bstructive renal failure and consequently died. 

Study 303, patient 382-30 I. This was a 75 year old female who was treated 
with .5 mg/day for 6 weeks and then 10 ma/day for an additional 20 weeks. The 
patient collapsed at home and was found to have a massive ript sided parietal 
lobe hemorrbaae. She subsequently died. 

Study 305, patient 2S4-304 : This was an 82 year old male who received S 
mi/day for 6 weeks and then 10 mg/day for an additional 14 weeks. The patient 
was admitted with a pneumonia and the dru1 wu di1conti11ued the next day. The 
ps.ticnt died 5 days later. 

Study 305, patient 349-304. ~·This was a 79 year old male v.ho was on S 
mg/day for 6 weeks and then 10 mg for 9 weeks. The patient was diagnosed with 
pneumonia and bean failure. His condition worsened and the patient 
subsequently died. 

Study 305, patient 39la3041 This was a 73 year old male who waa on 5 
mg/day for 6 weeks and then on 10 mg/day for 11 days when he complained of 
chest pain. The patient died and the diaanosis was a myocardial Infarction. 

Blinded treatment: 

Study 304, patient 069. _ nus was a 77 year old female who wu on double 
blind treatment for 18 weeks when she was admitted to the hospital with an 
aspiration pneumonia. She was continued on treatment and approximately 7 
weeks later she died. 

Study 304, patient 20S. This wu a 7~ year old female who wu on double 
blind treatment for almost 22 weeks. She had complained of indi1e1tion and wu 
found dead the next day. An autopsy con.firmed that the patient had .an 
myocae-dlal lnfarctlcn from a thrombus in the left anterior descending artery. 

Srudy 304, patient 442. This wu a 60 year old female who wu on double 
blind treatment for 7 weeks when she noted 1hortne11 of breath and chest pain. 4 
days later, she wu admitted to rhe hospital and diaposed with a pulmonary 
embolism. She died later tho same day. 



Study 304~ patient 452 Thia was a 70 year old female who received double 
blind treatment for S days when she hit by a car and died from her injuries. 



Appendix 2: Narratives for patients dl1contlnuln1 for 1erlou1 AEs: 

Placebo: 

Stucly 201, patient 136: This was a !i8 year old fomalo on placebo who was 
dbcontinued for restle11ness and aattatlon. 

Study 301. oatient 320: 11lis waa an 83 year old female who was randomized to 
placebo. She wu on placebo for 9 weeks when she developed bematemuis from a 
gastric ulcer. 

Study 302, patient 076: This was a S9 year old .:nale who was on placebo for 70 
days when he was noted to have atuic aalt, drooling, slurred speech and a 
headach"" and was hospitalL~ed and the study medication was discontinued. 

Study 302, patir.nt 161: Tilis was an 88 year old feroale who was randomized to 
placebo. After 28 weeks of treatment. the patients had a 1troke. The patient's 
symptoms were nonspecific. The patient was not eating, and would not walk. 

Study 302. patient 292: This was a 63 year old male who was on placebo for 
about 1 S wr;eks when the patient experienced shortness of breath and diaphoresis. 
An ~11 was ruled out. S weeks later. the patient had SOB with loss of 
consciousness (syncope) tor several seconds while takina a walk. The patient was 
hospitalized and diagnomed with a septa! myocardial Infarction. The patients 
also had evidence for bradykincsia. 

Study 302. patient 399: This was a 7S year old female who was on placebo for 3 
day~ when the study treatment was discontinued for abdominal pain which was 
related to a small bowel obstruction from a femoral hernia. 

1 to 3 ma: 

Study 201, patient 161: Thia waa a '8 year old male who wu on 1 ms/day. After 
9 days, the patient suffered a ltroke. Details are not available on the CRF. 

Study 202, patient 090: This was an 84_year old female who wu 011 l ma/day 
during the double blind treatment She liad 01 bleeding followin1 the double 
blind phase. She was started on 3 mg/day in study 202 and after 43 day1 was 
discontinued because of the GI bleed.Ina. The patient wu also on otodolac. 

! to 7 m1: 

Study 201, patient 070: 'Ibis wu a 78 year old female on 5 ma/day who had a 



syncopal episode 1.5 hoW'S after her first dose. She also complained of nausea 
and drooling. No cause of the episode was discovered. 

Study 201, patient 088: This was a 66 year old female on 5 mg/day who was 
noted to have hematuria prior to receiving study medication. 15 days after 
starting trr,.tment she was found to have a small bladder cancer. 

Study 201. patient 128: This was a 73 year old male on S mg/day who had 
recei·\#ed 20 days of treatment when she was noted to have a tachycardia ( 160 
bpm) and hypotenslon (BP 80/60) on a routine visit. No CRF in the CANDA. 

Study 301, patient 034: This was a 76 year old female who was randomized to 10 
mg/day and received 2 days of treauncut prior to lallln" on an icy driveway and 
breaking her tibia. 

Study 302, patient 273: This was an 84 year old female who received 5 mg/day 
for 11 weeks when she fainted (syncope) while sitting in a chair. The ECG was 
unchanged from admission with a nonnal sinus rhythm with multifocal PVCs. 

Study 302, patient 398: ThiR was a 7S year old female who was on 5 mg/day for 
about l 0 weeks when she developed nausea and weakness. She was diagnosed with 
pyelonephrltls and renal failure. Urine cultures were positive. She was treated 
with antibiotics. 

Study 302, patient 481: This was on 5 mg/day anci was discontinued after 126 
days after having a total knee replacement. 

Study 202, patient 027: This was a 77 year old female who was titrated to 7 
mg/day. After treatment for about S months, the patient was found to have a 
grade n transitional cell carcinoma which was removed. 

Study 202, patient 028: This was a 56 year old female who received 3 mg/day and 
was titrated to 7 mg/day. She was found to have breast cancer after about 1 year 
of treatment. Study treatment was continued and at the week 1 OG visit, the patient 
was noted to have a decrease in blood pressure (bypotenslon). 
Study 202, patient 040: This was an SS year old female who was 9n S mg/day 
during study 201 was enrolled into stuay 202 and titrated to 7 mg/day. Two 
months after enrolling in study 202, the patient wu noted to be agitated with 
hallucination and anxiety. The drug was discontinued Uld the patient's condition 
did not improve. 

Study 202, patient 089: This was a 78 year old female who was titrated to 7 
mg/day. After treabnent for lOS days, the patient was diaanosed with 



depression. 

Study 202, patient 091: lbis was a 71 year old male who was on 5 mg/day during 
study 201 and was titrated to 7 mg/day in study 202. The chug was discontinued 
after one year when the patient's aaltation led to placement outside the home. 

Study 202. patient 127: This was an 85 year old male who was on 5 mg/day 
during study 20 I. The patient was titrated to 7 mg/day. After about 6 months of 
treatment, the patient had a stroke. The patient bad a second stroke which was 
associated with a seizure two months later. 

Study 202, patient 145: This was a 64 year old female who was on I mg/day in 
study 201. She was titrated to 7 mg/day and was on that dose for 221 days when 
she had a focal seizure. She was treated with Dilantin. 

10 mg: 

Study 202, patient 158: This is an 81 year old female who was titrated to a dose 
of IO mg/day. She had been on treatment for 344 days when she fell and was 
hospitalized for multiple injuries including a pneumothorax. 

Study 301, patient 231: This was a 7 5 year old female who experienced chest 
pain, vomiting and sweating 24 hours after receiving her first dose of 10 mg. She 
was diagnosed with an antcrolateral myocardial infarction. She was a smoker 
and had a history of hypertension. 

Study 302, patient 018: This was an 84 year old male who was randomized to 10 
mg/day. After 3 months of treatment, the patient underwent surgery for a hernia 
repair. The day following surgery, the patient was reported to have suffered a 
mild subendocardial myocardial infarction. The patient was noted to have had 
a similar episode 6 months ago. The patient died 2 months after discontinuation 
of the study drug from a pneumonia. 

Study 302, patient 081: This was a 79 year old male who was on I 0 mg/day for 9 
days when he became more aaltated and fell. 

Study 302, patient 1.SS: This was a 75 year o•d male who was on 10 mg/day for 
23 weeks when he was diagnosed with metastatic non small cell carcinoma. 

Study 302. patient 275: This was an 83 year old female who was on 10 mg/day 
for 11 weeks when she stumbled and fell while using her walker and fractured 
her pelvis. 



Study 302, patient 393: TIUs was a 70 year old female was on 10 mg/day who was 
discontinued from the study after about 4 months of treatment after having knee 
suraery. The patient was thrown Irom a horse resulting in knee injury. The 
patient had also had diarrhea after being treated with antibiotic following the 
knee surgery. 

Study 302, patient 408: This was an 81 year old female who was on 10 mg/day 
for 3 weeks when she had a stroke. No details provided. 

Study 302. patient 456: This was an 82 year old male who 10 mg/day for 9 weeks 
when he had a syncopal episode. The patient had a history of sinus 
bradycardia. 

Study 303, patient 006~301: This was a 74 year old male who was on l 0 mg/day 
in study 30 l and on 5 mg/day in stud/ 303 for 4 days when the patient stopped 
urinating. An evaluation showed renal failure secondary to obstruction. No 
CRF ir. the CANOA. Paper CRF reviewed. 

Study 303, patient 019-301: This is a 67 year old female who was on 10 mg/day 
in study 301 and then was on 5 mg/day for 3 weeks in study 303 when she had 2 
syncopal spells. The patient was continued on drug and the dose was increased to 
10 mg/day. 4 weeks after being on 10 mg/day (a total of about 8 weeks in study 
303), the patient had several episodes of syncope or near syncope. No cause for 
the syncopal spells could be found. 

Study 303, patient 033: This was an 84 year old female who was on 10 mg/day in 
study 301 and on 5 mg/day in study 303 for 6 days when she was noted to have 
gastric distress. She was found to have a bleeding gastric ulcer. 

Study 303, patient 035: This is a 76 year old female who was on placebo during 
study 301 and was on 5 mg/day for 6 weeks and 10 mg/day for 21 weeks when 
she fell and subsequently had multiple syncopal spells. The spells were associated 
with nausea and vomiting. Her ECG showed bradycardia, intermittent first 
degree heart block and non specific T wave changes all of which noted pre 
enrollment. The diagnosis was vasovagal syncope. The nausea and vomiting 
were thought to possibly be related to ~ increase in a NSAID do~. 

Study 303, patient 037: This is a 79 year old female on 5 mg/day in study 301 and 
enrolled into study 303 with an increase in dose to 10 mg over 7 weeks had a 
syncopal spell. The CRF could not be found on the CANDA. 

Study 303, patient 122: This was a 77 year old female who was on placebo in 
study 302. The patient was on 5 mg/day for 6 weeks and then on 10 mg/day for 4 



days in study 303 when she patient became nauseated and had a syncopal spell. 
The day prior the patient had nausea and vomiting. No CRF in the CANDA. No 
additional information found in the paper CRF. 

Study 303, patient 152: This was a 72 year old who was on placebo dwing study 
302 and was on treatment in study 303 for almost 15 weeks when be became 
agitated and confused. No CRF in the CANDA. Paper CRF reviewed. 

Study 303, patient 224: This was a 77 year old male who was on 10 mg/day in 
study 301, 5 mg/day for 6 weeks in study 303 and 10 mg/day for 6 weeks when 
he had an episode of eplgastric pain with nausea and vomiting. No CRF in the 
CANDA. 

Study 303, patient 300: This was a 72 year old female who was on 5 mg/day in 
study 301 and titrated to 10 mg/day had a generalized tonic clonic s!elzure about 
10 weeks after starting study 303. No CRF in the CANDA. In the paper CRF, the 
patients was noted to have a syncopal spell. There was no mention of a seizure. 

Study 303, patient 313: This is an 81 year old female. It is not noted if this patient 
was from study 301 or 302. She had been on 10 mg/day for 5 to 6 months when 
she reported f ecling weak and washed out. She had two prior syncopal 
episodes, one that had occurred one day prior and another that occurred 5 
months ago. On evaluation her pulse was in the 40s and her BP was 60/palpable. 
The investigator thought that the events may be related to atenolol. CRF not in 
the CANDA. No new information in the paper CRF. 

Study 303, patient 326-301: This was an 84 year old female who was on 5 mg in 
study 301 and then on 5 mg for 6 weeks and 10 mg/day for 12 weeks. The patient 
awoke with a headache and then became unconscious (syncope). She had a 
similar event during study 301. One week later, she had an episode of dizziness 
and her dose was decreased to 5 mg/day. About 10 weeks later, she complained of 
chest pain which was diagnosed as angina. Study medication was discontinued at 
that time. 

Study 303, patient 387-301: This was a 90 year old female who was on placebo 
during study 301, S mg/day for 6 week!_ and 10 mgiday for 6 weeb in study 303 
when she was noted to had a syncopal episode. The patient had a fever and was 
diagnosed with a bacterial meningitis or viral encephalitis. The CRF was not in 
the CANDA. 

Blinded treatment: 

Study 304, patient 172: This was an 84 year old male who was receiving blinded 



treatment for 9 days when he developed nausea, decreased appetite, dizziness and 
increased agitation followed by increased confusion. The study treatment was 
stopped for 4 days without improvement in symptoms. 13 days after restarting 
treatment, the patient was hospitalized for dehydration. 

Study 304. patient 253: This was an 80 year old female who had received study 
treatment for 3 days when the patient fell ir. her bedroom and fractured her 
femur. 



Review And Evaluation Of Clinical Data 

NDA:·················-········· 
Sponsor:···.-:··-········-·····-· 
Dru 1: ···-·---··-·········-······ 
Indication:--········-·········· 
Review completed:·······--·- .. 

Introduction: 
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8/29/96 

The following additional infonnation is prnvided to supplement my review. 

Exposure to the drug in the Japanese studi£:s: 

The dose and duration for the phase 1 studies and tl1e phase 2 Japanese studies ere 
'd d . h f, 11 . bl )fOVl e mt e o owm~ ta es. 

Dose and duration of exposure in phase 1 studies (some subjects 
may have received more than one dose) 

Pih 0.1 to 1 mg 2 to 4 mg 5 mg j 6 to 9 mg 
I 

Total IO mg ----· I 

One day 8 30 J6 144 6 6 230 
-

21 days 9 6 6 6 2'/ 

28 days 14 14 28 
Total 17 36 42 164 6 20 285 

Dose and Duration for the Japanese phase 2 studies 

Pih S 1 mg 2 mg 3 mg 5 mg Total 

8 weeks 31 9 40 
~· 

12 weeks 33 31 2 18 84 
·····-

16 weeks 60 66 64 190 

38 weeks 19 19 38 

48 weeks 46•~ 46 .. 
- --

Total 79 64 96 77 82 398 

a38 patients treated in study 131A were subsequently enrolled into study 131B. 
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The dose and duration of exposure in the phase 2/3 studies inch~,~ng the Japanese 
studies is in the following table: 

Number of patients exposed to E2020 by dos: and duration (studies 201, 
202, 301 and 302 and Japanese phase l studies) 

All doses 5mg IO mg 

Exposure Any (!3 >6 Any (! 3 >6 Any >3 >6 
months months months months months months 

201/20'21 152 120 103 13S 109 96 62 9 0 

301 315 256 0 161 136 0 163 120 0 

302 311 249 234 154 138 127 157 111 107 
·--· 

Japanese 319 279 65 82 82 64 0 0 0 
studiesb 

AJI studies 1097 904 402 532 465 287 382 240 107 

a in study 202 patients could be on both 5 and 10 mg/day. Patients on 7 mg were 
included in the 5 mg/day group. 
bf or the Japanese studies, the numbers are based on the planned duration of the 
study and that all patients enrolled completed the study. 

Time course for patients discontinuing: 

The number of patients discontinuing treatment in s'.ady 201, 30 l and 302 at each 
week of the study is displayed in the following graph. 
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Study 201, 301 and 302: Number of patients discontinuing at each week of treatment 
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Week on treatment 

Baseline characteristics of patients enrolled in the controlled clinical 
trials: 

The baseline characteristics including age, sex, age by sex, height, weight, 
medical history. baseline severity of Alzheimer's Disease, prior medication usage, 
and concomitant medication usage were similar between groups. 95% of the 
putients were white, 80% were between the age of 65 and 85. 60% were female. 
Approximately 20% of the female patients were on sex replacement hormones. 
Displays comparing baseline characteristics provided by the sponsor are in 
Appendix A. 

Analysis of safety data by age, sex and race: 

In this population, 95% of the patients were white. The small number of patients 
involved in each these subgroups makes it difficult to assess differences. 

In regards to age, there was generallycm increase in the incidence· of the common 
AEs (fatigue, anorexia, diarrhea, nausea, insomnia) when patients< 65 were 
compared to those > 65. The incidence of these AEs and the numbers of patients 
by age in the controlled studies are summarized in the following table. 
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.., 
Incidence of AEs by age In the controlled studies 

._______ -
<65 65-74 75-84 >85 ·----..-.... -
Plb s ma 10m1 Plb S mg lOmg Plb 5 mg 10mg Plb .5 mg IO mg 

N j8 .50 42 136 130 108 147 ISi 147 14 19 18 -
Farigue 3 (S) 2 (4) 2 (S) 3 (2) 4 (3) 4 (4) 6 (4) 8 (5) 1S(10) 0 0 3 (17) 

1-

Anorexia 2 (3) 2 (4) 2 (5) I ( l) 3 (2) 6 (6) 4 (3) 3 (2) 9 (6) 0 2 (1 t) 4 (22) 
>---· ·-
l)iarrhca 3 (5) 4 (8) .5 (12) 7 (.5) 8 (6) 14 (13) 6 (4) 14 (9) 24 (16) 0 1 (5) s (28) 

Nausea -; (9) '.' (6) s (12) s (4) 8 (6) 22 (20) 8 (5) 8 (.5) 29 (20) 2 (14) 2(J1) 4 (22) 
-·--
Vomiung 3 {5) 3 (6) 2 {5) I (l) 4 (3) 6 (6) s (3) 3 (2) 17 (12) 2 (14) 0 I (6) 
~· 

Muscle I (2) 4 (8) 4 (10) 3 (2) .5 (4) 9 (8) 2 ( l) 9 (6) 10 (7) I (7) )(.5) I (6) 

Cramp 

Insomnia 3 (5) I (2) 3 (7) 8 (6) IO (8) 13 ( 12) 9 (6) 11( 7) 21 (14) 0 0 7 f39) 

4\.pproximately 60% of the patients enrolled in the controlled clinical trials were 
female. In general. there was an increase in the common AEs (fatigue, anorexia, 
nausea, vomiting and weight decrease) in females compared to males. The resu Its 

. d . th f 11 . t bl are summanze m e o owm2 a e: 

Incidence of AEs by sex in the controlled studies -
Males Females -
Plb 5 mg IO mg Plb 5 mg IO mg 

~--· 

Total Number of Patients 142 120 122 213 230 193 

Number (%) with ill Least One AE 96 (68) 81 (68) 86 (70) 1.58 (74) 169 (73) 16.5 (8~) 
-

Fatigue 3(2) 2 (2) s (4) 9 (4) 12 (5) 19 (10) 
,__. ·-
Headache 7 (5) 9 (8) 12(10) 2.5 (12) 21 (9) 2.5 (l 3) 

...._____ ., -
Anore:iua 3 (2) 4 (3) 4 (3) 4 (2) 6 (3) 17 (9) 

Diarrhea 6 (4) 10 (8) 18 ( ''> 10 (5) 17 (7) 30 (16) 

Nausea 7 (.5) 2 (2) 12 (10) 13 (6) 19 (8) 48 (25) 
·----· - . 

Vomiung 3 (2) l (I) 3 (2) 8 (4) 9 (4) 23 (12) 
.. 

Weight Decrease 2 (I) I (I}- 4 (3) 3 (I) 4 (2) 11 (6) 
-

Muscle Cramp 4 0) 7 (6) 9 (7) 3 (l) 12 (.5) SS (8) 

Insomnia 10 (7) 10 (8) 14 (I I) 10 (.S) 12 (.5) 30 (16) 
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Analysis of efficacy data by age, sex and other baseline 
characteristics: 

The sponsor perfonned analyses evaluating the effic:icy results based on age, sex 
and baseline disease severity scores (CDR and MMSE). When these values were 
used as covariates in the ANCOV A model, the differences between groups 
remained statistically significant suggesting that these variables did not explain the 
treatment effect. 

The ADAS-COG analyses in studies 301and302 of subgroups based on sex, 
baseline CDR score and age group demonstrated treatment differences in favor of 
active treatment in the various subgroups. Except in the youngest and oldest age 
groups where the number of patients were relatively small, the differences were 
associated with p value8 < 0.05 except in study 301, the treatment effect seen with 
patients in the 5 mg group with baseline CDR score of 2 did not reach a p value 
of< 0.05. 

The CIBIC plus analyses in studies 301 and 302 of subgroups based on sex, 
baseline CDR and age demonstrated treatment differences in favor of active 
treatment in the subgroups. The effects generally were not associated with a 
nominal p value of< 0.05 except for the largest groups such us female patients 
and patients in dwir 70s and patients with a CDR of l at screening. 

Results of QOL: 

The QOL was a 7 or 8 items (Studies 301 and 302 used the 7 item scale and Study 
201. the 8 item scale) measure that was intended to capture the patient's 
perception of the following areas: relationships, eating and sleeping and 
social/leisure activity. This test was conducted through an interview with the 
patient by a nurse/evaluator or clinician. In study 201, a separate interview was 
conducted with the caregiver to determine their perception of the patient's QOL. 

QOL measurements in study 301 showed an overall improvement in patients on 
placebo and 5 mg/day and worsening in patients on 10 mg/day. The differences 
between placet .. ~. Though the treatment differences were associated with p values 
> 0.05, in the LOCF populatLm, the comparison between placebooand 10 mg/day 
was associated with a p value< 0.05. In study 302, patients on~ had 
improvement while patients on 10 mg/day and placebo worsened. The 10 mg 
group score was worse than placebo. These differences were associated with a 
nominal p value of > -.05. In study 201, ;atients on dru~ showed improvement 
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while patients on placebo showed worsening. For the QOL measure that included 
input from the caregiver, both the placebo and S mg group had improvement 
though the placebo group had an overall better score. ThiR difference was 
associated with a p valu~ > 0.05. 

Overall, in the QOL measure with mean baseline scores of about 250 to 300 (SE 
about 2 to 4 points), mean differences between groups ranged from about 1 to 10 
points. In study 301 the difference between the 10 mg group and placebo was 
about 8 points in fevor of placebo. In study 302. the difference was about 2 points 
in favor of placebo. In study 201, the difference was about 4 points in the 
caregivers assisted rating in favor of placebo and about 10 in the patient's rated 
assessment in favor of the drug. 

Because of the cognitive problems in this population, patients are not reliable 
sources of information on QOL and caregivers may have a difficult time 
assessing a patient's QOL. This may explain the high variability of scores and the 
inconsistency of these results with the primary outcome measures. 

cc: 
NDA 20w690 
HFD-120 
rl/ August 29, 1996 
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Randy Levin, M.D. 
Medical Reviewer 



Appendix A: 

Baseline cbaracteriatlcs of patients In the controlled clinical trials 
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Statistical Review and Evaluation 

NDA#: 20-690 

Applicant: Eisai America, Inc. 

Name or Dru1: Aricept 

Documenb Reviewed: Vols 1.105, 1.127 

Medical Officer: Randy Levin, M.D .. HFD-120 

Background 

OCTllQM 

JUN L u '"~O 

JUN 2 0 1996 

The sponsor hu submitted two randomized. placebo controlled. multicenter trials (301 & 302) in 
support of Aricept as a treatment for the symptoms of Alzheimer's Disease. The statistical results 
clearly demonstrate a difference of both the Smg/day and lOmg/day doses from placebo. There 
are no substantial statistical issues. Consequently, this review briefly reports the primary 
methodology and results of the trials. All tables and graphics are taken from the sponsor's study 
reports. 

Resylts of the Trials 

Trial 301 had a 12-week double blind period and a subsequent 3-week wuhout period. Tt'.'1302 
had a 24-week double blind period and a 6-week wuhout period. Tables la and lb display the 
numbers of patients in trials 301 and 302, respectively. In addition. there were no substantial 
differences among treatment anns in severity ofillneu. Tables 2a and 2b display the results for 
change from baseline in the sum of ADAS-COG scores. Analyses were done uaina ANCOV A 
with baseline ADAS-COG u the covariate. Results were very similar reprdleu of whether the 
observed cases or the LOCF data were analyzed. Although numerically superior, 1 Omg/day was 
not statistically superior to Smg/day in both trials. f~~res la and lb display the ADAS-COO 
results over time. In Figure I b. the active treatment SI ">Ups resress to the placebo group after 6-
weeks off-drug (Trial 302). 

Tables Ja and Jb display the results of the cm1c+ (Clinicians 'global useument') for observed 
cases and LOCF. Figures 2a and 2b display the histograms for the CIBIC+ scores. Note a general 
shift to the left for both active groups relative to placebo. 

Conclysjon 

U1'j~ 

Both Smg/day and IOmg/day Ariccpt demonstrate statistically significant differences from placebo 
on the two primary clinical endpoints in both trials. There wu no evidence of treatment by gender 
interaction. 



Table la 
(301) 

Summary of Demoarapblc Characterbtics 

QancWllClc Pl•Cllbe 

Numbs of patitmb 153 

At,e(Y ... ) ... 73.91 
Rqe 52-9] 
45 22(14) 
65-74 55 (36) 
75-14 66(43) 
~as 10(7) 

Sex 
M8le 60(39) 
Fmlllle 9l (61) 

Race 
\Vhit.c 147 (96) 
Black 6 (4) 
00.. 0 

Number(%) 

TrntlMllS 
l.202.0 5 ..,dq 

157 

73.12 
50-94 
18(11) 
64 (41) 
62 (39) 
ll (S) 

49 (31) 
108 (69) 

149(95) 
6 (4) 
2 (I) 

Table lb 
(302) 

&202011..-, 

ISi 

7].39 
50-92 

l2 (14) 
SS (35) 
72 (46) 
9(6) 

62(39) 
96 (61) 

152(96) 
I (1) 
5 (3) 

Demographic Characteristics by Treatment Group 
Number (•/e) 

Elll20 E2020 
Cb•ncterlltlc ,;=~ 5 mt/day lOu/d•y 

Number of Patients Enrolled 162 154 lS7 

McanA&c 72.62 72.BS 74.58 

Sex 
Male 63 (Jf) 57 (37) 60(38) 
Fcma!e 99(61) 97 (63) 97 (62) 

a.. 
White 153 (94) 146 (95) 150(96) 
Black 6(4) s (3) 3 (2) 
Other 3 (l) 3 (1) 4(3) 

I 

ToUI 

461 

73.73 
50-94 

62(13) 
174 (37) 
200(43) 
32(7) 

171 (37) 
297 (63) 

448 (96) 
ll (3) 
7 (I) 

AU 
T,_tmeall 

473 

73.35 

180 (38) 
293 (62) 

449(95) 
14(3) 
10(2) 



.1.dO.U: -u 

(301) 

s ummaryo f ADAS-c An 01 ea men - opu tt rITP lad OD 

&2020 E2020 
Placebo 5mcld•)' IOmclday O.anll 

Mau M .. a Maaa Trutmeat 
VWt • (81) • (SI) • _{8_1) ltrect 

Bualille uo U.ll IS6 26.)9 ISS 26.41 p-0.4916 
S.B.olU.O (0.11) (0.92) (O.li9) 

Mean Cblnp fnllll a..w. at w.- 12 139 0.'46 141 -2.23 125 -2.71 

LSM....Chaap 0.40 -2.ll ·2.77 p<0.0001 
S.E. of LS Mean (0.'46) (0.46) (0.49) 

p-va.llMI 'Ill. Placebo p<0.0001 p<0.0001 

Mmn Chlap tom 8-liDI at Bltdpoint ISO 0.)9 154 ·2.09 Ul ·2.73 

LS Mem Cb1aae 0.36 -2.08 ·l.71 p<0.0001 
S.E. of LS U.- (0.4l) (Q.4l) (0.43) 

p-valu. YI. PIAcabo p<0.0001 p<0.0001 

p-va.ltm build on m ANACOVA U1ina Filher'a two-tailed hut aipiftcant diJtis'mco pn>cedlft ror tJw pa.irwiae 
compaNom 

Table 2b 
(302) 

Summary of ADAS-Cog Assessments • ITr Population 

£2010 E2020 
Placebo ! .a&fday 10..,day 

Vblt • Value a Value • Value 

Buo1ino IS4 17.18 lSJ 26.28 151 27.41 

s.E. orMean (0.96) (0.96) (0.86) 

Mwi Cbup tam e .. 1m. at 14 132 1.92 130 -0.87 10.5 -1.32 
Week 

LSMeaaebup l.81 -0.90 -1.34 

S.B.ofLS~ (O.SI) (O.SI) (0.57) 

p-value va. pllClbo • p-0.0001 ~.0001 

MWl Cbaap hm Baelim .a 153 1.73 1.52 -0.79 150 . J.J4 
P.adpoiDl 

LS M4IUI Chmp .,.., .8.'. -0.67 -1.CcS 
S.E. or LS MmD co ... n (0.51) (0.Sl) 

"D-W.lue w.. DIMllhD • o<0.0001 p<0.0001 

Da&a Sourcs: Table 4.0 • 

OYcnll 
TrntmHt 

Etr1ct • 

.,..0.68SO 

p<0.0001 

p<n.0001 

'p-'Vllu. ~on m ANACOVA U1iDa Fllher'1 IWO-lailed leul lianlftcat dlllinnce procedure for the 
pairwiM oompwilCllll 



Table la 
(301) 

Summary of CIBl-C Plu1 Alleumenta • nT Population 

12020 E2020 ,....,. S•d•Y ·~ M8u Miu llMa 
Vlalt • tlll • (S&) I (IE} 

Mana&Welk 12 137 4.19 141 us 126 3.81 
s.i;. (O.OI) (0.08) (O.OI) 

p-w!Ull YI. Pa.o.bo ~.ocno ~.OOll 

Mein 8t RmtpnW 150 4.19 lSl 3.90 152 l.15 
S.B. (0.07) (0.08) (O.OI) 

o-valu. w. Plloebo P"0.0026 .,.0.0081 

~ 
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--·-====·------------------------=··= SYNOPSIS 

Donepezll HCI (commonly refe"ed to 11 E2020) la a plperidin•baaed 
reversible inhibitor of the enzyme acetylcholine1tera1e (AChE). The mechanism 
of action ia presumably due to dose-dependent inhibition of AChE resulting in 
enhanced cholinergtc function in the central nervous system and thereby 
exerting its therapeutic effect. The &tarting dose 11 5 mg daily (one 6 mg tablet) 
to avoid adverse cholinrrgic effects, which then may be increased to 1 0 mg 
after at least one month administration of 6 mg/day. E2020 Is a racemate 
·onsisting of two enantlomars, the Rand S enantiomcrs, and both enantiomers 

inhibit AChE to the same extent. The focus of this NOA Is racemate E2020. 

The sponsor had conducted ctlnical/phermacokinetic studies using the film 
coated tablets manufactured at Kawashima, Japan. The eventual to-be-
marketed dosage form will be manufactured in US at eithe1 or Pfizer. In this 
regard, the sponsor haa performed single dose bioequivalence studies involving 
these two sites of manufacture va Kawashima. The film-coated tablets 
manufactured at different sites were bioequivalent based on log transformed 
AUC<>111m and Cmax, and also untransformed Tmax and AUCo-. ·· 

E2020 is well absorbed with a relative oral bioavailablllty of about 101 % 
compared to an oral solutl<'n and reaches peak plasma concentrations in 3 to 4 
hours. Neither food nor time of administration (morning va evening dose) has 



influence on the pharmacoklnetica of E2020. The variability in th• 
pharmacokinetic parameter• acroaa the atudiea waa found to be conaiatent and 
the coefficient of variation wu ln the range of 10-26%. 

E2020 distributes extenalvely into tiaaue• •• evidenced by a large apparent 
volume ~f diltribution of 12 UKg. E2020 bind• to plaama protein• extensively 
(96%), mainly to elbumlna (about 75%t and a,-acid glycoprotein (about 21%) 
over the concentration range of 2 -1000 ng/mL. 

E2020 ia both excreted in the urine Intact and extensively metabolized to four 
major metabolites and a number of minor metabolites, not all of which have 
been identified. The metabolism of E2020 con1iata of CYP 460 dependent 
oxidation and glucuronidation. Following• single 5 mg oral doae of 14C~E2020, 
an average of 72% of total radioactivity was recovered In urine (57%) and feces 
( 16 % ) over 10 day a, while 28 % remained unrecovered. Unchanged drug la the 
primary component In plasma and was calculated to be about 53% of the total 
plasma radioactivity. The metabottte1 (tdentlfied and unidentified) accounted for 
the remainder 47% of total radioactivity in plasma. Of all the metabolites, only 
M 1 (which accounted for at least 1 1 % of total radioactivity) haa been reported 
to inhibit AChE to the same extent 11 E2020 In vitro and was found to be 
present in plasma at concentration• equal to about 20% of the concentrations 
observed of E2020. The mean elimination half-Ute of E2020 la about 70 hours 
(CV~ 18%). 

The kinetics of E2020 waa found to be proportional to doae at steady state 
over the dose range of 1·10 mg when given once daily. Steady atate was 
observed to be· reached within 16 days. Following administration of either 5 or 
10 mg doses once dally; an accumulation r.-tlo of about 4 for Cmax and about 7 
for AUC was observed. Further, steady-state CSF trough concentrations appear 
to be proportional to dose and average CSF: Plasma E2020 ratio waa 16%. 
Hepatic and renal Impairment; age, gender, and race does not appear to affect 
the pharmacoklnetics of E2020. 

The pharmacoklnetic and pharmacodynamic relationship eatabtiahad by the 
Emax model indicated a significant relationship between E2020 plasma 
concentrations end the percent inhibition of AChE and demonstrated no time 
dependent changes in E2020 pharmlcodynamlca. Mean steady· state plasma 
concentrations o' · thtt 5 
mg/day and 10 mg/day doaes, resulted in a mean steady state AChE inhibition 

respectively. Inhibition of AChE i1 comparable 
between healthy subject• and patients, and remains stable over time. 
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In vivo drug interaction studies indicated that clmetidine and digoxin did not 
significantly affect the ph1rm1cokinetic1 of E2020; almllarly E2020 did not 
affect the phermacokinetica of clmetldlne, dlgoxln, theophylllne and warfarin. 
In vhro drug displacement studies Indicated that E2020 at concentrations of 

· did not affect the binding of furoaemlde , digoxln 
ng/ml), and warfarin -· to human albumin and vice versa. 

t:2020 was quantified In plasma, whole blood, urine, and feces by _ 
and the llmlt of quantltation 

_ Overall, the analytical valldatlon waa found to be satisfactory in 
terms of apeclficity, ••naitivlty, linearity, precision, and accuracy. An 
equilibrium diely1i1 method waa used to support In vitro protein blnding 
determinations. 

RECOMMENDATION: 

This submi11ion (NOA 20-690) ha1 been reviewed by the Office of Clinical 
Pharmacology and Blopharmaceutica • and haa been found to be acceptable for 
meeting the Offices' requirements, provided the sponsor incorporates all the 
labeling changes and responds aatlafactorily to all enclosed Comment•. The 
biowolver re~ueat for the 10 mg tablet could not be granted at this time due to 
lack of multi-media dissolution profiles. The sponsor ia requested to adopt the 
"interim" di11olution methodology and specification 11 outlined in Comment 9. 
Please forward Comments 1-9 and this Recommendation to the sponsor. 
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Biopharmaceutica archive files. A total of 25 studies were submitted, of which 
4 were found to be repetitive and pilot in nature, and hence only 21 studies 
were reviewed). 
-----·-------~---·-----~-------

INTRODUCTION: 

Donepezil hydrochloride (commonly referred to as E2020 ) is a piperidine-based 
reversible inhibitor of the enzyme acetylcholinesterase (AChE), known 
chemically as ( ± )2,3-dihydro-5,6-dimethoxy-2[(1-phenylmethyl)-4-
piperidinyl)methyl)-1 H-inden-1-one Hydrochloride. Its molecular formula is 
C24H29N03HCI and the molecular weight is 415.96. 

E2020 is a white crystalline powder and is freely soluble in chloroform, highly 
soluble (16 mg/ml) in water, 0.1 N HCL, and in glacial acetic acid, slightly 
soluble in ethanol and in acetonitrile and practically insoluble in ethyl acetate and 
inn-hexane. The pKa of E2020 is 8.9 with a log P of 4.27 (octanol-water 
partitkm coefficient). Its structural furmula is as follows: 

0 

-0 
· HCl 

DOSAGE FORMS AND ADMINISTRATION 

Most of the pharmacokinetic studies were carried out after oral administration of 
E2020 film coated tablets. Tablets manufactured at different sites were used in 
the clinical studies. 

In the study involving 14C-E2020 administration, the active ingredient was 
administered in solution form. Lastly, in the bioequivalence studies, the final 5 
mg to be marketed dosage form . and Pfizer, USA) was compared to 5 mg 
tablets (Kawashima, Japan) used in the pivotal Phase 3 studies. 

MANUFACTURERS: Manufactured b' 
Brooklyn, NY, USA. 
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SUMMARY OF HUMAN BIOAVAILABILITY. PHARMACOKINETICS. 
AND PHARMACOOYNAMICS 

I. BIOAVAILABILITY: 

A. Bl!atjvo Bip1yoi11bility: 

In an open, randomized, two-period, single dose, cross over study invo!ving 15 
healthy male and female volunteers, the mean relative bioevailability following 
oral administration of 5 mg film coated tablets relative to an oral solution was 
101%(CV=12%) (Study E2020-A001-008). 

B: Bjoegujyalence: 

In the bioequivalence study (E2020-A001-009) , the 5 mg tablets (fon •• 1.dation 
A; Eisai at Kawashima, Japan) used in the pivotal clinical trials (E2020-A001-
301 and 302) was compared with the 6 mg tablets (formulations Band C) 
produced by . . _ , and by 

_ _ . respectively. For the purposes of this NOA, 
the data for formulations A and B is only considered. This study was conducted 
as a single-dose randomized, open-label, three-period cross over study in 18 
healthy male subjects. Using formulation A as the reference treatment for 
statistical comparisons, formulation B was found to be bioequivalent !n terms of 
log transformed extent of absorption, i.e., AUCo.1111w (90% C.I. = 99-108%); C""11 

(90% C.I. =-97-106%); and untransformed AUCo. (90% C.l. • 99-109%) and 
Tmax (90% C.I. = 88-112%). 

In another bioequivalence study (E2020-A001-01 OL the 5 mg tablets 
(formulation A) used in the pivotal clinical trials (E2020-A001-301 and 302) and 
produced by Eisai at Kawashima, Japan was compared with the 6 mg tablets 
(formulation 0) produced by Pfizer, Inc., Brooklyn, NY, USA. This study was 
conducted as a randomized, single-dose, open-label, two·period cross over study 
in 1 2 healthy male subjects. Using formulation A as the reference treatment for 
statistical comparisons, formulation D was found to be bioequivalent in terms of 
log transformed extent of absorption, i.e., AUCo-111.,, (90% C.I. • 94-100%); CIT\ll( 
(90% C.I. =94-102%);and untransformed AUCo. (90% C.I. •99-104%) and 
Tmax (90% C.I. =88-112%). 

C: Wajyer Bequest: The sponsor intend to market a new dosage strength of 10 
mg and did not perform any bioequivalence study for this dosage strength. The 
10 mg tablet is compositio~ally proportional to the 5 mg tablet; E2020 exhibits 
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linear pharmacokinetics over the proposed dosage regimen; and the drug 
appears to be highly soluble and highly permeable. In order to grant a 
Bio waiver, the sponsor was requested to submit multi-media dissolution profiles 
for the 10 mg tablet. 

D: Interaction wjtb Food: 

In a randomized, open-label, single oral doae, two period cross over study in 
which a 2 mg tablet was administered to 12 healthy Japanese male subjects, a 
Japanese breakfast (consisting of 2 pieces of roll, jam, scrambled eggs, sauteed 
ham, lettuce, cucumber, tomato, and beef consomme soup) was shown to have 
no affect on the pharmacokinetics of E2020 (E2020-•. 1081-002). 

II. PHARMACOKINETICS: 

A. Absorption: 

Radiolabeled E2020 is well absorbed with less than 1 % of the radioactive oral 
dose recovered in the feces as unchanged drug over a period of 10 days (Study 
E2020-A001-004). Following oral administration. average peak plasma 
concentration occurs in about 3 to 4 hours (Studies E2020·A001-002, 008, and 
011 ). 

B. Oistrjbytjon: 

In Viyo 
E2020 is characterized by a large volume of distribution. The extent and degree 
of E2020's distribution within various body compartmentn has not been 
systematicaily studied in humans. Following once daily ..,ral administration of 6 
mg and 10 mg tablets over 28 days (n = 12 healti'ty male subjects; Study 
E2020·A001-011 ), mean apparent steady-state volume of distribution (Vz/F) 
was found to be 12 UKg (CV= 17%). Further, the mean protein binding using 
steady state plasma concentrations was calculated ~o be about 96%. 

lo Yitro Protein Binding: 
In human serum, about 96% of E2020 is bound to plasm~ proteins mainly to 
albumin (about 71 %) and a,-acid glycoprotein (about 26%) over1he in vitro 
concentration range of 2-1000 ng/ml and binding does not appear to be 
saturable (Study 19952677). 
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C. Metsbo!jsm: 

lo Vivo 
E2020 is highly metabolized msinly to 4 major metaboliteu: 6-0oodesmethyl 
donepezil (M1 ), 5-0-desmethyl donepezil (M2}, N-debenzyl donepezil (M4~ and 
donepezil-cis-N-cudde (M6) and a number of minor metabolites (Study E2020-
A001-004). Of these metabolites, only M1 has been reported to inhibit AChE to 
the same extent as E2020 In vitro and was found to be present in plasma at 
concentrations equal to about 20% of E2020. The metabolism of E2020 is 
mostly hepatic and consists of cytochrome P450-dependent desmethylation via 
CYP 206 (metabolites M1 and M2) and N-debenz•{lation (metabolite M4) or N
oxidation (metabolite M8) via CYP3A4. Free hydroxyl groups of metabolites M 1 
and M2 undergo conjugation with glucuronic acid yielding conjugates M11 and 
M12, respectively. ~ollowing a single 5 mg oral dose of 14C-E2020, an average 
of 72% of total radioactivity was recovered in urine (57%) and feces (15%) 
over 10 days, while 28% remained unrecovered. About 17% of E2020 dose is 
recovered in urine as unchanged drug. Comparison of E2020 pharmacokinetics 
based on specific 111ay for E2020 plasma concentrations and total 
plasma radioactivity indicated that unchanged drug is the primary r."rnponent in 
plasma and was calculated to be about 53%(CV • 18%). The metabolites 
(identified and unidentified) accounted for the remainder 47% of total 
radioactivity in plasma, of which the major component was metabolite M 1 and 
was accounted for at least 11 % of total radioactivity in plasma. 

In Vitro 
In vitro e; uiments using human liver microsomes showed that desmethylation 
(metabolites M 1 and M2) and N-debenzylation (M4) or N·oxidation (M6) were 
the major metabolic pathways in human (St\Jdy 19952792). Further, the resuits 
of this study showed that CYP 206 was the principal enzyme which mediated 
the desmethylation of E2020 ( 10 µM) resulting in the two major desmethyl 
metabolites M 1 and M2, while CYP3A4 was the principal enzyme which 
mediated the formation of the other two metabolites, M4 and M6. However, 
the concentrations of Aricept used were so high ( 10 µM) that switchability from 
a high affinity, low capacity snzyme (e.g., CYP 206) to a low affinity, high 
capacity enzyme (e.g., CYP 3A4) is a clear possibility. Therefore, conducting in 
vitro studies using relevant therapeutic concentrations of Aricept (~ 1 64nM) may 
be useful to determine the specific ituzyme responsible for the metabolism of 
Aricept. 

In an in vitro study (Study 023) using hepatic microsomes, the possibility of 
metabolic drug interactions of E2020 with human cytochrome P450s (1 A2, 
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2C9, 2C19, 206, and 3A4) was determined to be low. The IC10 values for 
E2020 against isoform~selective substrates for CYP450s 1 A2, 2C9, 2C19, 206, 
and 3A4 are all in excess of 100 µM ( > 40 µg/ml) or more than 660 times the 
average plasma concentrations observed in patients receiving 10 mg/day in 
controlled clinical trials. Additional experiments characterized the Ki values for 
the interaction of E2020 with CYP206 and CYP3A4; ~ean Ki values for three 
individual sets of human liver microsomes were 4 7 µM (approximately 20 
µg/mL) and 131 µM (approximately 55 pg/ml), respectively. Since the steady 
state Cmax of E2020 following 6 and 10 mg daily doses was found to be 31 
ng/mL (82 nM) and 62 ng/mL (164 nM), respectively, the Ki values of E2020 
for isozymes CYP 206 and CVP 3A4 were estimated to be at least 280 fold and 
800 fold higher than the highest anticipated therapeutic concentrations of 
E2020 . This indic ates that drug-drug interactions of E2020 with other drugs 
that are metabolized by CYP206 ad CYP3A4 may not be anticipated as a 
consequence of coadministration of E2020. 

In another in vitro study (Study 19952805,, specific inhibitors of CYP206 
(quinidine at 1-100 µM) were shown to inhibit the metabolism of E2020 
(50 µM) by 58-77% (i.e. inhibit the formation of metabolites M1 and M2 ). 
Similarly, specific inhibitors of CYP 3A4 (ketoconazole at 0.2-2 µM) were shown 
to inhibit the metabolism of E2020 (50 µM) by 62-92% (i.e. inhibit formation of 
metabolite M4). These results suggest that the metabolism of E2020 is mainly 
mediated by CYP206 and CVP3A4. 

D. EljmjnatiQD: 
E2020 and its metabolites are eliminated primarily via urinary excretion. 
Following a single 5 mg oral dose of 14C-E2020 to 8 healthy males, 57 ± 4% 
and 15 ± 6% of the radioactivity was recovered in urine and feces, 
respectively, over a period of 1 0 days, for a mean combined recovery of 7 2 % . 
About 17% of the E2020 dose was recovered in the urine as unchanged drug 
and metabolites accounted for about 18% (metabolites M 1 , M2 and their 
conjugates M11 and M12 accounted for about 1.5%, 1 %, 5%, and 2%, 
respectively; metabolite M4 for about 6% and metabolite M6 for about 2%); 
whereas about 22% of the dose recovered in urine was considered as 
unidentified metabolites. In feces, E2020 accounted for about 1 % of the dose, 
metabolites M1, M2, M11, M12, M4, and M6 accounted for about 2%, while 
the remainder 12% of the dose recovered in feces is unidentified metabolites. 
The elimination of total radioactivity in the plasma was described by a 
biexponential equation (two compartment model) with a long terminal half-life of 
about 70 hours (CV= 18%). The mean apparent plasma clearance (Cl/F) of 
E2020 was found to be 0.13 L/hr/kg (Study E2020-A001-004). 
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Ill. DOSE PROPORTIOf IALITY: 

In a multiple dose study involving 14 healthy male and female subjects, dose 
proportionality at two dose levels of 5 and 10 mg was evaluated (E2020-A001-
011) and mean AUC" and Cmax .. values were found to be proportional to the 
dose. A similar fincting was observed following administration of 1, 3, and 5 mg 
doses once daily for 21 days in 24 healthy male subjects (Study E2020-A001-
002). Thus, overall it can be concluded that E2020 displays linear kinetics over 
the multiple dose range of 1-10 mg. 

IV. MULTIPLE DOSE STUDY 

Following oral administration of 5 and 10 mg doses once daily for 28 and 21 
days, respectively, in 14 healthy male and female subjects, the mean ateady
state Cmax" and AUC" were 34 ng/ml (CV• 21 %) and 61 ng/ml (CV= 17%); 
and 635 ng*hr/ml (CV= 15%) and 1128 ng*hr/ml (CV= 17%), respectiveiy 
(Study E2020-A001-011). Steady-state was observed to be reached within 16 
days. Upon multiple dose administration, E2020 accumulates in plasma. 
Following 28 and 21 days of administration of 5 and 10 mg doses once daily, 
respectively, an accumulation ratio of about 4 for Cmax and about 7 for AUC 
was observed. A similar finding was observed when 5 and 10 mg doses were 
administered for 28 days and 21 days, respectively (Study E2020-A001-003) 
and also following administration of 1, 3, and 5 mg doses for 21 days (Study 
E2020-A001-002). 

Further, concentrations of E2020 were measured in cerebrospinal fluid (CSF) 
prior to final dose on day 28 and continued for another 48 hours. Steady-state 
CSF trough concentrations appear to be proportional to dose and CSF:Piasma 
E2020 concentration ratio was 16% (E2020-A001-003). 

V. CHRONOPHARMACOKINETICS 

The sponsor did not conduct a formal pharmacokinetic study to examine the 
chronopharmacokinetics of E2020. However, a retrospective analysis of 
pharmacokirietic data across studies was performed by this reviawer to identify 
time of administration on the pharmacokinetics of E2020. Comparable steady
state pharmacokinetic parameters were observed for 6 mg dos~s··given to 
healthy volunteers in the morning for 21 days (E2020-A001-002) and in the 
evening for 28 days (E2020-A001 ~011 ), indicating no affect of time of 
administration (morning vs evening dose) on the pharmacokinetics of E2020. 
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VI. SPECIAL POPULATIONS: 

Hepatic lmpajrment: 

In ftl single-dose (5 mg), non-randomized, open label study involving 10 patients 
with stable alcoholic cirrhoaia and 10 healthy, age and sex-matched subjects, 
the pharmacokinetics of E2020 was investigated (Study E2020-A001-006). 
Cmax and AUCo.. were fot,nd to be Increased In hepatically impaired pdtients by 
38% and 20%, respectively, while Tmax decreased by 33% in comparison to 
age and sex-matched healthy subjects. Only the difference· in Cmax was found 
to be statiatically significant (P•0.02). Baaed on these results, it can be 
concluded that hepatic impairment did not affect the pharmacokinetlcs of 
E2020. 

Banal Impairment: 

In a single-dose (5 mg), open label study involving 4 renal patients (creatine 
clearance (Cler)$ 22 mL/min/1. 73m3) and 4 age and sex matched healthy 
subjects (Cle, ~ 75 ml/min/1. 73m2), pharmacokinetics of E2020 was investigated 
(Study E2020-E044-001 ). The sponsor claimed this as an interim report, as 
the original protocol was designed tn include 1 2 patients and 12 healthy 
subjects in the study. No differences in Cmax and Tmax, while an increase of 
13% in AUC0 _, was ooserved in renally impaired patients In comparison to 
healthy subjects. Thus, it can be concluded that renal impairment did not affect 
the pharmacokinetics of E2020. 

Eldert~: 

The sponsor did not conduct a formal pharmacokinetic study to examine age 
related differences in the pharmacokinetics of E2020. However, a retrospective 
analysis of pharmacokinetic data across studies was performed by this reviewer 
to identify age related differences in the phermacoklnetics of E2020. 

In one study, the pharmacokinetics of E2020 was investigated in 6 healthy 
elderly Japanese subjects (mean age= 74 ± 8 years) following a single oral 
administration of 2 mg tablet after breakfast (Study E2020-J081-004). The 
results of this study were compared with another study wher1t th"e 
pharmacokinetica of E2020 was evaluated in 8 healthy young Japanese subjects 
(mean age= 23 ± 2 years) following a single oral administration of 2 mg tablet 
after breakfast (Study E2020-J081-002). No significant differences in AUC and 
Cmax were observed in elderly in comparison to young healthy Japanese 
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subjects. Therefore, it can be concluded that age does not appear to affect the 
pharmacokinetics of E2020. 

Gender: 

The sponsor did not conduct a formal pharmacoklnetic atudy to examine gender 
related differences in the pharmacokinetlca of E2020. However, a retrospective 
analysis of pharmacokinetic data was performed by this reviewer to Identify 
gender related differences in the pharmacokinetics of E2020. 

In one study, the pharmacokinetica of E2020 was investigated In 8 healthy 
female subjects (me'~,, body weight • 62 ± 5 Kg) and 7 healthy male subjects 
(mean body weight - 76 ::t: 6 Kg) following a single oral administration of 5 mg 
tablet (Study E2020-AOv1-008). On an average, females had 15% higher AUC 
values than males, which could b' attributed to differences in body weight. 
Thus, gender does not appear to atiect the pharmacokinetlcs of E20:!0. 

Effect of Baca: 

The sponsor did not conduct a formal pharmacokinetic study to examine the 
affect of race on the phermacokinetice of E2020. However, a retrospective 
analysis of pharmacokinetic data across studies conducted in Japaneae (Study 
E2020-J081-001 ) and Caucasians (Study E2020-AOO 1-008) waa performed by 
this reviewer to identify the affect of race on the pharmacokinetica of E2020. 

Comparison of the pharmecokinetics between Japanese and Caucasians at the 
proposed labeled dosing regimen of 5 mg once a day, revealed no significant 
differances in AUC or C•earance. 

VII. PHARMACOKINETIC/PHARMACODYNAMIC RELATIONSHIPS 

The sponsor has evaluated the pharmacokinetlc and pharmacodynamic 
relationship of E2020 following multiple dose administration of 5 dnd 1 O mg 
tablats (Study E2020-A001-011 ). The sponsor ha1 used rbc-cholineaterase 
inhibition 111 the surrogate marker, since Alzheimer' 1 disease ia associated with a 
relative decrease in cholinergic activity and E2020 presumably exerts its action 
by inhibition of AChE. Inhibition of AChE ia related to plasma concentrations by 
the Emu model. 

AchE Inhibition % • Emu• E2020/(ECao + E2020) 
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where: Emu • maximal percent inhibition of AChE 
EC10 • concentration of E2020 that diminishes the activity of 

AchE by 60% 

A significant reletlonahip was observed between E2020 plasma concentrations 
and the percent acetylcholineaterase inhibition CAChEI). Thia relation1hlp was 
consistent during each of the 24 hour period• evaluated on Daya 1 , 7, 14, 21 
and 28, and demonstrates that there are no time dependent changes in E2020 
pharmacodynamics. Area under the effect curve for AChE inhibition versus 
concentration for each of the five 24-hour characterizations were found to be 
superimposable. Mean steady state plasma concentrations of 34 ng/ml 
(CV= 21 %} and 61 ng/L (CV 111 17'6) for the 6 mg/day and 10 mg/day doses, 
resulted in a mean steady state AChE inhibition (E11 %) of 65 :t 6% and 78 ± 
3%, respectively. A similar finding waa obaarved In clinical trials (E2020-
A001-301 and 302) Indicating that the inhibition of AChE Is comparable 
between healthy subject• and patients, and remains stable over time. However, 
the sponsor was unable to develop a meaningful relatlonshlp between AChE 
inhibition and clinical end point such •• ADAS-COG score (a measure of 
cognitive function). 

VIII. DRUG INTERACTIONS 

Cjmotjdjna: In a randomized, open label, three period, multiple dose, croaa-over 
drug interaction study between E2020 and cimetidine involving 1 8 healthy male 
subjects, the pharmacokinetics of E2020 and cimatidine was investigated alone 
and in combi 'lation following oral administration of 5 mg of E2020 and 800 mg 
cimetidine (Study E2020-A001-006). It was observed ~hat the concurrent 
administration of E2020 and clmetidine resulted In increased plasma levels of 
E2020 as refl,.r.ted by statistic;ally significant increases in Cmax (13%) and 
AUCo.24 (12c;f ' both Day 1 and Day 7, but may not have clinical significance. 
No such differences were observed in the pharmacokinetic parameters of 
cimetidine, when administered alone or in combination. Further, the 
accumulation ratio was found to be the same for both E2020 and clmetidlne 
upon multiple dose administration either atone or In combination. Therefore, it 
can be concluded that cimetidine does not affect the pharmacokinetics of E2020 
and vice verea. 

Djggxjn: In a randomized, open label, three period, single dose, croaa·over drug 
interaction study between E2020 and dlgoxin involving 12 healthy male 
subjects, the pharmacokinetics of E2020 and digoxin was investigated alone 
and in combination following oral administration of 5 mg of E2020 and 0.26 mg 
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of digoxin (Study E2020-A001 ·007). No statistjcally significant differences 
were observed in the pharmacokinetic parameters (e.g., AUC, Cm~x, Tmax or 
Half-life) of E2020 and digoxln when coadministered. Thus, it can be 
concluded that digoxin does not affect the pharmacokinetica of E2020 and vice 
versa. 

Tboaphvl!ino: In a randomized, two-period, open label, multiple do1e, cross-over 
drug interaction study between E2020 (once dally) and sustained release 
formulation of theophylline (twice dally) involving 12 healthy male subjects, the 
pharmacoklnetlca of theophylline wae investigated alone and in combination 
with E2020 following oral administration of appropriate theophylline dose to 
achieve therapeutic concentrations ( 10-20 µg/ml) and 5 mg of E2020 (Study 
E2020-E044·002). No statistically significant differences in the pharmaco· 
kinetics of theophylline were observed in the presence of E2020. Thus, it can 
be concluded that E2020 did not affect the pharmacokinetics of theot)hylline. 

Warfarjo: In a randomized, balanced, two-period, open label, multiple dose, 
cross-over drug interaction study between E2020 and warfarin involving 12 
healthy male subjects, the pharmacokinetics of {A)-warfarin and (S)-warfarin 
was investigated alone and in combination with E2020 following oral 
administration cf a single 26 mg dose of werfarin and multiple doses of 10 mg 
of E2020 once daily (Study E2020~E044-003). No statistically significant 
differences in the pharmacokinetics and pharmacod·tnamica (prothrombin time) 
of (R)·warfarin and (S)·warfarin were observed in the presence of E2020. Thus, 
it can be concluded that E2020 did not affect the pharmacoklnetic1 or 
pharmacodynamics of warfarin. However, subject 5 showed an unusually high 
values for AUC and half-life for (S)-warfarin, in both treatments i.e., with and 
without E2020, probably due to metabolic differences. 'Jut no such observation 
was made for (R)-warfarin. 

IX. Pl .. ASM.' ·qoTEIN BINDING INTERACTIOf\- ~ 

E2020 is highly bound (96%) to plasma proteins (Study 19952677). Drug 
displacement studies have been performed in vitro between this highly bound 
drug aod other drugs such as furoaemide, digoxin, and warfarin (Study E2020-
950119). E2020 at concentrations of 0.3-10 pg/ml did not affect the binding 
of furosemide (5 µg/ml), digoxin (2 nvtmL), and warf11rin (3 µg/mi) to human 
albumin. Si1"'1ilarly the binding of E2020 to human albumin was not affected by 
furosemide, digoxin and wartarin. 
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APPENDIX II: ANALYTICAL METHODOLOGY 

E2020 was quantified in plasma, whole blood, urine, and feces by _ 
In plasma and urine E2020 had a 

limit of quantitation _ Overall, the analytical validation was 
found to be satisfactory in terms of specificity, aenaitivity, linearity, precision, 
and accuracy. An equilibrium dialysis method was used to 1upport protein 
binding determinations. 

APPENDIX Ill: DRUG FORMULATION 

E2020 tablet formulations used in the clinical. triala/pharmacokinetic studies, and 
the proposed to be marketed formulation are identical with the exception of 
rninor changes such as: 

1 . Excis:-.ient specifications \ 
2, and 
3. 

APPENDIX IV: IN VITRO DIS SOU JTIC ·N 

The sponsor provided in vitro dissolution information of film-coated E2020 
tablets (bio-batch; the to-be-marketed dosage form) at 1-2 time points ( 15 
and/or 30 minutes) From the data it was observed that dissolution 
for the film-coated tablets is rapid in (greater than dissolved in 
15 minutes). 

The sponsor was requested to provide di11olution profiles, both graphical as well 
as tabular data of 1 2 individual tablets and mean data, at least in 3 media 

However, based on the results 
provided, an .. interim" dissolution methodology and specification is 
recommended for Aricept 5 mg film-coated tablets as follows: 

Medium: 
Apparatus: 
Specification: 
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Comments To Be Sent To The Firm: 

1 ) The concentrations of Aricept used in in vitro studies are so high ( 10 µM) that 
switchability from a high affinity, low capacity enzyme (e.g., CYP 206) to a low 
affinety, high capacity enzyme (e.g., CYP 3A4) is a clear possibility. Therefore, 
conducting in vitro studies using relevant thttrapeutic concentrations of Aricept 
(, 164nM) may be useful to determine the specific isozyme responsible for the 
metabolism of Aricept. Further, in vivo studies to Investigate the effect of 
specific inhibitors of CYP 206 (e.g., paroxetine, fluoxetine, and q1.1inidine) and 
CYP 3A4 (e.g., ketoconazole, clotrimazole, and ethinyleatradiol) on the 
metabolism of Aricept could be more conclusive. Because CYP 206 displays a 
genetic polymorphism (8% of Caucasians are classified as poor metabolizers), 
the sponsor may consider ascertaining whether people deficient in this enzyme 
have an impaired ability to metabolize E20,0. 

2) The sponsor has provided AUCo- values for total radioactivity and E2020 in 
plasma. However, in order to determine the amount of exposure to metabolites, 
it is important to know their individual AUCo. values. 

3) In tuture food effect studies, the sponsor is requested to use the highest 
strength of the to be marketed dosage form and FDA recommended high fat 
meal. 

4) The sponsor is encouraged to further develop the analytical method so that it 
is ser:~itive enough to characterize the pharmacokinetic profile of the parent 
compound for at least 5 half-tivAs, as opposed to characterization for only 2-3 
half-lives. 

5) In the bioequivalence studies, 90% confidence interval analysis should be 
performed using log transformed data for AUCo..., instead of using only 
untransformed data. 

6) The sponsor is requested to submit the study reports of the population 
phormacokinetic analysis including the control files to evaluate the effect of 
population covariates on the pharmacokinetics of E2020. 

7) The sponsor is requested to submit-the composition of the formulations used 
in biostudies (Kawashima, Lot # 46016ZZZ, 41016ZZA; AAI, Lot # 95025C; 
Pfizer Inc., Lot # N5111) and at least three representative lots from clinical trials 
30'1 (e.g., Lot #s: K3Y002ZZZ, K3X015ZZZ, and K42009ZZZ) and 302 (e.g., 
Lot #s: K3Y003ZZZ, K37017ZZA, and K42016ZZZ). 
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8) The sponsor is requested to submit dissolution profiles, both graphical as 
well as tabular data of 12 individual tablets and mean data, for each strength of 
Aricept tablets manufactured at both the sites and Pfizer 

in 3 media 
This will provide the necessary dissolution dat~ to aupport the biowaiver request 
for the 10 mg tablet and alsc allow for setting a more appropriate dissolution 
specification for both the 5 and 10 mg tablets. 

9) The sponsor is requested to adopt the following •interim• dissolution 
methodology and specification for Aricept 5 mg film-coated tablet: 

Medium: 
Apparatus: 
Specification: 

••••••••••••••••••• ----··--··········· 
LABELING COMMENTS 

The firm is requested to perform the following royjsjons on the submitted 
annotated draft labeling: 

1 . The bioavailability and pharmacokinetic information for ARICEPT"' tablets 
provided in the Pharmacokinetics portion of the Clinical Pharmacology 
section should be reclaced with the following: 

CLINICAL PHARMACOLOGY: PHARMACOKINETICS 

Absocption and Qistdbutlon: 

Aricept"' is well absorbed with a relative oral bioavailability of ttnd 
reaches peak plasma concentrations in 3 to 4 hours. Pharmacokinetics are 
linear over a dose range of 1-1 0 mg given once daily. Neither food nor time of 
administration (morning vs evening dose) appear to have influence on the rate 
and extent of Aricept absorption. Upon multiple dose administration, Aricept 
accumulates in plasma by 4-7 fold and steady state is reached within 15 days. 

The steady-state volume of distribution is 12 Ukg (CV= 17%). Aricept111 is 
approximataly 96% bound to human plasma proteins maiillY to albumins (about 
75%) and a 1-acid gtycoprotein (about 21 %) over the concentration range of 

The distribution of Aricept111 in various body tissues has not been 
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definitively studied. 

M1toboli1m and EHmtnat)on: 

Aricept"' is both excreted in the urine intact and extensively metabolized to four 
major and a number of minor metabolites, not all of which have been identified. 
The metabolism of Aricept consists of CYP 450 dependent oxidation and 
glucuronidation. In vitro experiments using human liver mlcrosomes 
demonstrated that CYP206 and CYP3A4 are the principal iaoenzymes involved 
in the metabolism of Aricept. Following administration of a single 5 mg dose of 
14C-labeled Aricept, plasma radioactivity, expi'essed as a percent of the 
administered dose, was present primarily as intact Aricept (63%) and as 6-0-
desmethyl donepezil (11 %), which has been reported to inhibit AChE to the 
same extent as Aricept in vitro and was found to be present in plasma at 
concentrations equal to about 20% of Aricept. Approximately 57% and 15% of 
the total radioactivity was recovered in urine and feces, respectively, over a 
period of 10 days, for a mean combined recovery of 72%, while 28% remained 
unrecovered. This suggests that Aricept,. and/or one of its metabolites may 
persist in the body for more than 10 days. About 17% of the Aricept dose was 
recovered in the urine as unchanged drug, and metabolites accounted for about 
18%; whereas about 22% of the dose recovered in urine was considered as 
unidentified metabolites. In feces, Aricept accounted for about 1 % of the dose, 
metabolites accounted for about 2%, while the remainder 12% of the dose 
recovered in feces is unidentified metabolites. The mean apparent plasma 
clearance (Cl/F) of Aricept was found to be 0.13 llhr/kg. The mean elimination 
half~life is approximately 70 hours (CV= 18%) after repeated doses. 

The pharmacokinetic and pharmacodynamic relationship established by Emax 
model indicated a significant relationship between Aricept plasma concentrations 
and the percent inhibition of AChE and demonstrated no time dependent 
changes in Aricept pharmacodynamics. Howsver, such a relationship was not 
observed between AChE inhibition and clinical end point such ADAS-COG score 
(a measure of cognitive function). The inhibition of AChE is comparable 
between healthy subjects and patients, and remains stable over time. The 
minimum, maximum and steady-state pl1sma concentrations (C) and 
pharmacodynamic effect (E, percent inhibition of acetylct1olinesterase in 
erythrocyte membranes) of Aricept"' are giv1n in Table 1. .. 
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Table 1. Plasma Concentrations end Phannecodynamic Effect of 
ARICEP,.- at Steedv-atate (Mean ± S,D.). 

Dose c,,., CIMJI c .. Em ~ Ea 
(mg/day) (ng/ml) (ng/ml) (ng/ml) (%) (%) (%) 

5 21 :I: 4 34 :t7 27 :I: 4 62 :t6 7, 4 65 :t 5 -
10 39± 9 61 :t 10 47 :t 8 75 :I: 4 84 :t2 78 :t 3 

Special Popu/11tlons: 

tfepatjc Disease : Clearance of Aricept111 is decreased by 20% in patients with 
hepatic disease, which was found not to be statistically significant. 

Renal Djsease: Clearance of Aricept111 did not change in patients with moderate 
to severe renal impairment (Cler < 22 mUmin/1.73 m2

). 

Ag.a: No formal pharmacokinetic study was conducted to examine age related 
differences in the pharmacokinetics of Aricept. However, mean plasma Aricept.,. 
concentrations measured during therapeutic drug monitoring of elderly patients 
with Alzheimer's Disease are comparable to those observed in young healthy 
volunteers, 

Gender end Race: No specific J:,-harmacokinetic study was conducted to 
investigate the. effect of gender and race on the disposition of Aricept. 
However, retrospectivs pharmacokinetic analysis indicate that gender and race 
(Japanese and Caucasians) did not affect the clearance of Aricept111

• 

2. The following information should be inclyded under the "Drug 
interactions" section of the proposed labeling'. 

Drug-Drug Interactions 

Druga Highly Bound to Pl11ma Proteins: 

Drug displacement studies have been performed in vitro between this highly 
bound drug (96%) and other drugs such as furosemide, digoxin, and warfarin. 
Aricept at concentrations of 0.3· 10 µg/ml did not affect the binding of 
furosemide f5 µg/ml), digoxin (2 ng/ml), and warferin (3 µg/ml) to human 
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albumin. Similarly, the binding of Aricept to human albumin was not affected by 
furosemide, digc,.i<in and warfarin. 

Effect of Adctpt on tba Mot1holl1m gf Other Drugs: 

In vitro experiments using human liver microaomes demonstrated that CYP206 
and CYP3A4 are the principal isoenzymes involved in Aricept metabolism. Mean 
Ki values for the interaction of Aricapt with isozymes CYP 206 and CYP 3A4 
were estimated to be 4 7 µM and 131 µM, respectively, and were found to be at 
least 280-fold and 800-fold higher than the highest anticipated therapeutic 
concentrations (61 ng/ml i.e., 164 r.M) of Aricept at steady-state. This 
suggests that drug-drug interaction potential of Aricept with other drugs that are 
metabolized by CYP206 and CYP3A4 may not be anticipated. Currently, it is 
not known whether Aricept has any potential for enzyme induction. 

Formal pharmacokinetic studies evaluated the potential of Aricept for interaction 
with theophylline, cimetidine, warfarin and digoxin. No significant effects on the 
pharmacokinetics of these drugs were observed. 

Effect of Other Qrugs on the Metabolism of Aricapt: 

In vivo studies demonstrated that the metabolism of Aricept is not significantly 
affected by concurrent administration of digoxin or cimetidine. However, 
potential interactions may occur when Aricapt is given concurrently with agents 
that affect CYP 206 and CYP 3A4 activity. Potential inhibitors of CYP 206 
(e.g., fluoxetine and quinidine) and CYP 3A4 (e.g., ketoconazole, clotrimazole, 
and ethinylestradiol) could decrease the rate of Aricept elimination; while 
inducers of CYP 206 and CYP 3A4 (e.g., phenytoin, carbamazepine, 
daxamethasone, rifampin, and phenobarbital) could increase the rate of 
elimination of Aricept. 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

--Vijay K. Tammara, Ph. 0. -
Division of Pharmaceutical Evaluation I 

First Draft prepared on July 14, 1996 
RD Initialed by M. Hossain, Ph. D. On July 16, 1996 

211 



Second Draft prepared on July 19, 1996 
RO Initialed by M. Hossain, Ph. D. On July 20, 1996 
Third Uraft prepared on July July 24, 1996 
RO Initialed by M. Hossain, Ph. 0. On July 24, 1996 

Biopharm Day: 07 /30/1998 (2 pm-3:30 pm) (Attendees: Hank Malinowski, 
Mehul Mehta, Jarry Collins, Nicholas Fleischer, John Hunt, Mohammad Hossain, 
Vijay Tammara, Randy Levin, Glenne Fitzgerald, Barry Roaloff, and Keturah 
Higgins). 

FT Initialed by M. Hossain, Ph. 0. ::::1-~~~ ~t.b 
"> 

CC: NOA 20,690 (orig.), HF0-120, HFD-860 (Tammara, Hossain, Malinowski), 
HFD-340 (Vish), HFD-019, 01, PK/PD, F, E, G, A, HF0-870 (Clarence Bott (Am 
13831 PKLN): Drug, Chron, Division, and Reviewer Files). 
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APPENDIX I 



Synopsis 

Title: 

Investigator: 

Objective: 

Study Design: 

Study Population: 

Treatment Groups: 

Methods (Clinical): 

Pro1ocol EZ010·AC101 ·001 

IND N-IM 

CONFIDENTlAl 

~ELA,1\f'E. ORAL 610Au"IL.Aill..t' 
CLINICAL STUDY SYNOPSIS 

A Study of the Relative Bioavailability of E2020 in Healthy 
Volunteers: Study#: E2020-A001-008 

The objective of this study was to dctenninc the bioavai'.ability of the 
5-mg E2020 ~linical trials tablet fonnulation relative to an aqueous 
solution containing 5-mg of E2020. following the administration of ~ 
single, oral doses. 

This study was a randomized, single-dose, open label, two-period 
crossover study wruch was conducted at a single invcstigational site. 

A total of 16 healthy volunteers were randomized into this study and 
a!l 16 subjects completed the study without incident. The study 
population was comprised of 8 males and 8 females. Participants were 
Caucasian (14), Hispanic (1) and Asian (1). and ranged in age from 
22 to 63 years (mean ± SD: 45.8 ± 3.2 years) and in weight from 
55.1 to 84.2 kg (mean ± SD: 68.9 ± 2.2 kg). 

The two treatments administered in this study were: l) E2020, 5~mg 
tablet; and 2) E2020, 5-mg aqueous solution. Medication was 
administered after a fast of at least eight hours and was accompanied 
by a total of 250 ml of tap water. 

Volunteers were screened by medical history, ECG, and laboratory 
and physical examinations .s. 2 weeks prior to the start of the study. 
For each Treaanent period, subjects were admitted to the study site on 
the evening of day 0, at least 12 hours prior to drug administration. 
Upon admission, a routine physical examination was conducted. 
Entry vital signs (sitting position). and weight were recorded, and 
urine specimens for drug use/abuse screening were collected. A light 
snack was served 10 hours prior to drug administration, after which 
an absolute fast. from both food and fluids (except water), was 
maintained. The following morning, prior to drug administradon; 
clinical laboratory and analytical samples were collected. Following 
drug administration, blood samples for analytical detenninations were 
collected at specified intervals for 24 hours. Subjects were. then 
discharged frQm the study site the following morning, after providing 
a 24-hour blood sample. Volunteers then returned to the study site at 
24-hour intervals (to 120 hf.Jurs). fot' additional analytical sample 
collection. Total in-house time fo" each treatment period was 
approximately 36 hours. 

VIII 

.., ? -

t.fard1 2, 1996 
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Synopsis CONFIDENTIAL 

Methods (Analytical): E2020 concentrations in plasma were derennined b) _ . 

Results: 

Con cl us ions: 

P•olttco/ £2020-MKJ/ 001 

/!>ID N-h., 

. The limits of quantit'l.tion for the 
assay were . 62020 pharmacokinctics were characterized 
using the resultant analytir.al data a&nd standard techniques. Parameters 
used for between-treatment comparisons included Cmu, tmax. t 11z, 
AUCo.120. and AUC o-oo. The relative bioavailability (Frei(%)) was 
calculated as 100 x AUC-0-oo tablet I AUCo-oo, solution. 

Phaanacokinetics: The phannacoldnetic profiles of the E2020 S-mg 
tablet and the E2020 5-mg solution were virtually identical. There was 
no statistically significant difference between the tablet group and the 
solut1.0n group in any of the PK parameters examined. The mean 
relative bioavailability Fret(%) was calculated to be 10L3% ± 3.07% . .,... · 

A su•nmary table containin& several of the PK parameters calculated ~s 
presented below: 

Comparison of Pharrnacokinetic Parameters (Mean± SE) 

Cmu lmu: t112 AUC (0-120) AUC (O.-> 
(ng/ml) (hrs) (hrs) (ng•hr/ml) (ng•tu/~l) 

E2020 table:! 7.3 (G.4) 4.7 (0.4) 77.9 (5.8) 356.5 (22.8) 498.0 {35.1) 

E2020 aqueous 
7.4 (0.3) 4.7 (0.4) 77.6 (5.0) 352.0 (20.6) 492.5 (30.6) solulion 

P-valuc 0.337 0.769 0.907 0.677 D.821 

Safety: No serious or unexpected adverse experiences occurred 
during the course of this study. Treatment Emergent Signs and 
Symptoms (TESS) were transient and aJ! were mild or moderate in 
severity. 

No clinically significant, treatment emergent abnormal laboratory 
values (TEA V's) were observed during the course of this snidy. 

The conclusion from this study is: 

The bioavambility of the E2020 5-mg tablet formulatiun is 
a11proximately 100% relative to the E2020 5-mg aqueous solution 
formu!:tion. 
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Synopsis 

Title: 

Investigator: 

Obj active: 

Study Desigrn 

Study Population: 

Treatment Groups: 

Methods (Clinical): 

CONFIDENTIAL 

'Oeos -.U• VAt..eNC E 
CLINICAL STUDY SYNOPSIS 

A Study of the Bioequivalence of Three Tablet Formulations of 
E2020, in Healthy Volunu-.ers; Srudy #: E2020-A001-009 

The objective of this study was to determine the biocquivalencc of two 
different 5-mg E2020 tablet formulations relative to the E2020 
reference 5-mg rablet formulation used in all clinical trials. 

This study was a randomized, single-dose, open label, three-period 
crossover study which was conducted at a single investigational site. 
Each ttc11tmcnt period was followed by a 2-wcek washout p!riod. 

Volunteers for this study were healthy, ambulatory, non-smoking 
male volunteers, aged 18-45 years. A total of 19 volunteers were 
randomized into this study and 18 completed the study without 
incident. All panicipants were Caucasian and ranged in age from 19 
to 45 years and in weight fr.om 63.9 to 85.2 kg. 

Subject.; randomly received each of the three following E2020 
formulations: 

Formulation A : 5.0-mg, film-con ~~d E2020 tablets 
produced by Eisai Company, Ltd. in f~awashima. Japan. This is the 
REFERENCE formulation. Lot# K46016ZZ:Z 

EormulatiQO Q: 5.0-mg, 

l Lot # 95025C 

Fgrmulation C: 5.0-mg, 

film-coated rablets produced by 

film-coated tablets produced by 
Loi# 99278 

Medication was administered after a fast of at least eight hours and 
was accompanie.d by a total of 250-ml of tap water. 

Volunteers were screened by medical history, ECG,·and laboratory • 
and physical examinations.$ 2 weeks prior to the start of the study. 
For each Treatment period, subjects were admitted to the srudy site on 
the evening of day 0, at least 12 hours prior to drug administration. 
Upon admission, a routine physical examination was conducted. 
Entry viW....igns (sitting position), and weight were recorded, and 
urine specimens for drug use/abuse screening were collected. A light 
snack was served I 0 hours prior to drug administratior., .!fter which 

\' I ti 
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Synopsis CONFIDENTtAL 

an absolute fast, from both food and fluids (except water), was 
maintained. The following morning, prior to drug administration, 
clinical laboratory and analytical samples were collected. During each 
beatmenr. per~od !abjects received a single S-mg tablet of E2020. Th~ 
order of formulation administration was randomiu.d. Following drug 
administration, blood sam?les for analytical determinations were 
collected at specified intervals for 24 hours. Subjects were then 
discharged from the study site the following morning. after providing 
a 24-hour tlood sa.nplc. Volunteers then returned to the study site at 
24-hour intervals (to 168 hours), for additional .analytical sample 
collection. Total in-house time for each treatment period was 
approximately 36 hours. Each treatment period (inpatient + 
out}Jatient) was 7 days ira duration, and was follow oy a 2-wceJc 
washout period. 

Methods (A'IRlytical): E2020 concentrations in plasma were determined b; 

Results: 

l'•••ocol f}010 AIJO/ .OIJO 

I 

The limits of quantitation for the 
assay were E2020 pharmacokinelics were characterized 
using the resultant analytical data and standard techniques. Parameters 
used for between-treatmer.t comparisons included Cmn. Log10 Cmu. 
tmu. AUC 0-168• Log10 AUC 0·168. AUC o·oo and t112. 

Pharmacokjnctics: For the primary pharmacokinetic parameters 
AUCo.161 and Cmu , both test formulations were 
found to be bioequivalent to the rct'ercnce formulation (Kawashima) 
when using both the original data scale, as well as the log-transformed 
data. Similar results were observed for both t maa: and tin. AU of the 
90% Confidence Intervals for the ratio of test formulation/reference 
formulation were well within the 80% - 1209& interval for the raw 
data, and within the 80% - 125% interval for the log transformed data. 

The primary phannacok:inetic parameters arc listed in tJac table below. 

Compariso11 of PhannacokiMtic Parameters (Mean ±SEJ 

Cmu Log10 Cmu AUC<0-1611 Lo&10 AUC<o-1611 
(n&/ml) (ng/ml) (n1•t1t/ml) (ng•hr/ml) 

Fonnulatior A 7.4 <0.2) 0.866 (.012) 3~3.6 (19.4) 2.496 (.028) 
(l<awa.shima ·Ref.) 

Fonnulation 8 7 .5 (OJ) 0.871 (.017) 340.7 (24.7) 2.509 (.o37) 

I Fonnulation ~ 7.3 (OJ) 0.856 (.017) 324.2 (19.2) 2.497 (0.27) 

I l 
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5.4 PHARMACOKINETICS 

E2020 plasma concentrations for each individual subject arc presented by blood 
sampling timepoint and E202C fonnulation in DATA LISTING 16. Summary statistics 
for each timepoint anJ each E2020 formulation are presented in TABLE 7. A Time 
versus Concentration curve of the mean daca (± SE) is presented in FIGURE II. 

Subject #016 (discontinu'-<i secondecy to acute pharyngitis) completed only 2 of the 3 
periods and was not used in any of the pharmacokinetic (PK) analyses. This subject 
was replaced by subject # 116. The complete rl?sults of the PK analyses and 
comparisons between groups are presented in TABLE 8. The primary PK parameters 
and 90% Confidence Intervals for the ratio of tcst/rcf ercnce ~ sumrmmz:ed in the table 
below. 

Comparison of Pharmacoldnetic Parameters (Mean ±SE) 

Cmu Lo110Cmu AUC 10-161> Lo111.1 AUC (0.161> lmu 
(ng/ml) (ng/ml) (n1"hr/mll (ng•hr/ml) (hrs) 

Fonnulation r\ 7.4 (0.2) 0.866 (.012) 323.6 (19.4) 2.496 (.028) 4.2 (0.2) 
(Kawuhima ·Ref.) 

Fonnulalion a 7.5 (0.3) 0.871 (.017) 340.7 (24.7) 2.509 (.037) 4.2 (0.3) 

I Formulation C 7.3 (0.3) 0.856 (.017) 324.2 (19.2) 2.497 (0.27) 4.4 (0.4) 

I Ratio: 101.4% 100.6% 105.3% 100.5% 100.0% 

90% C. I. for ratio: 97.7 • 106.2 97.1 • 105.7 100.8 . 109.7 98.5. 107.8 87.7. 112.3 
Test/Reference 

! 
I Rauo: 98.6% 98.9% 100.2% 100.0% l04.R% 

190% c. I. ror ratio: 94.2. 102.7 93.7. 102.0 95.7. 104.6 95.9. 104.9 94,,. 119.0 
T~t/Reference -

For the primary pharmacokinctic parameters AUCt0. 16a> and Cmu., both test 
formulations were found to be bioequivalent to the reference formulation when usrng 
both the original data scale, as well as the log·transfonncd data. Similar results were 
observed for both tmu and t112- AU of the 90% Confidence Intervals for the ratio of 
test fonnulation/tefcrence fonnulation for both primary parameters were well within the 
80% • 120% interval for the raw data. and within the 80% - 125% int~rval for the log 
transformed data (sec TABLU). 

-------·--·-------- ------------------~-
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Conclusions: 

Protocol /::1010 MIO/ OM 

CONFIDENTIAL 

Individual biocquivalcnce for subjects receiving the fonnulation 
was observed in 17/18 subjects (94%) for AUCo.168• and 16/18 
sulJjects (89%) for Cmu. For subjects receiving the 
formulations, individual bioequivalence was observed in 15/18 
subjects (83%) fer AUCo.161. and 15/18 subjects (83%) for Cmu. 

s.afc.U:.: No serious or unexpected adverse experiences occurred 
during the course of this study. Treatment Emergent Signs and 
Symptoms (TESS) were transient and all were mild or moderate in 
severity. 

No clinically significant. treatment emergent abnormal laborat1Jry 
values (fEAV's) were observed during the course of this study. 

The conclusion from this study is: 

G Formulation B and Formulauon C were both found 
to be bioequivalent to the ref eren•;e formulation, Formulation A 
(Kawashima). 

For both test formulations bioequivaJence ~~lative 
to the reference formulation was clearly demonsaated in both mean 
bioavailability, as well as in bioavailability in individual subjects. 

3o 

M'''~ 4. /9'oltl 

f'INM. 



bl .._ 

" 

fts':u .'4tr114'ric11. lru:. 

Protocol: [2010-:4001-009 

f,1t.•1:st1gator: : .. i:.i. 8 

A Com pui1on of Phanneco\..inrlic Puamrle!'ll 

AAI n. KAWASHIMA
1 

KAWASHIMA• 

Uo20Scng 

901' Cl. for R•rlo 0 Two OJW..,lded@ 

E2020 ~mg E2020 Smg T r1 t/Rrfrrrncr l·le•ll (Tu. T 1.I 

4UCo.iuhn lns"hrlmll 

N H 

M'"" 1S £.1 Ht• 7 < 24. 7) 

Mi11 - Ma.c 111 i - 489. 8 

Co,ff l'"'- 10. ti"· 
'O.f10AUC:,," ..... t.r"'"""lJ 

18 

M~1111 ISE I 1 

Mrn- Max 1 
C~fl l'a• 

c~orn~ln< Af~dU 

AUCa-. lng0 hr.mU 
N 

509 (. 037) 

088 - l. 690 

{J 074~ 

JlZ 7 

18 

M~"" '5.£ J 

Mi"- Mou: 

H4 9 ! H. 7) 

l 6 7. 2 . 769. 7 

C~lf- L'.or. JJ. 1 ~ 

J8 
324.l (19.l) 

JBJ_' - 456.' 
l l. l 'f. 

lB 
2. 497 (. OJ7J 

2.259-:?6'0 
0. 074'r. 

.J 14 J 

18 
451.0 (31.J) 

279. I 741. 7 

IJ. 2,. 

18 

HJ.' r J9. 4J ,( 100 . .§ • 109 7) ( -5. 59 . 

17'-~ - 412.2 

11. 2 !". 

111 
J. 49' (.till) ( 98. 5 ' 1()7. 8) f • 7. 21 ' 
1.247. 2'83 

0. 074'!1:. 

313. 1 

II 

07. 4 ( 2'9. " ( 98. 6 . 109. 4) ( -4. 99 ' 
249., . 759 .• 

ll. '~ 

0 .. 1 .. Sou•U: s1 .. 1tsrical ,..,., .... .:! .. VII. M • Klllv•slti"'" is floe .. fru11u Jorm1Alation. 

• 90"-" coufi4.,"c~ ii•t1ri,.;~ll o•r tl~c ra:io of r,st fonn.,latio,. lo tl1~ ro,!f~r.,1u1 for1n11lalio11_ 

~ Sd1uir,11aHri1·s Tt&? or1t-sf.4~d ltsls: 

fomn1/atio ... n•r du.ncd biotquivotr .. t i/ "" dassic .. i (sloorttstl 90~ c .... Jiiin.cr lnlr'1>•1 is ... ;rltin 
!11r 80-llO" inttrv .. / fo• rl•r '""" Jnt•. """ 1wi11ti .. 11tr I0-125% '"''""''for rltr log-tra .. sfo""'" ,, .. ,,. 
U1o«i""'"'"'ict is 11,lso dtclarrd •f 1111 nbso/.,11 ""'•• of bol/1 t -ltsls o•• greater Jl11n I .fi9' 

Y. 60) 

9. SSJ 

7. 48) 

-

BOOTS .... KAWASHIMA 
1 

901' C.I. far R1tio• 

Teel/Relerttl\ce 

'95.7 ,104.61 

' 95. 9 • 104. ,, 

( 9 7. 9 • I 08. 8) 

Two One .. idlfd@ 

l-IHU ( Tu '1 L) 

( - 7. 51 ' 7. 67) 

I -8. 29 . 8. 54) 

-5. 19 . 7. 21) 

CDt1li11.-tJ .. 

-_,.,,. ll1' 



\)) 

ta 

q 

f1S•IS •nirr,..-..i: : 1,._ 

l'1olocol £2tl~IJ-.~OOl-l/09 

'f11J~ilL!•llOot l;abl•I 

A Compu1ton oJ Phunucolo.ln•lic Par;amrttni 

AAI "'·KAWASHIMA a 

c.,.tnwmll 
N 
M,~,.f5[J 

Mrn-M.u 

Ctttf_I- \.'"' 

I os1.C-• '"S''"'' 
N 

.\f••" !SlJ 
]>.f,,,. ,., 

Co1tf1- ~""· 
Gco•"~fr•C /i.f~au 

I~ lllowr) 

N 

M""' 15.EJ 
Mi1t· "'fax 
CM:,ff v·,.._ 

11/2 (tfONrJ 

N 

Mt"" !5 £ J 
ft,fj,. - .\f,u 

Co•ft- ''"'· 

AAI 

E.2020 5mg 

J8 
7. 5 I Q _ 3) 

s. 7 - 1 o_ o 
10. 5'r. 

u 
087)(.017) 

0- 751 • 1. 001 

o. 010,-. 
1_ • 

u 
4. 1 l 0. 3) 

1 0 . £.0 

30. 9"-

18 
liJ.23 (S.Hl 

26. lJ - 116.) 

17 0% 

800-TS 

El020 5mg 

18 

7.J ( OJJ 

5.4 . 10.0 

JO. !l'tr 

18 

0.156 (.0171 

0. 1J4 - 1- 001 

0. 010,. 
1. 2 

18 

'·' c a'' 
J.0. • 0 

29. 0'!:. 

J.8 
65.U l•.26J 
)9. '2 - 96 99 

1'. '"' 

KAWASHIMA .. 90'1. C.L for Ratla" T""o Ont•idtcl@ 

ElOlO 51115 TutlRtftrtnr:tt HH .. (Tu 'Tl) 

u 
7.' ( 0. 2.' { 97. 7 . 105. 2) ( • 7. u ' I. U) 

S.6 - ,_, 
JO. a, 

u 
0. 166 (.Olli (97.l,J'lS7) f -8.U. 9. 47) 

0. 149 - 0. 933 

0. 010"' 
7.J 

u 
•. 2 ( 0. 21 (87.1,:12.JJ ( -1. 75 ' 2. 7SJ 
J.O. 6.0 
30. 9% 

u 
'1.15 C4.51J f fs. s , io9. :n ' • 4. 30 ' s. f1j 

HU-UJ.2 
11 .,, 

Dn"" So .. ret: s1 .. 11111c11I .'lpp1tt1.dr;a: Vlt R • 1'••-slri"'• is 11.t "/'-rr"u fo,....11latiotr . 

• 90,. couJidc11cc inl•n>"' .... '"' •111•0 of rur fonnwl .. tiot1 '" lht ·~ft•lfJu:t /omn•l•rion. 

:iJ Sflrwin1u11ur's T• .. o onc-s11l1A trsts: . _ , 
r annw.111,!ious •re d•ern~d &1oir~p1:1t.~11lr11t 1/ f11r cla:J.ucn! (shorl.tstJ 90~ Co"fui"'1CC Inf#! vol is tvirJrm 

1111110-120,;, iuluv.al /or tlit '""' JalA, •"" tu•ll1i,. rl., 60-125,-. '"'"""''for llw IO!f·lrans/onntd 1'al•. 

8rol'f'"'"''""" is also Jrcl.,rtJ if tl1t .. i.saluu ,,.,/u1 of liotlr r-r~sts "'' guo•t• I'"" J .£9' 

BOOTS"'· KAWASHIMA a 

90~ C.t for llauo• 

T HllR.tl1tttnct 

t 94.2 .102.7) 

( 91. 7 • 101. 01 

( ''·'. 1J9.0) 

( 99.• ,llJ.1, 

Two Onr•lcled& 

1-to!a ( Tu • T LI 

( - •. 5 2 • 

< . g_ 85 . 

( . I. 83 • 

( - l. J4 • 

7.10) 

s. o;; 

J. "' 

'· 421 

-'56 t0.10 



10.0 

3 e 
tit 
_e. 
c 
0 ·.o 
1i c 
f! 
c 

us 0 
u 10 

\)> c; 
e 
j 
;lo. 

~ 
ril 

i 
~ 

0.1 

ti 

Figure !I 
E2020- AOOl - 009 

E2020 Plasma Concentration (nglmL) 

;,_,...--...--~---.---r---y--,---r--r---i1r---r1 ---,- -- T I 

o 1 a ' e tt ~ ~ • ~ m n M ~ ~ m m ~ ~ • 
'nme (Hours) 

--- . l 

~1hootment G..... -.. I 
Knraahlma 6 mg 

• • • 6 mg Tablet 
6 ts (; 6 mg Tablet I 0 8 c 



Title: 

Investigator: 

Objective: 

" ~ .. --· -. 
~tudy Design: 

Study Population: 

Treatment Groups: 

Methods (Clinical): 

e-10 Eau1 IJA c..ec&
ct1N1cAL STUDY SYNOPSIS 

CONFIDENTIAL 

A Study of the Bioequtvalence of Two Tablet Formulations of 
E2020, in Healthy Volunteers: Study#: E2020-AOOl-OIO 

The obj~tive of this study was to determine the biocquivalence of a 
new 5-mg E2020 ~blet formulation relative to the E2020 reference 
5-mg tablet formulation used in all clinical trials. 

This study wu a randomized, single-dose, open label, tW01JCriod · - · · · -
crossover study which was conducted at a single investigational site. 
Each trcaunent period was followed by a 2-week washout period. 

Participants in this study were healthy, ambulatorv, non-smoking 
male volunteers, aged 18-45 years. A total of 12 volunteers were 
randomized into this study and all 12 completed the study without 
incident. AU participants were Caucasian, and ranged in age from 19 
to 44 years and in weight from 68.5 to 86.0 kg. 

Subjects randomly received each of the two following E2020 
f onnulatlons: 

FormulatiQn A: 5 .0-mg, . film-coated E2020 tablets 
produced by Eisai Company. Ltd. in Kawashima, Japan. This is the 
REFERENCE formulation. Lot# K46016ZZZ 

Eocmulgti.on D: S.O mg. film-coated tablets produced by 
Pfizer lnc., Brooklyn, New York, USA. This is the TEST 
fonnulation. Lot # N5 t I I 

Medi.catiun was administered after a fast of at least eight hours and 
was accompanied by a total of 250-ml of tap water. 

Volunteers were scrccued by medical history, ECG, and laboratory. 
and physical examinations s 2 weeks prior to the stan of the study. 
For each Treaanent period, subjects were arlmitted to the study site on 
the evening of day O. at least 12 hours pnor to drug administration. 
Upon admission, a routine physical examination was conducted. 
Entty vital signs (sitting position). and weight were recorded. and 
urine specimens for drug use/abuse screening were collected. A light 
snack was served 10 hours prior to drug administration, after which 
an absolute-fast, from both food and fluids (except water). w11.s 
maintained. The following morning, prior to drug adminisrration, 
clinical laboratory and analytical samples were coll~tcct. During each 

I.I- r~ •. 11196 
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CONFIDENTIAL 

treatment period subjects received a single 5-rng tablet of E2020. The 
order of fonnulation administtation was randomized. Following drug 
administration, blood samples for analytical determinations were 
collected at specified intervals for 24 hours. Subjects were then 
discharged from the study site the following morning, after providing 
a 24-hour blood sample. Volunteers returned to the study site at 24-
hour intervals (to 168 hours), for additional analytical sample 
collection. Total in-house ti'ne for each treatment period was 
approximately 36 hours. Each treatment period (inpatient + 
outpatient) was 7 days in duration, and was followtd by a 2-week 
washout period. 

Methods (Analytical): E2020 concenttations in plasma were determined by 

Results: 

.... • • . . The limits of quantitation for the 
E2020 pharmacokinetics were characterized 

using the resultant analytical data and standard techniques. Parameters 
used for between-ttr<ttment comparisons included Cmu., Log 10 Cmax, 
AUC<o-1611» Log10 AUC<o-16BJ, AUC (o--l· tmu and t112. 

Pharmacokinetics· For the primary pharmacokinetic parameters 
AUC(0. 161, and Cmu, the test formulation was found to be 
bioequivalent to the reference formulation when using both the 
original data scale, as well as the log-transfonned data. Similar res1Jlts 
were observed for both tmu and t11z. All of the 90% ~onfidence 
Intervals for the ratio of test formulation/reference fonr •.".ation were 
well within the 80% - 120% interval for the raw data, and within the 
80% - 125% interval for the log ttansfonne-0 data 

The primary pharmacokinetic parameters and 90% Confidence 
Intervals fo!" the ratio of test/refe1ence are shown in the table below. 

Comparison of Phannacokinetic Parameters (Mean :t SE) 

Cmu 
(ngtmll 

Logio Cma~ 
(ng/ml) 

AUCw.168) 
(ng"hr/ml) 

Formulation A I 7.4 (0.2) 0.837 (.019) 3S8.2 (30.0) 

Log10 AUC<0-161l 
(ng•hr/ml) 

2.S3S (.041) 
(Kawashima - Ref.). 
l-'-~~~~~-+-~~·~~·----~~+--~--·~~-+-~~~~~--1 

Formulation D 
(Pfizer· Test) 

7.S (0.ll 

IX 

I o.s29 (.019) 349 .0 (31.1) 2.~21 (.04'3) 

.. 



Synopsis 

( 

Conclusion: 

l'-ntorol f'..10UJ ~001 OJ 0 

CONF'iOENTlAL ------
Individual bioequivalence for subjects receiving the test tommlation 
was obse!>'rd in 11/12 subject~ (92%) for AUC<o-1 68 ,. and 12/!2 
subjects (I 00%) for Cmu.. 

Safety: No serious or unexpected adverse experiences occurred 
during the course of this study. Treatment Emergent Signs and 
Symptoms (TESS) were rransient and all were mild or moderate m 
severity. 

No clinically significant, treatment emergent abnormal laboratory 
values (TEA V's) wer~ observed during the course of this study. 

The conclusion from this study is: 

• The test formulation, Formulation D (Pfizer), is biocquivalent to the 
reference formulation, Formulation A (Kawashima). 

For the test formulation, bioequivalence relative to the reference 
formulation was clearly demonstrated in both mean bioavailability, as 
well as in bioavailability in individual subjects. 

lD 
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AL'Cl).lftllln. Cng"hrlmlJ 

N 
M1•n IS.CJ 

Min-Mo.x 
c !Nlf. y,,,_ 

I 011,AUC._1" ~·~ (11g "hr1111U 
N 

Miu ts C~ 
Min - Max) 

Ca..ff. V11r . 

C6omdnc ""'"" 

AUC._. Cng'"hr!mU 

N 
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Min-Max 
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PFIZER 
E2020 Sm9 

J2 
J-'9. 0 !JI. l) 

195.J - 495.J 
5. j,. 

12 
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0. 041"' 
Jll. 9 

J2 
U7.1 CH.SJ 
314. 8 - 711.' 

f. '"' 

KAWASHIMAll 
E2020 Smg 

12 
J58. 2 (JO. OJ 
188. 5 - 499. 5 

5_ 2% 

J2 

2.535 (.041) 

2.175 - 2.69!1 

o_ "' 2% 
lf2.6 

11 
00. 9 (3'. 7) 

259.9 - 107.9 
4. 7% 

90'\ C.l. lcr Ralio" 
T e11/Refenn ce 

( 94. 8 '100. 0) 

( 93. 9 . 100 (;I 

( 99.0 ,103.6) 

Two One1lded@ 

1-1..ata (Tu, Tl) 

(-15.ll, IJ.661 

( - 13. 91 ' l 0. 46) 

{-13.93' 15.86) 
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Title: 

Principal 
Investigator: 

Objective: 

Study Design: 

Methods: 

~-O ..I. ,,J'-udy Re~M of Effect of Food on E2020 Ph1rm.cokirir.iC1 
r-"U Glf C. FFC CT Protocol E2020·J081.002 

CLINICAL STUDY SUMMARY 

A single oral-dose crossover study to evaluate the effect of 
food on the pharmacokinetics of E2020 in healthy male 
subjects. 

s 

To evaluate the effect of food on the phanracokinetk profil~ 
of £2020 after sin~le, oral administration of 2 mg of E2020 to 
healthy, male subjects. 

This single, oral·dose, phase I study was designec.. to examine 
the effect of food on the pharmacokinetk profile of E2020 in 
healthy male subjects A total of 12 healthy, male subjects 
rr..:eived a single dose oc E2020 in both fasted and non~fasted 
conditions according to a crosscv~r design. Subjects were 
enrolled in this study tlnd were "andomizcd into two g-oups 
of 6 each. Group 1 received a single 2-mg dose of E2020 in a 
fasted condition during Pei !od l and after a standard breakfast 
during Period 2. (?~oup 2 received drug after a standard 
breakfast during Period 1 and . ~..:eived the drug in a fasted 
condition during Period 2. A 32-day wash-out period 
separated the two treatment periods. 

This single, oral-dose, 2-period crossover study was performed 
in order to '.?valuate tn~ effect of food on the safety and 
pharmacokinetics of E2020. Safety and pharmarokinelic: 
evaluations were made during the 12-day pE"riod following 
drug administration. 

The safety £Valuation of E2020 was based upon the assessment 
of the rewlts of the following: pi·ysical .examinatiofls, 
recording of sub)ective symptoms, electrocardiogram 
recordings, vital sigr.s, ophthalmological examinations, and 
clinical laboratory tests. 

Concentrations of E2020 in plasma wer.,e det~rmined by a 
sensitive, specific -

procedu:-e. Model·indPpendent pharmacokinttic 
parameters were determined by standard methods. 

vi 



E2020·J08J 'X12 

.. 

4.3.7.:t Drug Administration 
... . . ' • t ••• ' . . . .. 

. . . . ' .. . ' . . .. . . . ' ... . 
' .... ' . 

' . ' ... . 
In each leg of the crossover, 12 subjects received a single, oral dose of 2 mg()(:::::::::: 
E2020 with 120 ml of water. Six (6) subjects received it after fasting for 12 hours 
and 6 received it within S minutes alter breakfast, which was served between 08:40 
and 08:55. 

4.3.7.3 Breakfast for Non·fasting Subjects 

The breakfast served to the non·fa:;ting subjects prior to E2020 administration 
included 2 pieces of roll, jam (15 g), scrambled eggs, sauteed ham, lettuce, 
c•Jcumber, tomato, and beef consor:une soup. They were required to consume all 
the food they were served. · 

4.3.7.4 Procedwes 

During the Treatment Phase, the following assessments 
w~re performed: 

• Physical examinations 

Physical examinations were carried out 1, 2, 4, 8, 
24 (Day 2), and 48 (Day 31 hour.; after dosing. 

• Signs and symptoms 

Subjective symptoms were recorded, using 
questionnaires, at 0.5, 1, 2, 3, 4, 6, 8, 24 (Day 2) and 
48 (Day 3) hours after dosing. 

• Ophthalmological examinations 

Funduscopy' using a 
v 

measurements of visl•al o.cuicy 
using an International signMe&ting. chart read at 
3m from the subject, ocular tension by air puff 
method using a 

and pupil size measurement by Dist-antonieter 
. ) were conducted at 4, 24 (Day 

2) and 48 (Day 3) hours afte~rlosing. 

• Fundu1 photogr.phy was conducted "Ya technician and the photognph was evaluated by an 
ophthalmologist. 

41 



Study Report of Effect of Food on £2020 Ph.trmacokinetics 
Protocol E2!i.ZO·J081-0:>2 

Study Population: A total of 12 hP.althy, male Japanese subjects, aged 20 to 27, 
were enrolled into this study. 

Results: Safety 

E2020 was generally well tolerated by all subjects. However, 
some complaints and objective findings were temporally 
related to E2020 dosing and a relationship with the study drug 
could not be excluded. Symptoms that were considered 
possibly-related to E2020 included mild sleepiness in one 
subject on two occasions and mild headache in two subjects. 
These symptoms were brief and self-limited in each instance. 
The only objective finding that was considered possibly
related to E2020 dosing was the presence of dry rales in the 
right lung of one subject noted at follow-up. The remainder 
of the symptoms reported by the subjects, and objective 
findings on examination, were judged by the investigator to be 
unrelated to E2020. 

One subject had increases in standing heart rate following his 
fas ting-dose of E2020 up to a maximum of 132 beats per 
minute. His electrocardiograms all shl')wed sinus rhythm and 
his supine pulse rates were almost all less than 100 beats per 
minute. His pulse rate did not increase following his non
f as ting tfose. It is unlikely that this increa&e in pulse rate is 
relatr:d ~o E2020, since cholinesterase inhibitors such as E2020 
should lower heart rate. No other clinically significant 
changes in vital signs were observed in this study. 

A number of minor clinical laboratory value abnormalities 
were noted during the study. All were considered clinically 
insignificant. 

Pharmacokinetics: 

The following model-independent pharmacokir.etic 
parameters• are listed in the table below.: maximum 
concentration CCmax), time of Cmax (T max), area m1der the 
plasma concentration-time curve from the time of dosing to 
168 ~ours (AUCo-168). 

• i'narmacokinellc parameters are for the free base of E2020 while the dose is quantitale-:1 as E2020 
itself (the hydrochloride ult). 

vii 



Table 16-J Mean (±SD) Model Independent Pharmacokinetic Parameters for 
E2020 

Fasting 

Non-Fasting 

Cmax 
(ng/ml) 

(tmu) 
(hr) 

AUCo-168 
(ng x hr/ml) 

t112 
(hr) 

AUCo
(ng x hr/ml) 

3 31±0.49 3.00 ± 1.21 166.S ± 46.8 66.9 :I: 20.7 ] 213.6 ± 65.0 ] 

3.22 ± 0.29 3.42 ± 1.51 172.8 ± 32.S 91.6 :t 33.2 • 247.4 t. 57.0 • 

• (P<0.05, Analysis of Variance) 
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SYNOPSIS CONFIDENTIAL 

Dose PR.o/'OATroN1t '-'7'/ lfiT Mu LT ··~ 
f CI, 31 I- S"M~ CLINICAL sronv SYNOPSIS Oo Se;,, 

Tille: 

Investigators: 

Objectives: 

Study Design: 

Drug Administration: 

Methods: 

An Ascending, Muldple-Dose, Safety and Tolerance Study 
of E2020, a Cholinesterase Inhibitor, in Healthy Male 
Volunteers; Study E2020-A001-002 

The primary ol:ijective of the study was to assess the safety 
and tolerance of E2020 in healthy men, following 
administration of tile drug for 21 consecutive days as single; 
oral doses. Ascending dose strengths were evaluated in 
sequential study periods. 

The secondary objc ·tives, at each dose level, were the 
measurement of E2ul0 concentrations in plasma and the 
determination of cholinestera.4ie activity in plasma and red 
blood cells. 

This study was a single-center, double-blind, randomized, 
placebo-controlled, sequential-gra~p. multiple-dose study. 
Three dose levels were investigated: 1.0 mg, 3.0 mg, and 
5.0 mg. At each dose level a sufficient number of 
volunteers were enrol!ed to allow eight subjects to cumplete 
each evaluation period. Two subjects of each group were 
randomized to receive placebo; the remaining six were 
randomized to receive E2020. Progression to the next 
higher dose level was contingent upon demonstration of 
tolerance of E2020 at the previous dose level. The subjects 
were sequestered a for at least 
30 days and 31 nights. 

Three tablets of study medication (E2020 or placebo) were 
administered after a fast of at least twelve hours and were 
accompanied by 250 rrl of tap water for 21 consecutive days. 

After a fast of at least twelve hours, the subjects received 
21 consecutive, daily doses of E2020 or placebo. Safety and 
tolerance were monitored for 30 days (720 hours) following 
the tnitial drug adminjstration. The ·safety evaluation of 
E2020 was based upon the results of the following: physical 
examinatioru, reported and observed adverse events (AEs), 

Studv Rtpon of Asccr.ding, Mulliplt-Dost .'irudy 
!'rotoco/ E .W20-A 001-002 
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SYNOPSIS 

Study Populalic.n: 

Results: 

CONFIDENTIAL 

vital signs, electrocardiogram recordings, and clinical 
laboratory tests. 

Concentrations of E2020 in plasma were determined by a 
sensitive and specific _ _ 

procedure. Cholinesterase activity 
in red blood cells (rbc ChE) was assessed by a specific 
radioenzyme procedure. Blood samples ..were collected at 
specified time intervals during the 30 days (720 hours) 
following the initial drug administration. Matrices for each 
analyte were taken from the same collection tube. 

A total of.27 healthy, male subjects were enrolled into this ..... _. 
study. Three subjects were removed from the study because 
of baseline abnormal laboratory values. Among the 
participants, 24 were white and three were black. 
Participants ranged in age from 19 to 40 years and ranged 
in weight from 65.0 to 85.0 kg. 

~: Most of the adverse events reported in the study 
were transient and mild or moderate in severity. Some were 
temporally related to E2020 administration, and, in these 
cases, a relationship with the study drug could not be 
completely excluded. The proportions of subjects reporting 
adverse events in the E2020 dose-groups were similar to the: 
corr';sponding proportions in the placebo groups. There 
was no apparent relationship between the occurrence of 
adverse events and dose level of E2020. 

Minor clinical laboratory value abnormalities were noted 
during the study. Most were clinically insignificant and none 
were considered likely to be related to E2020 
administration. 

Pharmacokinetics: The pharmacokinetics of E2020 
appeared to be linear, and stationary over the course of the 
study. A difference wu.s observed for the A. values of the 
1.0·mg group; this difference may be an artifact or may 
reflect a true difference in the disposition of E2020 at the 
lowest dose. Accumulation of E2020 occurred over the 
3-week period of daily dosing; predicted and observed 
acc:wnulation ratios were generally i.i:i good agreement. 

Pharmacodynamj~: A significant relatic:uhip between 
E2020 plasma concentration and inhibition of red blood cell 

Studv Rtpon of Asctnd1ng. Multiplt-Dou Study 
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~-S_YN_O~P_SI_S~----~~~~~~~~~---__E.!l!'FIDENTIAL 
ci1olinestcrase was established and no time-dependent or 
hysteresis in pharmacologic response was observed. 

Reliable prediction of stcady·st~te effect may be made on 
the basis of E2020 plasma concentrations or inhibition of 
red blood rell cholinesterase. 

Conclusions: The conclusions that resulted from this trial are: 

Figure VI 

·-4UU 

• E2020 is generally well tolerated by normal subjects 
and is safe at the doses and duration of 
administration used in this study. 

• 1ne pharmacokinetics of E2020 appeared to be 
linear and stationary over the course of the study; 
steady state of E2020 concentration is achieved after 
administration for approximately three weeks. 

• The inhibition of cholinesterase associated with the 
administered of E2020 can be characterized by 
simple models. 

The. relation between dose and Area Under the Curve for E2020 
dunng multiple dose administration (Study Day 21) 

•) ~ 

t:~ ~ 

Uai1v Do·.:i~=' (mgJ 

-- .__ __ 
1, 6 

. __ _J mbtr 1991 
F/.'IAL 

1D7:>: •• ~.t). ,i = 0.91<>. r < o.0001 



Figure IX 
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The relation between Dose-Normalized Area Under the Curve and 
Number of Days of E2020 administr:ation 

l 

7 14 2 1 

r--=i 1 mg !;~~·' I 3 mg o~~~~::J 5 rnq 

Table XX Model-independent pharmacokinetic par:nncters for E2020during1.1 days 
or once-daily administration (Mean ± scl) 

AUCl .. u (nc•br/ml) 

Dose lhy 1 Day 7 Day 14 Day 21 A. ta,:,· ~!/F V..,jr' 
<mru (hr·•) (hr) (L/hr/~ (L/Kg) 

-
1.0 22.2± 97.9± 109.8± 118.5± 0.00706± 98.2± 0.132± 18.l ± 

7.8 29.2 46.7 52.3 0.00214 29.8 0060 3.8 

[_:] 66.)± 286.8± )34.0± 357.7± 0.00951 ± 72.9± () 120± 12.8± 

11.9 51.9 60.2 64.0 0.001.32 10. l 020 2.5 

[:] 118.0± 460.3± 509.1± 546j± 0.01031 ± 67.3± 0 12.J ± 12.3± 

18.6 49.6 43.2 52.6 0.00152 9.9 0.016 1.9 
-

Table XXI E2020 accumulation during once daily administration for 2l days 
(mean ± sd) 

[- ;;~; . 
Accumulation rutio I ,,.,,,, 

Predicted' OIJserved' steady-state• 

cu= c··"± 6.16.t 22.20± 

2.03 4.02 7.04 

I 
3.\l ] 497± 5.43± 15.41 ± 

0.57 0.61 :!.00 
Ir-:_ --
!l ) ll 4 65 ± 4 72± 14 .)O± 

ii I 0.6') 0.78 2 4() 

.,,. 
& --- ·-



Figure VU Terminal disposition constant calculated from log linear phase 
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Figure XIV The Efl'ect of Duration of Treatment on E2020 AUE (mean ± SE) 
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RESULTS CONFIDENTIAL 

parameters, approXJmatcly 90% o~ the inter~~di"'.1dual diffc~eoc~s. in rChEI by 
E2020 can be ascribed to intersubJeCt vanab1hty m E2020 d1spos1t1on. 

The results of fitting both linear and simple E..., pharmacodyoamic models to the 
individual E2020 effect vc-rsus concentration data are compiled in Table XXII. 

Table XXII Pharmacodynamics or E2020 during 21 days of administration 

Dose 
(ml:) 

Subject# 

1.0 2 

3 

6 

7 

......... ; ...... ll 
1r·===3=0=-r==9=~r= 

I' 10... · \ 
12 

13 

Jfjl 
s 0 \8 

19 

zo 
21 

.... 11 

. . . . . . I 
::!2 .. j ....... 
24 

I I Meln 

L . SD 

U11ur Etrect Model 

Slope I lnternpt I AIC" 
(f./n~ml) (.,,) 

Ak~Ll<e's lntormat1on Lntcnon 

F. ... Eirtd Model 

E ... (.,,) I EC,. I AIC 
I (oJ:/ml) 

Optimal Model 

.. J. ........... J.. .............. L ............... ~ ........ __ ,_I( 

The linear effect model was statistically superior 10 the E ...... model for 9 of the 
18 data sets. The subj,·cts for which the linear model was superior tended to 
receive lower doses; the E ..... model was statistically superior for all six subjects 
from the 5.0-mg-dose group and for three subjecrs from the 3.0-rng-dose group. 
On examination of tl;e behavior of l!ach model across all subjects, the linear 
effect model predicted that;-on average, rChEI woula increa.Se by approximately 
2.3% per unit (ng/ml) increase in Cr, of E2020. As would be expected, the mean 
intercept across experimental subjects (3.53 ± 3.45%) was not statistically 
different from 0. When considering only those subjects for whom the linear 
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Figure XVI The Relation between Chollllesteraae Inhibition and E2020 
Concentration During Multiple Dose Administl'8tlon, Linear Efl'ect 
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STeAD)' STATe krNe77c.s., 
CLINICAL STUDY SYNOPSIS 

Title: 

Investigator: 

... Objective: . 

Study Design: 

Study Population: 

Treatment Groups: 

A Multiple-Dose Study of the Pharmacokinetics and Peripheral 
Pharmacodynamics of E2020, During Evening Administration in 
Healthy Volunteers. Study #: E2020-A001"O11 

The primary objeetive of this study was to establish~a -pharmacoKirtetic · · · ' --~· -"' .·--. 
(PK) profile of E2020 during repeated evening administration of either 
5-mg or 10-mg single daily doses for a total of 28 days. The 
secondary objective was to measure the peripheral pharmacodynamics 
of E2020 associated with the PK profile. A tertiary objective was rhe 
measurement of E2020 plasma protein binding of at steady state. 

This srudy was a double-blind, randomized. multiple-dos·~. study of 2 
dose leve•;: of E2020. 

Volunteers for lllis study were healthy, ambulatory, non-smoking 
male and female volunteers, greater than 18 years of age. A total of 16 ~ 
volunteers were randomized and 14 volunteers completed this study. 
All participants were Caucasica\. The 5-mg group was comprised of 7 
males and 1 female and ranged in age from 19 to 56 years and in 
weight from 60.4 to 78.3 kg. The 10-mg group was comprised of 6 
males and 2 females and ranged in age from 20 to 47 years and in 
weight from 51.4 to 93.0 kg. Demographic characteristics are 
summarized in the table below. 

Demographics Swnmary 

Male Female 
Age (yts) Weight (kg) 

Mean (± S.E.) Mean (± S.E.) 

5-mg dose 7 I 40.1 (4.0) 70.8 (2.2) 

lO-mg dose 6 2 36.1 (3.4) 80.2 (I}, I) 

Study subjects were randomized to receive either 5':V or 10.0 mg daily 
doses of E2020 for 28 days. To minimize reactions to acute, extensive 
inhibition .>f acetylcholincsterase, the 10-mg dose was administered 
using a scheduled-titration schr'T\C. Subjects randomized to the 10-mg 
group initially received 5-mg \. _;ly doses of E2020 for 7 days before 
rec~iving their first l 0-mg dose. The 10-mg daily dose was then 
maintained for the remaining 21 days of the study. 

------------------~~.- ·-------
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Methods (Clinical>: After providing written informe-0 consent. volunteers were scrcen~d 
by medi~al history, ECG, and laboratory and physical el':.aminations s 
2 weeks prior to randomization inro the study. Appropriate subjects 
were admitted to the study she in the morning, at least 12 hours prior 
to drug administration. Following admission, body weight was 
recorded and baseline physical examinations and urine drug screens 
were conducted. Four hours prior to drug administrotion ( l 8:00), a 
standard evening meal was provided, after which an absolute fut 
from food and fluids (except water) was maintained until the 
followin& morning. Deginnini, that evening at 22:00, subjects 
received their first sin1le daily oral dose of E2020 with 250 ml of tap 
water. Following drug administration, vital signs were recorded 
rtau~arlr and blood samples wrre collected· at 'pecified inter\Tals. • 
Monuonng for adverse effects was conducted continuously. 

Drug administration continued at 2'2:00 hours each evening for 27 
additional days. SulJJCCls were inpatients for 37 day~ in order to allow 
for characterization of the terminal disposition phase of E2020. Blood 
~amples were collected at specifir.d intervals for the measurcm.:nt of 
E2020 in plasma, acetylcholinesterase activity in rcti blood cells and 
plasma protein binding of E2020. Laboratory evaluation$ were 
conducted on days l, 7. 14, 21, 28 and 37. On Days 14, 28 and 37, 
physical '!xaminations were repeated. Subjects were discharged on 
the cvcni11g or study day 17. 

Methods (AnalyticAl>: Blood samples for the measurement of E2020 plasma concentrations 
and red blood cell acetvlcholinesterase inhibition (rbc-AChEI) wer~ 
collected just prior to each dose (Cmin) during the 28 days of drug 
administration and at specified times during 24-how· penods on Days 
I. 7, 14, 21 and 28. Following the last dose on Day 28, blood 
samples were collected out to 216 hmtrs. Blood samples for the 
detcmtinatiun of E2020 protein blnding were taken at specified times 
during this 2 l 6·hour terminal disposition period. 

E2020 concentrations in plasma were detcm1ine-O by ' 
~ . . Inhibition of acctylcholinesterue 

activity in red hlood cells (rbc-AChEl) was assessed using a specific 
radioenzymc assay. Protein binding of E2020 in plasma was 
measured using an cqulibrium dialysis method. E2020 
pharmacokinctics and phaimacodynamics were characterized using the 
resultant analytical dua and standard te.chniques. The area under the 
plasma concentration versus time curve from 0-24 hours (AUC-0 24 ) 
was evaluated on.Days l. 7, 14, 21 and 28. Data uollected from Day 
28 to Day 17 was used to cakulate the terminal <iisposition rate 
constant (Az) and half-life (t112). Pharmacodynamic comparisons 
between uusc groups were done u~ing ~ rbc·acetylchollncsterasc 
inhihmon (% AChEO. 

Ii, 
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S. ~ PHARMACOKINETICS 

E2020 plasma concentrations fm each individual subjecr are presented by blood 
sampling timepoint in DATA LISTING 17. Sununary st.atist!cs for each 1imepoint and 
each E2020 dose arc prcsentt..d in TABLE 7. A Time v~raus Concentrat1on curve of the 
mean data (±SE) for both doses is presented in FIOURE II. 

A summary of steady state ph11m1acokinetic (PK) parameters for both do~es is given in 
the table below. Values for Clearance (Cl 11 ) and for Volume of dislribution (V ,.) were 
adjusttti for Uody weijtht. 

All calculations for the PK parameters listed can be found in APPENDIX VII 
(Stati~tical qutput). A sumnw.ry of the PK parameters ,c11t7ulated for the 24.-hnur 
siunphng penocis on days l. 7, 14, 21 and 28 can be found m 1ABLE 12. · 

'·mgdn.~ 
= 

1<>-ma dose 

- ---

'I-ma dose 
---- --

IO·mM do:.c 

F2020 Pharmacokim•tic Paranti!ters 
ar Steady Start (M1cm ±SJ>.) 

Cmu. lmu AUC 1ow 
<n1/mll (hnl (n1•hr/ml) 

34.1 (7.l) lO (l.4) n34.M (92,2 ) 
--

60.5 ( 10.0) 3.9 ( l.0) 1127.8 (195.9) 

Cl,./f V1 IF RA CL/hr/k11 (L/iai 

-

--· . '• ··--·---.-- .. ... . --·- -- -----·-

I 0.11 ((J ,()2) 11.H tl.7) 7, I H <2.J7J 
-t ~·~- -- -~ -
I 

I 0.11 ((),02) 11.6 ( l.IJ) ti. lti (I.Oft) 

A.UC (0-1 
1 n1•tu/ml) 

"-"'-~ ---'-- -------

2H89J (7~ 1.6) 
----=-=----

5051.9 (1611.6) 
--

tin 
(hn) 

- ... _ 
-~-------- '""-

72,7 ( IU.b) 
.. 

H4i ( 11.H) 

The phllllllacokineuc-; of E2020 Wt'f~ ob~erved tn he linear; dose-related a11d stationary 
over the wurse of lht< .,tudy (see hA&urc~s 11, lU and IV). The large apparent volume of 
d1stnbuuon (Vi> ( l l- l i. L/kg) suagcsu1 that E202U distributes extensively into tissue. 
111e t112 was detcrnuned to be between 72-74 hours and a1.:curnulation of E2020 was 
nb'icrvcd over a 3-wcck period of daily dosing. Steady-state was definitively achieved 
within 14 - 21 days !TABLE 10, FIGURE V). The accumulation ratio (R,;.) was 
l·r;mputC".d by taking the ratio of AUC10.241 - Day 2M to Day I. where- !he IJ.ty I values 
were mulupltcd hy 2 rot th<" IO-m~ dm1c group (all subjects rcccivcrl ~-mg on lJay l). 
Atll.m. 241 values for thr 24-hour measurement perioch nn day1; I, 7. 14. ~I and 78 art• 
listed in TABLE 12. 

The range of plasma concentrations measured for each do!ie at stcady-sUltc (Crnrn 
Cmu), along with the average plasma concentration at steady-state (C.,), are shown in 
the Utble below. Avertt~e trough con1..cntrations for study day~ 1-2V are presented in 
FIGURE VI. 

'" ''·" ./ I. lflln A.Oil/ II/ I 
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£.W20 Plasma Concentration 
Paramtters at Sttady Statt ( Mtan ± S 1J. J 

Cm"' Cmu -~ I u 
<n1/mll 1n1/111ll (ng/Mll 

---......... ~~~·· ------· - ... 

AUC (0-141 

<n••hr/mll 

~-mg dose 21.4 (3.8) 14.1 (7.J) 26.4, 0 9) 6]4.8 (92.2.} 

-

~..........__-~- -
IO·ma dose J8.5 (H.6) flO.~ 00,0) 47.0 (8.2) 1127.8 (195.9) 

5.4. l Dosi; Prnpqaignajity· 

Plasma \:onccnuations of E202U at stcady-sratc were ob~erv'.d to be dose·proportional, 
as reflected by the Cmin, Cmu, Cu and Al!Cto·i•i values shown in the table 11l>ove. In 
addition. dose proporuonalhy can 1180 be seen in f'IGORE H, ·;he mean plasma 
l:oncentratiun versus time profiJc for both doso groups over the course of the study. 
SUltistkruly, dose·proportionality was demonstrated by the ranos of the leut icquares 
mean~ for AUC(0-24), Cmu, tmu and Clcuanl:C at !lteady·~tate for the ~ and IO·rng 
doses, as show11 in th~ table below. ~ 

IJ11.u•·Proporno11Ulity • Ratio of l.Aast Squares Means at Sready·Srate 

R.uio ('1) 

Alff' 1n·Hl (na•tir/ml) 620.4 11 n.1 182.7 I ~IJ .4 · 7M. I 

l Mn. I IM.9 · 207.4 

.3.2 107.H HI ' - 114.4 

Cl 11 / F (L/luJ IU 9.1 I to. 7 lJ6.0. 1254 

Hel:auite the 90% l:onfidcn~e intervals contained 200% for AUC(O 24I and Cmu an' 
100% for Clearam;e JJ\d tmu, E2020 pharmacok1nctics can he considr:red cto!ie~ 
prnporuonal over the 5 to 10-mg dose range. 

«;,5 PHAltMACODYNAMICS 

;.\/I •"T••-h'' 

A s1gniricant relauonsh!lhip was oh~rvc.d between E2020 pluma ,;oncentrauon and 
1he pcrc.;cm AChEI fflUURtL VII) llmt relation!lhip was consistent durins each of the 
24·hnur periods evaluated (Days 1, 7, 14, 21 and 28) and demonstrates that there arc 
no ume-dependent ,;hanges in E2020 pharmacodynamics (flGURF. Vlll). Summary 
values at Mcady-suitc for the range of AChE inhibnion (Emin - Emu) and for the average 
% AChE rnh1h11aon (Cu). are shown 111 the table below frn both doses. Area under the 

• 
Aldrrh /J l\!1111 

l/NAI 



effect curve for AChE inhibition for thr (4-hour period at steady-suue (AUECu) i~ abio 
shown. The average % inhibition (Eu) was compute.d by intefirating % inhih1t1on 
versus time from 0-2•1 hours during the 24-hour sampling periods, and dividing by 24. 

All calculations for the pharmacodynamic parameters listed can be found rn 
APPENDlX VU <Sratistical Outpul). 

AcetYlcJu1lifll!stera.,·e Inhibition Para~ttrs 
· at SttJady State (Mran :t S.D.) 

Emin Emu n •• 
("',) ,,., ("'.) 

AllECss 
<~·hr) 

r~: - - .. --~=~ ~tt---r~·-~- - 0 ~ _ ..... ~ ~- - ·---·-----~ ~ 

5·ma do!IC 62.2 ''·'n 71.H (4J) ,,,,, (~.2) "67.1 (124.1) 
-~~~~""'""' --------- --- ... -~ 

,___ 
~~~~·= ~ 

IO-mg dose '14. I (44) I x l.<1 (I .IJ) 77.H (2.Q) HltiH (71.tl) 

5.6 PROTEIN BINDING 

The mean percent protein binding for each subject wu calculated from protein binding 
determinations made from seven blood swplcs takGn at specified times during the 216-
buur period after the final dose on D11y 28. Protein binding was consistent among all 
subjects and both dose A&roups (see APPENDIX X). A total mean value for percent 
protein binding was calculated using the mean percent protein hindins value11 
drtermined for each s11n1r.ct. Th!' mean(± SD) E2020 plasma protein binding ut steady 
st.it.: was calculated to be"" lJ5Ji% ± 0.39. There was no evidence for capacity·limited, 
llr coni.;enu11tion-dependent hinding in the clinically relevant range of plasma 
co11cc11u ations. 

5.7 SAFETY F.VALUATIONS 

i 7 . I LaboTiUQQ' Eyaluauo~ 

Standard laboratory evaluations we1L 'onJuctcd at Screening, on Days l, 7, 14. 21. 
28 and J7 of the Treatment pc11ud, and ill the time i.,f Study Dischuac. A treatment 
<:mergent abnom1al value (TI~A VJ fpr · labor:ttriry parameter was defined a.' a vai111! that 
was below the lower limit of thr 111m. Ml ·angt pust-tius'! but wa:\ not below It pnor to 
dose admin.isuation, or" vil!u1 thlll wu above the upper limit of the normal range post· 
dose. but was not abvve it pnc11 lO dri~··· iidnunai1otration. 

The number of TEA\'' ., .•. :i d!;1111g me ...-ourse of this study are li!ltcci by dose-group 
111 TABLE 4. ror realio:1s ... h1.:h :m· '"ll'll'ar, almost all study participants presented 
wllh mrnm changes 1r their sodium and d1loricie level!\ which were just oucsidc the 

' • , ·,'ti 4' .1t; I , ~ 1 1 ~ ... , h /I /IJW, 

1/NM 



nonnal range (I or 2 g/dL). None of these <.:han~es W(IC 1..:011s1dered by the 1 nvestig~lor 
to be dinh:all y stgnihcant. Investigators comments on these changes a id on f"'lch 
additional TEAV is presented m DATA LISTING 9. 

A summary of all the clinical laboratory values obtained for each subject during rhe 
study is presented in DATA LISTING 6. 

5. 7. 2 &lJ.ltinc Pbysical Examjnations; 

General well being was assessed by a brief evaluation of the head, eyes, ears, nose, 
throat and other physical conditions of note upun admission to the study site for the 
Treatment period. No abnormal findings in general physical well being were not~d for 
any subjecL 

"" 
A tab1•lation cf Routine Physical Exwnination results is providw in DATA LISTING 4. 

5. 7. J Wel:trocard1gexam 

All 16 subjects enrolled in the study had an ECG examination at the time of Screening 
and ll)JtUn at the time of their Final discharge. At both Screening and Final Discharge, 
several subjects were noted to have minor abnormalities such as left or right axial 
deviations or sinus bradyc~mha. All of these abnormalities were Judged by the 
lnve~tigiuor to be not clinically signifkant. No significant changes in ECG patterns 
were l\Oted for any ~ubject at the conc:usion of the study. There were mild variations in -
hean rate between Screening and Final discharge for all of the subjects, but there was 
no cliscemible trend to these fluctuations and th~y were judged by the lnvestiaator to be 
not clinically rel~vant. The clccttocardiogram data is pre.~nted ir DATA LISTINGS. 

~ 7 4 VnalliUms 
Vnal signs for all subJe~ts (pulse, BP, re~p1ranons, temperature and weight), during the 
rnmsc of 1he Ue•umcnt period are presented 1n IJATA Ll~TlNG I l. The mean chanaes 
t fllm basd inc for r udia.1 pulse rate, systnlii.: and d iaslolic blood pressure for each 
ucatmcnt ~rnup aie presented in TABLE 3. No clinically significant changes in vital 
sign p1muneters were noted for any subject dunng any Treatment period. 

5 7 . 5 t\1,.lv_rnitJ~Y.tllU 

No serious or unexpc~ted •uivcrsc events wert- rr"poned dunng this study. All events 
rcpuned were trans1em an<1 nuld to moderate in severity. and all were considered "not· 
'!Crious" hy the Investtgator. 

t\11 reponed adverse ev~nto; :ue pre~cr.te.d Iii OATA LISTING J 3. 

Those c.vcnts wh&l:h took plttl:c after dose adm1nmratton were classified as Trr.atment 
Emergent Signs and Symptoms (TESS) and arc summarized by do~e·sroup and event 
in TABLE~ 

1· t >1 ,, .11 I .'·! .' 'i ~ • • 1 'I I ! 
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PllARMACOKINETICS 

Table 11: Summnry Tablt, Pharmncokinetlcs Parameters· 11.iys l, 7, 14, 21and28 

Dose<ma> Study Day 
~ Mean 

SU 
ID ~ean 

Sil 

I 

119.7 

215 

119 2 

12 4 

7 

473.K 

4'i 4 

421.l 
c;qo 

.'.. ! AUC.,14, og·hr/ml 
··~·,,.. ' 

14 

~76.K 

70.'1 

1029.J 

15:21 

21 
606.1 
t\f17 

I I j'i ti 

21\ () 

IK 
6J4.8 
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1127 8 

195 Q 
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PllARMACOK.INETICS 

Tltble 9. Phurmacokinetic Parameters for E2020 during Multiple-Dose Administration 

5 Mean 89 7 47JK H6.8 606.1 634.8 2889.3 47.4 72.7 8.<12 828.0 

sn B.5 4'\ 4 70.'\ 68.7 92.2 7Sl.6 19.S 10.6 1.12 59.2 

I 0 Me.to 892 421 I lfl}I) .l 1119.o 1127.8 5051.9 46.8 73.'\ 9.09 950.8 

SP ll 4 ',I) 0 1.5 2.:1 213.0 195.9 1613.Ci 7.3 11.H 1.47 133.8 

Tnhh• lO. Armmulalion of E2020: Predicted und Observed 

'\ r-.fran .1 8'1 7.1 H !'ii'\ 

~l) (l h \ 2.17 270 

Io ;\le.in 4 Y·I "· 16 I 5.1 l 

')) l O 7 I I .O{i 2.4<> 



E2020 Pharmacodynamic Model Parameters for AChE Inhibition 

--

Model Predkted Valuu 

Emu• ECso1 
Study Duration• Db •;, Inhibition 01/ml --
E2020-AOO 1-003 28 days 12 ltl I .J 16 7 

E2020-AOOl-01 I 28 days 16 109.8 18.2 

1':2020-AUO 1-301 12 weeks 291 I 00 8 15 (1 

E2020-AOO 1-102 24 weeks 291 118 4 13 4 . 
1

M11x11m11n 111u11her co115ecut1ve do~cs 
"NtUnher of s11h1ects co11U1butmit at one least EOLnt 

Mean :t SD Observed Pharmacodynnmic Parameters for E2020 
··~-~ ... - """':..,_.""---~~·~-

Observed Values 
Study 

!lllSl' E...,,% E,.,, % E"% 
E2020-AOO 1-(JOJ 5 llljL 49 7 ± 7 7 642±55 55.9 :t 5.5 

IC mi.: fl72± 124 7"!lJ:t8 I 72.3 :t 9 'i 
1'.202n-/\oo 1-011 ' rn~· (12 2 1 s 8 71Hi.4] 65 ) :t 5.2 

~j(img 74 7 ± 4 4 81fi:tl9 778 :i· 3.0 



l1~a1 A111rn. u. /,,.. 
l'rorocol UUlU :tLJIJl-011 
l1wr~llg11l111 

f .iblr 4 

l'rt'Jlmt•nl l'.mrrgl'nl Ahnonnal l.abor.a1ory V.ilu1') 

Number(%) of Subjrc1J, by Trt'llmt'nl Group 

f'.tgr I 
-~· ....... _ . -··--·-----~~~,~~~ 
l.<1houlory lrst l'.2020 ( S rnKl f.2020 ( to mg) Tot.ti 

(II ) ( 8) ( 16) 
--····-·- --·---~.-----~------ ----...-~----

Clinical Chrmimy 

Alhumin 1 12.50'4 I 1 12.50"1. ) 2 ( 12.50'4 ) 
Alkalinr Phoiph,1t.ls1• 0 0.00'4 ) I 12.SO'J. l I ( 6.25'4 ) 
AIT (SGrll 2 25.00%) l 12.SO,, ) 3 ( 111.75'4 ) 
AST !SCOT> I 12,5()% ) 0 0.00'4) I ( 6.25%) 
llUN I 12.50'4 ) 0 0.00'4 ) I ( 6.25'Y,) 
( '.iki\1111 ll OOO'll.) 0 ( 000%) 0 ( 000%) 
( hlcmd1• H7.'.()'lio ) H ( 100.00'-) 15 ( 9J.?5'\) 
( 'hoit'~l!·rol 2'l('()') 1 ( 12.50".i. ) l ( IR 7S'\) 
t'rr.s11nr l>.:111J\1' (('f.,.) ll 0.00'9 ) I ( 12..50,, ) I ( 6.2s•4 1 
CK-Mil ll 0.00" I () ( MO"A. l 0 ( O.C0"4) 
( '11•.Jllflinr 25.0094 ) I ( 12.50"4 ) 3 ( 18.75'\ I 
Cluco~r (1 O.OO'Yt l 2 ( 2S.00% I ( 12.50').) 
l'ho~rhorui I 12.50% ) 0 ( 0.00'.W.) I ( 6.25"4) 
llHI 0 O.OO'Ar) 0 ( O.OO'Yt l 0 ( 0.00"4) 
Tut.il l'rot..-m 1 12.50'Jio) 2 ( 2!\.00'4 ) 3 ( Hl.75"4 l 
I CJl.l! !111&rub1n 0 0.00"it) () ( 0.00"4) 0 ( 0.00"4) 
Sodium H ( to0.00" l h { 75.00".I.) 14 ( H7.!>l.J'\ ) 
l'n1.1s~1u111 1 ( 25.00%) I ( 1250% ) J ( IH 75% ) 

llrm.ilulor,v 

IUH ll 0.00"4 ) () 0.00"4) 0 ( 0.00% ) 
I l1•11101\loh1n (} 0.00"4 I () 000%) 0 ( 0.00"4) 
I l1•m.1torrit 1 12.SO"A. l I 1].:,0% ) i ( 12.50°4 ) 
ML'V () C 'JO'At ) I 1250% ) I ( 6.25%) 
MCI! 0 O.OO"it) 0 0.00"4) 0 ( 0.00%) 
MCIH J 37.50% ) 2 2500"4 ) <; ( 31.2S'X. l 
Wiit I 12.SO% ) 0 0.00"4 ) l ( b.25%) 
lhntl~ 0 0.00"4 ) 0 0.00%) 0 ( 0.00% ) 
Nl'utrophils I 12.£,()'ll, ) n 000"4 I I ( li.25% ) 
l.y111pho< vte~ I ll.50"1.) l) 0.00°4) 1 ( 6.25"4) 
Munurylt•\ I 12.50"4) 0 0.00•4 ) I ( 6.2'i% I 
l'n~inophtl~ 0 000'1. I ll 0.00"4) 0 ( 0.00%) 
ll.isophil~ 0 0 00'\ I I 12.50"4) I ( 6.25°4 ) 
nol USl'd 0 0.00% ) () 0.00%) 0 ( 0.00"4) 
l'L11rl1•t Counl 1 12.~"4 I I 12.50"4) 2 ( 12.~.0%) 

UIJC Morphulu1:r () 0.00%) 0 0 00% ) 0 ( 0.00"4 I 
Wl\C Morpholop,y () 0.00% ) 0 000"4) 0 ( 0.00%) 
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Title: 

lnve,;tigator: 

M e11t &DLl.S M-
CONf'IDENTIAL 

IN lllvo 
CLINICAL STUDY SYNOPSIS 

A Single-Dose Study of the Metabolism and Elimination of 
14C-E2020, An Acetylcholincsterase lnhibitor. in Healthy Volunte~rs. 
Study#: E2020-AOOl-004 

Objective: The objective of this study was to investigate the metabolism and 
elimination of E2020 in humans. following the administration of a 
Jingle S-mg (llquld) oral dose containing a mixrurc of unlabeled and 
14C-labeled E2020. 

Study Design: This was an open-label, non-randomized, single-dose study which 
was conducted at a sirtale invcsti1ational site. 

Study Population: A total of 8 healthy, mak volunteers were enrolled into th.is study and 
all 8 volunteef\ completed the study without incident. AU participants 
were Caucasio11 and ranged in age l'rom 19 to 43 yea.rs (mean ± SE: 
27.0 ± 3.2 years) and in weight from 73.5 to KS.O kg (mean± SE: 
78.6 ± 1.4 kg). 

O~"\lf~ Administration: The subjects in this study received a single, 5-mg oral dose (in a 20-
ml aqueous solution) containins 4.62 mg of E2020 iir.li O 38 mg 
(50 µCi) of 1.cc.1abelcd E2020. 

Methods (Clinical): Volunteers were screened by medical history, ECG, and laboratory 
and physical examinauons s 2 weeks prior to the stan of the study. 
Subjects were admitted to the srudy site on the evening of clay 0, at 
least 12 hours prior to drug adminisuaaon. Upon admission. a routine 
physical examination was conducted. Urine specimens for drug 
use/abuse screening were collected and baseline urine and fecal 
analytical samples were also collected. A light snack was served 10 
hours prior to drug admWstration, after which an absolute fast, from 
both food and fluids (except water), was maintained. The following 
morning. prior tv drug adminisrration. clinical laboratory and 
analytical samples were collected. Subjects then received a single 5 
mg (liquid) dose of EW20 (containing a mixture of unlabeled and 
14C.labeled E2020}, followed by 2~0 ml of Ulp water. FoUowing drug 
administration, blood, urine and fecal samples for analytical 
detcnninations were collccte.d at specified times and intervals for 10 
days. Vital signs were monitored at 8-hour intervals and monitoring 
for adverse experiences was conducted continuously. Subjects were 
oischargcd fronnhe anvcstigationaJ site on the morning of day 11, 
tollowing a 240-hour blood sample and a final discharge evaluation. 
Total in-house time ':'JiS approximately 236 hours. 
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Method•; (Analytical): Characterizauon of 14C-E2020 meuibolism and elimination was done 
by analyzing blood, r.trine and fecal samples collected over rhe IO-day 
period following drug administration. Each collected sample was 
assayed for total radioactivity, and aliquots from specified timepoints 
and/or pooled samples were assayed for the presence of E2020 
metabolites. In adclltion, aliquots from each blood sample were also 
assayed for total E2020 concentration by high-perfonnance liquid 
chromatography (HPLC). 

Results: 

Phannacokinetic (PK) parameters were calculated for.plasma E2020 
concenuations and for total plasma radioactivity (1 4C-E2020) using 
standard techniques. The following parameters were calculated: 
Cmu, tmu, A UC<o.1 .. ,. AUC<o·">. elimination rate constant (:l,,1 ), 

Clearance (Cl/F), Volume of distribudon (V).z /F) and tan. 

Absowtign. Distribution and Mc;llbglism~ Plasma radioactivity 
(expressed as "ng E2020 equivalents/ml"), muimizcd in the 6 to 8 
hour time interval at 10.09 ng equiv./ml. E2020, which was Lie 
predominant compound during all plasma time intervals, also 
maximized in concentration during this time (4 .07 ng/ml). In general. 
E2020 11cc.:ountcd for about 25% of the recovered radioactivity in each 
time interval, w11h the excepuon of the Cmu interval. where it 
accounted for about 40% of the total radioactive residue. 

In general. lhe recovered u:siJuc in plasma showed higher levels of 
the hydroxylated meuibolites M 1 and M2 than their glucuronide (or 
sulfate) ~on)ugates M 11 and M 12 respectively. M6 w~ a significant 
metabolite in the first four-hour sample pool but steadily decreased 
during the following intervals. In contrast, the hydrolysis product 
M4, was never present in significant concentrations for any time 
interval in plasma (s; 0.1 ng equiv./ml). 

Elimmatjon· Recovery of radioactivity in subject samples averaged 
72% of the administered dose. Recovery in urine (57%) was 
significantly greater than recovery in feces ( 15% ). 

In urine, the parent compound E2020 accounted for 17% of the 
recovered dose on average. The major metabolite was the hydrolysis 
product, M4 (6%), followed by the glucuronidated conjugates Ml 1 
and Ml 2 (5% and 2% of the dose, respectively). The N-oxidation 
product M6 accounted for 2% of the dose. The hydroxylation 
metabolites Ml and M2 average-<! less than 2%. 

In feces, approximately 5% of the recovered dose was unextractablc 
(3% remained as post-extraction solid, 2% was highly polar and 
remained in the aqueous phase). E2020 accounted for l % of the 
dose. Of the cJJiactablc metabolites, the hydroxylation metabolites MI 
and M2 were the most abundant (().7% and 0.6% of the dose, 
respectively). Glucwomdated metabolites Ml land Ml2 accounted 
for less than 0.2%. M4 and M6 accounted for 0.5% and 0.2% of the 
dose, respectively. 

~~~~-~----------------------------~-
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Conclusions: 

l'•dl•rnl £1010 MJOI 004 

CONflDENTIA/, 

A s~hcmati~ representation of the strucrures of the E2020 metaholites 
as well as the proposed metabolic pathway for E2020 is shown in the 
Conclusion section of this Synopsis and in Section 5.4 of the Results. 

Pharmacokjnctics: Several of the pharmacokinctic parameters 
calculated for dtis study are summarized in the table below. 

As shown in the table, the tmu values for E2020 and for '"C-E2020 
(total radioactivity) were similar. The Cmu values, however, were 
markedly greater for l4C-E2020 than for E2020, demonstrating the 
presence of E2020 metabolites. In a similar fashion, both AUC 
values were aiso marke.dly greater for 14C-E2020 than for E2020. llle 
ratio of E2020, AUC1o.i..-> I Total 14C-E2020, AUC10•1..-1, was 53.7/. 

Comparison of PharmacokiMric Parameters (Mean ±SE) 

lmu Cmu AUCto·l44 A UCeo-> t 112 
(hu} (111/ml) (nll•hr/ml) (n1•hr/ml} (hr1) . 

E202U 4.4 (0.5) 7.2 (0.6) 1s~.o c20.1 507.4 (31.8) 78.4 (5.5) 

z-~ ...... ~- ,_ __ 

I "C·E2020 4.6 (0.{>) 11.4 (0,8) 663.5 (23.0 

--
&97.J (36.~~l mo OM l 

~: No serious or unc:itpected adverse experiences occurred 
during the course of this study. Treatment Emergent Signs and 
Symptoms (TESS) were transient and all were mild or moderate in 
severity. 

No dini~ally s1gnifo:an1, treatment emergent abnonnal laboratory 
values (TEA V's) were observed during the course of this study. 

The predominant route of elimination for E2020 and it's metabolites 
appears to be renal, with 79% of the recovered dose being found in 
the urine. The remaining 21 % of the recovere-.d dose was found in the 
feces. 

The parent compound E2020 i.s the predominant eliminatit)n product in 
urine and feces. The major metabolites of E2020 which are eliminated 
include Ml and M2 (via 0-dealkylation and hydroxylation), Ml l and 
M 12 (via glucuronidation of M 1 and M2. respectively). M4 (via 
hydrolysis) anft-M6 (via N-oxidation). (continued) 

Marr~ l /99() 
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CONFIDENTIAL 

The proposed metabolic pathways for E2020 hasro,d upon the results of 
this study are as follows: 

l) 0-dealkylation followed by hydroxylation ro metabolites Ml and 
M2. with partial subse.qucnt glucuronidation to metabolites M 11 
and M 12 respectively. 

2) Hydrolysis 10 metabolite M4. 

3) N~ox.idation to metabolite M6. 

The Proposed Metabolic Pathway for El020: -
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Re.i.llb -------------- CONFIDENTIAL 

5.4.4 Summey - E2020 Metabolite Data 

A sununary of the average rotaJs (average of 8 subje;ts over all time intervals), for 
E2020 and each metabolite is shown below in the table below. Summary values arc 
presented in dccrr.asing order (from greatest amount recovered to least) for each matrix. 
Plasma values represent the average total amount recovcre.d cumulatively from all five 
time intervals. As noted in Section 4.3.2 of this report. original dpm values were 
converted to "ng E2020 equivalents/nu" and are presented as such. Values for urine 
and feces represent the. average total amount of E2020 and each metabolite recovered 
over all time periods assayed. Values arc presented as "% of Total 14C-E2020 Dose 
Recovered" for these matrices. - ~ 

Table II : Swnroar:y of E2020 MetabolJte Data • The nwnbers shown represent 
cumulative totals from the 10-day collection period. 

Plasma Urine Feces 
(nit E2020 eaulvalentslmll (,.. of Recovered Dose) lfo of Recovered Dose) 

E2020 10.0 E2020 16.93 E2020 1.13 

Ml ).5 M4 6.13 Ml .66% 

M6 2.8 M 11 49% M2 .59% 

M2 2.3 M12 2.13 M4 .46% 

M 12 1.0 M6 1.9'«, M6 .24% 

M 11 .bf! Ml 1.6% M 11 .143 

M4 07 M2 1.1% M 12 .08% 

------·-
% Aqueow 4 .1 % Aqurous 13.93 % Aqueous 1.43 

11 l Urigin u.o TLC C)ngtn 0.0% TLCOri~n l.63 
-

5.5 PHARMACOKINETICS 

Pharmacokinetic parameters were calculated for both total plasma E2020 (as determined 
by , and for 14C-E2020 (as calculated by total radioactivity). The following 
parameters were calculated: Cmax, tmax. A UC<o. i«1o A UC (&.0o>- tcnninat dispOsiti'of\" 
constant (~). dearance (CVF), volume of distribution (V>..z /F) and tin. In addition. 
the ratio of E2020, AUC 0.1 44 /Tot.al l4C·E2020, AUC 0.144. was also calculated. 

Mean plasma E2020 concentnn'i'ons (as determined b:y tiie summarized by 
timepomt m TABLE 7. E2020 plasma concentration data for each subject is presented 
111 DATA LISTING 18 and mean ' 4C-E2020 concentrations, expressed as "ng E2020 
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Excretion of E2020 and Metabo!itcs Expressed as % of Totl\I Dose 

rrocornl ~umhtr 

rut a tin 
l\Ol)mt AOOl-004" JOHl.001 JOSl-OOJ J081·004 -

Unnarv t'.> • .:rclaun 

F..2020 II)•) I 7 I) 10 1, f l ~ 11 77 I ·I% IOii'J1 :OH4 

Ml 6 Cl·d~smcth;l-t-:2020 Ci'l'~l ll1 I ~ t o 11 0 Ol I 0 04 l\\l UOI i U.0:1 

Mii MI • Olucuronadc 4.9 .I. 2.5 '> I .t 6. I 6."4 * :221 3.74:t177 

MJ ~-< l-dcsmethvl·E2020 l'\'1'21 lf\ I I t- 0 t1 () 01i0 01 () 09 t 0 ~~ 3 0 0 I t 0 02 

M12 Ml · Olucuron1Je .? l .t ()!I l 06 i :! :211 I Kl I 0 5!1 I 72 I I 7'1 

M4 N-debenzyl.J::I02o t'YPIA·I 11 I t I H I:! S t2 7 I l (17 I l l>h 6 76 j (1 02 

M6 E2020..:1s·N-mmle cYrqA·I I 9 to!! on to l'l nd nd 

Total Ri1J1,1ad1vlly EK,reled 111 lJrme 5701J1 nd 11d ml 

Tot.ii Rad1.1~ct1v11v Fx1:tt'ltJ 111 l·ece·, 1·1 ~ t <, ~ nd nd 1Hl 

Malls B.-iluncc 11 \ IHI nd nd 

"Determmcd from 1'C-l11bcled E202U 

Mean± SD Pharmacokinetic Parameters Specific for E2020 Plasma 
Concentrations and Total Plasma 14C-Radioactivicy 

c,. ... nglmL 

-;07 4 :i X'I 'I 72:il.7 

Total "C -Rad1oact1v1ty M97 1 * 102 l 114i-2.3 
{expressed as E2020 ng eo111valcnts) 

Disposition Profiles of El020 Metabolites in Plasma 
Following Oral Administration of 5 m~ 1'C·E2020 

..... 1!2020 
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~Mil 
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TARI.£ XXI. PLASMA: OBSE.RVED METABOLITES QUANTIFJED BY TIME INTERVAL AS 
THE A VERA GE CONCEr-tTRA TION (ng E2020 Equh·alents/mL) OVER 8 SUBJECTS 

PLASMA A nrae~• of 8 subi~ LL (ne E2020 tau.i1· ./mL +I- Standud Dniation) 

1,2.3 'hrs 6.8 hrs 11,1124 brs 

COMPOUND Appro.1t. AVG. AVG. A\IG. 
MONITORED 1lf n2lmL .sms 02/mL sms •lmL sms 

TOTAL: 8.17 0.40 10 09 0.56 7.84 0.55 

E2020 (Rf 89) 2.31 0.38 4.07 0.3'9 1.95 0.48 

Ml {Rf 8 i) 0.65 0.34 0 94 0.49 0.93 0.35 

Ml l (Rf81) 0.33 i 0.51 0 21 0.44 0 12 0.34 

(as MI post-hyd)i 

fl.12 1Rf 75) 0.69 0 16 015 0 27 0 63 0 11 

MI.2 ·!Rf 75) 0 38 0 21 0 44 042 0 22 0 38 

(as M2 post·hyd 1 

M6 (Rf 72) l 33 0. 12 041 0.39 0.64 0 20 

M4 (Rf 20) 0 07 005 BDL BDL BDL BDL 
UNK I (Rf 62) BDL BDL 006 0.17 O. lS 0.43 

UNK 2 (Rf 53) 0.34 0.24 0.60 0.37 0.16 0. JO 

UNK 3 (Rf 36) 0.20 0.12 0.26 0.16 BDL BDL 

UNK4 (Rf 25) BDL BDL BDL BDL 0.86 0.53 

UNKS : (Rf IO) BDL BDL BDL BDL BDL BDL 
TLC Origin (Rf 0) BDL BDL BDL BDL BDL BDL 
3 Aqueous: 0.89 0.09 1.29 0.17 0.57 0.13 

Mass Balance: 7.23 0.61 8.51 0.63 6.24 0.37 

• Weighced a\·erage (6*(Pooled Subjecrs)+Subjecr 2 + Subjecc 4)/8 subjeccs rolal 
ND = not detected < 53 total radioactive residue in chromatographcd sample. 
BDL = Below De1ec1ion Limi_l 

36.41, 72 hrs '6-240 hrs 
AVG. AVG. 
112/mL STDS ne/mL STDS 
5.09 0.30 2.0I 0 II 

l.19 0.39 0.47 0.21 

0.67 0.23 0.31 0.14 

BDL BDL BDL BDL 

0.62 0.02 ' 0.20 0.08 
BDL BDL BDL BDL 

0.44 0.27 BDL BDL 
B;:IL BDL BDL BDL 
BDL BDL BDL BDL 
BDL BDL BDL BDL 
BDL BDL BDL BDL 
0.85 0.52 0.45 0.28 
BDL BDL BDL BDL 
BDL BDL BDL BDL I 

0 89 0.59 0.47 0.25 

4.67 0.52 2.02 0.18 
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T.-\ULE Jll. UH!\E: 08SERVEU '.\1ETABOUTES QL·\NTlFIEO UY TIME INTERVAL AS THE AVERAGE 
';'(: l>OSE Of 8 SUBJECTS 

URINE. Anrac.c o( 8 Subjttts (~ Dose +I- Sland:ard Ouiation) 

0-8 hrs 8-24 hrs 24-48 hrs 48-96 hrs 96-240 hrs 
I 

COMPOUND Approx. +I- ~ +I· "' +I- 3 "rt. .,... +!- TOT Al. 
MONITORED Rf °'c Dose SD Dose SD Dose SD Dose SD Dose SD % Dose 

TOTAL: 5 6~ l 4 'I. 100~ 0.8'1. 11-23 1.33 1343 163 1693 3.23 57 O't 

E20::'0 \Rf 89) l.73 l.O'JC. 2.93 1.43 3.73 183 4.l3 183 ~.53 2 t 3 16.93 

Ml (Rf 81) 0.1% 0. l 'l. 0.23 0.23 O.l'l. 0.23 0.43 023 0.73 0.4't 1.53 

Ml (Rf811 0.6% 0.43 103 0 6" 103 053 I 1::13 043 1.33 0 63 i 4 93 
(as MI pos1-hyd) l 

I 

M2 I Rf 75) BDL 0 13 013 013 0.!3 0.23 033 0 13 0.53 033 I !3 

Mil , 1Rf 75) 023 0.2" 033 033 0.43 0.33 053 0.23 0.73 0 2 '.t 2 13 
las M2 post-hyd) 

M4 tRf 20> 0 63 0.33 i.23 043 L4~ 0.53 L23 OS~ 1.63 0.53 6.13 

M6 (Rf 72J 0.13 0.13 0.13 0 13 02% 0.33 0.6% 0.33 0.93 9.4~ 1.93 

UNK I 1Rf62) 013 0 13 0.23 023 0.13 0.23 BDL 0.13 0.33 023 0.63 

UNK 2 (Rf 53) 0.13 0.1" 0.53 0.2'.f. 0.4" 0.23 0.13 0.13 0.43 0.4'l. 1.53 

UNK 3 \Rf 36) 0.23 0.2~ 0.33 0.4'.f. 0.2" 0.35; 0.4~ 0.23 0.53 () 23 l.5" 
UNK4 I Rf 25) 0.1% 0.1 'JL DDL 0. I 'I. BDL 0. I 3 0.13 0.23 0.13 0 13 0.23 

UNK 5 (Rf 10) BDL BDL BDL BDL BDL BDL 0.13 013 0.1% 0. I 'I. 0.3'.f, 

UNK6 :(Rf 87) BDL BDL 0.13 0. l '.f. 0.33 0.3,. 0.13 0.33 BDL BDL 0.53 

TLC Origin {RfO) BDL BDL BDL BDL BDL BDL BDL BDL BDL hDL BDL 
3 Aqueous: 1.23 0.4'.f. 2.33 0.63 2.43 0.63 3.63 0.53 4.33 ! 13 13.9t 

Mass Balance: S.l"' 1.2~ 9.4,. 1.2~ J0.6'10 J.2'1> 12.63 1.9% 15.83 3.43 53.4% 

BOL = Below De1ec1ion Limir 
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TABLE II. URINE: OBSERVED METABOLITES QUANTIFIED BY SUBJECT AS % DOSE 
OVER TEN DAYS AFTER DOSE ADMINISTRATION 

COMPOUND Approx. URJNE (Cfo Dose hJ Subject) -
MONlTORED Rr I 2 3 4 5 ' 7 8 At<ttafC +I-SD 

TOT~L: 57.03 3_5'{, 

E202C !Rf 89) !6_93 7_03 

Ml I (Rf 80 J _s~. 0.63 

Mll (Rf 81) 4.9'3 2_53 
tas ;.t pos1-ilyd) I 

M2 \IH 75) I l ~~ 0.63 : 
Ml2 1Rf75) 2 13 I 0.83 
(as M2 post hyi.1) 

M4 tRf 20) 6 13 1.83 
M6 tRf 71) I QC~- 0.83 
UNK l (Rf bl) I o_o'~ 0.3?1C 
UNK 2 (Rf 53) - L53 0631:. 
UJ'JK 3 (Rf 36) 15% 

I. '" UNK4 : 
(Rf 25) 0.23 0.23 

UNK5 (Rf IO) 0.33 0.2" 
UNK6 (RF 87) 0.53 0_6" 
TLC Origin (Rf 0) 

l 

BDL . 
BDL 

'Ii Aqueous: 13. 9"t 1 13 
I 

Mass Ral::mcc: 53.4~ J.9% I 

BDL = Below Detection Limit. 
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TABLE XII. FECES: OBSERVED l\IETABOUIES QUA~TIHED BY TIME 

INTERVAL AS TllE :\ \'ERAGE "ti DOSE OF 8 St:BJECTS 

FECF.S. A•erale or 8 Sublects (3 Dose +I- SD) 

Da} 2.J• Dal' S,6 Dn 91 10 

COMPOUND Approx. Avg% Avg 'IP 
MONITORED Rf Dose +/-SD Dose 

TOT."L: 4.81~ 2.343 4.363 
! 

I 0.54!. 
I 

0 253 E2020 (Rf 89) 0.75'Xr 

Ml 1(Rf 8l) 0.39~ 0 233 0.233 

M 11 (as MI pos1-hyd) 1(~f 81) O.IO~ 0.093 0.033 

Ml (Rf 75) 0 303 o 2s,; 0233 

Ml2 (as M2 pos1-hyd) (Rf 75) 0 01 '3 0 02')f, OO..t3 

M4 (Rf 20) 0.24,r 0 123. 0.15't 

M6 (Rf 72) 0.13'1 ulO~ 0.093 

UNK I (Rf 62) BDL 0.01~ BDL 

UNK 2 (Rf 53) 0.013 002~ 0.013 

UNK3 (Rf 36) BDL 0.0!~ BDL 

I !°"K 4 (Rf 25) 0.043 0.12~ BDL 

UNK 5 (Rf IO) 0.04~ 0.05" 0.02" 

TLC Origm (Rf 0) 0.593 0.65" 0.63% 

'J:i Aqueous:: 0.76" 0.34~ 0.54% 

'JI PES: 0.84~ 0.50!. f.39~ 

Mass Balance: 4.23% 2.0041. 3.61~ 

• Average of 7 Subjects. No Diy 2.3 sample available from Subject 4. 
BDL = Below Derecrion Limi1. 

+I- SD A,·g 3 Dose +I-SD 
2 71 ~ 2.443 l.253 

0 153 0.063 0.043 
0 \4".;, 0.043 0 06" 

I 

0~3 0.01% 0.02'.t 

0 253 I 0.063 0.093 

0~3 0.033 0 053 

0 093 007~ 0.06't 

0.14~ 0.023 0.04'l 
BDL BDL BCL 

0 02'~ BDL BDL 
BDL 0.033 0.04% 

DDL BDL BDl I 

0 053 0.193 0.423 ~ 
I 

{) 693 0.163 0.283 
' 

0.363 0.273 0.13% 

1.083 0.68'}; 0.4J't. 
I 

2.60% l.73Cf.. 0.90~ 
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Results 

The inhibitory effeca of E2020 and six of 'ts putative metabolites on AChE in 

vitro are shown in Table 1. The lC50 values for AChE inhibition of E2020, Ml, 

M2. M3, M4, M5, and M6 were 4.9 :t 0.1, 6.0 t 0.3, 1131 t 27, 2.4 :t 0.2, 9246 t 

845, 390 :t 4, and 314 % 7 nM, respectively. 

Two metabolites, Mt and M3, among the tested metabolites showed almott the 

same potency u £2010 in inhibition of AChS iH vitro. The other metabolites, 

M2, M4, MS, and M6 were 64 to 1887 times lua potent tlw\ E2020. 

Table 1 Inhibitory effHta of E.2020 and lbi putative m1tabollt11 on rat brain 

AChE in vitro. 

Compound Chemical Structure IC50 (nM) 

~~ £2020 4.9 ± 0.1 

M·l 6.0 ± 0.3 

M·2 1131 ± 27 

M·3 2.4 t 0.2 

M-4 9246 ± 845 

M·5 390 :t 4 

M-6 314 ± 7 

Values represent the mean ±SE fTom 4 dost • response curves for eacl:\ test 
compound. 
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L=l•--.i;~·c-.+tm r.f eyp 11ro '"'"'''" '"' 7M 
Summary tteT'9afl,1CIM o,- d'2ti2.0 

E2020, the hydrochloride salt of (R, S)·l·benzyl·4-[(5,6-dimethoxy·l· 
indanon)·2-yl]·methylpiperidlne, is a novel inhibitor of acetylchoUnesterase 

which is being developed for treatment of the symptorm of Alzheimer's 
Diseue. 

Previous studies have demonstrated that human liver mlcrosomes 
metabolize B2020 mainly by N-dealkylation to M4, and to a lesser extent b)! ().. 
dealkylation to Ml and Ml. In thil study, the metabolic profiles of E2020 were 
investigated tn micro1om11 which expreaaed 1p1cific P450 enzymes. ~"his 

characterization of the hwnan lsozym• 'involved in the metabolism of '62020 
allows th• potential for interaction with other drup to be predicted, Moreover, 
if the variability of thue enzym11 in the patient population ii known, the 
extent of in vivo variability in the formation of E2020 metabolites may be 
estimated. 

The results showed that M4, which ia the major human metabolite of E2020 
in vitro, wu formed mainly by CYP3A4 and to a laser extent by CYP2C9. The 
formatioN of Ml and Ml were both mediated mainly by CYP206. 

Prom these reaulta, the in vivo metabolic clearance of E2020 ia likely to be 
mediated mainly by CYP3A4 and drug interactions may potentially occur with 

other CYP3A4 sub1trat11 and inhibitors. 

Keyword.a: E2020, P450, CYP2C9, CYP206, CYP3A4, Liver, Mlcrosomes, 
Human, In vitro, Enzyme Kinetics, Metaboliam 



7. Tables and Figures 

Ml NC . 11.3 ND 
M2 ND 3.32 ND 
M1 ND ND ND 
M4 1.60 ND 9.62 
M! ND ND NC 
M6 ND ND NC 

CYP2C9: SUl\pt. c:ontailUna Z 1n1/ll\L OJ 11\ia'oiomai protein wm incU&.bld 
for 60 m1n at 37 "C 

CYP2D6: Sampi.. camairUna 0.4 mg/11\L of~ pro&ein were incubated 
for 60 adn at J'l "C 

CYP3A4 : Slmpill caatafNna 1 mg/mL ol aUcroloa\ll pra4llln w.n lncubatld 
for 120 llUn at 31 'C 

NC : not caJcuJablil.11 tM lannadon doea Mt depend OI\ the conctntntton 
of !2020 or does not ftt ~ttn kbwdcl 

ND : no cWttrma betwtC\ ap'Nlled and c:anllol ~ 

Table 2 Kinetic param1t1n for tht formation of 82020 metabolltu, normalized 
for th• 1pecific human P450 content of human mlc:roaomes. 

MttaboUtt CUN ( eL/INn/10011\1 PfO!!n) 
fu2C9 . CWib6 01'3A4 

W NC ~S ND 
M2 ND lM ND 
MJ ND ND ND 
M6 9.60 ND 92.4 
M5 ND ND NC 
M6 ND ND NC 

PG> canl!W In hwmn liver~; 6'P.iC 1 OJMO Nl\Ol/11\1 protitin. 
C\'P2D6: G.QQ5 Nl\Ol/ms i'rollU\. cmA: o.oN rvid/ll'f prot111n "> 
NC : not calaalable, u the fonnatian doea not deptnd on tht concentration 

of 82020 or doet not ftt MlchH11t-Menlln ldnltkl 
ND : no dl!fmncw bttwttn ..,,.... and cantn:>& mk:lololMI 
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Fig. 3 Tht formation of !2020 metabolite Ml in 1peclftc human P450 expreHed 
micro1omes. 
Mixtuns containing 111\f/D\L of llUaotolnlJ protein and E2D20 at 10 i£M were U\c\.l.bat9d 
for 120 min at 37 -C. 
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Fig. 6 Th• formation of E2020 metabolltt M2 ln 1pecAflc hWIW1 P450 expressed 

micro1omes. 
M1xbaNI CDNlining 1 mg/snL of aUcrolclcN1 protll!n and E2020 at 10 J&M werw incubated 
for 120 llUn at 37 -C. 
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Fig. 5 The formation of £1020 metabolite M3 1n •p•dfic human P450 expressed 
microsomes. 
Mi.xtunl contalning 1 mg/ml. of INCl'OIOmal protilin and E20'lO at 10 JAM were lna.aballld 
for 120 min at 37 -C. 

!Al LU 2A6 286 10 21>6 111 JA• Conni 

fig. 6 The f.annation !1 E2020 metabolite M• in 1pedftc hUISW\ P4SO expressed 
mlcro1omea. 
Mlxtum caatain&ng 1 mg/ ml. of aUc:rolOlnal pl'Otllfn and DllO at 10 µM were incubated 
for 120 aUI\ at 37 -C. 
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fig. 7 Th• formation of £1020 metabolite MS in 1p1cific human P450 expres11d 
microsome1. 
Mixturll containing 1 mg/a'\l. of microlou\aJ protein and E2020 at 10 µM wen Incubated 
for 120 min at 37 -C.. 

1A1 1Al 1A6 286 2C'9 206 211 3Af Control 

Flg. 8 The fonnatiouf E2020 metabolite M6 ln specific human P450 expre11ed 
microsome1. 
Mlxtuna cantU'l.b\g l mg/11\L of ll\1crolOm.l1 pro* and £2020 at 10 ~wen incubated 
for 120 11\in at 31-C. 
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Interaction of E2020 with Human Cytochromes P450 

Summary 

ICSO values tor E2020 were determined against isoform·selective substrates of cytochrome 
P450 1A2, 2C9, 2C19, 206, and 3A4 and were all greater than 100 µM. Ki values for the 
interaction of E2020 with CYP3A4 and CYP206 were also determined. Mean Kl values for 
three individual aets of human liver microaomaa were 131and47 ~for CVP3A4 and 
CYP206, respectively. Both Interactions were typical of competitive inhibition. Steady-state 
Cmax concentrations of E2020, at an anticipated therapeutic daily dose of 10 mg, would be 
appraximately-!f2 nglml • 1 N- n~. Thia conc;ent 1t101 wa •lculatM-Wom -...teady-etate. - ..,__ - , .. 
Cmax (31 ng/ml) achieved during the multiple doae etudy at a dole of 5 mg (Study no. 
A001..Q02; Hant• Laboratorie1) and uauming doae-propontonal exposure. Since E2020 
anUdpated therapeutic concentrations are mora than 280-fofd lower than the towut Kl 
value obtained with CYP208 and almo11t 800-told lower than the Kl obMrvld wtth CVP3A4, 
drug-drug interactions aa a consequence of administration of E2020 are not anticipated. 

Oblectlve 

To determine the Interaction of e-2020 with human liver microsomal cytochromes P4SO In 
order to predict the potential for drug-drug interactions in vivo. 

Method• 

Stocks of human liver microaomea are maintained at -70- C. Mlcroaomea were prepared 
from frozen human liv•r tluua by 1tandard mtthodl (Appendix 1 ). Detail• of the human 
livere are included in Appendix 2. Cytochrome P450 (CYP) concentration; were detennined 
by the method at rm.ura and f:»ato and protein concentrattona by the standard BCA 
procedure (Smith e0 The aCIMtiea of CYP1A2, CYP2C9, CVP2C19, CYP208 and 
CVP3A4 were uaayeu uy ctandard procedur11 uatng the prOb• 1:.1b1trat11 phenacetin, 
tolbutamlde, S-mephenytoin, bufuralol and testosterone, retpectively. Methodl are detailed 
in Appendix 3. 

ICSO and Ki valuea were determined uling human llYer microsomal preparatton1 from 3 
different indMduala dealgna~ed HL 1018, HL 1018 and HL 1020. CYP concentrauona were 
0.1 µM tor phenacetin ().deethytau, bufuralol 1'·hydroxytaae and te1to1teron• ep. 
hydroxytaae auaya, and 0.5 ~ for S-mephenytoln hydroxytaae and tolbutamide 
hydroxylue uaaya. AU mlcrolomaJ reactiona were terminated at 20 mlnut11. 

To evaluate whether algnificant metabOllam of E2020 wa1 occurring in.the exper1menta to 
determine IC50 vaiuea, curvea tor the inteniction of e2020 with CVP206 and with 
CYP2C19 were generated in the pr11ence of 1 µM ketoconazole, 1 concentration of 
ketoconazole which selectivwly inhibits CYP3A4. IC60 values were compared to those 
generated in the ab~ence of ketomnazole and were similar indicating that E·2020 . 
concentrations were not being significantly depleted during the coura• of the incubation. 
Additional studies were performed in the abHr•c• of ketoeonazole. 

djt\1nv111o~p\E~020\k1.doc: March 04. 1996 Paae I 



ICSO values ware generated for E·2020 inhibition of CYP1A2. 2C9, 2C19, 206 and 3A4· 
mediated metabo11sm of th' isoform specific substrates phenacetin (10 µM), tolbutamide 
(200 µM), S~mephenytoln (50 µM), bufuralol (10 µM) and testosterone (20 µM), 
respecttvely. E-2020 concentrations used were 0, 0.09, 'l.27, 0.91, 2.7, 9.1, 27, and 91 µM. 
ICSO curve fitting waa performed using the program OettnGraph Version 2.0 for Windows 

(DeltaPoint Inc.) with the equation ys100·(100~ ), where Y=metabolic rate, ><•inhibitor 
x+B 

concentration, and S-ICSO (convergence<0.1). T\> en11,,ro that chemical stability of E2020 
i11 methanol waa not an lsaue, stock solutions were prepared on each aaay day. Details of 
stock solution preparation can be found In Appendix 4. 

The ICSO valuee--generated.wera used to aa!ed aultable concentratlona.atwhleb.to produce 
Dixon plots (1/rate of metabolism va lnhlbftor concentratlori) for determination of Kl "alUH 
for CYP208 and CYP3A4. To calculate KJ valuu for CVP2D6, concentrations of bufuralol 
were 5, 1 o and 20 µM and concentrationa of E·2020 were o, 73, 109, and 182 µM. To 
determine Ki valuea for CYP3A4, teatoaterone concentration• were 20, 40 and 80 ~ and 
E·2020 concentration• were O, 73, 109, and 182 µM. Kl value• for each set of human liver 
microsomea were calculated from Dixon plots as mean values of th• Intercepts for each pair 
of substrate concentration llnaa. Unear regreUions were calculated uaing a least equaraa 
fit using the program OeltaGraph Version 2.0 for Windows. 

Result• 

The interaction of E·2020 with each of the five major drug-metabollzlrg human iaoforms of 
CYP was investigated by measuring the inhi~1~on of probe substrste actMtlea by 
E-2020. illustrated In Figure 1 and summarized as IC50 values in Table 1. IC50 valuea 
were greater than 100 µM for E-2020 inhibition of all five probe substrate•. 1050 values 
were extrapolated for S-mephenytoin hydro>eyfase, bufuralol 1'·hydroxytasa and 
testosterone 6~·hydroxyla11 activities and ware approximately 213 µM, 108 µMand 
152 f.'M, respectively. There was litU• or no inhibition at 100 µM E-2020 concentrations for 
the remaining two activities (phenacetin O-d1ethytue and tolbutamide hydroxylaae 
activities). 

A comparison of IC50 valuea in the praunce and absence of 1 µM ketoconazola, which 
inhibits CYP3A4, demonatratad that there was no significant depletion of E2020 by this 

~. ·---

isofotm during theae Incubations. In the presence and absence of ketoconazole, IC50 •. c · 
values for the Interaction of E2020 with CYP2Df' using human liver mlcrosomea HL1020, 
were 107 µMand 122 µM, r11pectively, and tor the interaction of E2020 with CYP2C19, 
using human liver microsomea HL 1016, were 135 µMand 153 µM, respectively. As the 
IC50 valu•• were similar, only the d!iJa for &he interaction of E2020 M.th CYP208 in the 
presence of ketaconazote and the interaction of E2020 with CYP2C 19 In the absence of 
ketoconazole are shown in Table 1 and illustrated in Figure 1. 

E·2020 interactions.with CYP206 (bufuralol 1'·hydroxylsse) and CYP3A4 (testosterone 6~· 
hydro>1.ylase) were further profiled by determining Ki values. Ki values were obtained for 
E·2020 using 3 probe substrate concentrations and 4 inhibitor concentrations as illustrated 
in Di><on plots (Figures 2 and 3) and summanzed in Table 2. Mean Ki valuea obtained were 
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( 47 µM for CYP206 and 131 µM for CYP3A4. Both interactions were typical of competitive 
inhibition. 

A summary of the data used to generate the IC50 and Ki graphs is included in Appendix s. 

Dlacuaalon 

The interaction of E2020 with each of the five major drug-metabolizing isoforms of 
cytochrome P.SO haa been Investigated by determining the ability of E2020 to inhibit the 
metabolism of leoform-1elec:tiv1 substrate• of these lsoform1. ICSO values for the 
intaractton of E2020 with each of the CYP laoforrna wer9 all greater than 100 µM. Kl values 
ware also determined for the interactton of E2020 with two of thaee isoform1, CYP206 and 

.. CYP3A4, anch~•re 47and131 µM, reapectivety. Steady-1tata-Cmaxconcentrad6A1~of :- _:._ :: .·. • 
E2020, at an antlcfpated therapeutic dally don of 1 O mg, would be approximately 62 ng/ml 
• 164 nM. Thia concentration WU calculated from the 1t1ady•ltat• Cmax (31 nwml) 
achieved during the multipt• dOH 1tudy at a doH of 5 mg (Study no. A001-oo2; Harrta 
Laboratories) and auumlng dole-proportional expoaure. Since E2020 anttctpated 
therapeutic concentrations are more than 280-fold lower than the lowest Kl value obtained 
with CYP208 and almost 800-fold lower than the Kl ob11rved wtth CYP3A4, drug-drug 
interactions aa a consequence of administration of E2020 are not antidpated. 

Reference• 

Omura, T. and Sato, R. (1984) J. Biol. Chem. 239, 2370·2378. 
Smith, P.K. et al. (1985) Analyt. Blochem. 190. 78·8S. 
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TABLE l 
ICSO VALU~ FOR E-2020 INTERACTION WITH HUMAN LIVER 

MICROSOMAL CYPlAl, CYP2C9, CYP'ZC19, CYP2D6 A.ND CYP3A.4 

HUMAN LIVER 

MICROSOMES CYPt.U- CYP2C9b CYP2CJ,C CYP2ot' CYP3A4' 

HL 1016. ... >>100 >>100 - 1!53 -
HL 1018 >>100 >>100 147 

HL 1020 >>100 >>100 339 

MEAN >> IOOµM :>> 100 JIM 213µM 
±S.D. ± 109 

1 CYP1A2 activity determined by phenacetin Q..deethylation. 

b CYP2C9 activity de«ermined by tolbuwnide hydroxylation. 

99 

117 

107 

108µM 
±9 

c CYP2Cl9 activity detcnnined by S(+)mephenytoin hydroxylation. 

d CYP206 activity detennincd by bufuralol t •·hydroxylation. 

e CYP3A4 activity determined by testosterone 6P-hydroxylation. 

"' dJl\1nv1U"o\cp'El020\ki.doc: March 04. 1996 
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165 
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( 
TABLE 2 

Ki V ALUF.S (µM) FOR E-2020 INTERACTION WITH 
HUMAN LIVER MICROSOMAL CYP2D6 AND CYP3A4 

HUMAN LIVER Kl (p.M) 
MJCROSOMa 

CYP2D6' CYP3A4b 

HL 1016 27 lSO 

HL 1018 53 104 

ffi.. 1020 62 140 

MEAN 47 131 
±S.D. :t 18 %24 

& CYP206 llCUYity determined by bufuralol I' -bydroxylue ICtivicy. 

b CYP3A4 activity determined by testosterone 6~-hydroxylue ldivity. 
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STUD'/ ,,,saaaor (.M6TA••_L!~ •. 
l,N\leln, e._ol.o oru, ~~.,.o~crv. S~J~ 

Summ.iry &~ ""''hi'\• h Leve v M4 CW ltt"Wl&il • 

E2020, the hydrochloride salt of (R, S)-1-benzyl-4-[(5,6-dimethoxy-1-

indanon)-2-yl]·methylpiperidine, is a novel inhtbltor of acetykholinesterase 

which is being developed for treatment of the symptoms of Alzheimer's 
Disea:.e. 

In this study, to confirm th.s involvement of CYP3A4 and CYP206 in the 

metabolism of E2020, the inhibitory effectl of potent inhibitors of ryp3A4 

(ketoconazole) and CYP206 (quinidine) on the metabolism of E2020 were 

studied in human liver miaosomu. 

The formation of M4, the main metabolite of E2020 ln human microsomes, 

wu inhibited by >90 % by 2 µM of ketoconazole, which II the potent inhibitor of 

CYP3A4. Quinidine, which ii a 1ub1trate of CYP3A4, had little inhibitory effect 
on the M4 formution at the low concentration of 1 µM. However, at the higher 

concentration of 100 µM, the formation of M4 w11 inhibited by about 45 o/o. 

Moreover, the inhibitory effect of the combination of the two drugs, wu equal 
to that of ketoconazole alone. Thue retults showed that the formation of M4 is 
mainly mediated by CYP3A4, and the contribution of other P450 isoenzymes 
appell!'I to be low. 

The formations of Ml and Ml were inhibited by 17.0 % and 58.4 %, 

respectively, by 100 1J.M of quinidlne, which ia a potent inhibitor of CYP206. The 
formations of Ml and M2 were also inhibited by lcetoconazole, by about 20 % 

and 30 %, respectively, at the highest concentration of 2 µ.M. The combination 

of ketcconazole (2 µM) and quinidine (100 µM) markedly inhibited the 

formation of Ml and M2, by 85.1 and 74.2 %, respectively. These resulta showed 
.that Ml and Ml ue mainly formed by CYP2D6. 

In condu.sion : this study conlinned that the metabolism of E202t' is mainly 
mediated by CYP3A4 and to a leuer extent by CYP206, and.little contribution is 
expected from the other P450 lsoenzymes. 

Keywords : £2020, Human liver microsomes, In vitro, Metabolism, 

Inhibition, Quinidine, Ketoconazole 



4. Results 

. The effect of ketoconazole and quinidint on the metabolis~ of E2020 in 

human liver microsomes was studied (Table 1 and Pig. 3 to S). The individual 
data are tabulated in Appendix 4. 

Ketoconazole is a very potent lnh.lbltor of tht CYP3A' 3) and slightly inhibits 
CYP1A2,. CYP2C9 and CYP206 mediated reactions 6). Q"uinidine selectively 
inhibits CYP206 mediated reactions 4) and ls also 11ub1trate of CYP3A4 6), 

4.1 The Effect of Inhibitors on the formation of Ml 

As shown in Table 1 and fig. ~' ICetoconazolie slightly ii iibited · thi! 
formation of Ml, by 12.3, 18.7 and 21.7 ,.. at the concentrations of 0.2, 1 and 2 
µM. On the other hand, quinidine inhibited the formation of Ml by 58.0, 
66.1 and 77.0 o/o at the concentratiena of 1, 10 and 100 µM, respectively. The 

inhibitory effects of the combination were slightly higher than the effect of 
quinidine alone, with 85.1 % inhibition of the formation of Ml at the 

concentrations of 2 µM of ketoconazole and 100 µM quinidine. 

4.2 The Effect of Inhibitors on the Formation of M2 
As shown in Table 1 and Pig. 4, ketoconazole slightly inhibited the 

fonnation of M2, by 14.0, 26.8 and 33.0 % at the conc:enttations of 0.2, 1 and 2 
µM. On the other hand, quinidine inhibited the formation of Ml by 38.0, 

49.6 and 58.4 % at the concentratioN of 1, 10 and 100 µM, respectively. The 
inhibitory effects of the combination were slightly higher than the effect of 
quinidine alone, with 74.2 % inhibition of the formation of M2 at the 

concentrations of 2 µM of ketoconazole and 100 µM quinidine. 

4.3 The Effect of Inhibitors on the formation of M' 
Aa shown in Table 1 and Fig. 5, ketoC'onazole markedly inhibited the 

formation of M4, by 61.5, 88.2 and 91.S % at the concentrations of 0.2, 1 and 2 
µM, and quinidine slightly inhibited the formation of M4 by 3.70, 12.9 and 

45.2 "• at the concentrations of 1, 10 and 100 J,LM, respectively. The 
inhibitory ef fectl , ~ the combination were 1h:nilar to the effects of 

ketoconazole alone, with 87.1 '· inhibition of the fonnation of M4 at the 
concentrations of 2 µM of ketoconuole and 100 µM quinidine. 



1. Tables and Figures 

Tablet Inhibition by k1toconazolt and quinidlne ot E2020 metabolism in 
human liver adcroaomea. 

Formed Mtt.abolltu Inhibitory Effec:tt 
C! of control} 

con trot 
utoconuol• 0.2'&,M 
btaconuole 1µ.M 
Utaconuo1e 2pM 
qWnklinelµM 
quinid!ne t()µM 
quinid!ne loo,.&M 
ketocoN.zot. 0.21AM + qWnld1nt 10!.&M 
ketocoNzol• 1µ.M + quWcline lµM 
ketoconuol• lµM + 9uinidJne l(J()µM 
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60 

'° 
20 
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Mi m 
100 100 
11.1 86.0 
11.3 73.2 
71.3 67.0 
'2.0 62.0 
33.3 50.4 
23.0 4U 
2U 4().2 

2.5.6 38.7 
1U 2U 

Mt Ml 
~% 2 
M2 

100 
31.5 12.3 "·o 
11.1 11.1 26.I 
UI 21.7 33.0 
96.3 58.0 38.0 
87.1 66.1 49;6· 
SU Tl.O 58:(-
41.2 ?U 59.8 
19.2 7U 61.3 
12.9 85.1 7U 

! Jll llf flf 
0 ! 

I I 

Kttocon.u.olt ""·'•'din Kttoconuolt "'_.. • + Qu1nicUnt 

Mi 

61.5 
88.2 
91.5 . 
3.10 
12;9' 
4f.2 
58.8 
80.8 
87.l 

Plg.3 Inhibitory effecta~df ketoconazole and quinidln11!'on the formation of 
!2020 metabolite ML 

-.. 

Mixtuns conaun&ng an 82020 concentration of !IO f&M 11\d 1 mg/ mL of INcrolOl:l\al protein 
were incubated for 5 aU.n at 37 -C. 
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Synopsis 

Title: 

Investigator: 

Objective: 
.. ;.....9'.. f -....•.-- • I w • • • •_;,• . fl""" ..- ...._, -

Study Design: 

Study Population: 

CONFIDENTIAL 

Mu L. TIPLI l>•SE S?tl•~ 
CLINICAL STUDY SYNOPSIS 

- C S F /Pl.lta ,.,,. 
A Single and Multiple-Dose Study of the Central and Peripheral 
Pharmacokinetics and Pharmacodynamics of E2020, An 
Acetylcholincsteruc Inhibitor. in Healthy Volunteers. 
Study#: 82020-AOOl.003 

The primary objective of this study was to establish central 
(cerebrospinal Ouid) and peripheral (venou1bk>odtphannacokinetic·· .. 
(PK) and pharmacodynamic (PD) profiles of 82020 following 
administration of a single S-mg oral dose, and again at the time of 
steady-state, foll:>wing multiple-dose administration of either S or 10-
ma single daily doses. The secondary objective of this study wu to 
assess the acute and then chronic effects of 82020 on four 
neuroendocrine measures, corticotropin releasing factor (CRF), 
adrenocorticouopic hormone (Ar::tll), vasopressin and conisol, at 
specifir.d times during the study. 

This wu a double-blind, randomized, single and multiple-dose study. 

Volunteers for this study were healthy, ambulatory, non-smoking 
male and fomale volunteers grcater then 18 years of age. A total of 14 
volunteers were randomized into this study and 12 completed the 
study. Participants were Caucasian (12), Black (1) and Asian (l). 
Tho S·ma group was comprised of S males and 2 females and ranged 
in age from 20 to S2 years and in weight from 64.S to 80.9 kg. The 
10-mg group wu comprised of 3 males and 4 females and ranged in 
age from 27 to 64 years and in weight from 64.1 to 87 .3 kg. 

Treatment Groups: Study subjecu were randomized to receive either S-mg or 10-mg daily 
doses of 82020 for 28 days. Prior to initiation of the multiple-dose 
phase, however, all study subjects received a single 5·mg dose of 
E2020 to allow for characterization of central and peripheral E2020 
pharmacokinetics followina single-dose administration. All subjects 
received the S·mg dose during the single-dose phase in order to avoid 
a reaction to the acute. extensive inhibition of cholinesterase which has 
been observed when the 10-mg dose is admlniatercd '°naive subjects. 
In addition, during the 28-day multiple-dose phase, subjects 
randomized lQ the 10-mg g~up initi~ly received S-mg daily doses of 
E2020 for 7 days before receiving thCU' nrst 10-mg dose. 

'••-•I E1010-AOOl.OOJ 
IND N_,,_, 

v1i1 q1 



Methods (Clinical): 

Methods (Arudytical): 

l'r•IH•I £1010·,.0t1/ ·OOJ 

/HO H-Wr 

CONPIDE:NTIAL 

After providing written informt.d consent, volunteers were screen~ 
by medical history, ECG, and laboratory and physical examinations ~ 
2 wee.ks prior to randomit-ation into the study. Subjects were adrr..itted 
to the study site in the evening, 48 hours prior to the S-mg single-dose 
phue of drua administration. Following admission, a physical 
examination and a urine drug screen were conducted. During the 
following day, an indwelling lumbar intrathecal catheter Vias placed 
for tho collection of CSP. CSP was collected at a rate of 6-ml per 
hour beginnina 25 hours prior to drug administration and continuing 
for 24 houn after dru1 administration. Venous blooo samples were 
drawn concurrently at specified interval& during the 48-hours of CSF 
collection, and continued up to 120 hours post-dnlg administration. 
Subjects remained at the study site for a minimum of 24 hours 
following withdrawal of the lntrathecal catheter. Following a physical 
and.laboratory evaluation, subjects were discharged from the study 
site. - - · ·· 

There wu a 7-day drug-free intcrYal between discharge from the 
single-dose phue and the stut of the 28~ay muldple-dose phase. 
Durina the multiple-dose ~hate., subjects took their E2020 doses on an 
ou~adent basis. Following initiation of the multiple-dose phase. 
subjects had vital signs assessed and provided venous blood samples 
for pharmacokinetic and pharmacodynamic measures at specified 
timea during the 28-day period. On study days 17, 24 and 31. routinr. 
physical examinations and medication compliance checks were 
conducted. Monitoring for adverse experiences was done 
continuously. 

Subjects were readmitted to the study site 24 hours prior to ftnal dose 
administration. In contrast to the single--Oosc phase, CSP and venous 
blood sampling began 1 hour prior to drug administration. anj 
continued for 48 hours after drug administration. Placement and 
removal of the CSF catheter was conducted accordingly. Prior to 
discharge, a routine physical examination was performed. At specified 
times durin'- the post-drug phase (to 240 hours), subjects provided 
1dditior&il btood iasnples for PK/PD analysis. Ten days after the final 
dose of 82020 was administered, subjects returned to the study site 
for a rtna1 physical and laboratory evaluation. 

82020 concentrations in plasma were detennined by 1 

. E2020 concentrations in CSF were 
measured using a 
. method. Acetylcholinesterase acb.v1ty in red blood cell 
membranes (rbc-AChE) and in CSF was assessed using specific 
radioenzyme assays. The measurement of endocrine levels in plasma 
and CSP wu.. done at using standard 

medtodology. 

E2020 PK and PD were characterized using the resultant analytical 
data and standard techniques. Following the doses administered on 
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E2020 Plasma Concentration 
Parameters at Steady State (Geometric Means) 

C.,,1n Cm.x Css AUC<0-2-4) 
(ng/mll <ns/ml> (ng/U'll) (ng•hr/ml) 

S-mgdose 13.9 27.t 19.1 459.2 

l<Hnadole 36.l 66.1 46.6 1118.8 --

PhannacoJs;iperig - Cerebrospinal Fluid (CSF): The quantification of 
E2020 in C-SF was compromised in this study by adsorption of E2020 
co.the sample collection tubing, precludin&-th&colleetkm·ofcomplete ---- ·· · - -
profiles in all but two subjects. However, steady-state trough CSF 
samples drawn directly from the intrathecal catheter by syringe just 
prior to the last dose of B2020, bypassed the collection tubing and 
were not compromised by adsorption. A summary table of the E2020 
conccncrations in CSF and their relationship to cormsponding plasma 
concentrations is presented below. The average CSF: plasma ratio 
for both doses, expressed as a percent of the concentration in plasma, 
was 1.5.7%. 

S-ms dose 

Corresponding Plasma and CSF E2020 
Concentrations at Steady-Stale 

Plasma (ng/ml) CSP (ng/ml) Ratio(~) 

Mean(:t:SD) Mean(± SD) Mean(± SO) 
Min-Mu. Min- Mp. Min· Max 

16.S (2.8) 3.0 (1.2) 18.4 (7.1) 

12.S • 20.9 1.8 • .5.2 11.0. 29.7 

IO-ms dose 
43.9 (21.3) S.8 (3.2) 13.0 (2.4) 

26.0. 73.4 3.1 • 9.9 9.1 • 16.3 

Pbarmacgdyoamics ·Plasma: A significant rclationshship was 
observed between E2020 pl.1sma concentration and the percent 
inhibition of red blood cell peripheral AChE activity (% rbc-AChEl). 
This relationship was consistent during both of the 24-hour periods 
evaluated (Days 1 and 38) and demonstrates that there are no time
depcndent changes in E2020 pharmacodynamic~. The average percent 
AChEI for the24-hour period measured on Day l (single-dose) was 
20.6%. On Day 38 (steady-state), the average percent AChEI was 
55.9% for the .5-mg dn"e group and 72.3% for the 10-mg dose group. 



PHARMACOKINETICS: CEREBROSPINAL FLUID 

f ~ -... • ~ ... ":-"". • ... v~, , ·•\ 
t > l; t: t «, '' .•1 I l $ -...i., 1 J t11 I 

~ I 

·• 'I · , ' 1· · 
'' ..,. ~ I ' j I j ~ ' • ! ~.~ ~~-~~:, • • . j 

Mean 

SD 

4 

6 

7 

11 

21 

IOma 2 

Mean 

SD 

3 

5 

10 

12 

TABLE 11: Distribution of E2020 into CSF: Trough Plasma and CSF Concentration 
Ratios at Steady·State. 
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Figure IV: CorrespondLrtg plasma and CSF values for each subject 
at steady-state. All samples were drawn prior to the last 
E2020 dose on study Day 38. 

Note: Subjtct 008 = Subject 020 and Subject 009 = Subject 021. 
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Title: 

Investigator: 

Objective: 

Study Design: 

Study Population: 

Treatment Groups: 

Methods (Clinical): 

CLINICAL STUDY SYNOPSIS 

A Single-dose Study of the Pharmacolcinetics of E2020, An 
Acetylcholinesterase Inhibitor, in Patient.4' with Hepatic Disease. 
Sh1clv #: E2020-AOO 1-005 

The primary objective of this study was to assess the effect of 
compromised hepatic function on the phannncokinetics of E2020. 
This was done by oomparing the pharmacokinetics of E2020 in 
subjects with stable hepatic diseue (alcoholic cirrhosis) to those in 
healthy age- and sex-matched controls, follo·ving administration of a 
single 5-mg oral dose ofE2020. 

This was a single-dose, non-randomized, open-label study which was 
conducted at a single investigational site. 

Ten patients with stable alcoholic cirrhosis and ten healthy, age and 
sex-matched volunteers were enrol!cd into this study. All twenty 
participants completed the study without incident. Patient volunteers 
were Caucasian (8) and Black (2) and ranged in age from 39 to 
58 years (mean :t: SD: 46.7 ::l:: 2.0 years). Healthy volunteers were 
Caucasian (S) and Black (5) and ranged in age from 36 to 61 ye.ars 
(mean :t: SD: 46.5 :t: 2.6 years). All study participants were males. 

All study participants received a single, 5-mg oral dose of E2020. 
Medication was administered after a fast of at least eight hours and 
was accompanied by 250 ml of tap water. 

After providing written informed consent, vclunteers were screened 
by medical history, ECG, and laboratory and physical examinations ~ 
2 weeks prior to the start of the study. Appropriate subjects were 
admitted to iliC study site on the evening prior to drug administration. 
Upon admission, a routine physical ~on was conducted. Entry 
vital signs (sitting position), and weight were recorded, and urine 
specimens for drug ust/abuse screening were collected. The following 
morning, prior to drug adm!~stration and following an 8-hour fast, 
blood samples for laboratory and mclytical determinatior · were 
collected. Participants were then administered a single 5-mg tablet of 
E2020 with 2SO ml of tap water. All study participants remained at the 



Methods (Analytical): 

Results: 

Conclusions: 

study site for 48-hours following drug administration. During this 
time, blood samples were collected at specified intervals for the 
measurement ofE2020 in plasma. Subjects were discharged from the 
study site on the morning of Day 3, after providing a 48-hour blood 
sample. Volunteers then rctumc~ to the study site at 24-hour 
intervals to 120 hours, for additional analytical sample collection. 

Concentrations of E2020 in plasma were determined by a 
_ . , method (range of 

qwmtitation: 1 - 100 nglml). Characterization of B2020 phannaco
kinetics was conducted or. the r ~tant analytical data using standard 
.techniques. Parameters used for betwCllD'igroup comparilons ioclnded-~ - .... c ... 
c_ t_ AUC....., AUC-. c~ and t112. 

Phaonacokinetics: Mean plasma concentration vs time profile is 
shown in Figure 1. The primary pharmacokinetic parameters for this 
study are summarized Table 1. No statistically significant differences 
in E2020 pharmacokinetics were observed between the hepatic 
patients and the normal subjects with the exr,eption of Cmax and 
Tamx. The hepatic group showed a stati&Lcally higher mean Cmax 
value of 6.6 ng/ml as compared to the C<.\ntrol group which had a 
mean Cmax value of 4.8 nglml. This was an increase in Cmax of 
37.5%. The hepatic group achieved peak plasma concentrations faster 
than the nonnal subjects, i.e .• 3.0 vs 4.5 hrs~ a decrease of33%. The 
AUC values showed much smaller increases and those differences 
were not statistically significant. The AUCo.161 was found to increase 
by '1°/o, and the AUCo- was found to increase by 21 %. The tu2 

increased by about 20%, while clearance decrea::ed by :ibout 
14%, but these differences were found not to be statistically 
significant. 

The results of this study suggest that compromised hepatic function 
will produce an increase in E2020 plasma concentrations. 
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SUMMARY I SYNOPSIS 

Tilis is an interim repon prepared on the request of the sponsoring company after 4 subjects 
with impaired renal fuaction and 4 healthy control subjects had completed the study. 

Objectives: 

Trial Design and Methods: 

Trial Population: 

Results: 

To compare the plwmacoltinetics of a siqle dose of E2020 
and its major metabolites (M-1 to Mo.6 and their conjugates) in 
subjects with moderate ·to-severe impaired renal function with 
a &roup of age and sex matched healthy contl'Ol subjects. To 
assess the safety and tolerance of a sin1le Sma dose of E2020 in 
subjects with clinically significant renal dbease; 

This was an open, single dose, two centre srudy in l l renal 
patients with creatinine clearances less than 30 mL ·min· 1 I l. 73 
m2 body surface area and 1 l aged and sex matched controls. 
Each volunteer received one S mg dose of E2020. 

Serial blood samples and urine were collected over 384 h post· 
E2020 dosing, for assessment of E2020 and metabolite 
concentrations. 

Safety was assessed by routine haematology and biochemistry 
at screening, pre-E2020 dose and post-study; by 12 lead ECG 
monitoring pre and post-study~ and by blood pressure and hc::in 
rate measurement pre-study, prior to dosin1, serially for 384 h 
post· dosing and post.study. 

The phannacokinetic parameters Cmax, tmax. and AL'CO·t·· 
were calculated for each volwlteer. A comparison of the: 
parameters Cmax and AUCo .. t was made between the: tv.o 
volwtteer arc>ups, using a twO•Sided students t-test. Theic: 
parameters were also regressed against the calculated cre:mninc: 
clearances for each volunteer, to assess whether there w:u ;iny 
effect of rena.I function on the pharmacok.inetics of E~o:o 

Eight volunteers were recruited, of which eight succe\i:uil~ 

completed all phases of the study. 

VolW'rteen were 4 patients with - stable renal function 
impairment attending either Manchester Royal lntinnar:- .1r 
Withington Hospital renal wiits and 4 healthy ?ge .inJ ...c' 
matched controls 

There were 8 adverse c:vents possibly related to srudy Jru" t>t 
these, 4 were he:idacites. 3 were dianhoea/loose stool anJ ! ..-. :u 
nausea. OnJy I of th~se adverse events occurred in l ren..11 
patient. 

Medeval Srudy No. ME02.S4 
Eisai Srudy No. E2020-E044-00 I 
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TABLE 7 

Preliminary pbannacokinetic parameters in 4 volunteers with moderate to severe renal 

impairment 

SUBJECT Cr CL* Cmu tmu AUCO..t 
(nrmL-1) (h) (Dl"b·m.L·l) 

1 -2 . 
3 -4 

MEAN 16.0 7.3 1'· I.it 490 
MEDIAN 4 

SD 4.9 2.8 0·'6 66 
CV% 31 39 ~~ 14 
MIN 9.7 4.8 2.S 416 
MAX 21.4 10.S 4.0 577 

TABLES 

Preliminary phannacokinetic parameters in 4 healthy volunteers 

SUBJECT Cr CL* Cmu tmax AUC 0-t 
{ng·mL •1, (h) (ng·h·mL •1) 

13 -. -
-14 

15 -16 - - . -

MEAN 89.0 1.6 'i·'.:,; 435 
MEDIAN 3 

SD 11.9 0.7 r. G 44 
cv•1. 13 - 9 !..~ ·10 
MIN 74.S 6.8 2.5 394 
MAX iOO.S 8.3 4.0 498 

• creatinine clearance (mL·min'1 
/ 1.73 m1

) ·average of screenina and day I values 

t (AUCo.. including 312 h data• 733 ng·h·ml."1
) 

Medeval Study No. ME02S4 1 IO 
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FIGURE 2 

Plot of mean (:t sd) E2020 plasma concentration v•r.rus time (h) for renally impaired 

volunteers (Subs 1-4) and healthy volunteers (Subs 13-16) 
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E.FF6CT OF t:ENbE' 

Tabel 1: Mean (±SD) Model Independent Pharmacokinetic parameters for E2020 

Subjects Crnax Tm ax AUC
0 

__ Half-Life Clearance 
(ng/mL} (hrs) (ng*hr/mL) (hrs) L/hr/kg 

Hales (N=7) 6.8 ± 1.5 5.0 ± 1.0 323 ± 65 68 ± 23 0.15 ± 0.04 

Fernales(N=8) 8.0 ± 1.0 4.4 ±. 1.8 377 ± 87 86 ± 19 0.16 ± 0.04 

---
""' 



Title: 

~ \ J.._ L ~.~Ju Report of Single Dooo Study al E2020 In Elderly Subjo<to 

C. ~~' ~ ~~ Protocol E2020-J081-004 

CLINICAL STUDY SUMMARY 

A single.dose study to evaluate the safety, tolerance and 
pharmacokinetic profile of E2020 in elderly subjects. 

Principal Investigator 

Objectives: 

Study Design: 

Methods: 

• To evaluate the safety and tolerance of E2020 after a single, 
oral administration of 2 mg of E2020 to elderly subjects aged 
65 to 84 years, and 

• To establish the pharmacokinetic profile of E2020 after a 
single, oral administration of 2 mg of E2020 to elcerly subjects 
aged 65 to 84 years. 

This investigation was designed to examine the effects of a 
single, oral administration of E2020 to elderly, Japanese 
subjects aged 65 to 84 years. The six subjects treated• received 
a single dose of 2 mg of E2020 orally after breakfast. 

A singlMose study was performed in order to evaluate the 
safety and pharmacokinetic:s of E2020 in elderly subjects. After 
a standard breakfast, subjects were administered orally a 
single 2-mg dose of E2020. The safety evaluation of E2020 was 
based upon the assessmen~ of the results of the following: 
physical examinations, recording of subjective and objective 
symptoms, vital signs, electrocardiogram recordings, and 
clinical laboratory tests. 

Concentrations of E2020 in plasma, and unchanged parent 
drug and derived metabolites in urine, were determined by a 
sensitive and specific _ _ . 

_ . ~rocedure. Blood samples were 
collected aijelected time intervals for z days following the 
single administration of E2020. Urine samples were collected 
daily for 7 days post-dose. In addition, the binding of E2020 to 
proteins in plasma obtained from each subject was 

. determined ex vivo. 

• The protocol stated thal eight subjects were to be enrolled; however, enrollment was terminated 
after the enrollment of seven subjects because of difficulty findlna suhable subjects. One subject 
(Subject 3) wu withdrawn before receivillg active drua. The remainin& 6 subjects completed the 
study. 

vi 



Report of Single Do.,. Study of E2020 In Elderly Subjecu 
Protocol E2020-J081-004 

Study Population: A total of 6 elderly, Japanese subk:cts (3 men and 3 won'en) 
aged 65 to 82 were treated in this study. The subjects were 
inpatients in U' 'ergoing evaluation and 
treatment for various medical ilJnt:._~.,t!S. 

Results: Safety; 

E2020 was generally well tolerated by all subjects. Only one 
complaint was reported which was temporally associated with E2020 
dosing. Subject 4 complained of mild malaise starting on Day 2 
approximately 21 hours after dosing and lasting for 72 hours. No 
physical findings were noted with this symptom. The investigator 
conduded that a relationship of this symptom to E2020 could not be 
excluded. 

No clinically significant changes were observed in vital signs or 
electrocardiograms. Most of these abnormalities occurred prior to 
dosing and all were considered unrelated to E2020. 

Numerous minor clinical laboratory assessment abnormalities were 
noted auring the study. All were considered clinically insignificant. 

Pbarmacokjnetig; 

The following plasma pharmacokinetlc parameters for E2020, 
measured u free base, are iisted in the table that follows: maximum 
concentration CCmax>, time of Cmax CTmax>, plasma half-life (tin), 
area under the plasma concentration time curve from zero to 
infinity (AUC o-> and clearance unadj1.1sted for oral bioavailability 
(0/F). 
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Table l Background Data cf Subjects 

Subject Sex Age Height Weight Medical history 
(No.) _ _(y~~r) (cm) (kg) 

1 

2 

4 

5 

6 

7 

Mean 
±SD 

74.0 
7.80 

149.8 
9.72 

55.7 
4.46 

Present illness 

,, I 

I' 

E20.t0-J08 1-00.4 

In·elligence 
Evalualion 



Rep.lrt of Single Do .. Sway of E2020 in Elderly Subjacts 
Protocol £2020·1081-004 

Noncompartmental Pharmacokinetic Parameters fer E2020 (Measured as Free Base) 

Subject Cm.ax Tmax t112 AUCo- Cl/F 
No. <n&/ml) (hr) (hr) (n~ x hr/nl) {l/hr) 

1 

2 

4 

s 
6 

7 

Mean .1.U/ 5 136 271 7.16 
SD ±1.00 ±3 ±34 ±61 ±2.42 

On average, 94% of plasma E2020 was protein bound at 3 hours after dosing. 

Urinary excretion of E2020, its metabolites and glucurorJ.des of M·l and M-2 over 
the 7 days following dosing is summarized in ths following table. 

Cumulative Urinary Exaetion of E2020 and its Metabolites over 7 Days 
Expressed as a Percent of Dose 

M-1 M·2 
Subject E2020 M·l M-2 M-' GJuauonide Glucuronide 

l 

2 

4 

5 
6 

7 

Mean 10.69 0.01 0.01 6.76 ··3.74 1.72 

so ±10.84 ±0.03 ±0.02 ±6.02 ±1.77 ±1.79 

A total of about 23. 'f, of the dose was recove1-td in urine during the 7 days after 
dosing. However, urine E2020 was still detectable in the last urine collection (144 • 
168 hours) suggesting that significant urinary exaetion continues after 7 days. 

\'iii 111-



E2020-J081-004 

Table 9 Plasma Concentrations of E2020* and Pharmacokinctic 
Parameters 

Dou 2.0119 
Pies .. Conc1ntr1tion (ngt•I> 

Ha. 

tS.O. 
tS.E. 

0 

D.OD o.oa 

lhr 

o.<ii 
0.17 

2hr 

No. 72hr 120hr 168hr 

~s~tL 
tS.E. 

o:ii 
o.os 

oJo 
0.12 

t112 terain1l point ()) 

oJi 
0.12 

)hr 

L43 
O.SB 

C..x 

toi 
1.41 

4hr 

Tau 

6hr lOhr 24hr .Uhr 

t112 iu:ci.1. > IU<lnr. > a.IF' 

2.41 
0.99 

Cngl•l) lhr) lhr) lngxhrl•l) lngxhrl•l) ( llhr) 

Vilues used for calculadona carried 1reater decimal place accuracy than those reponcd in the 
tables; apparent dlacrepancia are due to round-off error. 

•: Por £2020 Fr" Bue 

Tabel 1: Mean (±SD) Model Independent Pharmacokinetic parameters 
for E2020 

subjects Cm ax Tmax AUC0 ... Half-Life 
(ng/mL~ (hrs) (ng*hr/mL) (hrs) 

Elderly 3.1 ± 1. 0 5.0 ± 3.0 271 ± 61 136 ± 34 

Young 3.2 ± 0.3 3.4 ± 1. 5 247 ± 57 92 ± 33 

,. ... - .; 



Repan of Sin1le A1cendin1·Dose Study of E2020 
~ .. J Protocol E2020-J081-001 

~ .. ,o.'W\••«- ~~.» 

Title: 

Principal 

Investigator.;_ 

Objectives: 

Study Design: 

Methods: 

CLINICAL STUDY SUMMARY 

A single ascending oral dose study to evaluate the safety, tolerance 

and phannacok:inetic profile of E2020 in healthy mile subjects. 

• To evaluate the safety of E2020 after single, oral administration in 
healthy male subjects, and 

• To establish the phannacokinetic profile of E2020 after single, oral 

administration in healthy male subjects. 

This randomized, single-blind, placebe><ontrollcd, escalating dose, 

crossover study was designed to evaluate th: effects of single oral 

doses of E2020 in healthy male subjects. The dose levels were 0.3 
mg, l mg, 2 mg, 5 mg, 8 mg and 10 mg, 

Eighteen subjects were randomly divided into 2 groups of 9 subjects 

each and the 2 groups participated alternately in successive steps of the 

study beginning with the lowest dose. In each step, 6 subjects took 

active compound and 3 toolc placebo (except in the 5-mg-dose study 

where 2 subjects took placebo). For each group, there was a washout 

period of at least 2 weeks between doses. Two additional subjects - .. 
were enrolled to the study to replace the subjects who dropped out for 

reasons unrelated to E2020. The.;~fore total of 20 subjects enrolled in 

the study. 

The safety evaluation of E2020 was based upon the assessment of the 

results of the following: physical examinations, recording of 

subjective symptoms. psychiatric evaluations, electrocardiograms •. 

vital signs, echocardiograms, carotid pulse ttacings, ophthalmological 

·A 



Repon of Sinale A1cendin1-Dose Study of E2020 
Protocol E2020-J08l-OO1 

examinations. electroencephalograms, and clinical laboratory 

determinations. The concenttUtions of E2020 and its metabolites in 

the plasma. urine and feces wem measured by a sensitive and specific 
method. 

Study Population: A total of 20 healthy male subject.S were enrolled into this stuti.y. All 

were Japanese and between the ages of 24 and 38. Two subjects 

- - - ,,.. ......... ·- -~ -- .. 

Results: 

droppe4· out before completing moir. participation ft>r reasons-~ 

11nrclatcd to E2020 treatment.. 

Safettl 

E2020 was generally well tolerated by all subjects at each dose level. 

All adverse events were transient and of mild or moderate i~tcnsity. 
Multiple complaints (described below) which were considered ~lated 

or possibly related to E2020 occurred in Step V (10-mg dose), 

resulting in a decrease in the planned Step VI dose from 20 mg to 8 

mg. These complaints were: mild nausea in 3 subjects, mild 

weakness in 3 subjects, mild to modaate dizziness in 2 subjects, mild 

headache in 1 subject, increased bowel sounds in l ~'Ubject, and a mild 

tremor in 1 subject. Additional complaints at the 10-mg dose that 

were considered possibly relateG to E2020 included soft stools in 2 

subjects, stomach ache in 1 subject, diarrhea in 1 subject, sleepiness 

in 1 subject, a heavy-headed feeling in 1 subject, and myopia in 1 

subject At doses of up to 8 m1, fewer complaints were noted. Those 

considered related or possibly related to E2020 were: headache in 2 

subjects (0.3-mg and 8-mg doses), abdominal pain in 2 subjects (1-

mg and 2-mg doses), dimhea in 2 subjects (1-mg and 2-mg doses), 

sleepiness in+subject (1-m1 dose), a heavy feeling in the stomach in 

1 s&ibject (l·mg dose), and borboryamus in 1 subject (1-mg dose). 

No clinically significant changes were obsesved with any of the E2020 

· doses in vital signs, clinical laboratory tests, elccttocardiograms, 

cchocardiograms, carotid pulse ttacings, electroencephalograms or 

ophthalmological examinations. 



~. 

Compound Dose 
(mg) 
2 

s 
E2020 

8 

10 

Mean± s.o. 

Report of Sin1le Aacendinc-Dose Study of 82020 
Protocol E2020-JOl 1 ·00 l 

Phann1eokjnetics: 

Relevant model-independent plasma phannacokinetic parameters arc 

shown in the t'lble thitt follows. 

After administration of l, S, 8 and 10 mg E~~20 doses, AUC 

incMased linearly with dose within these dose ranges. But Cmax 
increased by proportionately more than the increase in dose, and tmax 
became shorter as the dose increased. One possible reason for this is 

the increase in aastrointestinal -motility: secondary. to the 

pharmacological action of E2020. The clearance and t112 did not 

change with dose. 

Pharmacokinetic parameters of E2020 

Cmax tmax AUC 1) ll/l 2) a.JF' 
(ng/ml) (hr) (ng Xhr/ml) (hr) (llhr) 
2.75 3.67 165.80 31.4 11.2:9 

± 0.49 ± 1.97 ± 30.27 ± 8.8 ± 1.91 
9.10 3.00 539.89 52.8 8.97 

± 1.90 ± 1.10 ± 142.21 ± 14.1 ± 2.44 
17.84 2.58 773.73 51.7 10.19 

± 4.30 ± l.ll ± 240.93 ± 11.3 ± 2.98 
25.63 2.42 1002.19 47.9 9.67 

± 8.95 ± 1.24 ± 277.95 ± 9.8 ±2.50 

1) Area under the concenttation·time curve between time zero and time infinity. AUC 
berwecn the time of the lut non-zero concenaarion (Cz) and time infinity was 
calculated by Cz/(cenninal elimination rate conswat). This terminal elimination rate 
constant was cwaluated from the tenninal three ''"n-zcro concentrations. 

2) Determined from l two-compamnent model. 

E2020 metabolites could not be detected in the plasma. 

Administereei.E2020 was excreted into the urine as unchanged E2020 

and its metabolites, M· 1, and its glucuronide, M-2 and its 

glucuro~idc, M-4 and M-6, and the mean (± S.D) urinary excretions 

throu&h 264 hours after administtation of a 10-n;' dose are 5hown in 

the foltowiing table. 
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Tabel 1: Mean (±SD) Model Independe~t Pharmacokinetic parameters for E2020 

Subjects 

Japanese 

Cauc< 

-t' 
v> 

.ans 

-· 
Cmax 

(ng/mL) 

9.1 ± 1.9 

1.3 ± 1.5 

Tmax A'JC
0

_ Half-Life Clearance 
(hrs) (ng•hr/mL) (hrs) L/hr/kg 

3.0 ± 1.0 540 ± 142 53 ± 14 0.14 ± 0.04 

4.7±1.5 498 ± 136 78 ± 22 0.16 ± 0.04 
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Tille: 

Investigator. 

Objective: 

Study Design: 

Study Population: 

Treatment Groups: 

Methods (Clinical): 

''•-•I •l"10·AOOJ .QM 

IND N-kt 

A Multiple-Dose Study of the Pharmacokinctics of E2020, An 
Acctylcholincstcrase Inhibitor, and Cimctidine, in Healthy Voiunteers: 
Study#: E2020-A001-006 

The objective of this study wu to examine the phannacokinetics of 
82020 and cimetidine separa~ly, and in combination, following 
administration of single and muldple oral doses. Pharmacokinetic 
interactions (ie; changes in plasma concentrations of either d&ug), 
followina concommitant administration of these drugs were also 
usessed. 

This study wu a randomir.ed, multiple-dose, open label, three-period 
crossover study which was conducted at a single investigational site. 

Nineteen (19) healthy, male subjects were enrolled into this study. A 
total of 18 subjects successfully completed the study. All participants 
were caucuian and ran~ed in age from 19 to 42 years (mean ± SD: 28 
± 7.6 years) and in weight from 66.S to 8S.O kg (mean± SD: 77.6 ± 
5.0 kg). 

The three treatments administered in this study were: I) E2020, 5-mg 
tablet; 2) cimetidine, 800-mg tablet; 3) E2020, 5-mg + cimetidinc 
800-mg. Medication was administered as single, daily doses for 7 
consecutive days, for each of the three periods. Medication was 
administered after a fast of at least eight houn and was accompanied 
by 250 ml of tap water. 

Volunteers were screened by medical history, BOO, and laboratory 
and physical examinations s 2 weeks prior to the start of the study. 
For each Treatment period, subjects were admitted to the study site on 
the evening of day 0, at least 12 hours prior to drug administration. 
Upon admission, a routine physical examination was conducted. 
Entry vital signs (sitting position), and wc.ight were recorded, and 
urine specimens for drug use/abuse screening were collected. The 
following morning, prior to drug administration, clinical laboratory 
and analytical samples were collected. Following drug administtation, 
blood samples for analytical determinations were collectr.d at specified 
intervals for 24 hours. Subjects were then discharged from the study 
site after providing a 24-hour blood sample. Prior to discharge, 
subjects received their second dose of medication for that period. 
Subjects returned to the site as outpatients for the next four mornings 
for addition•l analytical sample collection and to receive their daily 

"'"~" 1, 1906 
PINAi. 
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Methods (Analytical): 

Results: 

l'r••~•I E1DlO·A001.0CJd 

INDN-111• 

CONFIDENTIAL 

doses of medication. Subjects were readmitted to the study site on the 
evening of Day 6 and repeated the same schedule of events noted 
above for Day O. Subjects were then discharged from the site on the 
mornin' of Day 8, 24-hours after receiving their final dose of 
medication for that Treaunent period. Volunteers then returned to the 
study site at 24-hour intervals (to 168 hours), for additional analytical 
sample collection. Total in-:touse time for each treatment period was 
approximately 72-hours. Each Treatment period was followed by a 3-
wCek drug-free. washout period. 

Concentrations of E2Q20 and cimetidine in plasm· were determined by 
.., ~ . The limits of 

~uantttation for the E2020 assay The validated 
hmits of quMtitation for the cimctidinc usay wa: 
B2020 and cimctidine phannaco.lcinetics were characterized using the 
re5ultant analytical data and standard techniques. Comparisons were 
made between groups for the Day 1 and Day 7 pharmacokinetic 
profiles. Parameters used for bctween-o:utment comparisons included 
AUC 0-24, Cmaiu tmu. t112 and the drug accumulation ratio, RA. 

Ph1rmacokinetk3 - E2020: On Day 1, a statistically significant 
difference was observed between the E2020 group and the E2020 + 
cimetidine group in AUCQ.24 (p=0.032) and Cmu (p-0.001). The 
combination group showed a 10% greater AUCo.24 (102 ng•hr/ml vs 
112 ng•hr/ml) and a 13% greater Cmax (6.8 ng/ml vs 7.8 ng/ml) 
compared to the E2020 alone group. No significant difference was 
observed between the two groups in tmu. No significant sequence or 
period effects were observed. These results are presented in the table 
below: 

Comparison of E2020 PK Parameters on Day l (Mean± SE) 

Cmu lmu AUC <0.2•> 
(ng/ml) (hra) (ng•hr/ml) 

E2020 6.8 (0.4) 3.9 (0.3) 102.0 (S.8) 

E2020 +Cimetidine 7.8 (0.4) 3.6 (0.3) J 12.3 (4.S) 

P-vaJue 0.001 0.2S6 0.032 

On Day 7, a statistically significant difference was again observeci 
between the E2020 group and the E2020 + Cimctidine group in 
AUCo.24 (p=0.0001) and C-mu (p=0.0002). The E2020 + Cimctidine 
group showed a 10% greater AUCo.24 (472.3 ng•hr/ml vs 526.9 
ng•hr/ml) and a 11 % greater Cmax (26.6 ng/ml V3 29.9 ng/ml) 
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compared to the E2020 alone group. No significant difference was 
observed between the two groups in tmu. tin. or in the rate of drug 
accumulation (RA). No significant sequence effects were observed. 
These results are shown in the table below: 

Compari.s1Jn of E2020 PK Parameters on Day 7 (Mean± SE) 

Cmu lmaa AUC (o.24> 
t112- RA 

(n1/ml) (hn) (na•hr/ml) 

B2mO 26.6 (1.5) 4.S (0.2) 472.3 (~.9) 64.9 (2.3) 4.8 (0.3) 

B2020 + 29.9 (l.3) 4.4 (0.1) 526.9 (24.3) 62.0 (2.7) 4.7 (0.2) Cimeddine 

P-valuo 0.0002 0.664 -o.ooor .. 0.151 0.806 

Although specific PK parameters were found to be statistically 
different between the E2020 and the E2020 + Cimetidine groups, all 
differences were within the ± 20% range for both Days 1 and 7. 

Photmocopnctics - Cjmc;tidjpe· On Day l, a statistically significant 
diff ~rence was obscrve.d between the cimetidine group and the E2020 
+ cirnetidinc group in Cmu (p•C>.0011 \. The combination group 
showed a 20% greater Cmu (4.1 ± 0.3 ng,ml vs 3.3 ± 0.2 ng/ml) than 
the cimetidine alone group. No statistically significant difference was 
observed in AUCo.u or tmu between the two groups. 

On Day 7, no statistically significant difference was observr.d between 
the two groups in Cmu;. AUCo.24, t112, or in the rate of drug 
accumulation (RA>· The cimetidir.~ alone group did, however, show a 
statistically significant greater lmu (p-0.016) than did the combination 
group (3.7 ± 0.2 hrs vs 3.1 ± 0.2 hrs). No significant sequence 
effects were observed. 

Although specific PK parameters were found to ~e statistically 
different between the cimetidine and the E2020 + Cimetidinc groups, 
in general, no specific trends or changes in cimetidinc 
phumacoldnetics were observed between the 2 groups. 

Safety: No serious or 1mexpectcd adverse expcrir.nces occurred 
during the course of this study. Treatment Emergent Signs and 
Symptoms (TESS) were transient tnd the majority were mUd or 
moderate in st verity. The iucidcnce and severity of TESS for E2020 
and cimelidine admin'.stered in combhtation, were similar to those for 
E'.1.020 admi.uistered alun~. 

No clinically significant, treatment emergent abnormal laboratory 
values (TEA V's) were observed during the course of this study. 
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110 (Replacement subject) Meal scheduled for 20:20 (-l0.5 
hours, Treatment period l) on 3-11-95, was eaten t7 
minutes, 49 seconds early. 

110 Dosi"lg repon 06:50 (24 hours, Trcaunent period 2), 4- t0-
95; dose administration was late by l minute. 

5.4 PHARMACOKINETICS 

5 .4. 1 .22ll2ll 
Mean plasma E2020 concentrations arc presented by timepoint for each E2020 
Treatment group (E2020 alone, E2020 + Cimetidine) in T ABLU 7 (d_a~ by individual 
subject can be fowid in Data Listing 16).- A time venius concentration plot of this mean 
data is presented in flOURE II. 

The complete results of the pharmacokinetic analyses are presented in TABLE 9 and 
several parameters are summarized in the table below. On Day 1, a statistically 
significant difference was observed between the E2020 gro".'P and the E2020 + 
Cimetidinc group in AUC0 . 24 (p=0.0321) and Cmu (p=0.00 l l ). The E2020 + 
Cim.etidine group showed a 10% great.er AUCo.24 { 102 ng•hr/ml '_r 11 '." ng•hr/ml) and 
a 13% greater Cmu. (6.8 ng/ml vs 7.8 ng/m.l) compared to the E2020 alone group.: The 
coefficient of variation (CV) was 12.2% and 10.4% for AUC0_24 and Cmu:, 
respectively. No significant difference was observe.cl between the two groups in tmax. 
No significant sequence effects were obscrnd. 

Comparison of E2020 PK Par;uneters on Day l (Mean± SE) 

Cmu tmu AUC (0·24) 
(ng/ml) (hrs) (ng•hr/ml) 

E2020 6.8 (0.4) 3.9 (0.3) !02.0 (S.8) 

B2020 + Cimetidine 7.8 (0.4) 3.6 (0.3) 112.3 (4.S) 

P-value 0.001 0.256 0.032 

On Day 7, a statistically significant diffe~ncc was again observed between the E2020 
group and the E2020 + Cimctidine group in AUCo.24 (p•0.0001) and Cmu 
(pn0.0002). As shown in the table below, the E2.0l0 + Cimetidine group showed a 
10% gruter AUC'-0.24 (472.3 ng•hr/ml vs 526.9 ng•hr/ml) and n 11 % greater Cmu 
(26.6 ng/ml VS 29.9 ng/m.l) compared to th~ E2020 alone group. The coefficient of 
variation (CV) was 6.0% and 7.0% for AuC;i.24 and Cmu, respectively. No 
significant difference was observed between the two groups in tnw, t112, or in the rate 
of E2020 accumulation (RA). No significant sequence effects were observed. 
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Comparison of E2020 PK Parameters on Day 7 (Mean± SE) 

Cmu trnu AUC (0-24> t112 RA (ng/ml) (hrs) (ng•hr/ml) (hra) 

E2020 26.6 (l.S) 4.S (0.:1) 472.3 (26.9) f :.9 (2.3) 4,8 (0.3) 

B2020 -t-
l9.9 (l.3) 4.4 (0.1) 526.9 (24.3) 62.0 (2.7) 4.7 (0.2) Cimetidinc 

P-value 0.0002 0.664 0.0001 0.151 - 0.806 

All diff~ observed in the phannlcokinctic parameters for the E2020 group and the 
E2020 + Cimeridinc group were within ± 20% for both the Day 1 and Day 7 
cornpari_sons. The~ .b:t ~uence and by period are pr;esented in ~~ENDIX ~ -
along with pha.rmacokinetic parameters by subject and d' tails of the stansttcal anaJys1!. -· " · 

s. 4. 2 Cimetidine 
Mean plasma cimctidinc concentrations arc presented by timcpoint for each cimetidinc 
ttcaunent group (cimetidine alone, E202C' + cimetidinc) in DATA LISTING 17. A 
time versus concentration plot of this mean data is presented in FIGURE m. 
The complete results of the cimetidine phannacokinetic analyses are presented in 
TABLE 10 '11\d several parameters are summarized in the tables below. On Day l, a 
statistically significant difference was observed between the cimetidine group and the 
E2020 + Cimetidine group in Cmu. (p-0.0011). The combination group showed a 
20% greater Cmu ( 4.1 ng/ml vs 3.3 ng/ml) than the cimetidine alone group. No 
statistically significant difference was observed in AUCo.u or tmu between the two 
groups. 

Comparison of Ci~tidiM PK Parameters on Day J (Mean± SE.) 

Cmu tmax AUC (0..24) 
(n1/ml) (hn) (n1•hr/ml) 

Cimelidine 3.3 (0.2) 2.7 (0.4) 17.7 (0.8) 

Fl020 + Cimetidine 4. \ (0.3) 2.S (0.3) 18.9 (0.9) 

P-Vlluo 0.001 (.\435 0.0'7 
I 

In contrast. no statistically significant difference in Cmu was observed between the 
two groups on Day 7, nor was there any difference in AUC-0-24, t112 or accumulation 
ratio (RA). The cimetidine alone group did show a statistically significant greater tmu 
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(!)=0.016) than did the combination group (3.7 hrs vs 3.1 hrs, respectively). No 
significant sequence effects were observed. 

Comparison o/CimetidiM PK Parameters on Dav 7 (Mean ±SE) 

Cmu lmu AUC (o.z4) t112 RA 
(na/ml) (hn) (na•hr/ml) (hrs) 

Cimetidine 4.0 (0.3) 3.7 (0.2) 20.6 (1.0) 3.0 (0.2) -1.2 (0.0) 

El020 + 
4.4 (0.4) 3.1 (0.2) 20 ... (0.8) 3.3 (0.3) l.l (0.0) Cimeddine 

P-value 0.162 0.016 0.762 0.227 0.211 

All differcnc~s observed in the pharmacok:inetic parameters for the cirnctidine and the 
E2020 + cimetidine groups were within ± 20% for both the Day 1 and Day 7 
comparisons. The means "Y sequence and by period arc presented in APPENDIX IX 
along with phannacokinetic parameters by subject and details of the statistical analysis. 

5.5 SAFETY EVALUATIONS 

5. 5. 1 L,aboratocy Eya1uations: Standard laboratory evaluations were conducted at Screening, 
upon admission to the study site for each Treatment period, and at the time of Study 
Discharge. A treatment emergent abnormal value (TEA V) for a laboratory parameter is 
defined as a value that was below the lower limit of the normal range post-dose but was 
not below it prior «> dose administration, or a value that was above the upper limit of 
the normal range post-dose, but was not above it prior to dose administration. The 
number of TEA V's noted during the course of this study were minimal, and are listed 
by Treatment group in TABLE 4. ln addition, lhc Investigators comments on each 
TEAV is presented m DATA LISTING 9. 

A sumriiary of all the clinical laboratory values obtained for each subject during the 
study is presented in DATA LISTING 6. 

5. 5. 2 Routine Physical Bxaminalipns Oeneral well being was assessed bf a brief evaluation 
of the head, eyes, ears, nose, throat and other physical conditions of note upon 
admission to the study site for each Treatment period. No abnonnal changes in general 
physical well being were noted for any subject during any Tr~tment period. A 
tabulation of Routine Physical Examination results is provided in DATA LISTING 4. 

5. S. 3 Elccttocardjogram 

All 12 subjects enrolled in the study had an ECG examination at the time of Screening 
and again at the time of Final discharge. No changes in BCO patterns were noted for 
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any subject. One subject had a left anterior f asicular block at Screening that was also 
observed at Final discha.·ge (left axial deviation). There were mild variations in hean 
rate between Scrceuiiag and Final discharge for all of the subjects. but thCl~ was no 
discernible trend to thew fluctuations and they were judged by the Investigator not to ~ 
clinically relevant. n.c electrocardiogram data is presented in DAT A LISTING S. 

5.5.4 Yitai Sjms 

DAT A LISTING 11 lists the vital signs for all subjects during each of the three 
treatment periods. The mean changes from baseline for radial pulse rate, systolic and 
diastolic blood pressure for each treatment group are presented in TABLE 3 and 
displayed in FIGURES IV, VI and YID (Day 1 ), and FIGURES V, VD and IX (Day 
7). These results indica~ that the coadministtation of E2020 and cimetidine does not 
influence blood pressure or pulse rate to a greater degree than the administration of 
E2020 or cimetidinc alone. 

S .5 . .'.5 Adverse Bveng 

No serious or unexpected adverse events were reported during this study. Of the 19 
subjects enrolled, 12 reported experiencing an adverse event at some time during the 
course of the study. The total number of events documented over the 10-week study 
period was 66. All reponed adverse events were mild to moderate in severity. Of the 
66 reponed adverse events, 36 were considered "possibly related" to the drug being 
administered, 30 were considered "not related", and none were considered "definitely 
related". All adverse events that were experienced during this study are presented in 
DATA LISTING 13. 

Those events which took place after dose administration were classified as Treatment 
Emergent Signs and Symptoms (TE~S) and are summarized in TABLE 5. 
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Title: 

Investigator: 

Objective: 

Study Design: 

Study Population: 

Treatment Groups: 

Methods (Clinical): 
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CLINICAL STUDY SYNOPSIS 

A Single-Dose Study of the Pharmacokinctics of E2020, An 
Acctylcholinesterasc Inhibitor, and Digoxin, in Healthy Volunteers: 
Study#· F.2020-AOOl-007 

The primary objective of this study was to examine the 
pharmacokinetics of E.2020 and digoxin separately. and in 
combination, following administration, of. singl~ p(al,.doscs. -·. 
Pharmacokinctic interactions and changes in cardiac function 
following concommitant administration of these drugs were also 
assessed. 

This study was a randomized, single-dose, open lab'"'~. tluec-period 
crossover study which was conducted at a single investigational site. 

Twelve healthy, male volunteers were randomized into this study and 
all twelve subjects completed the study without incident Participants 
were: Caucasian and ranged in age from 19 to 44 years (mean± SD: 
28 ± 7.6 years) and in weight from 66.5 to 85.0 kg (mean± SD: 
77.6 ± 5.0 kg). 

The three treatments administered in this study were: 1) E2020, 5 mg 
tablet; 2) Digoxin, 0.25 mg tablet~ 3) E2020, 5 mg+ Digoxin, 0.25 
mg. Medication was administered after a fast of at lea.st eight hours 
and was accompanied by 250 ml of tap water. 

Volunteers were screened by medical history, ECG, and !aboratory 
ana physical examinations s 2 weeks prior to the start of the study. 
For each Treatment period, subjects were admitted to the telemetry 
unit of the study site on the cvcnin' of day 0, at l~t 12 hours prior to 
drug administration. Upon admission, a routine physical examination 
was conducted. Entry vital signs (sitting position), and weight were 
recorded, and urine specimens for drug use/abuse screening were 
collected. A light snack was served 10 hours prior to drug 
administration, after which an absolute fast, from both food and fluids 
(except water), was maintained. The following mornir~g. ECG 
monitoring (Lead 11) bcglln one hour prior to drug atiminist.-.ltlon, and 
continued for 24 hours after drug administration. Following drug 
administration, blood samples for analytical_determinations were 
collected at specified intervals for 24 hours. Subjects were discharged 
from the study site the following morning after providing a 24-hour 
blood sample. Volunteers then returned to the study site at 24-hour 
intervals (to 120 hours), for additional analytical sample collection. 
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Concentrations of 82020 in plasma were determined by a 

quandtatiOJ 
determined by 

• method (range of 
Di1oxin conCCi'crations in pluma were 

ns/ml). Characterization of 82020 and digoxin phumlco.ldnetic1 
wu conducted on the resultant analytical data uain1 standard 
techniques. Parameters UIOd for between-treatment comparisons 
included AUC 0.120. Cmu, Ima and t112. 

Pb'T'D•mk;jnodcs: No llatiadcally lipiftcant differena:a in 82020 
pharmacokinetlca (AUC 0.120, Cmu, t.nu or t112) were ob.vcd 
when B20'lO ldmlnbtmed llono WU compued to 81020 administered 
concummdy with diaOldn. Similarly, no significant differences in 
diao.xin p~ wu'C:obletvectwhen.-cli1~tmtil' ·• 
alone wu compared with di1oxin administered concumndy with 
82020. 1bele reaulb ms IWllllllrized in die tables below: 

E2020 PhannacolciMtic Pt11YllM#n (M«111 :tS.E.) 
-

lrnu Cmu AUCo.12.0 t111 
(hn) (naJml) (n1•hr/ml) (hn) 

E2020 (S·m1) 4.S (0.4) 6.3 (0.3) 280.2 (20.6 ) 70.7 (7.2) 

B2020 + Ligo.~;,. 
I 

4.S (0.4) 6.3 (0.3) 275.0 (16.7) 14.o (9.a> I 

Digoxin Phat;·tU1ColciMtic ""artllMUrs (Mean :t S.E.) 

lrnu Cmu . \UC 0.110 t111 
(hn) (na/ml) (n1•hr/ml) (hra) 

Diaoxin (0.2.5.ma> 1.3 (0.1) 0.8 (0.1) 9.7 (0.7) S6,4 (6.8) 

-· -
Di101in + E2010 1.2 (0.1) 0.8 (0.1) 8."!{0.9) 59.9 (7.6) 

-
Safc;u: No serious or unexpected adverse experiences l.lccurred 
during the course of this study. Treatment Emergent Signs and 
Symptoms (TESS) were transient and the majority were mild or 
moderate in severity. The incidence and severity of TESS for E2020 
and tligoxin were similar for e"'-:h drug when it wu administered 
alone or in combination. 

No clinicall) relevant changes in Lead 0 ECO {heart rate. duration of 
PR, ORS and QT in~als) were observed in any of the subjects, in 
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any of the treatment groups. during the 24-hours of monitoring 
following drug administration. 

No clinically significant. treaanent emergent abnormal laborato.y 
values (TBA Vs) were observed during die course of this study. 

The conclusions from this study ue: 

• That digoxin. (0."·m&) docs not !"~ the phannacokinetics of 
82020 following single-dose administration. 

• That 62020 (5·mg) does not affect the phannacolcinetics.of digoxin 
following single-dose administration. - · 

• That these two drugs were coadmlnistcred without any resulting 
changes in ECO parameters, or increases in the occurrence of 
TBSS or treatment emergent abnormal laborator) values. 
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SUMMARY I SYNOPSIS 
-rheopn~n·,~e.. 
• 

Objectives: To evaluate any clinically r.elevant effects of multiple doses of 
E2020 on the pharmacukincti.cs of theophyllinc from 8 
sustained release preparation. To examine the safety and 
tole.rability of multiple doses of E2020 and sustained release 
theophylline aiven concurrently. 

Trial Design and Methods: This wu a two period, open-label randomised crossover study 
with an introductory period to determine the dose of 
theophylline needed to give therapeutic concentrations and 
assess tolerability to theophylline p~r to the main part of the 
study. After the appropriate twice daily dose of theophylline 
had been selected, each volwi.tccr received either A) 
theophylline alone or B) theophylline plus Smg E2020 daily. 
Each session lasted ten days. There was a one week washout 
between the introductory period and the first session rind a three 
week wuhout between the two treatment sessions. 

Trial Population: 

Serial blood samples were collected over a 24 h period on Day 
10, covering the final two theophylline doses, for asst~sment of 
plasma theophylline levels. 

Safety was assessed by routine haematology and biocbl!mistry 
P.t screening, prior to dosing on Days 10 and 11 of t.ach study 
session and at the post-study review, by 12-lead ECO at 
screening and post-study review, by blood pressure 11.lld heart 
rate measurement at every visit and by remaining trough 
theopbylline levels on Days 2, 4, 6, 7, 8 and 9 in each treatment 
session. 

The pbarmacok.inetic parameters Cmu and AUC, for each 
dosing interval on Day 10 (in 0-12 h and 12-24 h) were 
compared in the presence and absence of E2020 by analysis of 
variance. Wilcoxon' s matched-pairs signed ranks test was used 
to compare tmu for each interval in the presence and absence of 
E2020. 

Volunteers were non-smoking healthy males aged 19-36 years 
within 15% of normal weight for height an build, with no past 
medic;i history of clinical significance. Thirteen volunteers 
were recruited, of which twelve successfully completed rul 
phases of the study. 

Medeval Study No. ME0277 
Eisai Study No. E2020-E044-002 .... 



Results: 

Conclusions: 
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There were no statistically significant differences in the 
pbarm.acokinetics of theophylline in the presence or absence of 
E2020. Mean {::I: sd) results were: 

Intenral Theophylline -TheophyUine + 
Alone E2020 

(mg·L·) 0-12 h 11.45 ( l.52) 11.01 (l.45) 
(h). 0-12 h 4 (2-8) 3 (0-8) 
(mg·h·L-1

) 0-12 h 112 (15) 113 (18) 
(mg·L-1

) 12-24 h 9.47 (1.59) I 0.07 ( 1.09) 
(h). 12-24 h 8 (0-12) 8 (6-12) 
(mg·h·L-1

) 12-24 h 96 (19) 10 l (12) 

• median (ra.ige) 

There were a small number of advierse events (22) possibly or 
definitely related to study medication of which 4 occurred 
during treatment with theophylline alone and 18 occurred 
during treatuient with thcopbyllinc and E2020. There were no 
clinically significant chan1es in any of the safety parameters 
assessed. 

E2020 did not affect the phannacokinetics of theophylline. 

Concurrent treannent with multiple Smg doses of E2020 and 
sustained release theophyllinc was 1enerally well tolerated .md 
there WCI"! no clinically significant changes in the safety 
parameters assessed. 

14~ 
1\liedeval Study No. ME0277 
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TADl.E 7 

PILVM lheophyllinc phan:nacokinetic pvameters following a ten day multiple dose 
regime of lheophy Hine alone in 1 l healthy volunteers 

SUBJECT Period 0- l2 h 12 - 24 h 

10 
11 
12 
13 ------14 
15 

. 

-16 
17 
18 
19 
21 

>8 

TARJ.E I.I 
Plasma lhcophyllmc phannacokinctic paramet,.rs followi'lg a ten day mulhpl"" ,10~e 

regime oflhcophyllinc together with E2020 in 12 healthy volunteers 

SUBJECT Period 0-11 b 12- 24 h 

c.u I c... I Auc .. 1\ c... I t .... · 1 AUCu.1• 
(mc·L'1) (h) (mf'b·L· ) (mrL'1) (h) (ma·h·L'1) 

9 
10 
11 
11 
13 
14 ' 
15 
16 
17 
18 
19 
21 

MEAN tl.01 ll3 10.07 101 
MEDIAN 3 8 

SD 1.45 18 1.09 12 
cvv. 13 16 II 12 
MIN 8.18 0 74 8,0) 6 83 

MAX 1327 8 ISO 11.70 12 126 

i 
I 
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TABLE 2 
Steady State Pluma E2020 Concentrations Obllined on Day I 0 (U h) and Day 11 (24 h) of a 

Multi1 le Dose Rcaime of~.2020 S ms Daily 

SubJeet Concutrado• I Hour 
009 0 
009 24 -
010 0 
010 24 
011 0 
Oll 24 
012 0 
012 24 
on 0 

AA 'o'h 
'-\'1(1M ~ -= \~·~ts·? 

013 24 -014 0 
014 24 
015 0 
O.IS 24 
016 0 
016 24 
017 0 
017 24 
018 0 
018 24 
019 0 
019 24 
021 0 
Gll 24 

FIGllBE 2 

Mean plasma lheopbylline concentration-time data followiq a ten day multiple dose 
rcsime ofthcophylline alone or t.beopbylliDe with E2020 in 12 healthy volu.nteors 

14 1---Theophylne Alone I 
: ...._ TheotihYh. !'l020: 
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I 8i 
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I .. 
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0 3 12 
Tim• (h) 
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9 
WAR.FA-IN 

SUMMARY I SYNOPSIS 

Objectives: To evaluate any clinically relevant effects of multiple doses of 
E2020 on the phannL'!oldnetics and pharmacodynamics (as 
measured by prothrombin time) of a single dose of warfarin. 
To assess the safety and tolerability of multiple doses of E2020 
and a s: ngle dose of warfarin given concurrently; 

Trial Design and Methods: Tlus was 1.. two period, ope11 label, randomised, balanced 
ci"O~t:""""." stUdy in 12 healthy males aged 18-SS years. Each 
~olunteer received one of the following treatments: 

Trial Population: 

Medeval Study No. MF.0276 
• Lf ----- -- ~ • ---

Treatment Schedule A: · E2020 for 19 days with a single dose 
nf warfarin after 14 days. After a 21 day washout period 
~. _ .uin was administered alone. 
frentment Schedule B· A single dose of warfarin administered 
alone initially. After a 7 day washout period, E2020 was 
administered for 19 days with a single dose of warf arin after 14 
days treatment. 

Serial blood samples were collected over 144 h post-warfarin 
dosing, for assessment of prothrombin time and plasma (R)
warfarin and plasma (S)-warfarin concentrations. 

Safety was assessed by routine haematology and biochemistry 
at screening, pre-warfarin doses and post-study; by 12 lead 
ECG monitoring pre and post-study; and by blood pressure and 
heart rate measurement pre-study, prior to dosing, serially for 
144 h post-warfarin dosing and post-study. 

The pha.tmacokinetics parameters Cmu• A UC0 _.,., CL!F, V /F 
and t.,,. for (R) and (S)-warfarin and the area wider the 
prothrombin tim~ curve (AUCPT) and maxirnwn prothrombin 
time (R,,,u) were compared i.n the presence and absence of 
E2020 by analysis of variance. Wilcoxon's matched-pairs 
signed-ranks test was wed to compare lmu for both (R) and (S)
warfarin in the presence and absence of E2020. 

Volunteers were nor. !::noking healthy males aged 18-55 years 
within 15% of normal weight for height and body build, with 
no p~medical history of clinical signifu:ance. 

Thirteen volwiteers were recruited, of which twelve 
successfully completed all phases of the study. 

14 '-
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AH blood pressure and heart rai.e data are listed in Appendix [V. Table 7 contains the 

mean group blood pressure at each study timepoint. Samples drawn for warfarin 

protein binding were not analysed, as there was no evidence to suggest that these 

would provide any additional useful infonnation. 

9.6 Pharmacoklnetlca 

Plaistna E2020 concenttations are included in Appendix XII and confinn that 

concentrations achieved were at steady-state. 

9.6.1 (R)-Warfarin 

The individual plasma (R)-warfarin concentration-time data arc presented in 

Appendix V in both tabular and graphical fonnat. The Siphar output for the 

estimation oft.;. is presented in Appendix VI. Figure 2 shows the mean(± sd) 

concentration-time data for each treatment. Tables 8 and 9 show the 

individual phannacokinetic parameters for treauncnt A (warfarin plus E2020) -

and treatment B (warfarin alone), respectively. Mean(± sd) results were: 

Cmu (mg·L· ) 
lnux (h) • 
AUC0•• (mg·h-L"1

) 

t.1, (h) 
CL/F (l·h"1

) 

V/f (L) 
• median (range) 

9.6.2 (S)-Warfariu 

Warfarin + E2020 
1.3 (0.3} 
l (0.5-8) 
63 ( 12) 
47 (8) 

0.21 (0.04) 
14 (2) 

Warfarin Alone 
1.2 (0.3) 

2 (0.5-12) 
68 ( 15) 
53(14) 

0.19 (0.03) 
14 (3) 

The individual plasma (S)-warfarin concentration9 time data are presented in 

Appendix Vil in bo\b_tabular and graphical format. The Siphar output for the 

estimation of ty, is presented in Appendix VIII. Figure 3 shows the mean (± 

sd) concentration9 time data for each. treatment. Tables l 0 and 11 shows the 

individur.t phannacokinetic parameters for treatment A (warfarin plus E2020} 

and treatment B (warfarin alone), respectively. Mean(± sd) results arc: 

Mc:deval Study No. MEon6 
1~1 



Cmu 
'mu 
AUCi,_ 
~ 
CUF 
V./f 

(mg·L·) 
(h). 
(mg·h·L"1

) 

(h) 
(L·h"') 
(L) 

•median (range) 
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Wariarin + E2020 

l.3 (0.3) 
I (0.5-2) 
50 (56) 
33 (26) 

0.36 (0.12) 
13 (3) 

Warfarin Alone 

1.2 (0.3) 
2 (O.S-8) 
51 (59) 
37 (35) 

0.35 (0.12) 
\4 (1) 

Subject 05 exhibited an unusually long t'li for S-warfarin leading to the high 

inter subject variability for ty. and A UC0.... This occurred in both treatment 

phases and may ~ due to differences in metabolism. 

9.6.3 Statistical Analysis 

Statistical output from SAS are included in Appendix X. The p-values from 

the ANOV A are summarised below: 

p-yalues from ANOVA 

(R)-warfario (S)-wariarin 

Treatment Period Treatment Period effects 
effects effects effects 

Cmax 0.2082 0.4485 0.3125 0.4513 

AUl~-- 0.0905 0.9484 0.0885 '0.0074 
ty, 0.2269 0.7666 0.1431 0.1508 
CUF 0.0905 0.9484 0.0884 0.0074 

V/F 0.6329 0.5371 0.2187 0.4946 

lmu ' 0.1649 . 0.0920 -

• Wilcoxon Rank Sums test 

There were 1&0 statistically siaruficant treatment effects C':- period effecu for 

any of the pharmacolOnetic par1rnetcr1. except A.UC0,.. for (S)-warfann, 

where there wu a si;nifica.it ~nod t;~cct (J> • 0.0074), however there wu no 

accomp~ ymg treatment by ~!',. iod 1ncesraeuon ( p • O '7 55) 

M1dqy1I S•tt•ht Ng MfOJ76 
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90% confidence intel'\lals were calculated for C,nax and AUC0_ as sununarised 

below: 

(Rrwarfarin (S)-warfarin 
lower Mean upper lower Mean upper 
0.97 1.06 1.16 0.95 I.OS 1.16 

AUCo- 0.86 0.92 1.00 0.95 0.98 l.Ol 

9.7 Phannacodynamica 

9. 7.1 Prothromhin Time 

The incl.: vidual serial prothrombi.n time data arc presented in Appendix IX in 

both tabular and graphical format. Figure 4 shows the mean (± sd) 

prothron":.bin time ~ time data for each treaunent. Tables i 1. and l 3 shows the 

individw.J p~annacodynamic parameters for treatment A (warfarin plus 

E2020) and treatment B (warfarin alone), respectively. Mean (± sd) results 

were: 

Rmu (s) 
lmu (h) • 
AUCPT (sh) 

Warfarin + E2020 
30 (9) 

36 (24-96) 
3063 (581) 

Warfarin Alone 
29 (8) 

36 (24-72) 
3032 (602) 

Subject 05 showed no marked increase in prothrombin time, despite his raised 

exposure to (S)-war. rin as reflected in A UC0••• No baseline sample was 

obtained for subject 06 for treatment B (warfarin alone). The mean 

prothrombin time of the other subjects for this trcaunent was used to calculate 

AUCP'T in this subject. 

9. 7.2 Statistical Analysis 

Statistical output arc include<i m Appendix X. Although there was a 

stati:i;t~ally significant period effect for Rm.. (p•0.0055), there was 110 

statistically s11ruficant treatment by period interaction (p•0.2154). There was 

-
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no aralistica.lly 1i1nificant difference (p•0.3044) between the two trcatmel'\ts 

forR_. 

AJthoup there wu a 1tati1tically 11pificant period effect for AUC" 

(p-0.0009). there wu no statistically 1i1niftcanc trea~ent by pariod 

interaction (p-0.1196). There wu no stati1tica1ly 1ipiticant difference 

(p-0.1118) between the two tnatmonu for AUC,.r. 

90% eon1!dcnce inrervals were calculated for R.nu and AUCPT u summamed 

below: 

Rm.. 
AUC,,. 

10. DISCUSSION 

Lower 
o.~6 
0.99 

Mean 
1.02 
l.01 

Upptr 

1.08 
1.03 

As at can be observed from Fiauru 2 and J, the mean profiles for both (R) and (S)

war!arin were superi.mposable in the presence and absence of E2020. This 

observation is conftsmed by the values for the phannacoklnetic parameters for the two 

enantiomen (Tablu 8 and 9 for (R)·warfarln and 1&bl11 lO and 11 for (S)-warfarin) 

being very similar ror the two treatment aroup1. Similarly prothrombin time prufilcs 

for the two treatment poupa arc allo superimposable (Fi1ure 4) and the valuos for the 

phannacodynamic parameten (or the two treatment aroups are very s1mil11 (Tables 12 

and l J ). The 1tati1tical analyals did not show any 1tati11ically 1ianaficant trcaunent 

effectl for any of the phannacokinetic or pharm1codyn1.rnic parameters. Hence it may 

be concluded that there is no pharmacokinetic or phannacodynamic interaction 

between E2020 and warfarin. 

There w~re 44 advene events possibly or defutitely related lo the study dru1 of wruch 

41 occwred durin1 do1in1 with E2020. Nausea and vomitins were the me.st 

frequently repor.ted advene event. Other than these sastroinlestmal disturbances there 

Modl\lal Study No ME0276 
Emu R1por1 No. E2020·E04•·00l 



were no specific adverse events to E2020. Warfann alone appclU''d to be well 

tolerated. 

In one volunteer 1 cue of neutropenJa wu recorded. However, thi1 neutropenia 

occumtd l weea after th• tmni.nation of the £2020 treatment. 'Thia dl11ociation with 

tha study treatment 1u11..i.a that it is not dna1 related. A c4.ru1·induc1d neutropcn11 ia 

known to raolvn on withdrawal of th• otftftdlna dnla and in the majority uf' CUH is 

followed by complete haemopoetic recovery within tbe next l-2 week.a. Furthermore, 

a dru1 induced neutropenia is u.sually isolated, wilhoul tho involvement Qf the other 

blood c1ll11 (i.e. erythrocytes, platelcu). In tbJ1 1ubjtct neutropenia wu accomp&Ncd 

with a reduction ln the platelet count. Tho incidence of reduction in ncutrophil count 

and the inconai1t1nt uaociation with administond E2020 treaunent, fowid in this and 

other volW\toor1, could possibly b! explained by some other cauaos rather than the 

E2020 treatment. 

11. CONCLUSIONS 

• E.2020 did not affect the pharmacoltinctics or phann1codynamic1 of warfarin 

• There wore numerous adverse events reponed on do1in1 with E2020, over half of 

which were nausea I.Ad voriUcin11. Other th111 theae 1utrointt1tina.I disrurbances 

tbe1e were nu apcciftc adverse events to C:2020. 

Mede\tal Study No ME0276 
E1•a1 Rtpcn1 No 82020·!044·003 
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T ADLE 8 huSMJual aad .... pbarmacokJHtir p1ram1ttn or {R)·warfaria 
foUowiDI 1ia1lt doll 1dml1l&tntioa er l'Utmle warfana (2Sml) ID tbt 
prtatDCI of ••dttplt dolt 11020. 

TABLt 9 lndlvld111I and m11n pbnmacoklattle paramtttn of (R)·"'•rf•rt11 
toltowt•a 1m111 cto11 1dmla1&tr1tto11 of ~Htale •nf111a (19ma) •Ion 

.... 
(b) 
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TABLE 10 lndlvldual aad mtan pb1rmacolda1dc p1ram1t1n o((SH¥1rf1rtn 
followl111 1ia1t1 Jo11 admlalltntloa of rac11111lc w1rf1rill (25•1) In tbt 
p,... .. c, of mulriple dott llOlO. 

TADLI l 1 ladMdual Hd ... a pllarmHoki .. tlc para•1t1n •f {l)-w1rf1ria 
follow6a1 11a111 dett admlabtrattoa of ract•I• w1rfllia (25ml) 1loa1 . 

.... 
(la) 

12 

36., - o . .f l:U 

1 . ' I. 1 .d 
.. 

41 
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T ADLE 12 ladlvldual aad m~aa pbanaaeodynamic par1m1ltn or W1rf1nn follow•ns 
•U.11• do11 1dm1oiscnuioa or rac1mlc warfana (l1m1) la fbo pruenc. or 
1111dttpl• do11 El020. 

TA.DLI: lJ 

SUBJECT R ... 1 ... AUC" 
(!l _(b) , ..... 

I 
2 
J .. 
5 
6 

' 10 
11 
12 
13 

l!t.6 l 
lo -,1r 

19 
24 2411 

lacUvidual aad •He pll1r•11odyeamlc pan•1t1n of warfaria 
fOllOWiDI 1le1l1 doH ldmlDLICralloo of r111mle warfaria (l5m1) aloat. 

J , 

2 .7 J\132 

l6 
1.2 602 

CV~t, 29 20 
17 9 ~" 22% 

~x-- 43.0 7~ 4021) 



FIGURE 2 Mtan (±Id) plor of R·••rf•rn1 cotu:colratioa ...... data rouo ... 1111 SiD&lt 
do11 admhaucnttoa of racemic warlarl11 (25m&} fo l2 bcaltby volu111e1n 
111 the 1b1fttc• aad pru1au of F1020. 

0 100 

FIGUR.EJ Mqa (:tsd) plot of S·warfarta 4MHtHtth'•tion liaaa data followh11 11n1I• 
doH 1dmlJaucratto1t of nc.nalc •.arfariu (25•1) to 12 btaltby t•olucac .. n 
la tb• 1b1tntt Hd prt1111ct of £1020. 
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Summary 

STUO'J lffS-Z.,77 

~at'•'"' e,\ M \"' 
~e binding of E2020 in vitro to isolated albumin and a1·1cid glycoprotein 

(a1-AC) from human, dog and rat serum were investigated by equilibrium 

dialysis. For all three species, the binding to albumin was higher than that to 

a1·AG. 

Over a concentration range of 0.5 to l,OOOµM, the Scatchard t'lots for both 

albumin and a1·AG were curvilinear. Ar,atyzing these for two types of binding 
sites gave the parameters tabulated below: 

Binding p.uameten of E2020 to senant protehu 

Protein l<d (µ.M) n·Pt 

Kdt Kdz n1·Pt nz·Pt 

Human albumin 6.81 709 6.48 1300 
Human a1-AG 5.20 64.5 0.992 18.2 
Dog albumin 12.8 1310 3.18 712 
Dogat·AG 14.7 832 4.39 65.9 
Rat albumin 111 2620 23.2 3370 

Rat a1-AG 7.34 1680 0.107 76.A 
kdt and kdl ue th• dlttoeiation cONtantl for the lint 11\d 1«ond binding claua1 
r .. pectiv•ly, and n1·Pt 11\d n2·Pt art the corr•pondlng binding capadtin. 

These parameters were used to estimate the total binding of E2020 to 

albumin and a1·AG ln pl11ma for unbound concentrations (Cf) ranging from 

0.001 to 0.1µ.M. Results for the total percentage bound were independent of the 

E2020 concentration in all three species (76-77%, 52·55'Y• and 60-61% for human, 
dog and rat, respectively). At a Cf for human plasma of O.OlµM (corresponding 
to a total concentration of 0.042SµM, which ls similar to the Cmax at clinically 

eff1ctiv1 doaa) the binding to albumin \6!.5,,) was calculated to be some six 

times higher than that to a1·AG(l l.l%). 

In conclusion: although £2020 is more highly bou!ld to albumin than the 

a 1-AC of all three speda, tha percentage.:; bound by the ~urified proteins from 

human, dog and rat are all comparath ~. :y k\ ·1 { <f0%). 

Keywords: E2920, protein binding, albun1in, al·• ad ~lyco,.~ottin, binding 
parameter 



4. Results 

4.1 Bin?ing of E2020 to Human Albumin and Human c:u·AG 

The protein binding results for E2020 dialyzed against human 

albumin and human cll·AG are summarized in Tables 1 and 2, 

respectively. Over the rangt of concentrations from O.S to 1,000µM, the 

percentage of E2020 bound to human albumin decreased from 73.9 to 56.1 °lo 

while that to human e1l·AC decreased from 33.S to S.So/ •. Scatchard plots of 

E2020 binding to both protein1 were curvilinear (Figure 3) and two clas11s 
of binding situ were identified on human albumin with n1 ·Pt • 6.48 and 

K<!l • 6.81µM, and ni·I't • 1300 and KdC• 709µ.M; and on human at·AG- .- " 

with ni ·Pt • 0.992 and Kd1 • 5.20µM, and nz·Pt • 18.2 and Kd2 • 64.SµM 
(Table 7). 

These parameters were used to estimate the protein binding in 

human plasma, using a protein solution containing physiological 

concentrations of both albumin (40 mg/mL) and at-AG (1 mg/ml) as a 

model. As 9!1 iwn in Figure 4, the total percentage bound WU 76 • m., and 

was not changed drutically over a range of free E2020 concentrations from 

0.001 to O. lµM. At Cf • 0.01µ.M (corresponding to Cp • 0.0425µ.M, which ii 
near the Cmax at clinkally effective doses), the percentage of E2.020 bound 

to albumin (65.5o/•) was higher than th•t to al·AG (11.1''•). 

4.2 Binding of E2020 to Dog Albumin and Dog at·AG 

The protein binding results for E2020 dialyzed against dog albumin 

and dog at-AG are summarized in Tables 3 and 4, respectively. Over the 

range of concentrations from 0.5 to 1,000µM, the percentage of E2020 bolind 
to dos albumin decreued from 44.0 to 30.2fo while that to dog «l·AG 
decr•u•d from 27.9 to 3.8%. Scatchard plots of E2020 binding to both 

proteiN were curvilinear (Figure 3) and two clUMI of binding sites were 

identified on dog albumin with n1·Pt • 3.18 and Kdt • 12.8µM, and nl'Pt = 
712 and Kd2 • 1310µ.M; and on dog at·AG with n1 ·Pt ~ 4.39 and Kd1 • 

14.7~, and nz·Pt • 65.9 and Kd2 = 832µM (Table 7). 

Thue parameters were used to estimate the protein binding in dog 

pluma, uaing a proteilT"'Solution containing physiological concentrations of 

both albumin (40 mg/mL) and al·AG (1 mg/ml) u a model. As shown in 

Figure 5, the total percentage bound was 52 • 55'1o, and was not changed 

drastically over a range of free E2020 concentrations from 0.001 to 0. lµM. At 



7. T~bles ind Figures 

Tablet Binding of El010 to human albumin 

E2020 Cp Cf CJ) Cb/O EJ.020 bound 
(µM) (JM) (µM) (µM) (%) 

0.5 0.402 ± 0.029 O.ll9 0.256 2.168 68.2 

1.0 0.873 :t 0.022 0.227 t 0.006 0.°"5 t 0.017 2.839 t Q.054 73.9 t 0.4 

2.S 1.99 t 0.02 0.571 t 0.013 1.42 t 0.01 2.'82 t 0.064 71.3 :t o.s 
5.0 3.94 t o.cn 1.20 :t 0.02 2.7-& t 0.03 2.177 t 0.065 69.S :1: 0.6 

10.0 7.82 :t 0.04 2..54 t 0.01 5.18 :t 0.1)4 2.073 t 0.01! 67.4 .t 0.2 

25.0 19.5 t 0.1 6.49 :t 0.06 13.0 t 0.2 2.003 :I: 0.044 . 66.7.. :t 0.5 .. 

50.0 38.4 :t 0.1 13.2 t 0.1 2.5.3 t 0.1 1.91' t 0.028 65.7 :t Q.3 

100.0 78.2 :I: 0.3 17.1 t 0.1 51.0 t 0.3 1.879 i 0.019 65.3 :t 0.2 

~o.o 181 :t l 69.4 :t 0.6 118 :I: 1 1.709 t 0.025 63.0 :t 0.3 

500.0 364 :t 2 146 :t2 217 t 4 1.417 t 0.041 59.8 t 0.7 

750.0 54.8 t 3 221 :t l 320 t 4 uoo t 0.030 58.3 t 0.5 

1000.0 711 :t 4 31~ t4 399 t. USOt 0.043 56.1 :t 0.8 

Each v&lue repwta the G\Hn :t S.E.M. of thrH 1xptrimtnt1 or the mean of two experiments. 

Table 2 BlncUng of 82020 to hwnan cr.1·AG 

E2()20 cp Cl a, Cb/0 E2021J bound 

(µM) (µM) (µM) (µM) ('Ye) 

0.5 0.211 :1: o.005 0.194 t 0.006 0.082 t 0.010 0.427 :t 0.060 29.7 t 3.0 

1.0 0.533 t 0.036 0.353 t 0.02.l 0.180 t 0.031 0.515 t 0.092 33.5 :t 4.2 

2.S 1.30 :t '\Ol 0.939 t 0.035 0.36 t 0.04 0.315 t 0.051 27.6 :t 2.6 

5.0 1.60 :t 0.02 1.98 ± 0.03 0.61 t 0.05 0.311 :t 0.029 23.6 :I: t.7 

10.0 5.lf t 0.08 4.12 ± 0.16 1.13 t O.:ZJ 0.219 t 0.064 lU :t 4.1 

25.0 13.2 t o.o J0.6 t 0.1 2.6 ;t 0.1 O.lti : U.Otl 19.~ ± 0.8 

so.o 265 t 0.2 21.9 :t 0.1 4.5 :t 0.1 0.207 t 0.005 17.2 t 0.3 

\00.0 52.5 * o.s 44.7 :t 0.5 7.7 t 0.2 0.173 t 0.005 IU :t O.J 

250.0 121 t l 117 t 1 11 :t 2 0.090 :I: 0.016 u :t 1.4 

soo.o 247 t 1 234 .t 1 \j :t 1 0.058 :t 0.003 5.5 t O.J 

750.0 379 t 1 355 :I: 2 24 t 2 0.068 t 0.007 6.4 t 0.6 

1000.0 497 :t 2 469 t 5 28 t 6 0.060 t 0.014 S.6 t 1.3 

Each vah,Hi repruenta th• .nean t S.E.M. of thtn t•ptriments. 



S TCIOY 19'1 ~ :l. 'r-1 
Summary ~de•\~ B\~t~ "tn"\"e"~\~, 

Pcotein binding interactions between E2020 and other drugs (furosemide, 

digoxin and warfarin) which may be co .. administered with E2020 were 

investigated by using equilibrium dialysb or ultrafiltration. 

When E2020 was added at a concentration of O.Jµg/mL to a solution 

containing human albumin, the per~entagt of unbound E2020 was 20.8 ± 2.1 % 

and this was not affected by addition of the other drugs. Similarly, at E2020 

concentrations of 1.0 and lOµg/ml, the perce~tages of unbound E2020 were. 25.2 . 
± O.So/o and 28.3 ± o.~ '- respectively, and they were not affe"cted by the other 

drugs. 

ln addition, the percentage of unbound furosemide was 0.9 ± 0.0% in the 

absence of E2020 and thiJ was not affected by the addition of E2020 over the 

range of concentrat.ions from 0.3 to lOµg/mL, the upper limit of which is higher 

than the Cmu at the cllnical doH. Similarly, the percentages of unbound (3H}

digoxin and (l•CJ-warfarin Wehl 73.S ± 0.7"o and 0.6 ± 0.0% respectively and were 

not affected by the addition of E2020. 

These interaction studies suggest that E2020 does not affect the binding of 

furosemide, dlgoxin, or warfarin to human albumin, and that the binding of 

E2020 to human albumin i.s not affected by furosemide, digoxin, or warfarin. 

Keywords : · E2020, protein binding, human albumin, drug interaction. 

furosemide, digoxin, warfarin 

'c;' 

-



1. Results and Discussion 

In.this study, protein binding interactions between E2020 and other dru 

(furosemide, digoxin and wufarin) which are predicted to be co-administr:f~} 
with E2020 were investigated. 

The results for the protein binding of E2020 to human albumin in the 

presence or absence of test drugs are shown in Table 1. When E2020 was added 

to the protein solution at • concentration of 0.3µ.g/mL, the percentage of 

Wlb.w.md E2020 waa 20.8 :t 2.1% and this was not affected by the addition of any 

drugs. Similarly, at E2020 concentrationt of 1.0 and lOµg/mL, the percentagH of· • 
unbound E2020 were 25.2 :i: 0.8% and 28.3 ± 0.2% respectively, and they were not 

affected .bf the addition of any drugs. 

The results for the protein binding of other drugs to human albumin in the 

presence or abHnce of E2020 are shown in Table 2. Jn the absence of E2020, the 

perce~ltage of unbound furoaemide was 0.9 ± O.Oo/e and this was not affected by 

the addition of E2020 over the· range of concentrations from 0.3 to lOµg/mL, a 

range which includes concentrationt that are higher than the Cmo at the 

clinical doae. Similarly, ~he percentages of unbound ('HJ-digoxin and (l4C)

warfarin were 73.S ± 0.7°/• and 0.6 t 0.0% respectively and were not allected by 
the addition of E2020. 

'"'' conclusion, E2020 did not affect the bind1,g of furosemide, digoxin, or 

warfarin to human albumin, and the binding of E2020 to human albumin was 

not affected by furosemide, digoxin, or wau .. rin. 



6. T•bles and Figures 

Table 1 Protein binding of E2020 to hum1n albumin in the presence or 
absence of other drugs (furosemide, dlgoxin, ind warfarin) 

Added Eio20 Drugs Bound 1 1 Unbound •I 

(µg/mL) (%) (%) 

Control 79.2 ± 2.2 20.8 ± 2.i 
0.3 Furosemide (Sµg/mL) 81.4 ± 1.0 18.6 ± 1.0 

Digoxin (2 ng/mL) 80 5 ± 0.6 19.S ± 0.6 
Warfarin (Jµg/ml) 78.9 ±.t2 · 21.1 ± 1.2 
Control 74.8 ± o.8 25.2 ± 6.8 

1.0 Furosemide (Sµg/mL) 74.9 :f: 1.0 25.1 :t: 1.0 
Digoxiri (2 ng/mt) 73.0 ± 0.3 27.0 ± 0.3 
Warfarin (JJJ.g/mL) 74.7 % 0.3 25.3 ± 0.3 
Control 71.7 ± 0.2 28.3 ± 0.2 

10.0 fUl'O!ltmide (Sµg/mL) 72.2 ± 0.5 27.8 ± 0.5 
Dlgoxin (2 ng/mL) 72.4 ± 0.1 27.6 ± 0.1 · 
Warfari.n (3µ.g/ml) 72.9 :t: 0.1 27.1 :t: 0.1 

a)EaCh value repr•Mnta th• mean :t SEM of tl\rff txp1riin1nt1. 

Table 2 Binding of other drug• (furottmide, PHJ·digoxin, and [UCJ· 
warfarin) to human albumin in the reHnce or ab11nce of E2020 

Drugs Ad e 020 Bound I) Unbound a) 

(µg/mL) (o/o) (%} 

o.o 99.1 :I: o.o 0.9 ± 0.0 
Furosemide (Sµg/ml) 0.3 99.2 ± 0.0 0.8 t 0.0 

1.0 99.1 ± 0.0 0.9 :I: o.o 
10.0 99.1 ± 0.0 0.9 ± o.o 
0.0 26! :.t: 0.7 73.S t 0.7 

(lH)-Digoxin (2 ng/mL) 0.3 24.7 ± 1.0 =·,::;,3 ± 1.0 
1.0 24.9 :I: 0.8 75. l ± 0.8 
10.0 24.8 ± 1.1 75.2 :t: 1.1 
0.0 99.4 ± 0.0 0.6 ± 0.0 

P4CJ-Warfarin (Jµg/mL) 0.3 99.4 ± 0.0 0.6 ± 0.0 
l.O 99.4 ± 0.0 0.6 ± 0.0 

10.0 99.4 ± 0.0 0.6 ± 0.0 

a) Each v1lu• rtpr11cnt1 th• mean t SEM of lhr" ••ptrlmt~ts. 

,,, 
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Master Production Record and Batch Production Record or Drua Products 
Pharmaceutical Development Research Laboratories, Eisai Co., Ltd. 

Pa e 3 of 46 

Lot No.: _ _Kf' ()14 ?f 

Composirion of BNAO-FI'5m1 

lilifidicnt coae 
<Name authoriud ln·house) No. Purpose Amountitablct Olarp-in unount 

1) Batch size 
b) Batch size e 

c) B1uch size 

Key <Name authori71'1d in-house vs. name given official compendium) 
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List of Additional •tudies t'Aat were not revi.awed. 

1) A placebo controlled multiple-dose study to evaluate the 
sarety and tolerance and to establish the phar.macokinetic profile 
of E2020 in healthy male subjects (Study E2020-Jo81-003). 

2) An Ascending, single-dose, safety and tolerance study of an 
oral formulation of a cholinesterase inhibitor, E2020, in healthy 
male volunteers (Study E2020-A001~00l). 

3) A single and multiple-dose study of the central and peripheral 
pharmacoki.netics and phurmacodynamics of E2020 in healthy male 
and female volunteers (Study E2020-A001-003). 

4) A single ascending oral dose study to evaluate the safety, 
tolerance and pharmacokinetic profile of E2020 at dose levels of 
0.3, 1.0, 2.0, 5.0, 8.0, and 10 mg in Japanese healthy subjects 
(Study E2020-J081-001). 
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OFFICE OF CLINICAL PHARMACOLOGY ANO BIOPHARMACEUTICS REVIEW 

Oonepezil Hydrochloride (E2020; AricApti 
5 and 1 0 mg Table ts 
NOA 20-690 

Reviewer: Vijay K. Tammara, Ph.D. 
Indication: Alzheimer's Den1entla 
Classification: 1 P 
Type of Submission: Response to Comments 

Eisai America Inc., 
300 Frank W. Burr Blvd. 
Teaneck, NJ 076Po-6741 

Submission Date: 
August 2, 1 996 
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In the present submission, the sponsor has provided responaes to th& comments 
of the reviewer communicated in a telecon 011 July 24, 1996 (Attachment 1 ) . 
The responses provided by the sponsor are satisfactory and are acceptable. 
These responses also address CommentG 6-9 of the Ori~inal Office of Clinical 
Pharmacology and Biopharmaceutlcs (OCPB) NOA review dated August 1 , 
1996. The details of these Comments ·are as follows: 

Comment~: In the bioequivatence studies, 90% confidence interval ai1alysis 
should be performed using log transformed d-.ta for AUCo-, instead of using 
only untransformed data. 

The sponsor performed 90% confidence interval analysis using log transformed 
data for AUCo- (Attachment 2) for both the ~ivotal bloequivalency studies 
(Studies E2020-A001-009 and 010). Fram the results, it was observed that 
the to-be-marketed film coated tablets are also bloequivalent to the clinical lot 
based on log transformed AUCo-. 

Comment 6: The sponsor is requested to submit thA study reports of the 
population pharmacokinetic analysis including the control files to evaluate the 
effect of populatio~,covariates on the pharmacoklnetics of '22020. 

The sponsor has provided the study report and the control fibs of the populat:on 
pharmacokinetic analysis to evaluate the effect of population covariates on thi) 
pharmacokinetics of E2020. However, results of the NONMEM analyses were 
not used in support of any conclusions related to E2020 pharmacokimttics or 
pharmacodynamica. 



Comment 7: The sponsor is requested to submit the cumJ.)osition of the 
formulations used In biostudies (Kawashima, Lot # 46016ZZZ, 41016:C'.ZA 
Lot # 95025C; Pfizer Inc., Lot II N6111) and at least three repre1entaf.ive lots 
from clinical trials 301 (e.g., Lot #a: K3Y002ZZZ, K3X015ZZZ, and 
K42009ZZZ) and 302 (e.g., Lot Ila: K3Y003ZZZ, K37017ZZA, and 
K42016ZZZ). 

The sponsor has provided the composition of formulations used in biostudias as 
well 111 in clinical trials (Attachment 3). The formulation compositions of the 
different lots used in the clinical trials and the different clinical Iota used in the 
biostudiea were found to be Identical. 

Comment 8: The sponsor is requested to submit dissolution profiles, both 
graphical as well as tabular data of 12 individual tablet'I and mean data, for 
each strength of Arlcept tablets manufactured at both the sites 

· Pfizer Inc., Brooklyn, NY) in 3 mediL 
This will provide the neceaaary dissolution data to 

support the biowaiver request for the 10 mg tablet and also allow for setting a 
more appropriate dissolution specification for both the 6 and 10 mg tablets. 

The sponsor provided dissolution profiles of 12 individual tablets for each 
strength of Aricept tablets manufactured at both aitBs 
and Pfizer Inc., Brooklyn, NY) in 3 media···-·- . 
. From the results it was observed that the 6 and 1 0 mg 
strength tablets have comparable dissolution profiles. Baaed on the dissolution 
data, compositional proportionality of the 5 and 10 mg tablets, linear 
pharmacokinetic1 over the proposed dosage regimen; and high solublllty and 
high permeability of E2020, biowaiver can be granted for the 10 mg tablet. 

Comment 9: The sponsor is requested to adopt the following •interim" 
dissolution methodology and specification for Aricept 5 mg film-coated tablet: 

Medium: 
Apparatus: 
Specification: 

Since the sponsor has provided the dissolution profiles of both the 
5 and 10 mg tablets in 3 media and also satisfied the biowaiver criteria, the 
sponsor is requested to adopt the following as the •final" disaolutlon . 
methodology and specification for Aricept 6 and 10 mg film-coated tablets: 

2 



Medium: 
Apparatus: 
Specification: 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

In addition, the sponsor has provided corrected table of diaaolution summary and 
corrected synopsis of bioequivalence atudy repons to reflect the correct lot 
numbers of tablets used in theae studies (Attachment 6). 

Recommendation: The responses provided by the sponsor are satisfactory and 
found to be acceptable. These responses also address earlier Comment• 6·9 of 
the Original OCPB review dated August 1, 1996. Further, the sponsor is 
requested to adopt the diaaolution methodology end specification for Aricept 6 
and 10 mg film-coated tablets as outlined in Comment 9. Please forward this 
Recommendation to the sponsor. 

~ 

Cf._.- \A.~/:>-1(~' 
Vljay K. Tammera, Ph. 0. 

Division of Pharmaceutical Evaluation I 

First Draft Prepared on August 20, 1996 
RD Initialed by M. Hossain, Ph.D. On August 21, 1996 

. . . ,, a / _ ~ . ,,,k/'16 
FT ln1t1aled by M. Hossain, Ph. 0. --::::2!4~_,~q:.;./-~--

CC: NOA 20,690 (orig.), HFD·120, HFD-860 (Tammara, Ho11ain, Malinowski), 
HF0-340 (Vish), HF0-019, HFD-870 (Clarence Bott (Rm 13831 PKLN): Drug, 
Chron, Division, and Reviewer Files). 
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ATTACHMENT 1 



(1~ Eisai America, Inc. 
GLENPOINTE CENTRE EAST 
300 FRANK W BURR BLVD 
TEANECK. NEW JERSEY 07666-6741 

Paul Leber, M.D. 
Director 

August 2, 1996 

Division of Neuropharmacologic Drug Products 
4111 Floor 
Office of Drug Evaluation 
Food and Drug Administration 
Attention: Document Control Room 
Woodmont #2 Building 
1451 Rockville l'!ke 
Rockville, MD 20852 

PHONE (201) 692·9160 
FAX (201) 692·9183 

SUBJECT: NOA 20,690 • ARICEPT n. (donepezil hydrochloride) Tablets 
RESPONSE TO FDA REQUEST FOR ADDITIONAL INFORMATION 

Dear Dr. Leber: 

On July 24, 1996, a teleconfer@nce was held between representatives from the 
FDA and Eisai to discuss several questions raised by the FDA regarding product 
formulation, lot numbers used in the Pharmacokinetic Phase I studies and other 
Pharmacokinetic information. The following individuals were present: 

Eisai Amerita. Inc. 
Dr. N.J. Farina, Senior Directo~, Regulatory Affairs 
M. Parsi, Manager, Regulatory Affairs 

FDA. Division of Biopharroaceutics 
Dr. M. Hossain, Team Leader 
Dr. V. Tammara, Phannacokinetic Reviewer 

Our res~ mse to the issues discussed is as follows: 

1. Pl•••• provide a full atatement of compoaltlon for the tablets used 
In Bloequlvalenc• ltudl•• U020.A001.00I and U020-A001.010. 

In study# I:. .. 020-AOOl-009, Lot 9502SC manufactured by 
was compared to the reference Lot K46016ZZZ produced at 

Eisai Oapan). 



Further, in study# E2020.A001-010, Lot NSltl manufactured by Pfizer 
(Brooklyn, US) was compared to the reference Lot K41016ZZA produced at 
Eisai (Japan). 

The compositions of the . Pfizer tablets are essentially the same u 
that of the reference lots manufactured at Eisai, except for the following 
minor changes: 

(i) Exdpient apedfications t _ 
(ii) Eisai tablets were polished with a trace amount c 

mg/tablet), which wu deemed unnecessary upon further progress in the 
product development. Therefore, the proposed marketing formulation 
does not contain · 

In addition, Pfizer's 5 mg tablets were film-coated usinb • • 
This preparation is a customer epeclfied, identical dry 

formulation of the standard Eisai film-coating materials. Th . · is a 
mixture of the dry powders manufactured by ready for 
reconstitution in water. 

It should be noted that these changes did not impact bioequivalence, as 
demonstrated in the biostudies E2020.A001-<>09 and B2020-A001-010. 

~compositions of the above referenced S mg lots are enclosed. 

2. Pl•••• provide th• tablet formulation for the Iota u1ecl In th• allnlc111 
studl•• 82020-A001·301 •nd 12D20-A001·302. 

The tablet composition of the clinical trial lots is identical to that of Eisai's 
film-coated tablets used in the bioequivalence studies (i.e. lots k.46016ZZZ 
and K41016ZZA). 

Appended is the quantitative composition of the lots ueed in 
the Phase m clinic~ trials. 

3. Pl•••• provide the fonnulatlon• of th• I m1 •ncl 10 1111 atrength 
tableta propoMd for nwrketlng. by both m•ufaoturln8'· alt••. 
and Pflaer. Alao deaortbe th• difference• batwMn th• fonnul•tlona 
and manufaaturln1 proaeclurea ua•d at -h alte. 

The compositions of the 5 mg tablets are the same u th0te used in the 
bioequivalence studies. 

2 



The 10 mg tablets allO contain in the film-co11ting, so that 
they would easily be distinguished from the 5 mg strength. 

Pfizer's 10 mg tablets use • .. , which as 
previously indicated ii a dry powder mix reconstituted in water. 

Please note that u described W\der Item 1, the only difference between the 
formulations of Pfizer and is the use ot ?y Pfizer, 'during the 

film-coating proceu. 

The compositions of the proposed commercial S mg and 10 mg tablets for 
both \nd Pfizer are included, -

With regards to the manufacturing procedures employed at the two sites, 
there are some minor differences such as the use of different equipment in the 
granulation, blending and tabletting stages. It should be noted that these 
pieces of equipment essentially function in the same manner, and the in
process controls utilized at each facility are basically the same. 

The following summary table desaibes these differences in further detail: 

-I 

I -

I" 
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4. Pl- provide dlaulutlon profile d•ta for th• I mg (blobatch) and 
10 mg drug product manuf8ctured •t both and Pfizer facllltlea. 
TM data gonerated ahould be for 12 tablets of each strength teated 
In th,.. different media auoh ••, .ttelonlzacl water, . 

In •ddltlon, pleue provide any avall•b•• dlnolutlon profll• dat• on 
the blobatoh•• and the Ph••• Ill ollnlcal Iota manuhlctured at llul, 
.l•pan. 

~ response, encompuees 12 tablet dissolution profile data 
generated on the following lots using the t..lu'ee mt!dia referenced: 

• S mg biobatch #95025C 
• 10 mg NOA stability batch# 95028C 

Pfizer 
• 5 mg biobatch # NSl 11 
• 10 mg NOA stability batch # NSl 10 

Additionally, included in this attachment are various tables summarizing all 
the dissolution testing i.nfonnation available for the bioequivalency study 
reference batches (K46016ZZZ and K41016ZZA), H well u the lots used in 
clinical studies £2020-AOOl-301 and E2020-A001w302. 

5. There are aome lnconalatenctea betwHn th• lot numbera Indicated 
In th• Table A3 (T•ble of Pharmaooklnetlc ltudlea), Table Al •rid 
th• Ph••• I atudy reports. Pl•••• coneot the documenta •• nHdad. 

As requested, the discrepancies with regards to the lot numbers have been 
corrected in the Tables A3 and AS (presented in the NOA Volume 1.049), and 
the relevant study'~eports. 

These discrepancies have occurred due to typographical or trlNCl'iption 
errors. We apologize for the incon.,Y.enience this may have caused during the 
course of your review. 

Appended are the updated Table AS, and excerpts from 
Table A3 and the study reports corrected to reflect the correct lot numbers. 



6. Por the Bloequlvalenc• Studl•• 12020.A001·001 and 12020.A001· 

01 O, pl•••• calculate the log t,.nafonn data ualng AUC O-• The 
NDA encamp••••• calculatlona ualng AUC 0.111 and unt,.naform 

data using AUC o-• 

Table 8 comparing pharmacokinetic parameters for vs. Kawuhima 
(Eisai) and Pfizer vs. Kawashima, as well as the Statistical Appendix VU have 
been updated to include the additional analyses requested. 

The log10 AUC o- is presented on the first page of Table 8, for each study. Ab 
with the other pharmacokinetic parameters, bioequivalence was observed 
between the reference and or Pfizer tablets in both biostudies. 

The updated Table 8 and Statistical Appendix VII are enclosed•••• 

7. The pharmacoklnetlc calculatlona of the Ph••• I ltudy # •2020-
A001-003 were carried out ualng 1•o••trlc means. Pl•••• perform 
th••• calculatlon• "•Ing arithmetic mean• and standard deviations. 
Th• pharmacokl"1etlc pan1m•t•ra should be Hated by lndlvldual as 
well •• m•an v•~u••· 

Tables containing the individual and arithmetic mean pharmacokinetic 
parameters for Study E2020-A001-003, are provided II •••••Ir. 

8. When performing the an•IY••• for Studies 
E2020·A001·301 end 12020-A001·302, what type of model and control 
fll•• were uaed? 

Enclosed - are three 3.5 inch diskettes which contain examples 
of data and models used to analyze the relationship between E2020 (donepezil 
hydrochloride) plasma concentrations and the inhibition of acetylcholinesterase 
(AChE), for the refe£enced studies. 

~, 

A description of the specific files included in each diskette is also provided 
therein. 

We hope that the above has addressed your comments sufficiently. If there are 
any further questions, please do not hesitate to contact us at any time. 



Please be advised that material and data contained in this submission are 
confidential. The legal protection of such confidential material is hereby claimed 
under applicable provisions of 18 U.S.C., Section 1905 or 21 U.S.C., Sec'tion 331 
0). 

NJF/gg 
Encl. 
Desk Copy to Dr. V. Tammara 

.·,,. 
r 

Sincerely, 

AA~ 
~i~olas J. Farina, Ph.D. 
Senior Director, Regulatory Affairs 

6 



ATTACHMENT 2 

,, 



Study E2020-A001-009 
Table 8 (A Comparison of 

Pharmacokinetic Parameters) 
and Appendix VII 

(NOA Volumes 1.075 and 1.076) 

048 



0 .. 
co 

£iMJ ~. lllC. 

l'rotot:"4: Dl2f..Atol_., ,,,,, .. ,;,.,or: T.tblcl 

A c-,an- of Ph.t~ilidic Pu-~l~rs 

kAWA5fflMAa 

EzmtSmg 
~CJ. for Jlatio• T-OIMHJdede 

£2t205mg E2020Smg Tatllleffleftec t-tnts ( T 11 • Tl) 

AUC. .. ..._ C.g"hdmU 
N ......... JI 11 
Afca(S.EJ Hf. 7 (H. 7) 

Jl2 .••• .,, •• 

11.61'. 

Jlf. l ( JJ. 21 
lit.' - fS,.' 

II. 11' 

JZJ.' (If. ,, 
17,.1 - tU.l 

U.1'% 

tt ..... 109. 1) ( ·5. 51 • '· "' .,, ... .._ 
CMJI. v .... 

toi.AUC..w .... ~U 
N II 11 II 

~fS.EJ 

Mirr-Ma 
tMJI. .,.,.j 

2.SH f.fJ7.> 
Z.111 • Z.,H 

l.f97 f.t!7) l.fJ6 f.Gllj 
Z.25t - 2-''' Z.Zf7 - l.,IJ 

( tl.S, Jl~I) ( -7.21, t.55) 

c.-enc.11ca 

.. uc .......... u 
N 
.,,_(SLJ 

MM·Mlb 
C«fl. ..... 

toi.AUC.. • ......,.U 
N 
Me..($£.J 

Jtilt·Mft 
CM/f.. v •. 
~~ 

•. 111" 
JU. 7 

u 
Uf. J t Jf. 1) 

1'1. 2 • 7H. 1 
u. J% 

II 
l.Uf (.fJ7J 

Z.JJJ • l.IH 

'·"'" 4Jl.2 

•. llf'J. •. ,, .... 

Jlf.I JJJ. I 

" II 
f5l .• (JJ. 1} fJ7. f ( 29. I) ( "·' • 109. f} ( -f.'lt. 
17'. 1 • 741. 1 lf9.I - 7St.I 

IJ. 2"4 u.'"" 

II " 2. Ut (. 129) 2. Uf f. Ht) ( 97. 2 • 101." ( .,, " . 
2 .•• ,. 2.171 2.JH - 2.llt ........ '·'"" fJ5.I fll.6 

PaS..O:SIAllMtW..,,._. vu. Jl ............. ··~f-ltttioa. 
• tlS ....... ,,......, _ dwn1tio llf tnt,..._.,.,. lo •rrf~,.,_,, ....... 
•Sci I '11W__.....,kltc 
............ _._.. •ir I i•1lat if tlll d•Dic•I (Morini)'°"' C,,,,,,.,._,, J.._, ii~ *•UK illtawlfor ...,,..., ... , .. .., ..tdtllt t.lw ,,_125"1. ;.1nM1 fw dMr fo.r-t,...,_., •t.a. 
~ii.,_,,_,,_,, if *.,_,"'e Hl•-fllot/J t-tab arr ftHla- ._ I.Bl 

7. ,., 

1.21) 

,.,,.. a. for Raffo• 

Tcstllldfta\Ce 
Twe~ 

Hnls,T11 , T1J 

( fS. 1 , Hf. 6J ( • 1. SZ • 1. '11 

f '5. t , Hf. 9> f - S. 1' , I. S•O 

l t1.' ..... ., 

{ "· J , ..... , 

( -s " . 7 ltfl 

( -6. 31 • I. S7> 

c•tiirwJ 

-nMa ... •• 



Eisat A-"ca, JllC. 
Prot«ol: DOlf-Atm__, 
1.vntiptor. T.ablrl 

A CompuUon of f>hJ1nrucKinortic: P.an111rtm1 

KA.WA.SHIMA a 90% Cl. fw R.1tio• TwaO.e-tidecfft 
E20Z05mg E2U20 S•g f.2020 S•g THt/Rrforineace Metal Tu• T1J 

c_...,.u 
N _,:;:-- II H 18 

Mr•• fS.E.J 1. s I O. li 7.]: J) 7.4€0.Zt f 97. 7 • J". 21 ( -7.Jf' I.HJ 
Mis-Mu 5. 7 - 11.0 s. f 10.I 5.' - .. , 
CM//. V..-. JO. 5'% JI. J"!. 10. 7% 

1Ar1.C- c.;.u 
N II u 16 

Mt-.CSLJ t.1171 (. •11) •. 156 (. lt17J •. '" (. 012) ( 97. I , JtS. 7) f -I.fl, 9. 471 
lfiir-lfa 1.751 - J.tll I. 7Jf - J .... •. 74t - •. 9.lJ 

C-JJ. V•. I. 111'l. •. 111"- t.170% 

ew-tnc .lfdJI 1.4 7.2 7.3 

,_,ffolrrJ 
N 11 .. II 

MallCSLJ •. 2 f •. l) 4 .• ' 0. ,, f. 2 ( I. 2J ( 17. 1 • 112. 3) f-Z.75, z. 75) 

M;.-Ma l .• - ,_. .J .• - ' . J .•. '·' CMff. v ... Je.t'I. 2J. ·~ JI. f"-

lm(H..., 
N JI JI It 
MnafS.E.) 63. 23 ( 5. UJ 65. ,, ( •. 161 U. 75 (f. SI) f tS.S,lOJ.JJ ( -4.JI, 5. 417) 

M"'·M.a 26. 31 - 11'. J Jf. '2 - !J6. " lf. u - 111.1 

c-Jf. v.,. 11. ,,, H. 4% J7. ""' 

0.te 5-u: Stamtiall A~ YJI. Jt • x.-m-;. lilr nfrrnnf-1-tiort. 
•"" -fi'nra mt-1 - dw Ntio of trst f-•ti• t• tlw ujerna ,_.,., ... • Sdnrirm-·· 7iN -itlel tats: ,......,_.an.,.,_.._ ...... f tlirdcssial tshrtntJ 99% ~ 1rr1-1 r. .;r.1s;. 

O ,,_ •Uf% n.rnNI for rlw - ll•ta. •"" witm ttw U-J?S% n.tnNI for llN io,-tr.•sf-ttl ,,.,,,_ 
(II a-.,.n..lau is •I• Mdllni if tk .kolst" nlw o/ bofll Mnb ~ lfNl.n tfla f.'91 

0 

'9%. C.I. far lblia• 
Tftlt/ltrfancr 

' ff. 2 • lf2. 7) 

( tJ. 7 , HZ. 0) 

' ff. 4 • 119. ,, 

( "· t • Ju. 1) 

Two OM-s16H4t 

Hnu(Tu, Tll 

( - I. S2 • 

( - J. IS • 

( - I. U , 

i -J.Jf 

7. l81 

I. ISi 

l ..... , 

6. fZJ 

-l.JJl.a.••i'•' 



Study E2020-A001-010 
Table 8 (A Comparison of 

Pharmacokinetic Parameters) 
and A.ppendix VII 

(NOA Volumes 1.077and1.078) 

. It 

056 



0 
en 
~ 

Eiui Amtriai, lllC. 
hotoc.f: Dm-AOR-GJI 
Jawm,.t111 TAblel 

A C-pai- of Pls.U'm.aatkJMtic !'anmdtn 

rFIZEll. YI. KAWASHIMA ll 

l'FIZll JCAWASHIMA a """CJ. fer Ilalio• T-On1.Wiftle 
Em05mg El921S.S Tatlltefcnace HnblTu, TL) 

•uc.. ............. .,..li _,~ 

N J2 l2 

McllltfSLJ Jff .• (.JJ. u 351. z (JI." ( H. I, Jff. t> ' - JS. JJ • u. "' 
MW-Ma Jf5.l - ff5.J 111.5 - 4'f.S 
CMff. v •. S. l" 5. z" 

~uc,..., .... ~ 
N u u 
lfla(SLJ z. 521 (.Ill) Z.SJS (.ffU f '1. f , HI. IJ ( -u. fJ , JI."' 
Mirl -11-f 2.HI • Z.05 1. 275 - z. '" 
CMfJ. v •. I. 141S I. Hl" 

JJJ., Jfl., 

AUC,. ........ U 
N IZ J2 .,,..,UJ 411. I ( Jf. SJ ..... 'fJ6. 7) ( ff. , • JIJ. ,, ( - U. fl • JS. H) 

ltlllt - Ma JH. I • 71J. 6 lSt. f • 111. f 
c-/f. v ... 

4. '" 
f. 7"-

a...AUC. • ......-U 
N u u 
Me.(S.£.J 2. i7S (. IJZJ 

1. '" '. IJ" C :;,. I , HS. 2) (-JJ.JJ, JJ. SfJ 
Ifill-Ma Z.ffl • Z.t5Z l.CJS • 2.ISI 
CMfl. V.w. I. HJ" 0. Ofl" 

C7J. l UJ.I 

Oct• s-u: St•tlstDJ Ana'a vu. R • K11_lllti_ is tw refnotU f-"111tios. 
• '°"- aiafi*11a mi-I - tw Nfio of lnl f-Ml•lio. tc tllr refnnu f-•l•t•. 
e SdMi1 ••'• T .. ~ tnb: 
F-"t"-s - __.,, ..... iNlnlf if tw d•ssir:•l (slifJrl1stJ""' C-fokwcr f11tmH1f is viflriil 
rw •12r.1. Mtnio•f for thf! - 1M1., •-" lfttlsiil tw ,._.,~ illtaNI for th lor·tnl•sf-al IMt•. 
Bi• .. iHfCllC« is .1:;.,, i.ir:darr4iftlsr11lnol•tf! wlw of htlt t-lffl• a:" fFHlrr 1-.. i.n7 

-ti.I,.~·. 



ia.iA-U,lrlc. 
l"lolocol: Dl»-A•l_.11 
lironffpl4 Table I 

Ac-pan.- of l'h&naaCDldMtk P-mrs 

PfJZEJI ws. kAWASHDIAa 

c_c.pu 
N 
MMll(SLJ 
JIM-Ma 

CM:JJ. "•· 
i.,,.c._~ 

N 
.V-lS.E.J 
Alill·Mp 
CM/I."'-· 
c.-tricMeu 

,_,,,_,, 
N 
Mca(SL) 

Mill-Ma 
c-fl. v •. 

ttaOl.-J 
N 
Me9fSLJ 
Ifill-Ala 

c.f1. v •. 

-~ :;:--

l'flZEll 
EmtS.1 

JJ 

'·. ( •. JJ 
5 .• - •.• 
I. 5" 

u 
t. 11' (. IU) 

f. HI • I. H2 
t. f5S% 

,_ 7 

J2 

J.' ' •. J} 
2.1 - ,_, 

27. '" 

Jl 

11. 1Z ( l. 56' 
57. ,, - t7. " 

Jt. 7'X. 

KAWASHIMA• 
Dmts.g 

u 

'·' ' •. JJ 
5 .• - •.• 
•. l" 

12 
1. IJ1 (.IHI 
0.6H - I.Hf 

0. 155% 

'·' 
12 

f. I ( C. J) 

2.' - ,_. 
2S. f4J. 

J2 
71. H ff. U) 

37. 77 - "· 15 
u. 7" 

907.CJ.ferRaitiil• 
Taent.1881Ce 

( H. I • Jfl. I) 

' ff .•• Jtl. J) 

( 13. I • HI. 7) 

( lfJ. t , US. SJ 

T-0..Wede 
MeibCT11 , Tl> 

f - f. 24 , 7. 51) 

(-11. iO • •. 0) 

( -3.22' 2.JJJ 

f -J. IS , I. 711 

0.1• 5-a: sc.tistiall...,.,..... VD. R • .Kci1..eslmlNI is t'- nfrrmu J-rJld;o.. 
• tt$ ~ illllcrNI .. die tac» llf tntf-rdtd;.. lo tlw ttfnna ,_,..,.,;..._ 
• s I • •• r.. - si*ill lcsts: 

,......,.. ... Me lleftlll!lf ~ jf die clcuic•l fs1'orl1st) M% C-fitla.cr Jata!Hll is withM 

C) dw•Uf% illtel'Ml/flr die,_ Ml.II.•"" Mtm U.U-115" illtnNl for di1 loi·tr.1•sf-m uta. en 8-..iHiau is •fso ~ f flw """"•ti Hlw of Htli I-tab ac r-tn lhno U!N 

CD 

-naa.au• 



ATTACHMENT 3 



• 



Corrected Excerpts From 
Study· Report E2020-A001-010 

(NDA Volume 1.077) 

,, 

043 



Title: 

Investigator. 

Objective: 

Study Design: 

Study Population: 

Treatment Croups: 

CONFIDENTIAL 

CLINICAL STUDY SYNOPSIS 

A Study of the Biocquivalencc of Two Tablet Formulations of 
E2020, in Healthy Volunteers: Study#: E2020..A001-010 

The objective of Chis study wu to determine the bioequivalence of a 
new 5·m1 82020 tablet formulation relative to the 82020 reference 
5-ma tablet fonnulllion used in all clinical uiala. 

This study was a randomized, sinale-dose. open label, two-period 
crossover study which was conducted at a single investigational site. 
Each treatment period was followed by a :1.-wcck wuhout period. 

Participants in this study were healthy, ambulatory, non-smokina 
male volunteers. &fed 18·45 years. A total of 12 volunteers were 
randomized into this study and all 12 completed the study without 
incident. All participants were Caucasian, and ranged in age from 19 
to 44 years and in wei&ht from 68.5 to 86.0 ka. 

Subjects randomly received each of the two following E2020 
formulations: 

Formulatipn A: S.0-mg, film-coated E2020 tablets 
produced by Eisai Company, Ltd. in Mwashima. Japan. This is the 
REFERENCE formulation. Lot# K41016ZZA 

FgnnuJatjoo Q: S.O ma, film-coated tablets produced by 
Pfizer Inc., Brooklyn. New York, USA. Tnis is the TEST 
formulation. Lot# NS 111 
Medication was administered after a fast of at least eight hours and 
wu accompanied by a total of 2.SO·ml of tap water. 

Methods (Clinical): Volunteers were screened by medical history, ECO. and laboratory 
and physical examinations .:S. 2 weeks prior to the start of the study. 
For each Tleatment period, subjects were admitted to the study site on 
the evenin4 of day o. at least i2 hours prior to d.rua administration. 

11, Upon admission, a routine physical examination was conducted. 

,,.. •• , ncno.AOOJ-610 

IHDH.-N1 

Entry vital signs (sittina position). and weight were recorded. and 
urine specimens for mua use/abuse screenina were collected. A liJht 
snack was served 10 hours prior to drug administration, after which 
an absolute fast,""from both food and fluids (except water), was 
maintained. The following morning. prior to drug administration. 
clinical laboratory and analytical samples were collected. During each 

c_,.. 11111 '" '"' 

viii 

044 



CONFIDENTIAL 

4.0 MATERIALS AND MElHODS 

4.1 DRUGS AND DOSAGES 

4 .1.1 Pcscription of Test druH 

Test druas are defmed as any medications given as put of the study protocol. For th.is 
study, the test drugs were two different S-m1 formulations or 62020. 

The followina is a brief description of the E2020 fonnulations used in this study: 

Formulation A: , film-coated tablets containing 
(Reference fonnulation) .S.O-ma of E2020 hydrochloride. 

Fonnulation 0: 
(Test Fonnulation} 

Manufactured by Eisai Compan_y, Ltd .• JAPAN. 
Manufacturin& date: July 1.Z, 1994. 
Batch size: · - · 
Lot Number: K41016ZZA. 

This formuladon wu produced at the Eisai manufacturing 
facility in Kawashima, Japan. It contains and 
was used in all clinical trials conducted in the USA. 

film-coated iablets containing 
5.0-mg of B2020 hydrochloride. 

Manufactur. ed by Pfizer Inc., USA. 
Manufactwing dare: June, 1995 
Batch size: 10" of commercial lot. 
Lot Number: NSl 11 

This fonnulation wu produced at the Pfizer manufacturing 
facility in Brooklyn, New Yodc. These tablets are from a 
1/10 stability batch and do not contain 

4.1.2 Rationa)e for Dosaae Selr.qion 

The dose evaluated was selected based upon clinical efficacy studies of E2020 
conducted in the United States and was within the range known to have clinical utility. 

4.1.3 Sbjpment gf Drug Supplies 

Drug supplies were sent to the-·Clinical Investigator only when the following 
docwnentation had been received by Eisai America, Inc.: 

''91H•I E2Dl0·A001.0I 0 

IND~ 

10 
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CONFIDENTIAL 

4.0 MATERIALS AND METHODS 

4.1 DRUGS AND DOSAGES 

4.1.1 Pcscription of Test dm1s 

Test dru1s are defined u any medications 1iven as part of the study protocol. For this 
study, the test dru1s were E2020 and placebo. 

The following is a brief description of the formulations used in this study: 

E2020: film.coated tablets containing 
S.0-mg of E2020 hydrochloride. 

Placebo: 

Manufactured by Eisai Company, Ltd., JAPAN. 
ManufactUrina date: December 10, 1993. 
Batch size: 
Lot Number: K49007ZZA 

film-coated placebo tablets. 

Manufactured by,Eisai Company, Ltd., JAPAN. 
Manufacturing date: November 26, 1993. 
Batch size 
Lot Number: K3XO lOZZZ 

The doses of E2020 evaluated in this study were 5-mg and 10-mg. To minimize 
reactions to acute, extensive inhibition of cholinesterase, the 10-ma dose was initiated 
using a scheduled titration scheme. The subjects received S-mg doses of 82020 for the 
first 7 days, after which the 10-mg dose was administered for the remaining 21 days. 

4.1.2 Rationale for Dosage Selection 

The doses evaluated were selected based upon clinical efficacy studies of E2020 
conducted in the United States and were within the ran1e known to have clinical utility. 

4.1. 3 Shipment of Owg Supplies 

Drug supplies were sent to the Clinical Investigator only when the following 
documentation had been received by Eisai Ameri~~ lnc.: 

• 11 

1. Written proof of approval of both the protocol and its consent form by the 
Institutional Review Board of the institution where the study was to be conducted. 

2. A copy of the certification and a table of the normal ranges for the reference 
laboratory conductin1 the clinical laboratory tests required by this protocol. 

l'IWl«M l2020·AOOJ .OJ I 

IND,,_,,, 
c-.1·1"'1 ll, ltH 
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MEMORANDUM 

DATE: August 7. 1996 

TO: NOA 20-690 
Donepezil HCI; Aricept 
Esai America, Inc. 

DEPARTMENT OF HEAL TH AND HUMAN SERVICES 
PUBLIC HEAL TH SERVICE 

FOOD AND DRUG ADMINISTRATION 
CENTER FOR DRUG EVALUATION AND RESlARCH 

FROM: Glenna G. Fitzgerald, Ph.O tj? :)
Pharmacology Team Leader 
Division of Neuropharmacological Drug products, HFD-120 

SUBJECT: Approvability for Alzheimer's Disease 

The pharmacology and toxicology studies submitted to this NOA for Aricept support its 
approval as therapy for an indication of Alzheimer's disease. These studies are reviewed 
and summarized in the extensive review by Dr. Barry Rosloff. Only one issue remains 
ouistanding. As has been usual Division pclicy for drugs in this therapeutic category, the 
sponsor was granted permission to complete two lifetime carcinogenicity studies post
approval. The study protocols (mice and rats) were reviewed by the CAC-EC on 3/22194, 
and recommendations transmitted to the sponsor on 417/94. The studies are currently 
underway and the reports of those studies should be available within the next 6 months. The 
sponsor should be reminded of this commitment in the approvable letter, and requested to 
submit the study reports in a timely fashion. 

NOA 20-690 
HFD-120 

Leber 
Levin 
Fitzgerald 
Rosloff 
Higgins 



SPPNSOR; 

DRUG: 

CATEGORY; 

RELATED IND; 

Phannacologist Review ofNDA 20-690 
Original SW11Dlary 

Eisai America, Inc. 
Glcnpointc Centre East 
300 Frank W. Rurr Blvd. 
Tean:~~ New Jersey 07666-6741 

E2020 
( donepczil, Aricept®) 

(See attached page for rtructure and chemical names) 

Alzheimer's disease 
( acetylcholinesterase inhib1oor) 

INL 

Barry N. RoslotT, Ph.D. 
616196 



·~ ... 
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2. Nomenclature /Formulae 

2 .1 Structural Fonnuli 

The structural fonnula of don~il hydrochloride is given below: 
0 

•HO 

H 

2.2 Molecular Fgonulo ond MQl@Qllar Weight 

Donepezil hydrochloride has the formula C24H29N03 • HQ. 

Donepezil hydrochloride has the molecular weight 415.96. 

2.3 Nomenclature 

lJ.S.A.N.: donepezil hydrochloride 

International Non-prQprietoey Nome CI.N.N.l: donepezil 

Cbemjc;nl Nnmes: 

1. (±)-2,3-dihydr~S,6-dimethoxy-2·[(1-(phenylmethyl)-4-
piperidinyl)methyl)-lH-inden+·one, hydrochloride (USAN and CAS) 

2. 2,.3-dihydro-5,6-dimelhoxy-2-[[ 1-(pheny!methy\)-4-piperidiny!}met..'lyl]
lH-inden-1-one, hydrochloride (CAS) 

3. (±)-2·[ ( 1-benzyl+piperidyl)methyl]-5,6-dimethoxy· 1 ·indanone, 
hydrochloride (USAN) 

4. (RS)-1-benzyl-4-[ (S,6-dimethoxy-l-indanon)-2-yl 1-methylpiperidine, 
hydrochloride (IUPAC) 

Chemical Abstracts Seryic:es Numbers: {142057-77-0] and (120011-70-3) 

Proprietary or Trade Names: ARlC,EPT ™ 

Qtber Names: E2020, SNAG 

2.4 Laboratory Code 

Oonepezil hydrochloride has been assigned the laboratory code ER-4111. 
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LABS PERFORMING PIYOTAL STUQIES 

A) Dept. of Drug Safety Research 
Eisai Co. LTD 
Japan 

B) 

C) 

D) 

l) 3 month rat and dog toxicity 
2) Segment I and Ill rat reproduction 
3)Ames test 

I year rat and dog toxicity 

I) Segment II reproduction in rats 
2) Segment II reproduction in rabbits 

I) In vitro chromosomal aberration study 
2) Mouse micronucleus test 
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PHARMACODYNAMICS: 

These data will not be comprehensively reviewed at this time. Attached is a portion of my 
Original Swnmary of 1/24/91 for INr which reviews much of the pharmacodynamics data 
for this drug. Also attached is the sponsor's NOA narrative swnmary and swnmary tables, which 
includes studies submitted subsequent to my original review; some results of interest from these 
studies are as follows (also see "Swnmary" section of the present review): 

A) Mechanism of AchE inhibition 

1) The inhibition by E-2020 (and also tacrinc and phyaostigmine, but not DFP)in rat 
brain homogenate was dialyzabJc, indicating revcnibility (sec attached table). 

2) Kinetic analysis in mouse brain homogenate indicated noncompetitive 
antagonism for both E-2020 and tacrine (sec attached figures). 

3) Kinetic analysis in electric eel led to a conclusion of a "mixcd~typc" inhibition 
(sec attached figure) with binding of drug to both ftec and acctylatcd enzyme. (A 
similar conclusion was reached for tacrinc). 

B) Receptor binding profile 

(Studied in rat brain; also ~piatc receptor binding in guinea pig brain). 

Results shown in attached tables. No significant affinity was seen for any of 
the receptors studied except for a moderate affinity for sigma receptors in rat brain 
(IC 50 = 48 nM) 

C) Inhibition of rat brain AchE in ,YitrQ by E2020 and several putative metabolites. 

Results shown in attached table. Metabolites M-1 and M-3 had potencies 
~imilar to that of the parent compound; d1e others were 2 or more orders of 
magnitude less potent. 

4 
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2. Elfect of Membrane Dialysis on AChE if1hlbition 

M shown in Table 3 (Appendices 5·8) tht inhibitory action of 3, 10 and 30 nM 

£2020 disappeared after dialysis with AChE activttits of 102. 98 and 9i!t control. 

respectively. Uk1wla1. the inhibitory effects of PHY and THA were abolished by 

dialysis. indicating that all thru compounds are reversible inhibitors of AChE. ln 
contrast, the inhibitory effect of DFP t, 3 and lOnM (45, 20 and 2!. of control AChE 

activity r11pecttv1ly, before dialysis) was not afftcttd by dlalysll (40, 15 and 1 ~ 

respectively, after dialysis), confirming tht lrrtverslble nature of the inhibitory 

action of this compound. 

Table 3 Effect of Membrane Dlaly1l1 on Rat Brain AChE Inhibition Produced 

b E2020 and Ref1r1nc1 Com ounds. 

Control 100 100 

E2020 3 69 102 
10 38 98 
30 19 97 

THA 300 23 100 
1000 10 98 
3000 4 99 

PHY 1 44 96 
3 33 '"'' IUI 

10 20 102 

OFP .1 45 40 
3 20 15 

10 2 1 

AO\E activity wu usayed in duplicate. 

Multiple obNrvations w1r1 averaged and the percent of control activity was 

cakulatld from th• mun ( n•l >-

I 
i 
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Figwe3 Untwu..,.llllk AN119il of lh11M1bltion of Mouu lpift AChE by 
. < aaz.o aad THA. 
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RESutTS 

The relationship between the concentrations of substrate and test 
compounds, and tnzyzM activities were analyzed using Lineweaver-Burk plots. 
As shown in Figs. 3 and 4, E2020 and THA showed inhibitory activity that fell 
into the category of "mixed type". 

x 102min/abs 

~.o 

3.0 

2.0 

1.0 

·1.0 ..... _...~"----"'--...--...--....-----' 
·3.0 -2.0 • t.O o.o 1 .o 2.0 3.o x lO'M·1 

1 /Substtate Concentration 

Fig. 3 Kinetic• of acetylchollnesterue inhibition by El.020 using a 
Linew.aver·Burk plot 

E2020 concentration: <0> zero M, (A) 2.00 x 10·9M, <0~~ 99 x 10"9M 

.... 
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Table t Assay conditions for radiollgand binding 

Receptor 

DA·D1 

~-Adr 

Muscannic 
acetvlcholine 

C.ABAA. 

lH·Uaand Iiwlt Anny condmons W&lk Ref 
Name BrAin Buffer, pH Compound 
cone. nrH temp .. time Cone. 

PHIS-HT Cortex A, pH 7.6. 5-HT 2 
1.9 nM 31·c. to min 10 1o1M 

(lH)Ketanserin Cortex 8, pH 7.4, Methytergide 3 
0.2 nM 3?-C,15 min 1 lolM 

(lH)BRL 43694 Cortex 8, pH 7.4, Z.acopride 
0.5 nM 37-C,30 min 10 t.iM 

[3H)SCH23390 Striatum C, pH 7.4, SCH23390 5 
0.3 nM RT, 60 min 10 f,iM 

PH)Spiperont Striatum C, pH 7.4, Spiperone 6 
0.7 nM l?T, 60 min 10 a.LM 

(·'H)Prazosin Cortex B, pH 7.4, Phentolamine • 7 
0.2 nM RT, 60 min 10 µM 

PHlClonidint Cortex 8, pH 7.4, Phentolamine 8 
4.S nM RT, 60 min lO µM 

[lH]Dihydroalpreiiolol Cortex 8, pH 8.0, (-)Alprenolol 9 
1.2 nM RT, 20 min 1 µM 

F'HJMepyramine Cortex 0, pH ?.S, Promethazine 10 
2nM RT,30min lµM 

[lHlQNB Striatum C, pH 7.4, Atropine 11 
0.7 nM RT, 30 min 1 µM 

13H]Muscimol Co1·te· E, pH 7.1, CABA 12 
5 nM O"C, 60 min 100 nM 

Benzodiutpine ()H}Flumtrazepam Cortex B. pH 7.4, Oiazepam 13 
0.8 nM RT, 20 min 10 µM 

Sigma [lHJDTC Corte:.: B, pH 7.4, Haloperidol 14 
______ __,._2_.4_n_M____ RT, 90 min 10 µM 

Buffers A:~ mM Tris·HCI containn'lg 10 µM µa11;ylinc, S.i mM ascorb1tc. 4 mM Ca02• 8: 50 mM Tns· 
HCI. C. SO mM Krct'ii-Tn1, 0: 50 mM phosph.ltc containing 0.1, ucorb1c acid. E: 50 mM Tris-citrate 
Abbr~vu1nons: RT. room 1cmpcr11urc: OTC, l .3-di-O•tolylguan1d111e; QNB. quinuclidinyl btnsylate; 5HT, 
;.nydroxy1ryp111minc receptor; O.t.. dap11m1nc receptor; Adr, a:i~noceptor; GA.BA. y-1m1nobutyric acid 

• 
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RESULTS 

The affinities of E2020 And THA for the receptors examined are shown in Table 4. 

E2020 and THA showed practic111ly no aifinity fur a.-adrenoceptor, Cll·adrenoceptor, 
~adrenoceptol', S-HT1, S-HT2, S-HT), dopamine 1, dopnmine 2, histamine 1, 

muscarinic cholinergic, CABA,.., and benzodiazepine receptors. £2020 showed, 
however, A mcderAte affinity UC50 : 48.1 nM) for the sigma r1C9ptor while THA had 
no affinity. 

Table 4 IC59 values of E2020 and THA for various receptors 

Receptor E2020 THA 

S·HT1 >10,000 >10,000 
5-HT2 >10,000 >10,000 
S·HT3 >10,000 >10,000 
DA·Dt >10,000 >10,000 
DA-02 >10,000 >10,000 
0.1-Adr 3750 7300 
a2-Adr >10,000 >10,000 
~-Adr >10,000 >10,000 
Histamine-Ht > lf',000 >10,000 
Muscarinic acetylcholine 1530 3670 

r",,ABAA >10.000 >10,000 

Benzodiazepine >10.000 >10,000 
Sigma 48.1 >10,000 

Abbrev1at1ons: 5.·HT, 5·hydroxytrypt11mme·r~·.:.!p.'..:>r;DA. dopamine receptor; Adr, 

adrenoceptor; CABA. y-aminobutyric acid 

l 
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and centrifuged at 1,000 xg for 10 minutes. The supernatant obtained was 

recentrifuged at 20,000 xg for 20 minutes. The pellet obtained was washed 

and then resuspended in 10 volumes of SOmM Tris-HCI (pH7.6). The 

suspension wu incubated for 10 minutes at 37°C in order to degrade 

endogenous opioid peptides, and then recentrifuged at 20,000 xg for 20 

minutes. The pellet obtained (P2 fraction) was wuhed and resuspended in 

the !Wile buffer. This receptor source was stored at-BO°C prior to use. 

3. Receptor binding uaay 
The receptor source wu thawed and resuspended using a physcotron. Each 
assay was carried out in duplicate by incubating aliquots of the receptor 

source with a tritiated ligand, with or without test compounds, and with or 

without 10 µM le:vallorphan, in assay buffer (SOmM Tfis.HCl, pH7.6) in a 
final volume of 0.5 ml. Incubation was terminated by rapid filtration of the 

mixture through Whatman GF/B glass filters presoaked in. 0.3% 
polyethyleneimine, using a 

). Filters w,re rinsed with ice-cold 50mM Tris-HCl 

(pH 7.6), placed in vial, and 5 ml of ACS Il scintillanl 

was added. The retained radioactivity was 

counted with a liquid scintillation counter . J • 

. Specific binding was calculated by subtracting non-specific binding 

measured in the presence of lOµM levallorphan. ICso values were calculated 

by probit analys. 

4. Radioligands 

Radioligands used are shown in Table 2. 

Table 2 Tritiat eel I beled li ds • a 12an 

subtype ligand Lot.No. specific activity 

(Ci/mmol) 

µ DAMGO (NET-902) 3186--043 55.S 

IC U-69,593 (NET-952) 3117··171 47.4 

0 DPDPE, 4-p-Cl-Phe 3164-047 48.6 
(NET-923) '._ -

i.s "ryr-D-Ala-Gly-N-Methyl-Phe-Gly-ol, U-69,593 is (5a,7a,8J})-

r 



( + )-N-methyl-N-(7-0-pyrrolidinyl)-1-oxaspiro [4,S)dec-8-yl]·benzenacetamide 

and DPDPE, 4-p-Cl-Phe ~ enkephalin, (2,5-0-penicillamine, 4-Cl-phenylalanine). 

5. Unlabeled compounds 
Levallorphan (lOµM) wu used for the calculation of non-tpedfic 

binding(NSP). 

• 

• 
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Results 
UJtlT') 

The affinities of E2020 and THA for the receptors examined are shown in 

Table 3. E2020 and TH.A showed no affinity for opioid receptors (µ, IC and 
0). Morphine showed selective affinity for the µ-subtype opioid receptor. 
Levallorphan showed nonselective and high affinity for opioid receptors. 
Individual and calculated binding data for all compounds and ?!g-...itcis .ce 

presented in Appendix 1. 

Table 3 Opioid receptor ICso values for E2020, lHA, mor;>hme, and 
levallorphan 

u 1C 6 
E2020 380000r.370000 1150000±2440000 112000:t:t'MOOO 
THA 46200±5200 102000±54000 >2000000 

morphine 24.4±10.9 764±24.5 440±479 
levallorphan 5.38±1.92 3.23±1.23 6.66±3.86 

Data are presented as mean (nM) of three experiments ± S.D. 

Conclusion 
The results of this study show that E2020 has no affinity for opioid receptor 
subtypes µ., K, or o. 

References 
1. Chang K.J., Coopf:t B.R., Hazum E. and Cuatrecasas P.: Multiple opiate 

receptors: Different regional distribution in the brain and differential 
binding of opiates and opioid peptides. Mol. Phanncol. 16: 91-104 (1979) 

2. Lahti R.A., Mickelson M.M., McCall J.M. and VonVolgtlander P.F.: [lH)U-
69593; a highly selective ligand for the opioid 1C receptor. Eur. J. Phannacol. 
109: 281-284 (1985) 

3. Toth G., Kramer T.H., Knapp R., Lui G., Davis P., Burks T.F., Yamamura 
H.1., and Hruby V.: (o-Pen2,o-Pen'Jenkephalin analogues with increased 
affinity and selectivity for o opioid receptors. J. Med. Chem. 33: 249-253 

(1990) 



Results 

The inhibitory effects of £2020 and six of its putative metabolites on AChE in 

vitro ue shown in Table 1. The IC50 values for AChE inhibiti1:m of E2020, Ml, 

M2, M3, M4, MS, and M6 were 4.9 ± 0.1, 6.0 ± 0.3, 1131 :t 27, 2.4 :t 0.2, 9246 ± 

845, 390 ± 4, and 314 :t 7 nM, respectively. 

Two metabolites, Ml and M3, among the tested metabolites showed almost the 

same potency as E2020 in inhibition of ACh£ in uitra. The other metabolites, 

M2, M4, MS, and M6 were 64 to 1887 times less potent t1wl £2020. 

Table 1 Inhibitory effecta of E2020 and its putative metabolites on rat brain 

AChE in oitro. 

Corn pound Chemical Structure IC50 (nM) 

E2020 ::gk----o 
0 

4.9 ± 0.1 

M·l ~----0 6.0 ± 0.3 

0 

M-2 ~H"O 1131 ± 27 

M·3 :;o}-c)~ 2.4 ± 0.2 

0 

M-4 :o:to 9246 ± 845 

M·S :o:~~~/ 390 ± 4 

. . ~ 
0 

~ 314 ± ., 

Values represent the mean± SE from 4 dose· response curves for each test 

compound. 

< s 
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Non Clinical Pharmacology and Toxicology 

Onrall Summary of Pbanucolol)' 

Primary Activity: Neuropbarmacolo1Y Studies 

Studies have been cor.ducted a vivo, in vivo, and in vitro usiq inw:t mice and rats, 
or systems derived from mice, rw or the elecaic eel, to determine the primary effects 
of E2020 on the peripheral and central cholineraic systems. 

E/f1cts on Cholln1st1ras1 Activity 

In ViJro Studi1s 

Unlike two recognized cholinesterase inhibitors, physostigmine (PHY) and 
tetrahydroaminoacridine (THA), E2020 was a much more selective inhibitor of 
acer:ylcholinestcrase (AChE) than butyrylcbolinestcrue (BuChE; pseudocholinestcrasc) 
in virro [Study Reference MP-1). Both E2020 and THA were noncompetitive 
inhibitors in rat brain homogcoateS and all three acted reversibly. 

E2020 and THA were shown [Study Reference MP·2] to be potent in vitro inhibitors 
of electric eel ACbE. A steady-state analysis inditated that E2020 binds to both the 
free and acerylated enzyme, and may inhibit the deacetylation step during the AChE 
catalytic cycle. 

Of putative E2020 metabolites Ml, M2, M3, M4, M5 and M6, only Ml and M3 
exhibited similar potency to E2020 in the inhibition of AChE from rat brain in virro 
[Study Reference MP-3]. 

E2020 is a chiral molecule. When examined individually [Study Reference MP-4], 
the a- aDd s- cnantiomers were bor.b found to inhibit mouse brain AChE in vitro, with 
R·E2020 being more potent than s.E2020. 

NDA 20-690 
EISAI AMERICA. INC 
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Ex Vivo SIUdiu 

A series of studies was conducted to determine the effect of E2020, PHY and THA on 
ChE activity in the brain and in other tissl~ obtained from orally treated animals. 

Compared a vivo [Study Reference MP·SJ in tis.sues obtained from rhe rat, E2020 
produced a greater degree of dose«peodent inhibition of brain AchE activiey than 
.:ither PHY or THA. At equal doses, E2020 bad a longer duration of inhibitory action 
than PHY. While PHY and THA inhibited ChE in both brain and in almost au 
peripheral tissues, E2020 was far more selective, inhibiting CbE in brain and serum 
(reflecting the higher level of ACb.E in rat serum as compared to humans) 
significantly, but not in hean and small intestine, and only marginally in pectoral 
muscle. 

When administered to agc:d rats, a model population appropriate for their ultimate use, 
E2020 and THA showed gn 'lter cholinesterase inhibitory activity than ill YOUDI rats 
[Study Reference MP-6). The difference was attributed to higher pluma and tissue 
conc:enttatiom, possibly the result of djmjnjshed activity of drug metabolizing enzymes 
in aged animals. 

Both the R· and S· enantiomers of E2020 were shown to reduce AChE activity in rat 
brain a vivo [Study Reference MP· 7). Residual ACbE activity following 
administration of R·E2020 wu slightly less than for the s- enantiomcr. 

E//tcts on Brain ACh Conctntradons 

E2020 and the known AChE inhibitors, PHY, THA and RA-6, caused a significant 
increase in the coocemration of ACh in whole rat brain and E2020 iDcreasecl loc:al ACh 
concentrations in the cerebral cortex, bippocampus and striatum sianificandy [Study 
Reference MP-8). £2020 also increased ACh in the extracellular space of the rat 
cerebral cortex sipificantly in a time· and dose-dependent manner IDd with peater 
potency than TIIA [Study Reference MP-9]. 

NDA 10-690 
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Ef/1cts on ACh Conc1ntration in the Certbral Cortu of Animals wilh Cerebral 
Ch0Un1rgic Dysfunction 

Using three differem models of cholinerJic hypofUnction. [Study Reference MP-10), 
E2020 was shown to increase concentratiom of ACh in the brains of rats with 
abnormally low levels of ACh. A siqle oral dose of £2020 was more potent rhan 
THA in causing dose-dependent increases in cortical ACh in NBM-lesioned racs. The 
temporary depletion of brain ACh induced by the injection of scopolam.ine was blocked 
more strongly by prior administration of E2020 than THA. ·nie decrease in 
hippocampal ACh caused by prior injection of the neurotoxin AF64A intO both lateral 
ventricles of the rat brain was reversed siguificantly by oral doses of E2020, but not • 
by THA. 

Effects on the Central ChoUn1t'fic S11t1m 

The ability of E2020 to stimulate the central cholinergic system was compared with 
that of THA. PHY and distigmine. using the rat yawn.i.og model [Study Reference 
MP-11). E2020, THA and PHY elicited yawning dose-dependently. Since E2020-
induced yawns were completely abolished by scopolamhie, a centtally acting 
anticholinergic, but were not significandy affected by methylscopolam.inc, a peripheral 
amicholinergic agem, it was concluded that E2020 elicited yawning through a central 
cholinergic .action and was more potent than THA or PHY in this regard. 

Eff1cts in Btlunioral Modi& of Cholln1rgic Function 

Several animal models related to learnin& and memory were used to determine the 
ability of E2020 ro alter impaired behavior attributable to a deficiency in cortical ACh. 

Oral E20 lO wu more effective than THA in reversin1 the effects of scopolamine
induced idlpairment of spatial memory in the rat, using performance in a radial maze 
as a model [Study Ref'ennce MP-U]. 

E2020 wu more effective than THA in increasin& response latency in a pusive 

N'JA 20-690 
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avoidance tuk, a test of shon-term memory [Study Reference MP-U). NBM
lesioned rats, a model for Alzheimer's Disease, ere D'lined ro avoid the dark side of 
a two-compartment, light-dark chamber, usma electric mock as a reinforcing stimulus. 
Lesioned animals pretreated with E2020 at doses from 0.12.5 to 1.0 mg/q one hour 
prior to trainiDa showed a significant (p<0.01-0.05) increase in response latency when 
rerested to asse.u memory retention 24 hours post-trainiq. Animals treated with 11IA 
at doses from 0.2.5 ro 1.0 mg/kg showed no signiftcant increases in response le.tency. 
Th~. E2020 panially r!"versed impairment in retention of a pusive avoidance wk 
produced by lesions of me NBM. 

Increased byperlocomodon in a riicw or dark environment is a characteristic behavior 
attributed to decreased ACh coocenuatiom in the brains of NBM-lesioncd rats. \\'hen 
compared with several other cholinergic aaems and dopamine antagonists [Study 
Reference MP-14), E2020 wu more effective than THA in panially reversing 
hyperlocomotion by lesioned rats placed in a new environment. 

Eff1cts on ClaoUn1tyk R1e1ptors 

Since E2020 is expected to be used in chronic therapy, the effects of E2020 (3mg/kg 
or 20 mg/kg) on muscarinic receptors in the brain of rats -were assessed after daily 
treaanent for 13 comecutive weeks [Study Reference MP-15]. At 20 mg/kg/day, 
E2020 caused a small (14~). but signftcam decrease in the density (Bmax) of 
muscarinic receptors. No effects on receptor atlinity or number were detected 
following 13-weeks of treaanent with 3 mg/kg/day E2020. 

Studies Related to Possible Adverse Reactions 

Nturopharmacological Studla 

E2020, TIIA and PHY caused cbaqes in the electtoencepbalograms (EEG) of 
comcioua rabbits comistent with ceDlrll arousal, considered to be a result of iJJcreuej 
cbolinergic srimul•tion from tbe inhibition of ACbE [Study Reference GP-1). 

NDA 1o-690 
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The '!ffecu of doses of 62020 previously esrablished as inhibitory of centrally 
mediated AChE. activity were detemllned and compared with THA and PHY in five 
animal models [Study Reference GP-2). (1) lncreases in ACh caused by E2020 and 
THA had no effect on spontaneous motor activity in dOrmal rats; (2) the level of ChE 
inhibition produced by E2020 a.nd PHY did not reduce pentobatbital-induced sleep 
time in mice; (3) E2020 <!id not raise the threshold ror tonic conwlsions and death 
after application or altematina current m the corneas of mice: (4) E2020 did not block 
pencylenetetrazole-induced convulsions in mice; (5) £2020. at the hiahcst dose test:d 
(and considerably higher than those required for AChE inhibition), lengthened survival 
time marginally followina KCN iitjection. Thus, E2020 bas no marked activity as , 
assessed in these models. 

Using tritiated ligands. the receptor binding ofEl020 in rat brain was examined in vitro 
to characterize the scope of its central activity (Study Reference GP-3). The absence 
of significant binding to all but the sigma receptor suuesu that the ability of E2020 to 
attenuate behavioral impainnent induced by central cholinergic hypofunction in rats is 
mediated by inhibition of AChE rather than activation of receptors in the brain. 
Although E2020 had moderate affinity for the si;ma receptor, no physiological or 
biochemical function has been conclusively associated with thi1 receptor. 

Neither E2020 nor TiiA showed bindina affinity for the three opioid receptor subtypes, 
mu(µ), kappa (K}, or delta(&), in guinea-pis brain [Study Reference GP-4). Morphine 
showed selective affinity for the µ. subtype opioid receptor. Levallorphan showed 
nonselective and high affinity for all three opioid receptors. 

E2020 was a much less potent inhibitor of monoamine (MA) uptake into rat brain 
synaptosomes in vitro than an inhibitor of AChE, SU&lestina that inhibition of MA 
uptake does not contribute sianificandy to the activity of E2020 in vivo [Study 
Reference GP-SJ. 

The peripheral antichoUnesterase effects of E2020 ( e.1., skeletal muscle fasciculations, 
miosis, lacrinwion. salivation and diarrhea) were similar to those of THA and PHY 
{Study R~ference GP-6). Miosis and faxicuiatlou w\":"e observed consistently for all 

NDA 20-690 
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three compounds. 

C•nllowlsclllar Strullo ·· 

In anatbctized female aionarel clop, E2020 produced no nocable alteradom in bean 
rate, cardiac conttactility, arterial blood pressure or ECO 1fter lmravenous doses of 
up to 1 mafk!I [Study Reference GP-7). These ftndinp are consistent with studies 
in the rat, in which E2020 at oral doses of up to 3 malka P' --duced no statistically 
sipificant decreases in ChE activlr, ln cardiac tissue [Study Reference MP.6]. 

E2020, THA and the platelet qpe1adon inhibitor, ~510, were tested In vttro, using 
~· .. u platelet-rich plasma and collqen u the inducer of platelet aqre1ation (Study 
1 :·.:rence GP-8). F..2020 bad no effect at concentrations achieved . patients (ca. 1 SO 
au-A}. 

Gastrointuttnal Studies 

E2020 bad no sianificant effect on intestinal transit in mice at doses of 1, 3 and 10 mg/kg 
[Study Refermce GP·9). In pylorus-lipted rats, E2020 did not stimulate autric acid 
secretion, and actually decreased acid conceDU'ation, at closes u hiah u l 0 mglk1, a dose 
greater than that intended for clinical administration (Study Reference GP·lO). Pilot 
study results sugest dW bot:i E2020 and THA nuy produce dose-dependent increases 
in tbe frequency of 1utric, but not duodenal contractiom, in conscious rats [Study 
Referem:e GP-11). 

G~nitourlnary Studla 

In conscious rats, E2020 caused no significant effects on renal activity othei than 
increases in urinary volume and Na• excretion at a dose of 10 ma/ka [Study Reference 
GP·l2J. 

The relalionship between the diuretic effects of E2020 and its activation of central 
chuJilleflic mechanisms wu established in a second study (Study Reference GP-13). 

NDA.20-690 
EISAI AMERICA, INC 



Non Clinical Pharmacolop and Toxicolop 

E2020-induced diuresis and nattiuresis during the first four hours after treatment were 
offset by a reduction in renal electrolyte excretion and urine volume durin1 the ensuing 
20 hours. Scopolamine (SC), a centrally actin1 anticboliner;ic qent. aniqonized the 
early diuresis and nauiuresia caused by a 10. mi/kl oral dose of E2020. 
Methylscopolamine (MSC), a predominandy peripheral anticholineqic qent, was a 
much weaker antagonist of the renal e1fects of~02,), confirming that these effects were 
due the inhibition of central ACb.f: activity by E2020. 

Endocrin• Studlu 

E2020 at 1 and 3 ma/kl bad no effect on either basal blood 1lucose concemrations or • 
glucose tolerance; E2020 at 10 m11t1, and THA at lC and 30 ma/ka increased basal 
blood glucose cosamration and reduced glucose tolerance [Study Reference GP-14). 

Pot1nli4J lnl1ra&tions with Oth1r Dru11 

In nonnal rats, E2020 showed no effec:t on (1) die amicoaplant action of warfarin 
[Study Reference GP-15), (2) the diuretic action of f\arosemide [Study Reference GP-
16], or (3) hypoalycemia produced by tolbutamidt (Study Reference GP-17). 

NDA 20-690 
EISAI AMERJ ... .. , INC 
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SUMMARY: 

(E 20 20 abbrevfated as E, physostlgmfn• abbreviated u P). 

A) fhamiacodynamlca: 

IC 50 values for Inhibition of· rat braJn acetylchollnesterase (AchE) and rat plasma 
butyrylchollnesterase (BuChE) were as foUows: • 

Table 1: lnhlbltoiy 'Effects of E2020 and Reference Compou.ncb Oil Rat 
Brain ACh£ and Rat Plasma BuChE in vib-o. 

C.OmplUl'd ICso<nM> Ratio ot IC50s' 
AChE Activity BuChE Adivitv CBuChE/ AChE) 

E2020 S-'O:t:0.20 7138.0±133 1252.0 
PHY 0.68±0.Q'l 8.1 ±0.3 11.9 

. -THA 80.60±2.50 7.3.0±0.9 09 
Values represent the mean :t S.E. from 4 dose--response curves for each test drug. 

E was about 1 Ox less potent than P (•PHY") and about 1 Ox more potent than tacrine ("THA "). E 
had the greatest specificity of the 3 compounds for AchE (vs BuChE). It wae stated that •more 
extensive kinetic: studies• Indicated that E Is a reversible noncompetitive Inhibitor Of AchE, but no 
specifics were given. 

..... 
.·~: 

:~ 
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.. _ b-'necl In an tx ytyo study of AchE lnhlbHlon In rat brain The following resun .. were 0 ..... . 
(dNg• gtven p.o. 1 hour prior to aacrlftce): 

Q; 
:::i 
en 

r:. 
i 
~ 
15 e -b' 

i 
w 
.c 
0 
< 

10 

' 

0 

I': 

110" 10 x10• 10 •'0
4 10 1104 

• .. 
& 5 I 

00 Bl fM Sl 00 • 11 00 SI& • • ~ "" "" 
6 e I e e 6 e 7 e 8 7 

0 0 c 3 10 3l c 3 10 10 3) 8) 

E2020 P'HV ™A 
m~g mg/kg mgA<g 

Figure!: 'Effects of Oral Administration of E2020, 
Physostigmine (PHY> and Tetrahydroami.noaaidir.e 
<THA) on Rat Brain AChE Activity ez vivo. 

Each column denotes the mean :t-9.E., •, .. : p<0.05, p<0.01 vs. :ontrol. The 
top numbers in each column represer.t the p-!rcent inhibition relative to 
control. The lower numbers represent the nwnber of animals used per group. 
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E and P caua&d lnhlbltl.>n at 3 but not 1 mg/kg p.a. E appeared to be 1UghUy more potent 
and/or effective than P and lf9nlftcantly more potent than THA. llthough · 1hia conclusion Is 
tem1*9d by the llmlted D-R data obtained and the llngle time point uald. Noth1ng wu stated 
regarding the toxic llgna produced ~ each drug at these doaes; thJI wOuld have been useful 
afnce an Important goal In thl8 field II to dewlap drugs with therapeuUc lndtct1 greater than that 
~~ . 

:.:;. . 

E was shown to elevate rat brain acetylchollne (Ach) at a dose of 5 mg/kg p.o.; It was not 
atatad lf lower do9~' W•r• US&O: 

Table 2: Effrcts of El020 on ACh Concentrations of the Ctteb'lal Cortex, 
· Hippoc.unpus and Striatum of WllW' Rats. 

Treatment ~ 

Saline 
E2020 S 
£2020 20 

Figures are mean± S.E. 

n 

6 
6 
6 

A.Ch Concentration (~o . ..:.;le;.:..1,...> __ --t 
Cortex Hi m us Strlatum 

15.8 ± 0.79 23.S ± 0.74 67.1:t3.52 
20.4 :t: 0.69" 25.6 :t 0.78 87.8 :t 3.99 
21.8 ± 1.44- 28.7:t1.14.. 99.3 ± 8.95 .. 

•,••: p<0.05, O.Ql vs. respective control (Dur..rietL; t-tcst). 

,.. 

:- .. 'l 
' - . ·.-
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In cnother study. E at 1 ~ 3 mg/kg l.p. lncreued Ach ,.,._ In rat cerebral cortex In 
vivo: this WU 8tatlstlcally llgnlftcant for up to ~ mlnutel: 

.., 
U020 El020 
1.0 mg/1411, Lp. 1.0 mgt1!g, l.p. 

y .... 'P ,.. 

2111 200 

l l 
~ Q 

100 11111 

0 

..o o m 1ao • o m tm ,~ 

Tlme after AdmlNl•allon (mll'I Time Mtf Admlnlllrallon (min) 

Figure 3: Elfeds of E2020 on &tracellulu ACh Levels In the Cerebral 
Corte~ of Rats. 

Results are expressed H the mean " change from the aver•ge baseline 
value ± S.E. •, .. : p<0.05, 0.01 vs. baseline release (paired t-test, nm4·'S). 
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.. . ,.. 

(Note that thla dOM not neceuarlly ahow an Increase ·1n. Ach releue, 1lnc. levels could be 
Increased due to AchE lnhJbltlon. Also note that lncreu• In Ach levels or releut do not 
necessarily Imply an Increase In· chonnerglc neurorinsinlulon). 

;·. 

Other studies showed that E, at doses u low u 1.25 .. 5.mglkg p.o., lncreued brain Ach 
level In rata whose brain Ach had . been decreased by chemical lesions or acopolamlne 
administration · · 

E waa active In 2 behavioral modela of chollnerglc hypofunctJon In rats: (1) at 0.25 - o.so 
mg/kg p.o. It partly ·antagonl?ed acopolamln.tnduced Increases In running time and error 
nuniber 111 a radial maze task (l i-iA was fl.bout 4x 1881 pot-Int than E) and (2) at 0.125 -.1 mg/kg 
p.o. (but not 0-R} It partly antagonized NBM lesion-Induced dl1ruptlon of retention of a passive 
avoidance response. (THA Inactive up to 1 mg/kg p.o.) (Note that In the latter study, E was 
given prior to training; thus an effect on retention per 11 cannot be concluded). In another study 
E at 2 mg/kg a.c. In rats partly antagonized scopolamlne-lnduced Increases In locomotor art.ivfty; 
the effect of E atone was not studied. 

e.. 
1 was Inactive In the following studies of CNS activity (maximum dose In mg/kg In 

parentheses): spontaneous motility In r~ts (3 p.o.), pentobarbltal 1leep time In mice (10 p.o.), 
electroshock-Induced conwlalons In mice (1 O p.o.), and pantylent1truol-lnducad conwlslons 
ln mice (Hi p.o.). E at 10 but not 3 p.o., and P at 1, lengthened survival time In KCN-traated 
mice. 

A cardiovar :ular study Will performed In anesthetized dogs (N•3). Increasing dos&s of 
0.1, 0.3, and 1 mg/kg l.v. were given at 10 minute Intervals. A single dog was given T'r-IA (1, ~. 
and 1 o mg/kg). Results are shown on the following page. E produced no pronounced changes 
In the parameters studied. THA, In the single animal tested, produced a decreased heart rate 
and Increased PO Interval at 3 mg/kg and above Q.e., at doses which were not tested with E). 

In male rats, E at 1 o mg/kg p.o. Increased urine volume and urinary Ne and 01 e:.;cretlon 
over the first 4 hours post-dosing; these were followed by compensatory decreases during the 
4-24 hour period such that 24 hour vah~•• were not altered (see attached figures •4•, •511

, and 116"). 
(Not shown: no effect on K excretion seen during ~ hour period but a decrease seen during 
4-24 hour period. Also, lower doses of 1 end 3 mg/kg were tested during the o-4 hour period 
anc: Increases in urine volume and Na and Cl excretion occurred but were not statistically 
algnific:ant. THA at 1 O mg/kg p.o. was also tested during the 0-4 hour period and produced 
slightly greater increases than were seen with E ~L 1 o mg/kg). As show1l In the·flgu<tilii, the 
effects of E were attenuahtd by scopolamlne, auggeoting chollnerglc mediation. Th• report states 
that the attenuating effects of methscopolamlne were •much weaker", suggesting a central effect 
of E, although the dlfferene.;e between the attenuating effects of scopolamlne and 
mlllthscopolamlne appear rather sllQht In the figures. 

. , . 

· .. ,. 
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Figure 1: Effects of E2020 and nLA on Cardlohemodyzwnlct 
and !CG m AnHthatiztd Dogs. The test com
pounds were adnlinistered at the points indicated by 
the arrows at intravenous doses of O.t, 0.3 and 1 mg/ 
kg {E2020) and 1,3and10 mg/kg (1HA). 

• : E2020 (n•3). 0 : THA (n• 1 ). Ea:h point and the 
bar represents mean± S.E. HR: Heart nte, mAP: 
Mean arterial pressure, LV dP I dt: Flnt derivative of 
left ventricular pressure, PQ: PQ-lnterval in ECG 
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Figure 4: ·Effects of £2020, SC and 
MSC on Urinary Volume 
(UV) 

Values rep ese11t the mean :t S.E. of 6 
rats.L-SCandH-sClndicittelowdose 
(05 mg/kg) and the high dose (1 mg/ 
kg) or sc. respectively. • ... : p < o.os. 
p<0.01 vscontrol. f:p<0.05vsE2020 
alone. 
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In a -preUmlnarf lrtudy In conseioua rata, lntraduodenal admln'iatratlon of E at 1, 3, and 
1 o mg/kg,· end THA at 3 end 1 o mg/kg (only dOS8ial teated) caused dole-<lependent Increases 
In the frequency of gastric (but not duodenal) comractlona. In analthetlzld rats, lntraduodenal 
administration of E at 1 o but not 1 or 3 "'g/kg decreased gutrlc acid concentration (without 
algnfftcant decreue In volume of gutfic aecretlon): THA at 1 O mg/kg cauaed a slightly smaller 
decrease than did E at the same dose . 

. 
E at 1 o (but not 1 or 3) mg/kg p.o. elevated baaal blood glucoae by about 80% In fasted 

rats tor 1 ·2 hour post dosing. THA produced almDlt effects: 

CJ Control 
ta THA 10 mglltg 

250 = lliA 30 mglltg 
rm E2020 1 mQ*g 
[;] E2020 3 rnrfKg 

200 GJ E2020 10 ~ 

~ 150 
~-- :s " a. .,, e 
8 - 100 
ii 

50 

0 

• 
• 

2 
Tim• (houra) 

• 
• 

l=lgwe 8: Basal ·Blood Glucose Conc1:ntration1· after 
Admlnist-ation of £2020 and nlA. 

ColullUlS show mun± S.E. (n•S except n-4 for E20201 mg/kg 1, 2 
and 4hr time points because of incomplete administration of 
E2020 solution). •, .. : p < 0.05, 0.01 v1 respective control level 
at each time point. 
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Eat 10 mg/kg (but not 1-3) and nlA at 1D-30 mg/kg p.o. decr•~ed glucose tolerance 
In fasted rats: . 

100 " ,"' 

- Clnl'OI 
- • ~-~- l2020 I ftl9l't 
I ... -- ao:ao, mg/le 

f 'i-~-· DCl20 IOlllQlkt 

I ' tHt : ', i I ', 
I 
I , _, 

.,4 ,,. 

·l !I •1.0 -05 0.0 O.!I t.O t
1
!1 2

1
0 .}_5 ;O 

T llH ll\OUl't l 

figure 9: Effect of '£2020 on Glucose Tolerance in 
Rats. 
Mean± S.:!. n•S except n-4 for control at 0, 
0.5, 1 and 2 t.r ~cause of incomplete 
administration of distilled water) and E2020 
10 mg/kg &t 0, 0.5, 1 and 2 hr (because of 
severe diarrhea). •, ": p < 0.05, 0.01 vs tht 
respective rontrol level at each time point. 

300 
• 
=~-_., .... 
)! 200 

G 

100 

crvg 
p.o. 

Qll.COll 
2 Ofkg l.p. 

-

o.....,,.....v __ ....... ~__,,...... __ .._ __ ._._.....,_ 
-1.5 •1.0 -0.5 0.0 0.5 1.0 I 5 10 2.5 ].0 

Tim• (hours> 

Figure 10: Effect ofntA on GlucoaeTolennce !rt Rats. 
Mean;: S~. n•S except n-4 for controi at 
0, O.S, 1 and 2 hr (because of incomplete 
administration of distilled water), TH.A 10 
mg/kg at 0.5, 1, 2 hr (because of severe 
diarrhea) and TH.A30 mg/kg at 1 hf (because 
ofthedeathofonerat). n•2forTHA30mg/ 
kg at 2 hr (because of the death of an 
additional two rats). •, ": p < O.OS, 0.01 vs 
the respective control level at each time 
point. 
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E was a relatively weak "1hlbltor or coDagen-lnduced platelet aggregation In human 
platelet-rich plasma (ICSO% aboUt 500 uM). 



ADMEtpK: 

The sponsor's namative summary and table of studies are attached. The following 
discussion involves data on metabolites in rat and dog which recently have become available. (Also 
note that data on plasma drug levels obtained in conjunction with toxicity studies are smnmarized in 
the individual studies in the present review}. 

The proposed metabolic pathway is shown in the attached fiaure (figure "7"). Also attached 
are tables ("14" and "10") showing the relative amounts of parent dnig and various melabolites in 
plasm~ urine. feces. and selected tissues after oral dosing with 1 mg/kg c•• -labeled E2020 in rats 
and dogs. Note that in both species the drug is extensively metabolized u indicat~d by the 
rc!atively low proportion of parent drug in plasma, urine, feces, and bile. (f'or interpretation of the 
urine and feces data, note that the % of dose excreted as total label in the time intervals specified 
was as follows: rat - 37% in urine and 54% in feces; dog~ 20~o in mine and 71Yo in feces). (Note 
that in contrast, proportions of parent drug in brain, liver, kidney, and pancreas were relatively high 
at the time po;.,t measured). Data showing plasma and brain levels in rats over a larger rime span 
arc shown in attached figure "S 11

• It can be seen that · , plasma, parent drug is initially - 1 i3 total 
label and decreases to a much lower fraction over time. In brain, parent arug is responsible for most 
of the label over the time period measured. Plasma data in dog are shown in attached figure "4" 
where levels of parent drug are much lower than those of total label over the timr:: ~·~ri~d measured. 
(The 0-6 hr. AUC for parent drug was - 3% that of total label). As noted under 
"Phannacodynamics", metabolites M 1 and Ml had AchE inhibiting potencies in..~ similar to 
that of the parent compound. 

(Note that until recently there were no adequate data on extent of absorption of drug in dogs. 
Bioavailability was known to be low. Although there 1:> apparently still not a study using i.v. dosing 
with labeled drug in dogs, which would be needed to more directly estimate oral absorption recent 
data showing a large amount of label found in bile after oral dosing, and the presence of only a 
small amount of unchanged drug in feces after oral dosing [table "10"], suggest that the low 
bioavailab::ity in dogs is due to first~pass metabolism rather than poor absorption, and the reiatively 
high amount of label excreted in feces after oral dosing represents biliary excretion rather than 
unabsorbed drug. [Extensive oral absorption was more conclusively demonstrated in rats in earlier 
studies by the use of i.v. dosing with labeled drug, and by the use ofbile·caMulated animals. The 
relatively low amount of unchanged drug excreted in feces (4% of dose; see table "1411

) supports 
this conclusion}). 
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TaLle 14 Composilicn of metabolites in plasma, tissues and cxcn:la aft.:.· 11 _!tinglc oral alfrU?ii~lkn of Uc.l!.'2020 ( I ml:f'kg ) to rnl!I. 

E20ro 
M1 
M2 
Ml 
M4 
MS 
M6 
M7 

M7·sunate 
MB 
t.8 

M10 
GgUuaWje 

U1~1 

UM£ 
UM3 

Others 

Plasma &ail ltile Feces lfe livi.r Kiifiey Pancreas Pancreas 
O.stw O!ff 0 • 24 hr O • 24 hr O • ~4 hr 0..511" £'SK' 0.5hr 8tv 

"'9l S.ill Min SUI "'91 S.E.M Min S.EM Mm S.E.M Min S .. :.U iiW' SJ:1.f Min SHI li'm1 S.E.M 

( % ol Sample ) ( % ol dose) ~ ~fT~r: ,:.:_a.._) ------
31.0 ± 2.89 8Q8 ± 6.18 1.52 .t 023 4.21 i D.56 D.22 .t 0.01 lnl t 1.4~ 1 JI' :.: i : ~ 9.S.8 1: 1.48 98.B .t 0.21 

2.48 ± O.&l 3.37 ± 1.19 0.35 ± 0.07 1.78 ± 029 119t ± iA 9QL BQL 
1.01 ± 0.46 1.2> ± 0.33 0.79 ± 0.03 2.10 ± 0.16 :..52 ± 0.~5 0.78 ± 0.00 BOL 
0111 ± OD2 1.33 ± Q.29 0.10 ± 0.01 0.26 t G~ tJL dOl BOL 

3.29 ± 0.83 3.34 ± 0.2> 3.61 ± 0.30 6.8l1 ± 1.00 4.n ± U.46 8.12 ± 0.85 t.t~ ± 021 BOL 
0.47 ± OJll 0.18 ± om 0.32 ± o.os 0.14 ± O.Ot BOL OQL BQL 
O.lli ± 0.00 0.11 ± 0.01 O.D7 ± 0.00 BOL SOL BOL BOL 
0.11 :t O.DJ 1.10 ± 0.14 0.10 ± O.Ot 0.70 ± 0.13 BOL BWL BOL 
1.01 ± G.62 3.93 ± 0.77 2.13 ± 0.28 o.81 :t 0.14 BOL 
0.15 ± 0.10 1.56 i: 0.31 OS&± 0.13 0.54 ± 0.24 BOL 
0.85 i: 0.39 135 :t 2.39 0.64 :t O.o3 BQL BQL 
0.12 ± 0.04 1.33 :t 0.10 025 ±om BQL BOL 

5.5.1 ± 5.33 210 ± 2.51 UT± 0.78 65.7 t o~ 4.11 :t o.82 1s.1 ± 4.01 
0.75 ± 03 3.89 ± D.26 1..3> ± 0.11 0.5.'I :J: 0.43 BOL 
0.17 :tom 1.46 :t 0.12 UJ8 i: Q.13 BQL BOl. 
0.33 ± O.o4 OJI ± 0.13 8.37 ± oa; 0.38 ± 0.10 BQL 

10.7 ± 1 :J7 102 :t 6.18 1.45 ± 0.32 5.84 ± 0.19 11.0 :I: 1.38 2.93 ± G.25 1.95 ± 0.72 1.3! t 0.33 0.81 ± 0.37 
Mun ana S.E.M. are calculated for four rats al each lime poinl 
BQL: Below quan1ifica1ion Jimil (< 40dpm/Samplc: O. I 3Sng equiv ./Sample). 
- : not mca,urcd "" c 
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Table: 10 CompMitioa ol metabolila in pluma. tiuue. and euret. after a nncle oral •dminislratioa ol He-E2020 (]~ 
&obmP=dop. 

Pll9na Bnla tme fas tmeln &Rury bladder Bill Unr l<kh!r PlnCIUS 
Utr 1.!lr o • 48hr a • 48lf 1.sw 1.str 1.9w 1.91' 1.sw 

11eM S.E.ll Mein UJl U.. S.Ul 1191 S.Ell U.. S.E.ll lleal $.Ell llal 5.£11. .._ 5.£11. UeM S.E.11. 
(% OI ~L]"J. OI ~L . (i 01 itCiie> ii oi CIOse) (% ot Sii~~-!11 SMijH) (iJi OI Sl8ijile) (ii OI SiriPli) (\ OI sample) 

~--~--o.m · 0.61 ± Cl19 -- U1 :1: 1.31 -f.-6± Cl.51 26.1 :I: 2.17 -- 311 :1: "1 192 :1: U2 
Ill BOL 622 ± Ui5 0.19 :t 0.04 4.14 :t G.35 U& :t am ll.11 :t Q.17 1.41 :t 0.24 1.m :t 0.13 4.73 :t U> 
112 1.32 :t Q.19 6.16 ± 1.14 1.117 :t 0.19 122 ± 2.04 1.9 :t l10 l39 ± l12 616 :t 0.19 5.11 ± G.46 1.63 ± 0.71 
113 0.34 :t o.p NII CU2 ± 0.03 0.33 ::t Ami 0.23 :t O.CM UI :t: OOI 105 :t G.31 2.63 :t 417 1.13 ± Q.08 
114 l33 :t CLl9 HM 1.56 ± 0.10 6.04 :t 1.0I 1l6 ± 2.16 31.9 :t 139 7.41 :t O!i& 117 ± 151 5.51 :t 1.32 
r.15 029 ± l15 NM G.23 ± O.GI 0.47 ::t GD5 2.32 ::t G.31 1.36 :z:: 0.83 G.30 :t 0.18 Ui :t 0.15 0.44 :t 416 
lili BQl NU 0.03 ± 0.00 0.10 ± 0.03 .. :t UI ua :t U'I 029 :t o.m BQL U2 :I: 007 
Ml BQL NU G.40 :t om 4.25 :t 0.38 CL53 :t to6 au i:: I.GO 1.16 :t Cl.10 us :t CUI 8Ql 

U7-sdllll 115 :t 0.35 NU 2.01 :t G.19 2.79 :t 021 1.47 :t 151 5.86 :t: l06 1.15 :t 0.15 125 :t 022 1.98 :t 0.58 
.. 1.71 :t O!iO tlll Q.22 :t 0.03 3.23 :t G.3S Sfli :t l45 7.39 :t; l32 2.74 ± G.15 2.l'i :t 0.]Q 2.63 :t 052 
18 BQL HM ClGl5 ± OD1 1.14 :1: 021 167 :t 1.11 1.98 :t 0.43 0.63 :t o..a& D.l5 :t 0.13 NM 

1110 BOL NU G.03 :t OJt: 057 :t: U2 1.& :t U1 l3t :t U1 G.41 ± U1 1.13 :t 0.17 NM 
~ Sit :t 057 NII l5& :1: OJ1 615 :1: 1.14 46.7 :t:: 149 311 :t U3 22.2 :1: 0.23 1&5 :1: 117 NM 

UU1 142 :t 0.14 NU G.31 :t U2 2.74 :I: l49 1.!f. :I: U2 l77 ± U1 2.0t :t O.• 1.3 :t Ol1 NM 
U11Z 1.8 :1: UI NM D.86 :t 0.14 116 :I: 1.91 SS" ::t 1.2& 75 :t 1.2& ,,73 :t g t.52 ::t OJI NM 
Ula 162 :1: 1.23 •11 2.45 :t G.45 UD :t US 2.J.t ::: G.13 1.25 :.t l.O& 111 :1: 1.13 1.J& :t 0.41 NM 

01Ws 115 :t UI 6.19 :1: 118 127 :t 0.1' 1Q.9 :t 1.42 1.8 :1: G.73 l4D :t 1.77 17.5 :1: tm 9Jl'l :1: G.11 156 :.t G.11 
Mean and S.E.M. are calculated ror three dop at •ch time poinL 
BQL: Below quanliffcation limia. (< 40dpm/sample:0.136nc·equivJaample). 
NM: noi measured. 
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1000 

--0- Plasma levels of E2020 --.--
Plasma levels ot Radic.>activity 
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Fii:ure 5 Plasma and brain levels ofE2020 and radioactivity alter a sini;ic oral 
administration of 14C·E2020 Omgfkg> to nits. 
Each point represents the mean with S.E.M. or rour animals. 
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1000 

• Plasma levels of E202!) 
-<>-- Plasma levels of Radioactivity 

,~------------~------~--------------.------. 
0 1 2 3 4 5 6 7 

Tlrr.e ( hr ) 

Figure 4 Pluma levels ofE2020 and radi08ctivity after a 1inrle oral aJ.ministntion 
of 14C·E2020 n.Omr/kr> co bearle dop. 
Each point represents the mean with S.E.M. or three animals . 
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E2020: NONCLINICAL ABSORPTION, DISTRIBUTION, METABOLISM 
AND 

EXCRETION (ADME) STUDIES 

Table of Studies 

(Section 5 • D • 2 • 0) 
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No11 Clinical Pllarmacolo11 and Toxlcolop 

5.D.J.O SUMMARY 

3.1 OVERVIEW 

From the-results of the preclinical phatmacokinetic .tudiea conducted to date, the 
followina conclusions can be drawn: 

3. l .1 Ahsaiption and Ph•rm•r-0kinotica of Unlabollod R2020 (Single- and Multiplc
Onae). Following oral dosma, 82020 wu rapidly absorbed in Sprague-Dawley 
rats and ln beqle dogs (T max 0.5 to 2 hours). 

NDA 20-690 

3.1.1.1 Following 1inale intravenous administration, the elimination balf
life in rata and dop wu about 3 hoW'I. The volumea of 
distribution were l111e (a 10 l.Jka), indicatina extemive uptake into 
tissues. 

3.1.1.2 In futed rats, when one group wu dosed intravenously at 3.0 
mg/kg and three other groups were doHd orally at 1.0, 3.0 and 10 
maJka, absolute bioavailabilities of 58.1, 42.8, and 89.9 %, 
respectively, were calculated. The oral Cmax and AUC values 
showed more than dou-proportional increue~ at 1 O ma/ka, 
suaaestina a saturable ftrst·pau eft'act. 

3. 1.1. 3 When the same oral doses were administered to rats that were 
allowed continuous access to food lower pluma concentrations 
were achieved, and the apparent saturability in the 
phannacoldnetics of E2020 wu much leu evident. C111111 values in 
futed rats were 6.1 to 8.9 timu hiper than in non-futed animals 
of the same aex and dose aroup. For example, c .. at 3.0 mg/kg 
wu 119 qlml in fasted males and 19.6 in non-futcd males. In the 
non-futed animals, the 3.33 fold increment in the dose from 3.0 to 
10 ma/ka produced a 3.66 and 4.14 fold increue in the mean C111111 

and AUC(O-lhr) values, respectively. 

3.1.l.4 In a 1inale-dose study in futod male doas, an i.v. dose of 1.0 
ma/ka and oral doses of 1.0 and 3.0 ma/kg indicated absolute 
bioavailabilitics of S.85 :t: 0.99 and 28.4 ~ 3.0 %. respectively, for 
the oral dosea. The mean Cmax for tho oral dolOI ware 3.37 ± 0.58 
and 49.S :1: 3.61 ng/ml, respectively, with AUCco-> values of 10.9 
* 1.S5 and 1 S9 • 12.6 ng•hr/ml. Thus the l·fold increment in the 
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doses resulted in an increase of over 14-fold in both parameters. 

3.1. l .S When oral E2020 wu administen:d once-daily to rats in a I-year 
study and to beagle do1s in studies of 13-weeks' and I-year's 
dW'ltion. study 1tate pluma concentrations were aruter than 
expected for a compowul with a half-life of 3 hoW'I, and small but 
progre11ive increuos in Cmax and AUC were observed. for 
example, the mean E.2020 pluma concentration in male rats one 
hour after al m&lka dose wu 24.1 q/ml on Day 1 of the one .. year 
study and 87.4 riWml on Day 361. In male and female dop, Cmax 
values in the 2.0 ma/kg/day lfOup increased 3.07-fold t?oru 19.48 

- - - -

on Day 1 to 59.80 nflml on Day 364, and the corrupondin1 mean 
values for AUC(O-) lncreued ,.BO-fold from 69.71 to 404.3 
na·hr/ml. 

3.1.2 Absrn:ption ind PhenntMkineric• of 14C.!eMllod 82020• Sin1le.dnM Stud;,. In 
rats, E2020 related radioactivity wu npidly absorbed, and dilplayed a 
mean peak radioactivity concentration 30 minutea after administration. 
Virtually complete oral absorption of E2020 in tho futed rat can be 
deduced from the hiah recovery of iadioactivity in the urine plua bile (97.3 
:t: 1.00/o of dose). lr. doas, total radioactivity and intact E2020 reached peak 
concentrations 1.5 to 2 hours after oral administration. 

3.1.3. Absm:ption and Pharm•cakinetic• of 14C-lehcl!ed E2020· Multiple.day Sb1djes 

Little accwnulation of wtoactivity occurred durina 7 days of continuous 
oral administration of C~E2020 to male rats. The ratio of the AUCco.. 
IOhr) values for the seventh dose, relative to the ftnt administration, was 
122 * 4.8 %. Comparable results were found in a second study, with 
AUCco.l•hr} values for the final administration on Day 14 about 37% hiaher 
than those for the first dose. 

3. 1.4 Protein Bjndin1. Pluma protein bindin1 of E2020-related radioactivity wu 
studied u vivo and the bindin1 of E2020 wu studied In vitro. 

NDAJt>-690 

3. l .4.1 When studied •% vivo in samples collected l .S hours after dosina 
doas and in samples collected 0.5 to 12 hows after dosing rats, 
mean protein binding of E2020 .. related radioactivity was fowid to 
be SBo/• in the dog and ranaed from 58 to 64% in the rat. 

EISAI AMERICA, INC 
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3.1.4.2 When studied in vitro at concentrations from 28.0 to 579.9 ng/mL, 
the bindina of E2020 to rat plasma protein ranged from 64.44 ± 
3.~6o/o to 73.63 ± 1.37%. In dos plasma, the protein binding of 
E2020 ranaed from 81.91 ± 0.45 % to 86.90 ± 0.74 % when studied 
at concentrations from 26.8 to S6S.9 nafmL. In human plaama, the 
bindini ofE2020 wu 88.38 ± 3.19 % at 17.0 na/mL, 91.20 ± 1.06 
% at 70.1 n&/mL, and 89.0S ± l.16 % at 351.4 n&/mL. 

3.l.4.3 The bindina of E2020 to purified albwnin and alpha-1-acid 
glycoprotein (alpha· 1 nAQ) from rat, dog and human senun WU also 
studied In vitro. In all three species. bindina to albumin was higher 
than to alpha- I-AO. When the bindina of E2020 to human. dog and 
rat albumin was studied at an added concentration of 1 micromolar 
(416 ng/mL), the percentages bound were 73.9 :t: 0.4%, 44.0 ± 2.2% 
and 61.1:t:0.7%, respectively. 

3.1.4.4 Displacement studies were perfonned In vitro usina purified 
human serum albumin. E2020, and the test drua• furosemide, 
di1oxin and ~'Bl'farin. The unbound percentqe for E2020 was not 
atrectcd by the presence of the test dnla•, and the bindina results 
for the test dru11 were unaffected by E2020. 

3 .1.S. Tissue Distribution. Followina single intravenous administration to male 
rats and dop, the volumes of distribution (V dss) for E2020 were large(~ 
l 0 Llka), indicating extensive distribution into tissues. 

3.1.S.l. Usina the technique of whole-body autoradiosrapby, O.S homs 
after administ.erina a sinae oral 1 malka dose of 14C-E2020 to fasted 
male rats, the biahest concentrations of radioactivity were found in 
the liver, esophagus and bladder. Only low levels of radioactivity 
were found in the central nervous system with the pituitary gland 
and pineal body having slightly higher concentrations of 
radioactivity. By 168 hours after dosing, levels of radioactivity 
were too low for the distribution to be dctennined. 

NDA 20-690 
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3.1.5.2. One-half hour after administering a single oral 1 mg/kg dose of 
14C-E2020 to fasted male rats, the highest concentrations of 
radioactivity were found in the gutrOintestinal tract {itdministration 
site), liver, pancreu, pituitary, adrenals, kidneys and bone marrow. 
These were 48. 7 ~o 1 DJ times the conesponding plasma levels. The 
brain, liver and lddneys contained 0.19 :t O.OS, 14.0 ± 2.62 and 
1.48 :t: 0.34% of the dose, respectively, O.S hours after dosing. No 
radioactivity was detectod in any tissue apart from the testis and the 
liver 168 hours after dosing. and the residues in these tissues 
corrcspondod to <0.01% of the administcnd dose in both cases. 

3 .1.5 .3. In male dop, relatively high lnvels ( 40.6 to I 0.6 times the pluma 
concentrations) were found in the liver, ciliary body, kidney 
medulla. pancreas, choroidea and iris 1.S hours after dosing. 
Virtually all of the other tissues alao contained higher levels of 
radioactivity than the pluma. By 168 hours after dosing, the 
plasma level of radioactivity had decreased to 1.17% of maximum, 
and the liver contained a mean concentration which corresponded 
to 1.01 :t O.lOOAI of the ldministmed dose. Mean concentrations in 
excess of 1000 na-cquiv J1 were present in the ciliary body, 
choroidea and iris. 

3.1.5.4. Although the majority of radioactivity wu present as metabolites 
in rat and dog plasma shortly after the oral administration of 14C
E2020, E2020 wu the principal drug-related substance in the brains 
of both species. 

3 .1.6 Metabolism The metabolism of E2020 was studied in rats and dogs in 
vivo, and in vitro using liver microsomal preparations from rats, dogs, and 
humans. 

NDA. 20-690 
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E2020 was extensively metaboliz.ed in the two main species wed for toxicology studies. 
A total of 13 metabolites were isolated from rat urine and feces and two further 
c.ompounds from an in vitro incubation of .E.2020 with dog liver microsomcs. Of these 
products: 

1. Six were primacy phase 1 mctaholitm, formed by: 6-0-demethylation (Ml), 5-0-
demethylation (M2). para-hydroxylation of the benzene ring (M3), N-dcsalkylation 
(M4) and N-oxidation (equatorial and axial; MS and M6, respectively). 

2. Four were sccondaey phuc 1 products (M7 - MlO), which were formed by funher 
oxidation of the primary metabolites. 

3. Five were conJuaatm, formed either by glucuronidation uf the S- and 6-0-dosmetbyl 
products (Ml 1 • Ml4), or by sulfation of tho p-phenol (M7-sulfate). 

The proposed metabolic routes for the formation of these metabolites arc shown in the 
ti~ on the following ~e. In rat and '!",& plasma shortly after the ?ral administration 
of C-E2020, the majonty of radioactivity was present as mctabohtcs. In rat plasma, 
0-glucuronides (SS%) and E2020 (31% of the radioactivity) were the main drug related 
components. In dog plasma. SSo/o of the radioactivity was 0-glucuronides and 6.2% was 
E2020 In addition to these products, three unidentified metabolites (UMI - UM3) were 
also present in rat and dog urine. 

NDA.10-690 
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3.1.6. l. In male rats, the profile of metabolites was detennined in 'he 
naturally excreted urine and feces that were collected during the 
first 24 hours after an mal dose of 1.0 mg/k& 14C-E2020. In urine, 
the 0-glucuronides (Ml I - M14) wen: the main metabolites (mean 
± SEH: 23.0 :t: 2.S7% of doae), followed by M4 (3.34 :1:: 0.20%), 
Ml (2.48 :1:: 0.89%) and E2020 (l.S2 :1:: 0.23%). Other known 
metabolites were also present, but in amounts that r1.veraged s; 
1.01 o/o of the dose. 

NDA 20-690 

In rat feces, M9 (13.S :t 2.39%) wu the main metabolite present, 
followed by O~glucuronidos (6.87 :I: 0.78%) and E2020 (4.21 :I: 

0.56%). Other metabolites that accounted on average for between 
3 and 4% of the administered dose were Ml, M4. M?-sulfate and 
UM 1. The remaining metabolites were also presen~ but each 
accounted for .s; 1.6% of the dor.e. 

In dogs, the profiles of metabolites were amlyud usins samples 
collected up to 48 hours. 0-glucuronidcs Wen'l the main 
metabolite~ in wine (8.56 * 0.87% of dose), followed PY UMJ 
(2.45 ± 0.'15%). M7-sulfate (2.07 ± 0.19'/0), M4 (1.56 :i: 0.10%) an~ 
M2 ( 1.07 :I: 0.19%). £2020 and the remaining metabolites WCl't: all 
present, but on average they each accounted for .s:0.4% of dose. 

The largest single component in dog feces was the unidentified 
metabolite UM2 (13.6 ± 1.97% of dose). The main known 
metabolites in the feces were: M2 (12.2 :I: :l.04%), the 0-
glucuronides (6.1 S :!: 1.14,'o) and M4 (6.04 :1:: 1.01 %), but 
measurable quantities of all of the other identified 1:ompounds 
were also present. 

3.1.6.2. In Vitro Studies. ln hwnan microsomes, M4 was the major 
metabolite formed, with smaller quantities of Ml and M2. These 
three products were also the main metabolitr.s fonned by male and 
female rat liver microsomes. together with smaller amounts of MJ 
in both genders, and low level• of MS in the males. M2 and MI 
were the main metabolites in male dog liver microsomes. In human 
microsomes, M4 was formed mainly by CYP3A4 (which is the 
major form of human cytochrome P4SO and accounts for about 30% 
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of the total enzyme), while Ml and M2 are produced predominately 
by CYP2D6. Thcophyllinc (a substrate for CYP I A 1) did not inhibit 
the metabolism of E2020; cimetidine (a general inhibitor of 
cytochrome P450) &howee a low affinity non-competitive inhibition 
of E2020 metabolism in vitro, and may result in only a hmited 
interaction in vivo. Quinidine (a potent inhibitor of CYP2D6 and 
also a substtate for CYP3A4) weakly inhibited the formation of 
Ml, M2 and M4 in vitro, and may have only a slight effect on the 
metabolism of E2020 in vivo. By c:ontrut, erytbromycin (a 
CYP3A4 substrate) competitively inhibited the metabolism of 
B2020 and might decrease its metabolllm In vivo. K.etoconuole (a 
potent inhibitor of the CYP3A4) wu a high affinity inhibitor of 
MI, M2 and M4 fonnation, and is expected to be a potent inhibitor 
of M4 formation in vivo. In a study of ••c-labelled E2020 aiven to 
healthy vo?1vlteers (Protocol B2020-A001-004), substantial 
amounts ~t Wlchanged E20l0, Ml, M2, and their alucuronides 
were excreted. This indicates that B2020 is eliminated via multiple 
mechanisms. Thus, no single drug is UJcely to greatly increase 
plasma levels in humans. 

3.1.7 Bxac:tio.n. Following a single administration of 
14

C-E2020 to dogs orally 
and to rats orally or intravenou.'lly, radioactivity was excreted rapidly in 
bile, urine, and feces. Virtually complete recovery of E2020·related 
radioactivity was achieved in rat and doa urine and feces; over 90% of the 
dose was recovered from both species within the first 48 hours after dosing. 

NDA 211-690 

3 .1. 7 .1 In male rats. 91.2 ± O. 72% of the administered dose was recovered 
in the excreta in the first 24 hours after dosing, of which 36. 9 ± 
0.81 % was in the W"d\c and 54.3 ± 0.32% in feces, and over the full 
168 hour study period the total recovery wu 98.9 ± 0.77%, with 
39.2 ::i:: 0.65% and 59.7 ± 0.64% in the urine and feces, respectively. 

3.1.7.2 In the dog, 74.3 ± 2.56% of the dose was excreted in the first 24 
hours after administration, of which 17.8 ± 1.63% was recovered in 
urine and 56.5 :t: 3.78% in the feces. The total recovery had 
increased to 90.4 ± 0.48% by 48 hows, after which the excretion 
was low. During the 168 hour period of the study, 98.3 ± 0.87% of 
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the dose wu recovered, 21.4 :1: 1. 71 % in the wine and 77 .1 :1: 1.10 
% in the fccca. 

3.1.8. Comparison with ADME Data from Humana, In the ainalc-doac Phuc I Study 
.. in the United States (Protoc.Ol E2020-AOO 1-001 ), in which oral E2020 

dosca of 2.0, 4.0, and 6.0 mg were compared to placebo in healthy male 
volunteers, peak concentrations were achieved by approximately 4 hours 
after dosing, reprdlcas of the E2020 dose. The relationship benv.i AUC 
and do. wu linear across the dose map tested. For the two highest dosea 
tested (for which the may provided complete cbuacterimtion), the 
terminal balf"lives wme 82.8 ± 22.3 and 80.1 ± 21.6 hours, respectively. 
and the appment volumes of distribution (V bfF) were 12.8 ± 2.5 and 12.3 
± 1.91..Jka, respectively. Thus, u miaht be expected. 62020 wu cleared 
more slowly from man than from rats or dop. 

In another Pbue I study in which a 5 ma do• of 14C-E2020 (50 
microcuri•) wu ldmiDiltm'ld to helltby mile volunteen, S7% of the dose 
wu recowred &om urine IDd 15% from fecea over the ten days followina 
dosing. This pattern of excretiQn ii rouahly the revene of tblt oblerved in 
rats (39.2 :t 0.6.5% urine and 59. 7 * 0.64% feces) and do11 ( 17.B • 1.63% 
urine and 56.5 :1: 3.78% feces). In human urine, parent B2020 compriaed 
16.9% of the recovered radioactivity, and the remainina metabolite pattern 
was u follows (M 11 and Ml 2 are 0-glucuronidated venlons of Ml and 
M2, respectively): Ml•l.5%; Ml 1-4.9%; M2•1.1%; M12•2.1%; M4• 
6.1%; M6-l.9%. 

ND.A 20-690 

ln human feces, parent E2020 accounted for 1 % of the Ra>vered 
radioactivity; of the identified metabolites, Ml, Ml 1, M2, M12, M4, and 
M6 were all present at leu than 1.0% of the recovered dose. 

Thus, it can be concluded tbt .t the metabolites in the two principal 
toxicology species adequately < overed the metabolites in humans. There 
was no unique metabolite identified in humans that was not present in rats 
or dogs. 

E2020 is eliminated via multiple pathways in humans, including 
metabolism by at leut two different P4SO isozymes, and excretion of 
unchan1ed E2020. 
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3.l ABSORP110N AND PllARMACOKINETICS OF E2020; SINGLE 
.. DOSES 

The absorption and aiqle dose pbanmcokinedca of P.2020 were studied in Sprque
Dawley rats and Beqle clop, the two main species used in toxicology. 

An HPLC·UV 1111)' wu Ulld to study tbe dllposition of B2020 ln rats and dop in 
several ltUdial. Pollowina lina1e intravenous ldmlrailtratlon to male rata and dop, the 
ell.mlnadon balf•li& in botb lplCi• WU about 3 ho\n. The VOlumel of diltribution 
(V daa.l were lqe ( l 10 L/ka), indicatina extenlive diltribution into tiuuea IAd the 
plasma clell'IDCll were blab (l 80 ml/mlnlka) indlcatlq a poulble ftnt·pw effect for 
oral 'Clmini*ltion. Pollowiq oral closina, 82020 WU rapidly ablorbod by both apeciea 
(t_ 0.5 to 2 houn). c .. and AUC values both showed a more than dole-proportional 
increue with increua in dole. Evidence that tbia wu due to lll\lration of ftnt·pua 
metabolilm wu provided by a -.dy in rat1, in wblch one poup wu doled imrawmusly 
at 3.0 ma/kl and three other aroupa were doled orally at l.O, 3.0 IDd 10 ma/kl [D--1). 

Table 1 

Pharmaopkiaedc panmcten of E20IO la pluma after oral and 
lntnvenoua ad.mlnlltracion of ti"l;I• doH1 co nt.t. 

5.0 O.Oi t 545 t 3.00 0.11' 81.4 1U 
1.0 O.IO 43.3 1.30 0.111 140 31.2 
3.0 0.10 111 3.10 0.213 1IO 31 .4 

cn1 10 O.IO 131 4.11 1.14 to.I 20.4 

•: Oral vahatt art no& corrected for bioa~aUability. 
t: First 11mplt collected, I min af'ttr 1dmini1tr8'ion. 

(Source: Table 3 of D· l; PK-9; W-931117) 
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Comparing the mean Cmax and AUC(0.2<4hr) values with the conesponding value for the 
i. v. dose indicated absolute bioavailabilitiea of 58.1. 42.8. and 89.9 %, respectively. The 
higher bioavailability for the lo mglka dote augested that the 1 O mg/kg dose tended to 
saturate the ftrat·J>llS effect in tho futina nt. The elimination half·life for the i.v. dose 
wu 3.00 hr, with col1'llp0Ddina valUll for bl 1.0, 3.0 and 10 mafka oral dolGI of 6.30. 
3.60 and 4.98 hours. A high Vet.. of 11.S Llkg for the 1.v. dose suueated extensive 
tiuue penetration. 

When the same oral doa were ldministered to rats that were allowed continuoua accesa 
to food [D-2], the non-linearity in tho pbarmacoldnedca of £2020 wu much lea evident 
(Table 2). The 3.33 fold increment in the dole fi:om 3.0 to 10 mg/kg produced a 3.66 and 
4.14 fold increase in the mean Cmax and AUCco.11v\

1 
values, respoctively, in male rats. 

Similar dose·proportionaltty was allo apparent m the females. Thus, the oral 
pharmacokinetica of 82020 in non-futina l'ltl appeared to be linear. 

Table 2: Pharmacoldaetlc parameten of £2020 ID plaama followln1 
a imp onl admlnlltntlon by pvap to non-luted male 
and female nts. 

Gender Orouboa T&}T c~&f&'b 
Male 1.0 ma/ka 1.0 (0.25 .. 1.0) S.4S * 2.63 

3.0 mi&/'ka O.S (O.S - 1.0) 19.6 :1: 2.S2 
10 ma/kg O.S (0.S • O.Sl 71.8 :1: 2.90 

Female 1.0 mg/kg 1.0 (1.0 - 1.0) 14.7 ± 1.67 
3.0 ma/k1 0.75 (O.S .. 1.0) 46.9 :1: 7.SO 
10 mR/ka 0.75 CO.S '." 1.0l 152 * 18.1 

9.04 :I: 3.33 
6S.0 :t: 7.61 
269 :l: 30.3 

Tmax values ue median and 1'1111• ; odw P&flllleterl U'I mean a SBM. 

54.1 :i: 6.03 
200 = 26.1 
591 :t: ~ 

Although both aenden absorbed the drui at comparable ratea, the mean Cmax: and 
AUC(O.lhr) for female rats were 2.12 to S.98 times higher than those in males. This 
higher clearance in the male rat is consistent with the in vitro ftnding that the rate of 
metabolism by male rat liver microsomes ii higher than the conesponding rate for the 
female rat (see below). 

Mean Cmax values in non·fastina female rats were 2.1 to 2. 7 times hiaher than those in 
males. This study is especially relevant to the 1avqc toxicololY studies of E2020 in 
rats, because the animals in these studies had acceu to food ad llbltum. 

A sinale dose .. proportionality and absolute bioavailability study wu also performed in 
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fasted male dogs, usina a cross-over design with an i.v. dose of 1 0 mg/kg in saline and 
oral doses of 1.0 and 3.0 ma/k8 administered u solutions in aelatiu capsules [06). The 
mean Cmax for the oral doses were 3.37 ::t: O.SB and 49.S ::t: 3.61 nafml, respectively, with 
AUCco-) values of 10.9 ::t: l.SS and 159 ::t: 12.6 na·hr/ml. Thus the 3-fold increment in 
the doses i'esulted in approximately a 14.6Told incraR in both parameters. Comparing 
the individual AUC. for the 1.0 and 3.0 ma/ka oral dotes with their conesponding values 
for the i.v. administration (192 :t 11.2 na·hr/ml) indicated absolute bioavailobillties of 
S.BS ::t: 0.~9 and 28.4 :t: 3.0 %, rcspcctiwly. This mgested that a saturable first·pass 
effect also occurs in fasting clop. The mean elimination half.life for the i.v. dose wu 
3.04 ::t: 0.09 hr, and that for the 3.0 ma/kl oral dole wu 3.28 :t: O.lO hours (a reliable 
value could not be determined for tbe 1.0 malka dole, u plasma concentratiom wr 'e 
only qmntitiable up to 6 hours after dosina). Apin a hiah V du of 17 .4 ::t: 0. 791.Jka for 
the i. v. dose suuested extemive tiuuc penetration. 

Sio&le-Doac Studjos of 14C-E2020 in Rats and Cop. Oral absorption of 1•C-labelled 
E2020 wu investipted in fasted male rats [D-4) and clop [D-7). Absorption in both 
species wu rapid, with peak blood concoDtratiom of radioactivity bcina found O.S hours 
after dosing in rats, and 1.5 hours after dosina in clop. Analysis of samples collected 
after an oral 1 ~~.a dose of 14C-E2020 showed that E2020 accounted a for relatively 
small proportir'1 of the drua re1atetJ material in pluma (35% of Cmax in the rat and 
6.21 o/o in the '1og) (D-4, D· 7); thia SUUestcd that extreme metabolism WU occurring as 
part of a "fint-pus" effect Nevertbelea, virtually complete oral absorption of E2020 
in the fasted rat e&n be deduced from the high recovery of radioactivity in the urine plus 
bile (97.3 :t: 1.00/0 of dose, described further below). 

The concentration - time curve for total radioactivity in the rat showed a number of 
secondary maxima, suaeltina biliary elimination and entero-bepatic circulation (BHC). 
This conclusion wu supported by administcrina 14C-E2020 intravenously to rat.a [D-S] 
in a second study which showed a secondary peak in the radioactivity profile 4 hours 
after dos· -. It - confinned by -..1-1- 1---=- radiolabelled compo·-.1 both orall and __ .. ma __ wu _ _ _ 11w1wwHwwg --. y 
intravenously, to rata with a cmmulatcd bilc-duc..1[D-4,0-S]; the secondary mavbna were 
no lonser observed in the plasma profiles of the cannulated rats. In addition, the pluma 
AUC values for total radioactivity were reduced in the cannulatod animals by about 50% 
(after oral administration) and 30% (after intravenous administration), compared to the 
intact rats. However, these secondary maxima were not seen in the profiles for 
unchanged drug in rat, suuestina that the EHC involved metabolites rather than 62020 
itself [D-1, D-2, D-4 ). Moreover they were not seen in the total radioactivity profiles 
in the doa [D-5), suuestin1 that the phenomenon was specific to the rat. 
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3.3 MULTIPLE DOSE PHARMACOKJNETICSfl'OXICOKINETICS 

Multiple dose pbannacokinetics of E2020 were studied in male and female rats, mice, 
and dogs. A more comp!ete profile wu obtained in the rat than in the mo1'JSe, so the 
informetion on the rat will be presente<lfirst 

Multiple.dose Rats. Five repeated dose studies were performed in the rat [D-8 to 0·12]. 

1. To assesses the accumulation of E2020 under the conditions used for toxicity studies, 
drua levels were measured in pluma of rats (n • 4 ma.Jes and females/aroup) that were 
dosed orally by 1•vaae for IS days, at l.O, 3.0 and 10 malka while they had continuous 
access to food and water [fable 3; D·I]. 

Table 3: Mean pbarmacoldaedc panmeten of 12020 Ill pwma (=t: SEM) duriD1 
repeated pva1e admbdatratlon to 11011-futtn1 male ud female rats. 

Mall t:O Ui * * 
10 1&1 * 111 JU & Z.OZ 
lttO ,.., * llJ tll * 111 

. ,__ 1.0 16.9 * Di w * Oi 
l.O ,,,, * '·'° ..., * s.J2 
10.0 ld * W) Ztl * lot 

l.29 2.0 
C).5 2.0 
t:D 2.0 
o.s 2.0 

°' OJ 

BJ * 25.l ~ Ji 
71t * u.o 1'.0 * t..15 
291 t z:&.• at t IU 

m * m m * u• 
VO a UJ JJ7 t Jl.1 

109 * 6U ll29 * 209 

Mean * SEM an calcull&ld for four •imlls. txcepc for Tma wbicb 6' IUlllllllrilld u 1111 tAldiln. 

The Cmax and AUC(MW> on both study days were hiaher in females than males, thus 
confim\ing the gender dilference seen in the sinsle doe study. Comparing the Cmax and 
.'\UC on the first and final (15th) days showed no evidence of accumulation of E2020, 
r.or a chaqe in its pbarmacoldnetica, for either sex dosed .&t 1.0 ma/kl, or the males at 
J.O ma/kif day. Howevs E2020 ICCUIDulation WU apparent in tbe f'ema.l• at the 3.0 and 
10 mf'k1 doses, as tbe AUC values for day 15 were 1lpiflcantly areater than those on 
the first day. Moreover, the accumulation probably exceeded that expected for first order 
kinetiC'9 u the mean AUC.0,J., for each of the hip dole females on Day 1 S (2065 :t: 168 • 
ng·hr/ml) wu greater than the corresponding AUC(o.-> for the first dose (1528: 206 
ng·hr/ml; p-0.0S 1 ). 

2. Exposure to E2020 durin1 the one year pvaae toxicity study wu assessed by 
analyzina pooled pluma samples collected from poups of satellite anim•ls durina weeks 
1, S, 27 and S2 [Table 4; D-9). 
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Table 4: Concentrations or E2020 in pluma at 1 hour after adminiltratioa by 
gavage to male (M) and femaie (P) ratl durina a I year toxicity study. 

DnaapOmup 

Study Day 1.0 mg/leg/day 3.0 mg/kg/day 10 mg/kg/day 
week M F M F M F 

1 1 7.42 10.02 24.10 S7.10 61.73 85.68 
3 13.98 11.19 32.33 SS.32 92.09 104.22 

s 1 6.85 17.33 40.99 75.00 157.07 159.81 
3 10.39 16.21 41.34 71.30 187.53 236.38 

27 1 13.71 22.03 54.4S 104.00 189.24 239.45 
3 10.58 18.82 47.17 63.93 149.SO 210.33 

52 1 12.95 23.95 65.34 108.42 224.06 304.64 
3 19.87 25.92 87.39 100.75 233.66 241.97 

The results showed that, consistent with the other studies in which E2020 was 
administered to both genders, plasma concentrations were generally higher in the female 
rats. Moreover, the plasma levels of E2020 tended to increase during the study. For 
example, the samples collected from the males at l hour after administration on Day 1 
contained mean E2020 concentrations of 7.42, 24.10 and 61.73 ng/ml, respectively, for 
the 1, 3 and 10 mg/kg dose groups, whereas the corresponding levels during the final 
week were 12.95, 65.34 and 224.06 ng/ml. 

3. Exposure to E2020 during a 13 week dietary oral toxicity study, in rats, with target 
doses of 0, 15, 30 and 60 mg/kg/day, was assessed [Table 5; D-1"1· On Day 15, the 
highest mean concentrations were found between 00.00 and 06.00 hours, and the 
minimwn levels generally occurred at 15.00 hr. Such patterns arc consistent with the 
normal (nocturnal) eating habits of rats. 
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Table 5: Pharmacoldnetlc parameten of E2020 In rat pluma on Day 15 of a 13 
week dietary admlniltratlon toxicity 1tudy. 

Dose c_ (ng/ml) c .. (nglml) 

(mg/kg) male female male female 
15 105 242 27.4 67.0 
30 238 574 48.3 118.0 
60 810 1379 168.4 402.9 

AUC(O-utvi 
(ng·br/ml) 

male female 
1713 3215 
3180 7663 

10170 19939 

Consistent with results for gavage administration. the averqe exposure to E2020 in 
female rats was approximately twice as high as that in males. Even though the doses 
were higher, the dietary toxicokinetics of F.2020 in rats were essentially linear. Thus, the 
4-fold increment in taraet doses (which, in practice, because of differences in the 
amounts of food consumed was closer 4.S fold) resulted in approximately a 6-fold 
increase in AUC values for both the male and female rats. Also, the comparison of the 
concentrations at 03.00 hr on Day BS with the corresponding Day 15 values showed that 
the exposure to E2020 effectively remained constant during the study (Table 14, 
narrative for Study Reference D-10). 

4. As single dose studies showed that total radioactivity was cleared more slo•1•ly than 
E2020, 1.14 mg/kg 14C-E2020 was administered orally to male rats for 1 days, ldsess 

the accumulation of drug related material [D-11 ]. After both the first and final doses, 
the concentration-time profiles for blood radioactivity showed the secondary maxima 

seen with single doses of 14C·E2020 in rats. However, the extent of accumulation was 
limited, as the ratio of the AUC(o.••> values for the seventh dose, relative to the first 
administration. was only 122 :i:: 4.8 %. 

5. Comparable results were found in a second multiple-dose l 4C-E2020 study, in which 
1.0 mglkg doses were administered by gavage to non·fastcd male rats for 14 days [D-12). 
AUC(0-2411r> for the final administration (mean :t: SD: 1081 :t: 35 ng-eq. ·hrlml) were slightly 
but significantly higher than those for the first dose (786.2 :t: 64.3 ng-eq. ·hr/ml), 
indicating that the exposure to E2020 and/or its metabolites increased by ca. 38% during 
the 14 days of dosing. 

Multiple-dmJC Mi<:e. The toxicolcinetics of E2020 were studied in mice, as part of a 13 
week toxicity trial with dietary administration, at target doses of 0, 15, 30, 60 and 90 
mg/kg/day [D-13]. Using satellite animals, the plasma concentration-time profiles of 
E2<'20 were mcasW'Cd on Day 15 (Table 6). 
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Table 6: 

Dose 
(m&/k&) 

15 
30 
60 
90 

Pbarmacokinetic parameten of El020 in mouse plasma, on 
Day 15 of a 13 week dietary admlDistration toxicity study. 

c_ (ng/ml) AUCcG-2111,1 (ng·hr/ml) 
male female male female 
11.8* 13.4* 129.21 125.34 
34.1 35.S 441.56 346.38 

195.0 114.7 2310.44 1337.33 
311.0 207.7 4622.SS 3120.14 

•BQL: below lhc way 1.0Q of25 natml 

The hiahest concentrations were generally found at midnight (00.00 hr) with minimwn 
levels between 12.00 and 18.00 hr. Such patterns are consistent with the nocturnal eating 
habits of rodents. The target dose of 1 S ma/ki produced comparable systemic exposures 
in male and female mice (AUCto.211.,,: 129 and 12S q·br/ml) but at the hiper doses the 
levels were generally higher in males than females. Moreover, the increase in exposure 
with dose wu more than proportional for each poup, especially at the hiaher doses; for 
example the two. fold increment from 30 to 60 maJk81day produced about a 4-fold 
increase in the AUC values in female animals (346 and 1337 na·hr/ml) and more than a 
S·fold increase in the males ( 442 to 2310 ng·br/ml). A1ain, this etfect could be duci to 
the panial saturation of a first.pass effect when hisher doses are administered. 

Determining the concentrations at 00.00 ~ on Day BS, for comparison with the 
corresponding values on Day 1 S, indicated that the exposure to E2020 renwi.ied constant 
throughout the remainder of the study (see Table 16, nmative for Study Reference 0. 
13). 

Multiplc-<'nsc Dnas. Exposure to E2020 during the 13 week [0·14] and 1 year toxicity 
trials [D-1 S] was assessed by direct tox.icokinetic monitoring of 3 male plus 3 female 
dogs in each dosage group. £2()20 was administered by the method used in the toxicity 
trials, i.e., administration once·a~ay of E2020 powder mixed with lactose and loosely 
packed in a capsule. In evaluating •he results, because there wu no clear evidence of 
gender difference in these studies, the results for both sexes were pooled. 

The target doses for the 13 week study were 0.3, 1.0, 3.0 and 8.0 ma/kg/day; however, 
unexpected mortality at the top dose during the first two days necessitated a revision of 
the experimental desiKDt and the majority of survivors in the top dose group were 
subsequently dosed at 3.0 mglkaJday. The usay method wu sufficiently sensitive to 
monitor the plasma levels of E2020 for the 1.0 and 3.0 mg/kg doses, and the/ 
concentration·time profiles in these poups were detennined on Days l, 35 and 91, with 
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additional monitoring of the Cmin values on the 4th and 8th days. 

In the animals dosed at 1.0 mg/kg, all of~ Cmin were BQL. However, the values for 
the 3.0 mg/kg group indicated tha~ while an initial accumulation of E2020 occurtcd 
during reJ)eated adminimation, a steady s1ite was established by Day 35 (fable 7). 

On Day 1 of the study, the AUGMaw> values for the 1.0 and 3.0 mg/kg doses were 12 * 
Sand 140 ± 35 ng·hr/ml, respectively. Both values were higher by Day 3S (20 :1: 6 and 
598 ::1: 107 ng·hr/ml, respectively) but were then essentially unchanged OD Day 91 (27 :i: 
9 and 550 ± 108 ng·hr/ml). 

Table 7 Mean pharmacoldnetic parameten of El020 in dog pluma 
(:i: SF.M) during a 13 week oral to:dclty 1tudy with powdend dru1. 

Dose: 1.0 mg/kg/d&y Dose: 3.0 mg/kg/day 
Study Cmax Cmin AUC(O-Bhr) Cmax Cmin AUC(O-
Day (ng/ml) (ng/ml) (ng·br/ml) (ng/ml) (ng/ml) 8hr) 

(ng·hr/ml) 
1st 4.0 ± 1.4 NS 12 :i: s 54 ::1: 12 ND• 140 ± 35 

35th 6.6± 2.0 BQL 20 :t: 6 154 ::I: 18 8.3 ::!: 4.3 598 ± 107 
91st 8.9:!:2.6 BQL 27 :t: 9 153 :l: 26 8.6 :I: 3.7 sso ± 108 

NS: sample not collected It 24 hr afterrbe ftrlt ldminiltration 
BQL: < 1.0 nJlml for analysis of I ml sample(•< 2.0 nghnl for analysis of O.S ml 11mple) 

Comparable results were also found in the one year study, in which the dogs were"dosed 
at 0.6, 2.0 and 5.0 mg/kg/day, and concentration-time profiles were detennined on Days 
I, 28, 18/ ;tnri 164. 

For all three gro .. p.,, the mean AUC'°'241ir> :t SD values for D•Y 1 (11.79 :t: 4.10, 69.71 * 
39.88 and 538.3 :t: 290.0 ng·hr/ml) were significantly lower than those OD Day 28 (20.62 
± 11.19, 248.7 :t 102.4 and 1927 ::1: 532.4 ng·hr/ml), and while there was a trend to higher 
levels during the second six months, the change was (for example, AUC(o.24..,, values on 
Day 364 were: 39.54 :t: 17.02, 404.3 :t: 82.06 and 3336 :t 1194 ng·hr/ml). 
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3.4 PROTEIN BINDING 

Ultracentrifugation of plasma samples coHected from rats up to 12 hours after a single 
oral 1 mg/kg dose of 14C-E2020 showed that the protein binding of radioactivity 
averaged <6S% [D-4]. A.a E2020 accounted for 0 - 33% of the drug related material in 
these samples, its metabolites are not highly bound to rat plasma protein. In the 
companion dog study [D-7], the binding at 1.S hr wu S?.S :t 1.03%. Since the intact 
drug accounts for 6.21% of the radioactivity at this time after a 1 mg/kg dose, E2020 
metabolites are also only weakly bound by dog pluma proteins. 

When studied tn vitro at concentrations from 28.0 to 579.9 ng/mL, the binding of £2020 
to rat plasma protein ranged from 64.44 ± 3.S6% to 73.63 ± 1.37%. In dog plasma, the 
protein binding of E2020 ranaed from 81.91 ± 0.4S % to 86.90 ± 0.74 % when studied 
at concentrations from 26.8 to 565.9 nglmL. In human plamna, the binding of E2020 was 
88.38 ± 3.19 % at 17.0 ng/mL, 91.20 ± I.06 % at 70.1 na/mL, and 89.0S ± 1.16 % at 
351.4 nglmL. 

The binding of E2020 at concentrations of O.S to 1000 µM, to pwified albumin and 
alpha-1-acid glycoprotein (alpha-1-AO) pi-epmed from rat. do& and human serum 
proteins, was also studied by equilibrium dialysis [D-17]. In all three species binding to 
albumin was higher than to alpba-1-AO, suagesting that albumin is the more 
predominant binding protein. Also, for a given concentrati.on, E2020 wu more highly 
bound to human than dog and rat albumin. For mr.ample, at an added concentration of 
1 micromolar (416 ng/mL), the percentages bowid were 73.9 :t: 0.4%. 44.0 :t 2.2% and 
61.1±0.7%. respectively. 

To investigate the protein bindina interactions between E2020 and other drugs. 
displacement studies were performed with three mmbtcd products (furosemide, digoxin 
and warfarin), using equilibrium dialysis or ultrafiltration and purified human serum 
albumin [D· 18). Within the concentration ranse of 0.3 to 10 microgrmnlml, the unbound 
percentage for E2020 was 20.8 to 28.3, and was not affected by the presence of the test 
drugs. Similarly, the results for the other drugs showed that, in the absence of E2020, 
the unbound percentage of furosernide \\..S 0.9 :t 0.0%, and this was not changed by 
adding E2020 concentrations of 0.3 to 10 mic.rogram/ml (which exceeds the Cmax for 
clinical doses of E2020). Likewise, the percentages of unbound >ff-digoxin and 14 c. 
warfarin (73.S :t: 0.7% and 0.6 :t 0.0%, respectively in the absence ofE2020) were also 
unaffected by the presence of E2020. 
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3.5 TISSUE DISTRIBUTION 

The distribution of radioactivity after single doses of 14C-E2020 was studied qualitatively 
in male Sprque-Dawley rats by whole body autoradioaraphy (D-3), and quantitatively 
in male Sprague-Dawley rats [D-4) and Beagle dop [D-7) by LSC of tissue digests. In 
both species even at the first sampling time (O.S hr in the rat and 1.5 hr in the dog, which 
are their respective Tmax for pluma radioactivity), the eliminatina organs (liver, 
gastrointestinal tract. kidneys and gall-bladder in the dog) and usociatcd body fluids 
(bile and urine) tended to contain the hipest concentrations of radioactivity. However 
virtually all of the other tissues also contained higher levels of radioactivity than the 
plasma, indicating a rapid and extensive uptake of drua related material into the tissues 
of both species. The concentrations of radioactivity in the brain were about 2 times and 
1.4 times the plasma levels in the nt and dog, respectively, and were similar in all 
regions. 

Subsequently, the concentrations in most of the tissues declined at comparable rates to 
the levels in plasma. In rat plasma the concentrations were non~uantifiable (<l.35 ng
cquiv Jml) 48 hours after dosing, but measurable levels (2.S8 :t: 0.33 q..equiv Jml) were 
still present in dog plasma 168 hours after dosing. In the rat by this time only the liver 
and testis contained quantifiable levels of radioactivity (both r,f which accounted for at 
most 0.01 % of the dose), but high concentrations were still present in certain dog tissues. 
In particular the livers still contained 1.01 : 0.10% of the administered radioactivity, and 
mean concentrations in excess of 1000 ng-equiv./g were present in the ciliary body, 
choroidea and iris. 

The contributions of drug and metabolites to the primary pharmacological action of 
E2020 was assessed by analysis of rat and dog brain samples collected in the quantitative 
distribution studies with 14C-E2020. HPLC analysis of the rat brains collected from O.S 
to 8 hours after dosing showed that E2020 accounted for more than 85% of the drug 
related material [D-4]. Similarly n.c profiling indicated that 81 :t: 4% of the 
radioactivity in dog brain at 1.5 hr after dosing was present u intact drug [D-7]. 

The uptake and elimination of E2020 by rat brain was investigated in the dose 
proportionality and absolute bioavailability study, in which a single i.v. dose (3.0 mglkg) 
and three oral doses ( 1.0, 3 .O and 10 mg/kg) were administered to parallel groups of male 
rats [D-1 ]. The mean brain concentration at S min after intravenous administration (57'>0 
:t: 109 ng/g) wu ca. 10 times higher than the pluma level (545 ~ 28.8 ng/ml), 
demo!11trating rapid and extensive penetration into the CNS. Moreover the elimination 
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(tl/'l 2.67 hr) paralleled that in plasma. and the AUC(0-24hr) of 4730 ng·hr/g was ca. 8 
times higher than the pluma value (61.4 ng·br/ml). 

E2020 was also rapidly and extensivdy taken up by the CNS of the male rat after oral 
adminiltrltion. Thus Tmax for all three doses was O.S hr, and the AUC(0-24hr) (980, 
2130 and 13300 ng·br/g, respectively) were 7.23 tie> 8.24 times the pluma values (119. 
263 and 1840 na·br/ml). M WU tb cue for the plasma, exposure of the brain to E2020 
was reaaonably dose proportional at 1.0 and 3.0 mg/kg, but the inrnue at 10 mg/kg was 
disproportionately high. However the half-lives (6.60, 3.49 and 4.78 hr) were similar for 
all three dosea, and ware virtually identical to the plurna values (6.30, 3.60 and 4.98 hr). 
This supported the conclusion that any non-linearity at the highest dC* wu due to 
saturation of a first-pus effect, which in tum wu supported by measuring the E2020 
concentrations in liver samples collected from the same rats. 

At S min after i.v. administration, the mean concentration ofB2020 in liver was 8590 :t 
701 nglml. This was followed by a biphuic decline with a terminal t112 of 5.01 hr, and 
the AUC(0-24hr) was 26300 ng•br/g. Tmax for all thrClo oral doles wu 0.25 hr, rather 
than the O.S hr found for plasma and brain; however the elimination half-lives (S.59, 3.69 
and 5.44 hr, for the 1.0, 3.0 and 10 mg/kg doses) were compuable to the values for 
plasma and brain. Moreover the c_ values (7080, 19400 and 69800 na/&) were 21 S to 
462 times higher than the corresponding plasma levels and were essentially dose 
proportional. Likewise, the AUGo.mr) (15400, 29100 and 100000 na·hr/g) were linearly 
related to dose, but wen: only 129, 111 and S4.3 timca higher than the levels in plum&. 
Thus the liver levels did not directly parallel the systemic concentrations during the 
absorption and distribution phases, but the terminal elimination rates were similar to 
those of both plasma and brain. 

3.6 METABOLISM 

E2020 wu extensively metabolized in the two main species used for toxicology studies. 
A total of 13 metabolites that were isolated from rat urine and feces were characterized 
by MS and NMR spectroscopy [D-19], and two further compounds (stereo-isomeric 
fonna of the same metabolite) were characterized after an in vitro incubation ofB2020 
with d~g liver microsomes [D-20]. Of these products: 

1. Six were primaey ph•sc 1 metabolite.,, formed by: 6-0-demethylation (Ml), 5-0-
demethylation (M2), para-hydroxylation of the benzene ring (MJ), N-desalyklation 
(M4) and equatorial and axial N~xidation (MS and M6, respectively). The 
structures of all of these compounds were confirmed by independent chemical 
synthesis. 
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2. Four were secondney phese 1 products (M7 - MIO), which were fanned by funher 
oxidation of the primary metabolites. 

3. Five Were oonju81tes, fonned either t>Yalucm'Onidation of the S- and 6-0-desmethyl 
products (Ml I - Ml4), or by sulfation of the p-phcnol (M7-sulfate). One of the 
glucuronidc cortjugates was synthesised biochemically, by incubating Ml with UDP
glucuronic acid and dog liver 'licrosomcs. 

The proposed metabolic routes for the formation of these metabolites are shown in 
Figure 2 above (Section S.D.3.1.6). In addition to these products, three unidentified 
metabolites (UMI - UMJ) were also present in rat urine. 

The relative amounts of these metabolites were investigated in rat pluma and four 
tissues collected at O.S hours after oral administration of 14C-E2020 [D-4 ]. In the plasma, 
0-glucuronides (SSo/oofthe radioactivity) and B2020 (31% of the radioactivity) were the 
main drug relate(4 components. By contrast, E2020 was the imUor component in the 
brain (90%), pancreas (96%), liver (81%) and kidney (72%), indicating that the 
metabolites were largely confined to the general circulation. The main metabolites found 
in the liver and kidney were M4 (4.7% and 8.1 % of the radioactivity) and the 0-
glucuronides ( 4.2% and 15%, respectively). 

A similar profiling of drug and anetabolitea was performed with three dog tissues and 
the bile recovered from the gall-bladder at 1.5 ho\U'I after an oral dose of 14C·B2020 [D· 
7]. E2020 was again the main rad.iolabelled component in the brain (81%), pancreas 
(79%), liver (27%) and kidney (39%). As in the rat, however, the liver and kidneys 
contained relatively hiah proportions ofM4 (7% and 16%) and the glucuronides (22% 
and 17%, respectively), and these were major components in both the pluma (M4 8.3% 
and 0-glucuronides SS%, with 6.2% u E2020) and the bile (M4 and conjugates both 
accounted for 32% of the radioactivity with 1.S % u E2020). 

Additional metabolic studies were also perfonned in vitro, with rat, dog and hunun liver 
microsomes. A study with hwnan microsomes showed that Ml, M2 and M4 were likely 
to be the main metabolites of E2020 in man, and no unidentified products were formed 
[D-21]. These three products were also the main metabolites fonned by male and female 
rat liver microsomes, toaether with smaller amounts of M3 in both aenders, and low 
levels of MS in the males. However, consistent with the lower pluma levels of E2020 
in male rats In vivo [D-10 - D-12), the drug wu metabolized far more rapidly by male 
than female rat liver microsomes (total c1. 33.7 versus 12.6 microliter/min/kg) [D-21]. 
When incubated with male dog liver microsomes, M2 and Ml were the main metabolites 
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(Cl1111 24.3 and 10.3 microliter1'ninlka) toaether with smaller quantities of M4 (Cl,m 1.63 
microliter/min/kg), MS (Cl1t1e 0.74 microliter/min/kg) and MJ, giving a total clearance 
(37.0 microliter/minlkg) which was intermediate between that in the male and female rat. 
By contrut M4 was the major metabolite.formed in uuman liver microsomes (Cli. 5.09 
microliter/minlkg), with smaller quantities of Ml and M2 (Cli. 0.71 and 0.55 
microliter/min/kg, respectively). Moreover, these :'C4Nlts indicate that the capacity of 
hwnan liver to metaboliz.e E2020 (total Clw 6.3S microliter/min/kg) is much lower than 
that of the rat or doa [D-21]. A study to identify which human P4SO isoenzymes wen: 
involved in the fonnation of these metabolites indicated that M4 was formed mainly by 
CYP3A4 (which is the ~or form of human cytochrome P4SO and accounts for about 
30% of the total enzyme), while Ml and M2 are produced predomin•tely by CYP2D6 
[D-22]. Although the latter isoenzyme is subject to aenetic polymorphism, this should 
not widuly influence the clCN'lllCe of 62020 In vivo u thil form should play only a minor 
role in the metabolism in man. 

Finally, three studies assessed the potential for metabolic interaction with other drup [D-
23, D-24, D-25). In the first study, IC50 values for £2020 were determined in human 
liver microsomes In vitro qainst isoform-selective substntes of cytochrome P4SO 1A2, 
2C9, 2Cl9, 206, and 3A4 ond were all greater than 100 micromolar. Ki values for the 
interaction of E2020 with CYP3A4 and CYP2D6 were also ~ed. Mean Ki values 
for thrt·e individual sets of hwnan livm: microsomes were 131 and 47 micromolar for 
CYP3A4 md CYP206, respectively. Both interactions were typical of competitive 
inhibition. Since E2020 anticipated therapeutic concentrations (ca. 150 nM) are more 
than 300-fold lower than the lowest Ki value obtained with CYP2D6 and almost 900·fold 
lower than the Ki observed with CYP3A4, E2020 is not expected to interfere with the 
metabolism of other drugs. As E2020 is predominantly metaboliz.ed by CYP3A4, 
metabolic interactions, if they occur, are most likely to occur with other drugs that are· 
substrates or inhibitors of this isoenzyme. Consistent with this prediction, theophylline 
(a substrate for CYPIAl) did not inhibit the metabolism of E2020. Cimetidine (a 
general inhibitor of cy~me P450) showed a low aftinity non-competitive inhibition 
of E2020 metabolism In vitro. Likewise, quinidine (a potent inhibitor of CYP2D6 and 
also a substrate for CYP3A4) weakly inhibited the formation of Ml, M2 and M4 In vitro. 
By contrast, erythromycin (a CYP3A4 substrate) competitively inhibited the metabolism 
of E2020, while ketoconazole (a potent inhibitor of CYP3A4) wu a high affinity 
inhibitor of M 1. M2 and M4 fonnation, and is expectt;d to be a potent inhibitor of M4 
fonnulation by CYP3A4 In vivo. The results of these studies also confirmed that Ml and 
M2 are mainly fonned by CYP2D6, and to a lesser extent by CYP3A4, while the 
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tOnnation of M4 is predominately mediated by CYP3A4 with little contribution from the 
other P450 isoenzymes. In humans, unchanaed E2020, M4, Mi (and its aiucuronidc) and 
M2 (and ita glucmonide) represent 18, 6.6, 7.3, and 3.9'At of the recovered radioactivity 
that is excreted in the 10-days followifta a sinale S ma dose of 14C-E2020 to healthy 
volunteem This indicates that B2020 is eliminated via urinary excretion of unchmgcd 
E2020 u well as metabolism by CYP3A4 and CYP2D6. Thus, no one drug is likely to 
block all routes of elimination. 

3.7 EXCRETION 

Excretion-balance studies in the male rat were performed with 14C·E2020 ( 1.0 ms/ka), 
given u a siqle oral dose, repeated oral adminiltration for 7 days and a sii Je i. v 
administration. Relatively rapid excretion with biah recoveries were found in each case. 
Moreover. the rates of excretion and the proportions of the doses that were recovered in 
the urine and feces were essentially independent of the route and/or the number of 
administrations. These findinp are illustrated by the mean :t: SBM recoveries from O to 
24 hour and during the complete collection periods, which are listed below as percent of 
the administered dose (Table 8). 

Tabie8 

Mode of Urine Feces Urine + Feces 
Administration 24hr full 24br full 24hr full 

S'..t> J'e oral dose 36.9:t:0.8 39.2•0.7 54.3 •0.3 59.7:t:0.6 91.2 •0.7 91.9•0.i 
R.)J>lat oral dose I 37.3 * 3.0 51.7•6.7 96.0• 5.1 
Jl·,cpeat oral dose 7 37.6:t0.6 31.0•0.5 59.9• 0.1 60.0:t:O.I 97.5 :t:0.7 98.0:t 0.7 

.slnale i.v. dose 38.8 * 2.3 40.7 :t 2.4 55.1:t2.7 62.1 :t 1.3 94.6z 0.9 102.8 :i: 1.2 

11.C profiling of the 0 to 24 hour collections from the single p.o. dose showed that the 
0-glucuronides (Ml 1·Ml4) accounted for the majority of the radioactivity in urine 
(23.0% of the dose), together with relatively hiah amounts of M4 (3.3%), Ml (2.5%) 
and E2020 (1.5%). The remaining metabolites were also excreted but in quantities s 
1.0% of the dose. £2020 and its clwacteriz.ed metabolites accowited for 34.2% of dose; 
i.e. virtually all of the radioactivity in this urine sample. In the feces M9 (13.5%) wu 
mainly present, followed by 0-glucuronides (6.9%) and E2020 (4.2%). Ml, M4, M7-
sulfate and UMl accounted for' to 41Yo of the dose, and the remaining metabolites were 
also present; but each accounted for $ l .6% of the dose. In the 0 to 24 hour feces, E2020 
and its chancteri7.ed metabolites accounted for 42.2% of the dose. The fact that O· 
glucuronides (conjugates of M 1 and M2) were the major metabolites in vivo agreed with 
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the results obtained with rat liver microsomcs [D· 19 and 0·21 ]. 

Excretion-balance in male dogs showed that a smaller proportion of the dose (74.3 :t: 
2.6%) was excreted in the first 24 hr after dosing, of which 17.8 :t 1.63% was recovered 
in urine and S6.S :t: 3.78% in feces. However the recovery after 48 hr bad increased to 
90.4 :t: 0.48%, and during the 168 hr study period a total of98.3 :t: 0.87% of dose was 
recovered, 21.4 :t: 1.71% in the urine and n.1 :tl.10 % in the feces. 

The profiles of metabolites were analymi using the samples collected to 48 hours. 0-
glucuronides were the main metabolites in urine (8.6% of dose), followed by UM3 
(2.S%), M7-sulfate (2.1%), M4 (l.S%) and Ml (1.1%). 82020 and the remaining 
metabolites were all present, but they each averaged s0.4% of dose. The urine sample 
analyud contained 19.7% of the dose, of which 14.9% wu identified as E2020 and 
known metabolites. The Iaracst component in feces was UM2 (13.6% of the dose), and 
the nwin known metabolites were M2 (12.2%), the 0-pucuronidea (6.2%) IDd M4 
(6.0%), but measurable quantities of all of the other identified compounds were also 
present. Overall in the feces, 42.0% of the dose correspondod to E2020 and ita known 
metabolites, compared with a total of 10.6% of dose in the umple analymt. The high 
recoveries of the 0-deamcthyl metabolites (Ml, M2111d their pucuronides) were apin 
consistent with the in vitro metabolism results with dog liver miciosomcs [D-21]. 

The high fecal recoveries of radioactivity after i. v. admini.S1ration to the rat, u well as 
following oral doses in both the rat and doa, sugested extensive biliary elimination of 
drug related material. This was conflnned directly, by meuuring the biliary excretion 
after both a p.o. and i.v. dose in the rat. Bile samples collected up to 24 hr after the i.v. 
dose contained 76.9011. of dose, of which <0.7% was intact B2020. Within 2 hr of the oral 
dose, on·average 48.6o/o of the administered radioactivity was rccc.vered in bile. By 6, 
i 2, 24 and 48 hr after dosing this had increased to a mean oi 64.2o/o, iO. l %. i2.2% and 
72.90/o, respectively. The corresponding 48 hour excretions in urine and feces were 24.4 
% and 8.8 %, giving a total recovery of 106 * 1.9% of the dose. Virtually complete oral 
absorption of E2020 in the fasted rat could also be deduced from the high recovery of 
radioactivity in the urine plus bile (97 .3 :t: 1.0% of dose). 

Full metabolite profiles were detennined in the 0 • 24 hr collections after the oral dose. 
On average, E2020 accounted for 0.22% of the excreted radioactivity. 0-glucuronidcs 
were the ~or components (65.7% of radioactivity), followed by UM3 (8.4%), M4 
(6.8%) and M7-sulfate (2.1%). This confmns that E2020 can only underao very little 
entero-hcpatic recirculation; therefore, the secondary maxima in the blood concentration
time profiles for total radioactivity (seen in intact but not bile duct cannulatcd rats; [D-4, 
D-5]) must be due to EHC of metabolites (probably the aglycones of the glucuronide 
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conjugates) rather than parent drug. 

3.8 COMPARISON WITH ADME-IMTA FROM HUMANS 
A comparison between animal and human ADME ruulta is included in Section 
5.D.3.1.8 of the Overview above. 

3.9 BIOANALYl1CAL ASSAY METHODS 

3.9.1. HPLC ASSAY OF UNLABELLED E2020 

The same basic procedure was used for all of the studier to quantify B2020. After adding 
an internal standard (IS), the pH was adjusted with alkali. and E2020 plus IS were 
extracted into orpnic solvent. The test compounds \WR them extracted W:th a small 
volume of acid, and an aliquot was analyzed by HPLC-UV. Peak height ratios for 
E2020/IS were fitted to the equation Y • A·X + B, by a weiahted repession. 

The first method developed, for analysis of rat pluma, wu evaluated for intra-assay 
variability (0.1]. A linear response with acceptable ICCUl'ICiea (· 6.6% to + 9.S%) wu 
found at concentrations of 2.00 to 1000 nafml. Stability durina storage wu also 
assessed using Quality Control Standards (QC's) prepared in pluma at 10 and SOO 
n;/ml; after 3 months at-80DC, the mean found concentratiom were within 10% of the 
nominal concentrations. The procedure wu also evaluated for the quantification of 
E2020 in homogenil.ed samples of rat brain, at concentrations of~.00 to 2000 ng/2 ml 
(intra-assay accuracies: -11.4 to + 6.0%) and liver at S.00 to 10,000 ng/ml (-12.3 to + 
6.0%). 

A similar proccKiure [D-14] was med to anal)'7.e samples of dog plasma collected during 
the 13 week toxicity study. Assay perfonnance during analysis was assessed by l.>ack
calculating the calibration standards. Acceptable accuracies(· 3.1% to+ 2.3%) and 
precision(< :t: 7%) were found at concentrations of 1.00 to 500 ng/ml. 

The procedure was also established at . 
to provide tox.icokinetic (TK) monitoring for the one year rat and dog studies [D-9, D
IS]. Calibration was from 1.00 to 2000 ng/ml, and assay performance was controlled by 
QCs prepared at 5.02, 100.4 and 1G04 ng/ml. Using 1 ml of plums the LOQ was 1.00 
ng/ml, but a limit of 4.00 ng/ml was set for certain of the rat samples which were 
analyzed using O.S ml, as sufficient volume was not available for the standard assay. 
Subsequently, Eisai modified the method for the analysis of O.S ml samples \lf dog 
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plasma and 0.1 ml of rat plasma and these procedures were used to compare the single 
versus repeat dose kinetics in rats [D-2, D-11]. 

Modified procedures were also established by • to provide TK 
monitoring"for the 13 week dietary studies imnice [D-13) and rats [D-10], using 0.2 ml 
plasma for the mouse and 0.4 ml for the rat study. Performance during TK monitoring 
was rJSSessed by back-calculation of calibration standards, and controlled by. the inclusion 
of QCs. Based on the lowest standard that could be measured to within 20% of the target 
concentration with an RSD of ii:20%, the LOQ wu set at 20 ng/ml for the rat and 25 
ng/ml for the mouse stud.in. The higher LOQ's in tht ~es may be due to a 
combination of the smaller volwnes analyzed, plus a greater proportion of organic 
solvent in the eluent which decreased the elution time (< 4.0 min venus > 7.0 min at 
Eisai). 

The assays used in various ancillary studies were also validated. For example, 
modifications of the HPLC-UV method were developed to support in vitro studies to 
determine (a) the protein binding of E2020 [D-17, D-1 a j and (b) the rates of formation 
of Ml - M6 when the dnag was incubated with liver microsomes [D-20]. However, the 
radiochemical analysis methods are presente4 next. 

3.9.2. QUANTIFICATION OF RADIOACTIVITY 

In the studies that they perfonned, _ set the LOQ at twice the 
background count. In the single and repeat dose ADE study [D-12] the samples were 
combusted prior to analysis, which gave a background of ca. SO dpm. The concentration 
which this represents, however, depends upon the specific activity of the dose and the 
volwne/weight of sample counted. For example at the dose of 100.45 µCi/mg ofE2020, 
the LOQ for SO µI samples of rat blood wu < 3.9 ng-eq./ml [D-12). 

In the studies perfonned at Eisai, the concentrations of radioactivity in plasma tissues and 
excreta were detennined by liquid scintillation counting (LSC) after solubilization. with 
a background count of r.a. 20 dpm. In the single oral dose ADME studies the LOQ was 
set at 40 dpm [D-4, D-7). As both studies were performed at a specific activity of ca. 
133 µCi/mg, the LOQs for so µI of rat blood WU 2. 70 na-cqJml [D-4], while that for the 
100 µI samples analyzed in the dog study [D-7) was 1.36 ng-cqJml. I. 40dpm LOQ 
was also used for plasma (50 µI) and ultracentrifugation (100 µL) samples analyzed from 
the in vitro protein binding study [D-16], as well as for the protein binding interaction 
study with 14C-warfarin and >H-digoxin [D-18). 
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ACUTe TOXICITY: 

Acute toxicity studies were perfonned in mice (ICR), rat (Sprague-Dawley), and beagle 
dogs. The following results were obtained in mice and rats. 

14day Hlgheat Non- Highest Non-
LO !SO Lethal Dose Conwlslve Dose 

Species . Route (mglkgl (mg/kg\ (mg/kg) 

Mouse P.O. M:4! 20 13 
F:48 30 20 

1.V. M: 3.7 2.7 2.7 
F: 4.8 3.5 2.7 

Rat P.O. M: 37 29 35 
F: 33 24 29 

l.V. M: 8.0 e.9 3.5 
F: 7.6 6.9 3.5 

In mice, deaths occurred within 30 minutes and S minutes afterp.o. and i.v. dosing, 
respectively. Toxic siens included reduced spontaneous movement (except for increases at higher 
i.v. doses), crouching posture, lacrimation, tremors (lower i.v. doses only), clonic convulsions, 
staggering gait (p.o. only), prone position, depressed respiration, and salivation. At least some signs 
were seen at all doses (LO• 13 and 2.1 mg/kg for p.o. and i.v., respectively). All signs in survivors 
resolved within 24 hours after p.o. dosing and within 4 hours after i.v. dosing. At necropsy, 
petechial hemorrhages were seen in lWlgs in all animals that died by either route; it was stated that 
this is consistent with hypoxia due to respiratory paralysis. Petcchial hemorrhages in the glandular 
portion of the stomach were found in 1 of 10 mice that died after the highest oral dose (150 mg/kg). 
No gross pathological abnormalities were fowid among swvivors. 

In rats, most deaths after p.o. dosing occurred within 30 minutes; all by 3 days. After i. v. 
dosing, all deaths occurred within 30 minutes except for 1 (by 2 hours). Toxic signs included 
reduced spontaneous movement, staggering gait (p.o. only), tremors, clonic conwlsions, 
lacrimation that was sometimes red, prone position, salivation, miosis, respiratory depression, and 
lowered surface body temperature (p.a. only). At least some signs were seen at all doses (LD • 20 
and 2.1 mg/kg for p.a. and i.v., respectively). All signs in survivors resolved within 3-4 days after 
p.o. dosing and within 1-3 days after i. v. dosing. Necropsy of animals that died showed petcchial 
hemorrhages in IWlg in 17/25 (p.o.) and 4/15 (i.v.), said to be consistent with hypoxia due to 
respiratory paralysis. Petechial hemorrhages in the glandular mucosa of the of the stomach were 
seen in 10/25 of the orally treated rats that died; "test subs'8nce-like residue" wu also seen in the 
stomach of most orally treated rats that died. No gross pathological abnonnalities were found 
among survivors. 
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In a study in dogs, I/sex received 5, 10, or 15 mg/kg in capsules. Both HD dogs died: 1 
developed fasciculation, tremors and staggering gait within i hour, followed by cmesis, salivation, 
alternating pupitlary constriction and dilation, clonic convulsions, and death at 2·3 hours; the other 
dog followed a similar course but over a longer time period. (Fomtd dead the following day). Signs 
at the lower doses included fasciculations, tremors, and salivation. The MD F also had staggering 
gait and emesis, anci1 persistina for 2-4 days, hypoactivity, mucoid eye discharge, miosis, and 
redness of the conjunctiva. Aside from this MD, moauigns'disappeared by Sand 24 hours post· 
dose in LD and MD, respectively. Blood chemistry showed, in the MD F, elevated CPK, LOH, and 
AST, consistent with the prolonged fasciculations and tremors in this animal, and elevated AP, ' 
ALT, and glucose. Elevated CPK and AST were also seen in the HD f that died. (Not performed 
in the HD M; no effects seen in LO or in the MD M). Urinalysis showed low pH and presence of 
protein, glucose, and occult blood in the MO F. Histopathological exams showed no effects at LD 
or in the MD M. In the MD F, heart showed "myocardial degeneration and necrosis associated with 
interstitial edema, myocardial fibrosis. and foreign body liant cell infiltration. The degenerative 
and necrotic lesions containing eosinophi1ic myocardial fibers were mulrifocal and distnbuted in the 
left ventricular wall, septum, and apex". The HD dogs also showed myocardial lesions "consisting 
of subendocardial hemorrhage in the left papillary muscle and scptmn, and myocardial degeneration 
in the left ventricular wall and/or septum". It was stated that these lesions "were considered 
consistent with acute ischemic necrosis and repair, possibly due to acute hypoxia or a combination 
ofhypox1a and local catecholamine release secondary to pharmacologically induced tremors and 
fasciculation". Microscopic exam of the liver showed no clear effects; brown pigment in 
hcpatocytes was seen in the MD F. Overall results of this study are smnmarized in the attached 
table. 
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Text Table 3 Summary of major toxic findings Jn individual animals 

Animal 
Dose No. Olnkal signs, mortality Body weight, Hematology, blood-chemistry, Autopsy histopathology 
(~Jcg) Sex _food •nct_!l'•ler Intake urinalysis · :____i 

s 8018 salivo1lion (1-2 hr) notoxic:changcs notoxlcc:hanges notoxicchange 
Male (asdculallon (0-2 hr) 

5 8520 fasciculalion (0-3 hr) no toxic changes no toxic changes no loxic changes 

10 

JO 

15 

15 

Female 

8021 

Male 

8521 
Female 

8022 
Male 

tremors (0-1 hr) 
salivation (8 hr) 
fasciculatmn (3-5 hr) 
tremors (3-6 hr) 

salivation (1-2 hr) 
lasdculalion (0-10 hr) 
tremors (0-10 hr) 
staggering gait (0-1 hr) 
hypoactivlty (23 hr-Day 4) 
miosis (23 hr-Day 3) 
redness in conjunctiva (23 hr-Olly 4) 
mucoid eft! discharge (Days 1-2) 
salivation. fasdculation (0-2 hr) 
ltaggering gait (0-1 hr) 

lremor'Sr clonk mnwlsions (1-2 hr) 

died (2-3 hr) 

no toxic changes 

body weight l (Day 2) 

food intake l (Days 1-3) 

water intake l (Day 2) 

NA 

8522 salivation (6-8 hr) 
Female fasdculatfon (0-8 hr), IJ'emOrs (1-8 hr) 

donic convulsions (10 hr) 

died (10-24 hr) 
NA 

Note: f increase, l decrease, NA: not available 

no lode duinges 

platelet count l (Day 3) 

plasma ALP, CPT, LOH 1 (Days 
1-3) 

GOT,CPK t (6 hr-Day 3) 

~ 1(6 hr) 
urlt ... ')' pn>teln, glucose, occult 
blood, low urine pH (Olly 2) 

NA 

no loxk changes 

myocardial degeneration, and 
necrosis, fibrosis, lnlerstltlal 
~cma 
u·nnateral malada 

plMma COT, CPI<. glucose f (6 hr) subendoardial hemorrhage 
myocardial degeneration 

Figures given in parentheses indicate time of finding after the single dose. 
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3 MONTH P.O. TOXICITY IN RATS 

Sprague-Dawley rats received o. OJ. 1. 3. 10, and 20 mg/kg/wiy, by gavage. N for the 
control and 2 highest doses was 20/sex; of these, 8/sex served as 5 week recovery groups. N for the 
other doses was 12/sex (no recovery groups). 

Cholinergic signs were seen at 3 mg/kg and above. At 3 mg/kg fasciculations and miosis 
were seen in a few animals, only during the first 8 days of dosing. At the higher doses, 
fasciculation, hypoactivity, rniosis, lacrimation, and s~livation were seen; these were not seen 
during the recovery period. Deaths occurred in 4 and S rats in the 10 and 20 mg/kg groups, 
respectively, day 29-89; deaths were attributed to gavagc errors possibly secondary to increased 
cholincrgic tone. Bodyweight gain was decreased at 10 and 20 mg/kg; during the recovery period 
weight gain wa..s greater than in controls. 

Ophthalmoscopic exam, performed periodically in 4/sex/group, showed miosis or loss of 
pupillary reflex or soiling arowtd the eyelid in a few rats at 10 and 20 mg/kg. Hematology and 
blood chemistry (done at week 13 and after recovery) showed no clear or pronowtced dnlg effects. 
Slight increases in blood K were seen at the higher doses at week 13; mean values were 6-7% above 
control and all individual values were WNL. A few rats across all doses had elevated ALT, AST, or 
LOH (usually all 3 [ranging from 2 to l 7x the highest concurrent control; sometimes accompanied 
by decreased albwnin and increased globulin].) (Controls and HD were the only groups examined 
for liver histopathology; no drug-related effects were seen). No drug effects on pluma 
butyrylcholinesterase were noted Urinalysis performed week 13 (4-23 hrs. post-dose samples) 
showed generally dose-related decreases in electrolyte excretion, due to decreased urinary 
electrolyte concentration (rather than to deceased wine volumes). (See attached table). (After 
recovery, Na and K excretion tenC:ed to be decreased, in F only, but not statistically significantly). 
Submaxillary gland weights were increased at 10 and 20 mif'kg; this was associated histologically 
with acinar cell hypertrophy (which was also seen at 3 mg/kg) and is consistent with cholinergic 
stimulation. (See attached table for incidence values). Slight to moderate mucosal edema of the 
forestomach was seen grossly in about 20% of the males at 10-20 mg/kg sacrificed at termination 
fl.nt nnt aA•P _,.,,,.,.,.,.,\. \,.;.,.,..J,....H,.,.llv •hi;., .. ,..,.,.., .. ,.; ... l..nth eoex•s at theSC doeo•eo at ••rmt'nahOn (eoee 
\UW UV ""llllftl'9'\iitUY'-'11Jtlll_,,UIUJSIWtlllJUlt>ft'l&iiJ:aJIW'-'U111VV ~ '-' ll'WO Mlilfl' \..I ~ 

table). (After recovery the histological incidence was slightly increased, to a much lesser degree 
than at termination). One HD M had forestomach erosion at tennination. The only other drug
relatcd finding was an increased incidence of slight hypertrophy of the pars intermedia of the 
pituitary in HD at termination (sec table) but not after recovery. (Aside from the organs shown in 
the table + submaxillary lymph nodes and sublingual glands, histopathology was only done in 
controls and HD). 

Overall, aside from the changes in urinary Na excretion as discussed above, 1 mg/kg was a 
no-effect dose in this study; 3 mg/kg was associated with transent cholincrgic signs and histological 
evidence of increased salivation. Higher doses also caused decreased weight gain, forestomach 
edema (local irritating effect?), and slight hypertrophy of the pars intermedia of the pituitary (HD 
only); these tended to reverse after drug withdrawal. Several deaths occurred at 10 and 20 mg/kg 
which were attributed to gavagc errors. 
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Study No.: 882112 

TextTab:te4 Mean (±S.E.) urine volumes and urinary electrolyte concentrations 

. ·i. -
at the end of the 13-week treatment period. Urine was collected 

during the period 4 to 23 hours after _the final dosing 

Su em. No.of Urine U·Na• -- U·K· u-o· 
anhrlala ¥1111.11n1 

(ln15l!!~ 6Nnthnl S!!!llD ClnfaQ9hnl ~('! CmLrnthnl Ci@JID (lnEqnthnl 

Cantrol 12 11.l:tl.02 ~o . U'H4ID2 121:t11.7 UliO.OIS 41:14.3 0.45:!0.~ 

0.3 12 13~1.23 2G:t2.J" G.25t0 a:ts .. 10Sd..5 1.3~ 3W.2 0.4Qi:O.CD3 ... ;..J. 
Q.17SQ.026 ; 

Mala 1 12 11.J:tl.20 20t:J.6 .. G."10Ql2" 115tlo.7 t.25:0..Q57 a.tt4.l 

3 12 1":tl.41 lbl., .. QZb:A:r64 .. 106!:t.S U2::t006S Mt3.l QA2i017Z5 

10 12 15.4:tl.U 12t1.7" 0.17:t0.tal" 79:t1.I•• 1.0510.05& .. ~· o.J6iOCD5 .. 
' D.l6dlJllS•• 20 u 1t.ictU4 13t2.4" 0.1ti0.m.s• 73t'.J•• 0.'1S:t0.04,.. ~ ... 

Cantral 1V 9.ttl.12 27*"3 o.:n.to.azs 106t17.S Cl.1Sd.050 4IA:l.6 Q.Jit0.021 

0.3 u Utl.19 26:1:3J Q.l<d:O.Q21 Ntl.6 0.73i0.049 ·4li.U ~021 

Female 1 tu Utl.11 2W.f 0.1 fJ:O.CllO 105t12.l o.ruo.,057 4Ji:18 035:dlm3 

3 u Utl.10 26.tU 0.ltto.oll tatlt.5 Q.7li0.CDO 4bU 0.16IOCD1 

10 ' 1.1±1.13 '12:t3.2" il.OHO.Gl4 .. ll:t20.5 0..5S:t0.02r J6t10.2 O.lti0.040" 

20 10 9.ltl.21 20ti6.1 o. nto.01 , .. 71:16.S 0.47.t0.029"" S2:tl.S O.ttto.cm•• • ........ significant difference as compared with control at P S 0.01, 0.01 < P S 0.05 ' . 
# The data of F002 and F037 were excluded because of water contamination. 
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Text Table 6 Histopathological findings In rats orally treated with E2020 for 13 
weeks 

ea. Cae.pty Cant Q,J 1 3 

(lnir/IW M p T M p T M F T M F T 

PITU1TARY: 

hypertrophy ol pan . 12 12 2' 12 12 :M 12 u 24 12 12 24 
In tamed.la 

:t: 0 0 0 0 0 0 0 0 0 0 0 0 

SUBMAXILLARY CL.ANOS: 

ac:Uw ctll hypertrophy . 12 12 24 12 12 :M 12 12 24 11 ' 11 

:t: 0 0 0 0 0 0 0 0 0 1 s 6 

+ 0 0 0 0 0 0 0 0 0 0 0 0 

STOMACH: 

eel.an• In formtomach . 11 12 23 10 1l n n t2 24 11 9 10 

aiblnucma 
:t: t 0 1 2 0 2 0 0 0 1 3 4 

+ 0 0 0 0 0 0 I) 0 0 0 0 0 

ere.ion In for•t?lnlch . 12 12 24 11 12 24 12 12 24 12 12 24 

+ 0 0 0 0 0 0 0 0 0 0 0 0 

Category: findings were graded as, 
-: no change, ±: slight, +: moderate, ++: marked 

M: male, F: female, T: total 

M 

12 

0 

1 

5 

6 

8 

2 

2 

12 

0 

#: The pituitary of F083 was lost during the embedding prcx.?dure. 

to 20 

F T M .. 
' 21 6 I 

0 0 ' 1 

0 1 0 0 

3 • 4 7 

6 12 • 3 

., 15 1 6 

(I 2 2 0 

2 4 3 4 

9 21 11 10 

0 0 1 0 

T 

14 

' 
0 

11 

11 

13 

2 

' 
21 
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ONE YEAR P.O. TOXICITY IN RATS: 

A) Dosage 

40/sex at 0, 1. 3, or 10 mg/kg/day, by gavage 

I 0/sox/group were sacrificed at 6 months. Attached table indicates nwnbers of 
animals used for lab tests, PK evaluation, and pathology exams. 

Strain: Charles River CD 

Drug Lot #s: 88020201 
89120401 

B) Result~ 

1) Observed signs 

a) Miosis (bilateral) was the most frequently observed sign. Seen at all doses, 
generally D-R earlier in the study; incidence decreased and became generally 
non D-R during second half of study. 

b) Other signs, of relatively low incidence, increaserl 1nainly at HD: anogcnital 
staining, fasciculations, soft stool (M only, generally in first 3 months), tail 
bumps (M only; histopath • hyperkeratosis), and atopecia. 

2) Mortality 

No drug effects. 

A total of 30 rats died or were prematurely sacrificed; see attached table. 

3) Bodyweight gain 

Decreased at HD; final weight 11 % and 15% below control in M and F, resp. (Sec 
attached figures). 

4) Food Consumption 

Drug effects cannot be accurately detcnnined from the S\Dllmary table provided 
since food conswnption was expressed as grams consumed per kg bodyweight. However, in 
view of the statistically significantly decreased values in these mrits at HD during the first 1-
2 weeks of treatment (times when bodyweights were slightly less than control) it may be 
inferred that food conswnption per animal was decreased during this time. Also, since g/kg 
food consumption in HD M during the first half of the study was often similar to controls. it 
may be inferred that food consumption per animal was decreased to the same degree as was 
the bodyweight during this time. 
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5) Ophthalmoscopic exam 

(Done prc-Tx and months 3, 6, 12) 

No drug effects 

6) Hematology 

(Done at 6 months and tennination) 

No clear drug effects. Two (of 23) HD M had relatively low numbers of 
lymphocytes and relatively high nUtr1bcrs ofneutrophils (with nonnal total WBC) at 
tcnnination. 

Parameters measured: RBC, Hb, Hct. RBC morphology, rcticulocytcs, platelets, PT, 
APT'T, WBC, differential. 

7) Blood chemistry 

(Done at 6 months and tenninarion) 

No clear drug effects. A few statistically sianificant differences in mean values were 
noted; these were quite small. with individual values generally not greatly outside the 
control range, and included the following: 

a) Increased BUN in HD M (with a trend in LO and MD M) at 6 months and in HD F 
at tcnnination. 

b) Decreased glucose in HD Fat 6 months and tennination. (Glucose w~ increased in 
LD M and MD M at tennination). 

c) Decreased total protein in HD Mat tennination. 

d) Decreased triglycerides in HD M at tcnnination. 

c) Increased phospholipids in HD Fat tcnnination. 

t) Increased phosphorus in MD and HD M at tenninarion. 

Other parameters measured: ALT, AST, AP, LOH, total bilirubin, albumin, protein 
electrophoresis, CPK, creatinine, cholesterol, Na, K, Cl, Ca. 

8) Urinalysis 

(Done at months 3 and 6 at termination. At 3 months urine volume, electrolyte 
concentrations, and clcctro!yte excretion was studied at both 0-4 hr. and 4-24 hr. post· 
dosing). 

10 



At 3 months. 0-4 hr. time period, urinary concentrations of Na. K and Cl were increased in 
all M groups (not clearly D-R). urine volume was increased in HD M. and urinary excretion 
of Na.Kand Ci increased in MD and HD M (D-R). (Mean electrol~ excretion values at 
HD were about 2-4x control). Similar but less pronounced effects w" seen in Fat this time 
point: Na and Cl concentrations were slightly increased at HD, urine volwne was 
equivocally increased at MD and HD. and urinary excretion Na, K. and Cl was increased at 
HD. (Na at MD also). (Mean electrolyte exCTetion values in HD F - 1.5 - 2x control). The 
above effects were not seen during the 4-24 hr. time period. For the overall 0-24 hr. period, 
excretion of Na, K. and Cl were slightly increased in MD and HD M (D-R; means at HD -
l .4x control), with no effect in F. 

At the 6 month measurement (24 hr. measurement only) K concentration was 
slightly increased in HD M, and Na, K, and Cl concentrations were slightly increased in HD 
F, but there were no effects on electrolyte excretion (since urine volwnc was slightly below 
control). 

At the 12 month measurement (24 hr. measurement only) electrolyte concentrations 
(except for Na in females) were slightly increased at HD; however urine volwne was 
slightly decreased at HD resulting in no drug effects of electrolyte excretion. 

8) Plasma levels of parent drug 

Samples were taken from 5/sex/group. 1 and 4 hours post-dose, on the first and third 
days of weeks 1, S, 27, and Si. Samples were pooled (by dose. gender, day, and time); 
results for the 1 hour time point arc shown in the attached table. (Values at the 4 hour time 
point were - 112 those at the 1 hour point). Levels increucd roughly proportionally to dose. 
Levels also increased with increased duration of dosina. Levels tended to be greater in F 
than in M at most points. 

9) Organ weights 

Absolute and relative salivary gland weight increased at HD at both 6 month and 
tcnninal sacrifices. (Meal rel. wt. - l .25x control). (No usociated histopathology). 

10) Gross pathology 

No swnmary tables presented. Text says no drug effects. 

11) Microscopic pathology 

(Routine exam done in control, HD, and premature deaths. [See table under 
"Dosage", above for nwnbers examined at 6 month and terminal sacrifices]. Gross lesions 
examined histologically in all groups). 

No drug effects. There was an equivocal trend toward decr;ascd chronic 
nephropathy in HD M. 

( 5 fO ~ 5, ft I j j (J~ Af..'i ~£1..EJ Ant\~~) 
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MALE FEMALE 

GROUP I I I II I IV TOTAL I II I II Iv TOTAL 

Terminal Sacrifice 18 21 22 23 84 23 23 23 22 91 

Spontaneous Death 7 s 3 3 18 1 2 1 l 5 

Sacrificed Moribund 0 0 0 0 0 1 0 0 0 1 I 
I 

Ace i den ta 1 Death l l 0 0 2 0 0 1 3 4 

Interim Sacrifice 10 10 10 9 39 10 10 10 10 40 

P~a rmacok i net i c 4 3 5 5 17 5 5 5 4 I 19 
' 

40 160 I 160 
I 

TOTAL 40 40 40 40 40 40 40 I 
I I 
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Figure 1 

89-3499 

A Chronic (12-Month) Oral Toxicity Study 
of 62020 in the Rat via Gavage 

Group Mean Body Weight Values in Male Rats 
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Figure 2 

A Chronic (12-Honth) Oral Toxicity Study 
of E2020 in the Rat via Gavage 

Group Mean Body Weight Values in Female Rats 
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Non Clinical Pharmacology and Toxlcoloo 

Table 12: Coacentntiou of E2020 lu pluma 1 bour after administration by 
1•va1e to male (M) and female (F) nts durta1 a 1 year toxicity study. 

J 

Dosap Graup 
Study Day 1.0 ma/kl/day 2·0 ml"kJ!day 10 ma/kl/day 
week M F M F M F 

1 l 7.42 10.02 24.10 57.10 61.73 ss:68 
3 13.98 11.19 32.33 SS.32 92.09 104.22 

5 1 6.SS 17.33 40.99 75.00 157.07 159.81 
3 10.39 16.21 41.34 71.30 187.53 236.38 

27 l 13.71 22.03 54.45 104.00 189.24 239.45 
3 10.58 18.82 47.17 63.93 149.SO 210.33 

52 1 12.95 23.95 65.34 108.42 224.06 304.64 
3 19.87 2S.92 87.39 100.75 233.66 241.97 

•• 
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SC • Spinal Cord 
LN • lymph Node 
GL • Gland 
GLS • Glands 

T 2~A-1 
Table 25A 

A Chronic (12-Month) Oral Toxfcfty Study 
of E2020 in the Rat v;a Gavage 

Incidence of Neoplasms - Male Rati 
6 Month Interim Sacrifice 
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Non Clinical Pharmacology and Toxicology 

Table 12: Conceatratio111 of E2020 in plasma l hour after admlnlltration by J 
~ 

gavage to male (M) and female (F) nts during a 1 year toucity study. 
J 

Dosage Gr:o11p 
Study Day t.O mglkclday 3.0 mg/kg/day 10 mg/ka/day 
week M F M F M F 

l 1 7.42 10.02 24.10 57.10 61.73 85.68 
3 13.98 11.19 32.33 55.32 92.09 104.22 

5 1 6.85 17.33 40.99 75.00 157.07 1S9.81 
3 10.39 16.21 41.34 71.30 187.53 236.38 

27 t 13.71 22.03 54.45 104.00 189.24 239.45 
3 10.58 18.82 47.17 63.93 149.SO 21G.33 

52 1 12.95 23.95 65.34 108.42 224.06 304.64 
3 19.87 25.92 87.39 100.75 233.66 241.97 
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SC • Spinal Cord 
LN • Lymph Node 
GL • Gland 
GLS • Glands 

T 2SA·l 
Table 2SA 

A Chronic (12·Month) Oral Toxicity Study 
of E2020 in the Rat via Gavage 

Incidence of Neoplasms - Male Rats 
6 Month Interim Sacrifice 
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U/ • un;lateral 
B/ • Bi latera 1 
SC • Spinal Cord 
LN • lymph Node 
Gl • Gland 
GLS • Glands 

T 27A-1 
Ttble 27A 

A Chronic (12-Month) Oral Toxicity Study 
of £2020 in the Rat via Gavage 

Non-Neoplastic Lesion Incidence - Hale Rats 
6 Month Interim Sacr;ftce 

\ \ cld 
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U/ • Unilateral 
B/ • Bilateral 
SC • Spinal Cord 
LN • Lymph Node 
GL • Gland 
GLS • Glands 
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A Chronic (12-Month) Oral Toxicity Study 
of £2020 in the Rat via G1v1ge 

Incidence of Neoplasms • Female Rats 
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3 MONTH P,O, IOXJClIY IN. DO~ 

Beagle dogs were originally scheduled to receive doses ofO. 0.3. 1. 3, and 8 ma/ks/day (in 
captU)ea); however, due to deaths at HD durina the first 2 days, animals were reassianed to the 
following doses, (Underlined dop are those IW'Vivon at 8 ma/kl which were mutiped. Al10 u 
indicated, 2 controls and 4 at 3 mg/kg were kept for a 5 week recovery period): 

Dose 1!0Ul? Sex Animal No. 

Control Male 7153 7154 7159 7160• 

Ftmalt · 1648 1653 7657 7655 .. 

E2020 0.3 !T\g/kg Male 7149 7156 7161 
Female 7649 7661 7665 

E2020 1 mg/kg Malt 7147 7155 7158 

Female 7645 1646 7658 
E2020 3 mg/kg Male 7150 7152 7157 ZJ.d• zui· 

Female 7656 1659 7662 zeii• Uil• 
E2020 6 mg/kg Malt V1S 

•; Animal1 scheduled to be maintained undOHd for 5 wHks after 
completion of the treatment period for recovery tudng. 

Origina1ly. 10 doas were to have received 8 ma/Jcg; of these 1 died 7 houn after the first 
dose and 4 died (including I F sacrificed in extt;mis) 3-24 hours after the second dose. Si1111 prior 
to death included salivation, fasciculation. tremors, and convulsions. Blood chemistry wu done in 
the F which was sacrificed and showed elevated ALT, AST. LOH, CPK. AP. LAP,OOTP, BUN, 
and total bilinabin, and low glucose. Postmortem exam in these dop showed. grossly and 
micro1copically, extensive subendoc:ardial hemon'haae in the left ventricle and. micro1copically, 
myofibrillar degeneration in left ventricle wall. papillary muscle, and seprum; it wu stated that the 
lesions were mulrifoc~l and showed very aliaht eo1inophilia of tho myocardial fibers. Similar 
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chan1cs were seen in dop which died in an acute toxicity study: u cliacusacd in the "Acute 
Toxicity" section (above) they were considered to be secondary eft'ectl oflethal, hypoxic do1e1 of 
the dJua. 

There were no drug-related clinical 1iana at 0.3 and 1 maJka. Fuciculation and tremon 
were seen at 3 and 6 mafka; theae were mainly seen in the fint 2 weeks. Mucous atooll were aeen 
with increased fr3quency at 3 ma/kl. No drua·rela•d aiana were 1een durina the recovery period. 

There were no drua effects on periodic ophthalmoscopic exams, EKO (note that the time 
alter do1in1 when measured not given; thus it ia not clear ifEKO wu measured near time of peak 
blood levels), hematolol)', blood ohemisuy (inclwtln1 paoudo-cholinuterue) or (24 hour) 
urinalysis. (One doa in tho , ... 3 ma/k1 lfOup had elevated ALT at weak 1 but not at later times; no 
liver hiatopathology aeen in this do1). There were no clear drua eft'ectl on arou or microacopic 
organ exam. (Suhmaxillary aland weiahts were equivocally increued at 3-6 m&lka, without 
histoloaica1 correlate). Overall, I ma/kg wu a no-effect dote in this study, 3-6 mWJ<a produced 
cholinergic signs, and 8 ma'k1 produced pronounced cholineraic sians and deaths. (Note that only 
1 do1 was studied at 6 ma/ka). 

Plasma levels of unchanged drua meuured at varioUI times were 1cnerally below the level 
of detection ( 1 na/ml) at the lowest dose. ResuJta of the 1 and 3 ma/ka dose are shown in the 
attached tables. At 1 ma/ka, C11111 increued over the study, 1u11eatins continuina accumulation, 
althouah tho data were rather limited due to the low level• aeen. At 3 maJka, level~ increased 
between days l and JS but not between days 3S and 91. Cmax values at 3 ma/k1 were about lS-20x 
those at I mWJca. Limited data were obtained for the 8 ma/ka pup due to early deaths and rc
usignment of survivor.1 to lower dose aroups; Cmax values obtained in 6 of these doas on the fint 
day of dosing ranged from 305 to 431 nwml. (Of those the values in the 4 that died were not clearly 
srcater than those in the 2 survivon). Comparina thue values with the day I c ... values for tho 3 
mg/kg group (see table) indicates a ifelter thDn proportional increue with dose between the J and 8 
mg/kg doses (i.e .. approximately 7x increase in Cmax). 

Jn this study, liver samples were obtained at tcnninarion from 2/scx at 0, 0.3, 1, and 3 
mg/kg, and 1 M at 6 mgt'kg, and analyzed for cytochromes b5 and P 4.SO, and varioU1 drug 
metabolizing enzymes. No drua effects were seen. 

13 
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Table :ti f~llletsc Paruntttll D~ U-Weekl Admlalatration of 
mQ20 to B•llll Dop at SI.Dalt, Dally, Oral DOIU of 1 mA 

Study . Cnx Cu · tmax 
Day 'rgtml> (nf/ml) (hr) 
111 :r.a:ti ~s to:i.o ·; 
8th NM ND NM 

35th 6.W.O ND 1.0-2.0 
91st 8.9±2.6 ND 1.0-2.0 

n. 5 (1 1911\ilt excluded, dU. to abi\OnNlly i\ilh vaofiutt~tl :?5 ••• tuwt) c 1 ND: not dtttetld (c t ng/ml, u 1.0 ml volwrtll P w --..1-- , m n 
was also ND on the 4lh day. 

NM: not meuured 
NS: no umpl• collectld 24 houri after the ftnt dOM. 

Table tt Pllarmacoldnetic Puamftal Dmlng U..WHkt Admlnlatrallon of 
!2020 lo ltlllt Dop at Slqlt, DAiiy, Oral Dota of S lllf'kl· 

Study C:max Calin tmllll AUCNi\f 
Day (ng/mJ) (ng/ml) (hr) (n19hr/ml) 

1st 54:t:12 NO 1.0..2.0 140±35 
8th NM 6.2:.t:2.2 NM NM 

35th 154±18 8.3±4.3 1.0-1.s 598±107 
91st 153±26 8.6±3.i t.0-1.5 S50±108 

n • 6 (3 males + 3 lemalet} 
NO: not detected (< 2 ng/ ml, 11 0.5 ml volumet of plaama w1r1 analyzed) 24 houra 

after the first doN adrnhu1tration, Cmin wu alto NO on the 4th day. 
NM: not measured 



ONf:: YEAR P,O, TOXICITY IN DOGS: 

A) Dosage 

6/scx at 0, 0.6, 2.0, or S,O mg/kg/day, in capsules. 

2/scx/p;roup were sacrificed at 6 months. (See attached table which also indicates timcs of 
lab tl!1ta). 

Strain: beaale 
Drug Lot #1: 88020201, 89120401 

B) R"snlts 

I) Observed siana 

a) Salivation • all doses 

b) Tremors, hyperactivity, and lacrimarion seen at HD and (in only a v.:ry few 
instances) at MD and (hyperactivity only) LD. 

c) Incidence of 11swollen mammaries" increased in all F aroups; not D-R and 
not considered treatment-related by the sponsor. 

2) Mortality 

One control F died day 11 . 

3) Bodyweiahts 

Wei;hts in HD F were slightly (generally< 10%) below respective controls 
throughout most of the treatment period; the report states that this wu not 
statistically sianificant and not considered drug-related. 

4) Food consumption 

Values were expressed as pams consumed per ka bodyweight thus making 
evaluation of food consumption w u difficult. The only clear drug effect was a 
decrease at HD of both sexes week 1 (a/kg conswnption - 213 of control). 

S) Water consumption 

(Measured pre - Tx and months 3, 6, 9, and 12, over a 7 day period). 

As above, ruults are oxpre11ed on a per k1 bodywei1ht basis, makina 
evaluation of the dnta difficult. The study report concluded there was a decrease in 
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HD M since values were 5S-60'/o of control; however values w~ also lower pre-Tx, 
although to a smaller depe (79%). 

6) Ophthalmoscopy 

(Done prc-Tx and at months 3, 6, 12) 

No dn•a effects 

7) Hematology 

(Done pre-Tx and at months 3, 6, 9, 12) 

No drug effects. 

Parameten meuW"ed: RSC, Hb, Hct, platcle'8, reticulocytes, WBC, 
diffcreritial, RBC morpholoi)', PT, APTT. 

8) Blood chemistry 

(Done pre-Tx and at months 3, 6, 9, 12) 

No clear druE effects. 

One HD M had elevated AST and ALT at 3 months and elevated ALT at 9 
months. Another HD M and an MD M had elevated ALT at 9 months. An HD F 
had elevated ALT at 12 months. These elevations were 3-5x the hiahest concurrent 
control. The affected animals did not have liver histopatholoay different from that 
seen scattered across all aroups in the study. 

Other parameters meuured: AP, total bilirubin, LOH, CPK, glucose, 
cholesterol, triglycerides, phosphotipids, total protein, albumin, protein 
electrophoresis, BUN, creatinine, uric acid. Na, K, Cl, Ca, phosphorous. 

9) Urinalysis 

(Done pre-Tx and at months 3, 6, 9, 12) 

Decreases in 24 hour urine volume and electrolyte (Na, K, Cl) excretion 
decreased in MD and HD (and occasionally LD) M, and in Ht (and occasionally 
MD) F. at most times. Magnitude of effects were aenerally D-R.Magnitude of 
effects did not clearly increaso.over time with the exception that.in M, effects tended 
to be less at 3 months than at later times. Mean values at HD were 1enerally 1/3 -
2/3 control means. There was no clear drug effect on urinary electrolyte 
concentrations. 
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10) Plasma levels of parent drug 

Samples taken from 3/sex at 1, 2, 4, 8, and 24 hours post-dosina on days 1, 
28, 182, 364. Resul~ shown in sponsor's summary table, attached. Levels increased 
greater than proportionally to dose. Levels increased with incrcuina dW"arion of 
treatment, particularly between days 1 and 28 (2-4x). There were no apparent sex 
differences (not shown in table). 

11 ) Organ weights 

No clear drug effects. Submaxillary gland weiahts were equivocally slightly 
decreased in all M groups at termination. not D-R. 

12) Gross pathology 

No summary table presented. The report implies no drug effects . 

13) Microscopic pathology 

(Routine exam done in all animals). 

No clear drug effects. A few findings noted by the sponsor to be of 
increased incidence in the treated groups. but not considered to be dnla-related 
based on low severity and on bistorical incidence, are shown in the attached table. 
These equivocal increases were seen only in one sex each, except for thymic cysts 
which were said to be embryologic remnants. The complete histopathology tables 
are also attached. 
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3. METHODS (cont.): 

E. Experimental Outline: 

IClllCltr of Alll•h 

Clt"tc11c Mtua. 
OoHa IACUa1 .... ~ ~lloN\O!:X lt)dl!• 111c:maz 11t11o1!1Xd 

kl MU ell Tut llvtl .... ,. 
Gl'Ollp lllbnance r .. 1~.1••1> 4111 Ttlt .JJ.m.. !tt Ho• 3&6 !!tJ...W1 ~ !Ul !!!..! IWU 

t! ! t! ! !! ! !! ! ~ ! !! ! !! ! !! ! ~ ! 

V.htcl1 o' a ,, 
:a 3 '' I •' 4 sf I I 4 

,, 
I 

,, 
4 3 

(control) 
II uozo 0.6 I I 3 3 16 I I 4 4 I I 4 4 r r 4 ' (low-) 
Ill czozo 2.0 ' I l :J II 6 I 4 4 z I 4 4 I I 4 4 
(•Id ) 

IV £2020 5.0 e I J , I 6 I ' 4 • z I 4 4 I I • 
(hlth·) 

10o1l119 wu ba11d on •100' activity of the (technical or fo,..,lated) trtllt of tit. t11t 111lt1tt1tC! 11 111t141Hed h the 
lllOn•or. 

bror pllarwcotlnttlc: 1190Hn9, \hnt1 anl .. h/IH/ll'OllP wtrt 1111pltd btfont COllPHnd 1Mlnl1tt'ltlon 1NI 
at 1, z. •. a and U houn •fttr do•lllf. tlood wu dr11111 Oft Ott I and at l, I and IZ 11011th1 of do1l11t. 
Ona •1 of plUN ... collected , .... HCh ... I\ HCh u .... In\. Thi ... llllMh Wit,.. Ulllllld tflrouthout 
1111 at11dy, Thi anlNh .. ,.. anllfllG to tllh trtlllJ at the bltlnnlnt of th1 ltudy. 

clloch••iatry, he.,tolott 11!d 11rtn1111l1 .,..,.. con411ettd prtteat and at Montha l, I, I and 11. 
dHhto111tholo91 wu perforNd on an 1n1 .. ta ucrlflc1d •t tht ltonth 6 l11t1rl•, Month 11 Tt,..tMt kertfica altd any 

1n1 .. la dying 1po11un1oual;r prior to the &chtdultd ucrtflc11. 
1Contl"OI 1n1 .. 1a r1calnd 91lltln cepau\11 cont1lnl119 5 99/lt/d11 of \ht urrl1r (1112 •latlll"I of •l•cto111flyd..,,•1· 

propyl ctlluloH). 

fonr 1ntNl In Group I ditd on Ot)' u. Hh\0111\holon 1H•l11atlen1 were pel"fDT91d °" tllt1 1111 .. 1 et t!M ti• of tll1 

Month 6 ln\tl"I• report. 



Summary 

Plasma concentrations of E2020 were determined m the chrome tox1c1ty stu-.iv 

(Pro1ect No. 89-3498) on repeated oral adm1mstrat1on for 12 months in beagle dogs 

The dose levels were 0.6. 2 and 5 mg/ kg/ day of E2020. Blood samples were 

collected from 6 dogs (3 males and 3 females) an each dosage group at pre-dosing 
and l. :!. ~. 8 and 2-l hours after arlministration on Days 1. 28, 182 and 364 of dosing. 
The mean values of Cn,ax, Cmin, AUCD-24h (area under the curve), And tmax for 

males and females combined are summarized below: 

Cm ax Cm in AOCo-2~ tmax 
Groue Da~ Cn5/ml) (n5/ ml) (n5.hr I ml) (hour) 
0.6 1 3.76 N.O. 11.79 3.2 
mg/kg tl.2.5 :t0.00 %4.10 :t.2.8 

28 5.09 N.D. 20.62 1.7 
±1.84 :t0.00 tll.19 :tl .2 

182 7.18 N.D. 23.65 1.5 
:t.3.04 :0.00 :t:12.85 1'>.S 

364 8.02 N.D. 39.54 2.0 
t4.69 :0.00 %17.02 :1:1.1 

2.0 1 19.48 N.D. 69.71 1.8 
mg/kg :tl4.70 t0.00 t.39.88 !l.2 

28 40.88 N.D. 248.65 1.8 
±22.71 ±0.76 :t102.38 :tl.2 

182 52.37 1.40 310.26 1.8 
:t21.97 :1.20 :tB8.12 tl.2 

364 59.80 3.14 404.25 3.2 
:t23.27 :tl.13 ±82.06 :t2.8 

5.0 90.44 1.94 538.34 2.8 
mg/kg :d9.98 tl.80 :t289.98 :t2.8 

28 246.92 17.68 1926.n 1.8 
:t65.03 :t9.22 :t532.35 tl.2 

182 296.73 38.85 2740.38 1.5 
t63.28 :t.30.39 :1:1109.53 :0.6 

364 303.06 56.96 3336.35 2.2 
t51.4S :t.35.80 :1:1194.34 tl.O 

N.O.:Not Detected (Umit of quanhhcation was l ng/ ml). Mtaru:S.O. 

Cmax and AUC clearly increased with increasing dosage, and these increases 

appeued to be more than dose-proportional. 

Mean v11lues of Cmax and AUC.~ increased dpproxim.ittly 2 to 4 t~~es between Day l and 

Day 28 ot dosing; however. thtM? changes remAin~d withir. 2-fold between DAy 28 And Day 

364 ot dosing. The meAn plasma concentrations ot E2020 reached tmax 1.5 to 3.2 hours attcr 

dosing. No sex differences in toxicokinttic parameters were found in all doHge groups. 
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A 19·8 81-3498 
Appendix 19 (cont.) 

A Chronic (12 Mo~th) Oral Toxicity Study 
of E2020 in the Or~ via Capsule Administration 

Pathology Sut111ry 

Lesion Hean Severity (MN) of Selected findings 
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A 19·7 · 89-3498 
Appendix 19 (cont.) 

A Chronic (12 Honth~ Oral Toxicity Study 
of E2020 in the Dog via Capsule Administration 

Pathology Sunmary 

F;9,ue A 
Lesion Hean Severity (H~) of Selected Fitldinqs 

:<ry 

MN • (1) (n1) + ~2) (n1) + (3) (n1) t (4) (n.) + (5) (n5) 

NL 

n1 - where n • number of animals ~ffected 
with a lesion of X severity 

NL - number ~f ani~als exhibiting ' lesion 
TL • total number of lesions 
HH - Lesion Haan Severity 

Seyeri,U ~ 
i - min iina 1 
z - slight 
> - moderate 
• - marl;ed 
1 - !levere 



·~ 

! 

T 218-1 
Table 218 

A Chronic (12 Month) Oral Toxicity S·u1'1y 
89-3498 

of E2020 in the Dog via Capsule Adm;nisirat;on 
Pathology Report 

Su111ary Incidence of Non-Neoplastic Microscopic findings - Mil~ Dogs 
6-Month S1crtftce 

KEY JQ QBS£8VAIIQNS 

U/ • UNILATERAL 
8/ • BILATERAL 
SC • SPINAL CORD 
LN • LYMPH NODE(S) 
C.LS • GLANDS 
SG • SALIVARY GLAND(S) 
SUB-MANDIB • SUB-MANDIBULAR 
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••• PAnt/TOX STSl[M OUTPUT ••• 
A ClfRONIC (IZ MONTH) OUL TOllCilT'I' STUDY 

or [2020 Ill Jlf[ DOG f!A CAPSULE ADMIN!SfRU ION 
MICROSCOPIC rJ•DllVGS --- INCIOEHCE SUHl'IAR'f 

PRllTED: 14-AUG-92 
PAG(: 2 

S TUOT NUMBER: 89J4Q8 

----------------- ------------------------------------------------------------------------------·-------------------------------------
TABLE lllCLUOES 

SE l =H; GRDUt'•Al l. SCIHlll•All. WE HS :AU 
DEA TH= I .. r l•D•P. suesE T:T 

DAGAN ANO FINDING O(SCRJP!IOll 

--- I UH 8 E R - 0 F - ~I J HA l S - A ff£ CT £ D --

SCX: -------MAL[-------
GROUP: -l- -z- -3- -4-

ltJM8£R; z z 2 z 
··----------------------------------------------------------------------
•• TOP or llST •• 
BRAIN IUJMB(R [I AM I NED 2 z 2 2 

- -CONG( S Tl ON z I 2 0 

CERVICAL SC . - ... •UMBER [XAHllCD: 2 z z z 
THORACIC SC .. - . - IUHiB{A EXAMINED: z 2 z z 

LUMBAR SC . . - - . - . - . - . llUK8U EXMllllED: 2 z 2 2 

IERV£ I ...... IUMBEI (XNlllCD: 2 2 z 2 

H[AIT ..... IUMB[I (XAMll[D: 2 2 z z 
AOIHA ' ..... IUMIER [INllHCD: z 2 2 z . 
TRACHEA ............ 111'18£R [IAMllED: 2 2 2 2 

ESOPHAGUS . . . . lll'llCR EIMlll[D: 2 2 2 z 
LUNGS ..... - ..... . . . . . . . ............. Nll'IBCR [IAlfllCD: 2 2 l z 

··C0"6ESTJDI 2 2 2 2 
- -At Y[01L I : [MPHYS[MA l 2 I a 
--ALWlOLl:ATEltCTASIS I J I 0 
--Alf[Oll:MACIO'HAGCS I z I i 
-·ALrCOLl:ERTTHROCTJ(S I I 0 0 
- -PCRllROICHIOlAIUPCR I rASCUlAR l TM1PHOCrT£S 2 I I 2 
- -Al YlOLAl/BROllCHIOLAI [Pl TiH[l l Al HYP[APLAS IA I I 0 ' --riaaos1s ' 0 0 0 

t 
M[S[lt[llC LI ..... IUMBEI UMllED 2 I z z 

- -SllUS EC TASIA 2 I z z 
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SEGMENT I REPRODUCTION IN RATS 

A) Method 

24 M + 24 Fat 0, 1, 3, or 10 mglkWday, by gavagc. 

Dosing in M was from 63 days pre-mating through a 2 week mating period. F were 
dosed from 14 days pre-mating through either day 1 of gestation (half of the F, which had 
cesarian section perfonned on day 20 of geS1ation) or through day 21 PP (remaining F, 
which were allowed to deEvcr naturally). 

Four control M were inadvertently dosed with 10 mg/kg of drug on day 19 of 
dosing. 

F 1 offspring were evaluated for weight gain, survival, developmental milestones, and 
reproductive performance. 

Strain: Sprague-Dawley (from Japan SLC Inc., Hamamatsu, Japan) 

Drug lot#: 8912040 I 

B) Results 

1) Observed signs in Fo 

No drug effects 

2) Fo mortality 

One LD M. 2 HD M, and 1 HD F died, believed to be dosing accidents. 

3) Fo bodyweight 
Weights of F assigned for natural delivery were generally below control at 

MD and to a greater extent at HD throughout the gestation and lactation perio&; this 
only achieved statistical significance at HD during the lactation period. (Mean - 90-
95% of control; see attached table). (Very slight, non-statistically significantly 
lower bodyweight gains were also seen among HD F sacrificed for C·section during 
the days of gestation that they were dosed, i.e. days 0-7, and in HD F during the first 
few days of dosing pre-mating). 

There were no clear drug effects in M. 

4) Fo food consumption 

Statistically significant decreases in HD F during first few days of dosing 
pre-mating and during the lactation period (Mean 85-90% of control). (Decreases uf 
smaller magnitude were seen in LO F and MD F during lactation period, but 
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fienerally not statistically significant). Slight decreases seen in HD F on the first day 
of gestation. but not statistically significant. 

No clear drug effects in M. 

S) Fo estrous cycle 

Prolonged at HD (see attached table) 

6) Fo fertility 

No drug tffects (see attached table) 

7) Other reproductive parameters 

(See attached table for parameters measured and results obtained). 

No clear or consistent drug effects seen. Fetal wight was statistically 
significantly increased among HD F sacrificed on day 20 of gestation (see table 
"13 "); however weights of F 1 offspring from HD F allowed to deliver naturally were 
similar to controls on day I PP, and were less than controls (up to S-10%, but not 
statistically significant) beginning around 1 week PP. (see tables 1115" and "18"). 
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S&udy No.: 904313 

Tlb&c6 Body weipt (I) or FO dams usigned for narura1 dclivt:ry 

Dale (mp&) Control 1 3 10 

No. of animals euminod 9 10 10 10 

Days of 1emdon 0 246.9±4.6 2 ... 1±4.0 238.2±5.6 238.0:!:S.O 

2 255.7±4.7 252.2 ± 4.2 244.9±5.2 243.1 :!:S.8 

A 262.9±4.6 260.6±4.4 251.2±5.1 249.0±6.4 

6 270.1±4.5 269.9±4.6 260.5±4.l lSS.3!:6.6 

7 212.9±4.6 273.3±4.5 262.6±4.3 2.58.6±6.6 

8 271.6±4.8 277.2±4.8 266.7±4.5 261.5±6.S 

10 286.4 ::t 4.8 288.3 ±4.5 277.3±4.7 270.7±7.3 

12 29-1.6::t:5.l 299.4±4.5 288.6±4.9 281.0±7.2 

14 305.0:t:5.4 308.•:t~.o 295.9±5.7 287.6±7.2 .. , ·, 

16 318.7±5.2 323.2±.5.2 312.3±5.5 301.7±7.4 

18 333.8±6.9 342.6:t6.6 328.8±9.0 318.9±8.1 

20 362.7±5.7 366.3±6.4 353.8 :t: 8. 7 342.4±7.6 ·i 1
' ~ i 

' 

0.7 26.0±2.2 29.2:t1.9 24.4±2.3 20.6±2.1 

7·20 89.8±3.1 93.0:t4.6 91.2±5.7 83.8±2.5 

Days of lactadoa 1 275.2±5.9 276.0±4.9 274.5±5.4 260.8±7.9 

4 286.3:t4.4 283.9±3.8 281.2:t:4.2 263.8:t:S.9••a 'P rt. 
7 29$.8±5.8 290.6±3.8 286.0 ± 4.3 269.8 :t:6.6 .. a 

10 307.4±5.1 300.9±3.0 297..5±3.7 280.1 ±6.2 .... 'I . ' 
,' I, 

1.- 310.l±S.2 306.9±3.2 302.7±5.1 282.4±6.3··· 

17 305.8%4.6 305.8±3.S 303.0±4.8 286.6±s.s•a 1 '1 ,'I 

21 303.6±!.7 303.4:4.6 297.8±4.3 287.l ±5.7 

1·21 28.3~3.7 __ ;7.4:1S.4 23.3±2.9 26.3:,.1 

0.. ~rucnr Mean ± S.E. 
Si~~CIDL\y diffCRm fJOm conuol • p<0.05 ••• p<0.01 I: 0uaDcct 



Study >,.o.: 904313 

Table 3 Estrous cycle of FO female rats 

Dole (mg/kg) ConD'OI 1 3 10 

No. of animals eumined :?4 r ' 14 ~3 

Estrous cycle lenph (days) 4.0::0.07 4.0~0.0J 4.2:0.07 4.4 ::0.10··· 

Tocal occurenc:c of esaus 88 85 86 77 

Esuua (4') with CICh duradon 

l day 76(86.4) 81(9$.3) 74(86.0) 53(68.S)••b 

2 days 12(13.6) 4(4.7) 9(10.5) 22(28.6)• b 

3 days or more 0(0.0) 0(0.0) 3(3.5) 2(2.6) 

Dara reprcscm Man :t S.E. 
Sipjficandy diffcrem from c:omrol • p<0.05 , •• p<0.01 a : Dwmca rlllkin1 b : Qi.square 
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Table 10 Fcnility findin1s of FO parental animals 

[)oSe (ml/'k1) Control 3 10 

No. of pairs :?4 n l4 :? 1 
Cesarean secrion 12 11 12 11 
Narural delivery 12 12 12 10 

No. of maced pain <" of pain) 23 (9.S.8) 23 (100.0) l3 (95.8) 21 (100.0) 
Cesarean scaion 12 11 11 11 
Nannl delivery 11 12 12 10 

Days to c:onfinned madras 
Mean:!: S .E. 2.9±0.59 1.9t:0.29 2.7 :!:0.5.S 2.5±0.32 

No. cf prepanr females <" of mated) 21 (91.3) 21 (91.3) 20 (87.0) 19 (90,.,) 

C.Csarean section 12 11 10 9 
NaNral delivf:f'/ 9 10 10 10 

\<b c.. 
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Table 11 Dclivay ftndlnp of FO dams 

Dose (m&lka> Control 1 J 10 
!: ... 

No. of prcpnt fcmaJes 9 10 10 \0 
No. of femaJes with live offlprina (9&) 9 (100.0) 10(100.0) 10(100.0) 10(100.0) 

Gestation length (days) Man±S.E 21.3±0.2 21.3 ±0.2 ll.5 ::0.2 21.7 ±0.2 

No. of impllDlldon ICl1I ToCll 132 143 128 137 

Man±S.E. 14.7±0.6 14.3±0.6 12.8±1.3 13.7::0.6 

No. of delivered offsprin1 TOCll 118 130 11.5 117 

Man:tS.E. 13.1 :t0.7 13.0±0.9 11.5 ±1.2 11.7±0.8 

No. of live offsprin1 Tocal 118 129 112 116 

Man±S.E. 13.1±0 7 12.9%1.0 11.2±1.3 11.6±0.7 

i. 
Sex ratio 1.11 l.11 0.81 0.81 

(male/female) 62/.56 68161 S0/62 52164 

No. of dead offspring Tocal ('i) 0 1(0.8) 3(2.6) 1(0.9) 

Live binh ratio •) 89.4 90.2 87.S 84.7 

a) : (No. of live offsprin1 I No. of lmplanWioa scars) x 100 
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T.Nc 12 Nunin1 ftndinp of Fo dams 

Dole (mg/k&) Conaoi9 1 ) 10 
No. of females 
with live offspria (~) 9 10 10 10 

f.arin8 of plac:ctUa•) dayl 919(100.0) 10/10(100.0) 10/10(100.0) 10/10(100.0) 

Retrievin11> dayl 9/9(100.0) 10/10(100.0) 10/10(100.0) 10/lO(lOCJ.O) 

day2 9/9(100.0) 10/10(100.0) 10/10(100.0) 10/10(1()0.0) 

day3 9/9(100.0) 10/10(100.0) 10110(100.0) 10/10( 1 ()().0) 
, 

J" 

* 
day4 919( 1()().0) 10/10(100.0) 10/10(100.0) 10/10(10().0) 

t J..aaation•> dayl 9/9(100.0) 10/10(100.0) lOJ 10( 100.0) 10/10(100.0) 

day2 919(100.0) 10/10(100.0) 10/10( 10().0) 10/10(100.0) ;.: 
~. day3 919(100.0) 10/10(100.0) 10/10(100.0) 10/10(100.0) ... 

day4 911)(100.0) 10/10(100.0) 10/10(100.0) 10/10(100.0) 
.'1' 

No cannibalism1) dayl 9/9(100.0) 10/10(100.0) 9/10(90.0) 9/10( ~l.O) 

day2 9/9(100.0) 10/10(100.0) 10/10(100.0) 10/10(100.0) 

day3 919(100.0) 10110(100.0) 10/10(100.0) 10/10( 100.0) 

day4 919(100.0) 10/10(100.0) 10/10(100.0) 9110( 90.0) 

Nursing fUiob) day4 9~100.0) 10/10(100.0) 10/10(100.0) 10/10(100.0) 

day21 919(100.0) 10/10(100.0) 10/10(100.0) 10/10(100.0) 

a): (No. Gf daml sbowin1 sh nursin1 behavior I No. of dams cx•mincd) x 100 
b): (No. of aunin1 fcml1cs I No. of females with live offsprin1) x 100 
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Table 13 Cesarean section of FO dams 

[)Ole (mg/k&) Control 1 3 10 

No. rJ uncn cumNd l:? l1 10 q : I 

No. al~ lutu Toca.I 181 16' 144 1!9 

Man:S.E. 1.5.1 :0.Al !4.9:0.7• 14.4:0.AS l·U :0.6() 

No. ol implantations TIJW 166 155 139 l:?.7 

Mun=S.E. 13.8 :0.55 l.t.l :::0.71 13.9 !:0.57 14.l =0.59 

lmpl111t1cioa ntio 166/111 1''1164 139/14' 1 :m1 :9 
Utter M..._'1) 92.1 94.6 96.4 98., 

:} 
No. ol raOf11(iallS 

-;:~. 
Ind dl:ld f~ To«&! 11 11 7 6 

~~· LhlcrMCU(~) 6.8 7.2 S.l 4.6 

" I 
~ No. ol live ferma Tocal 155 144 132 121 \ I M .. :::S.E. 12.9::0.61 13.1 ::0.7A 13.2~0.65 13.4:0.56 

! ' 
' . 

' 
So: ratio 0.81 l.06 1.03 

I 
0.92 I 

I 

(rm.lclfanalc) (7CW5} (74170) (67165) (58163) 

Fetal body weipt (J) Mcan:tS.E. 3.48:0.0S 3.57 ::0.06 J.65 ::0.08 3.15 =0.06 .. a 
• ! 

No. d fetuses 
'l 

Wrtll Cl'lC"IW uomaJies I 

I ToW 0 0 0 1•) 

un. Mi9('ll) 0.9 

a): proboscis + mopbtbalmia + utOmia ... miaoaa 
Sip:iftcaotl y ditf aenr from control •• p<0.01 I: Ounnen 
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Table 14 Vaability and external findings or Fl offspring 

~- Dose (mg/kg) Conrrol '. 1 3 \0 

:; 
No. or liners examined 9 10 10 10 

No. of live off sprina 
Day l TolaJ 11 118 129 112 116 

Mean::S.E. 13.l:t0.7 12.9:t 1.0 11.2± 1.3 ll.6::0.7 

Oay4 Tocal bl 118 129 112 11!1 
Mcan:tS.E. 13.1 :t0.7 12.9± 1.0 11.l± 1.3 11.S ±0.7 

Day 4 •) Total~> n 78 73 79 
Man:::S.E. 8.0±0.0 7.8 :::0.2 7.3±0.6 7.9±0.1 

Day 21 Tocal d) 72 77 72 79 
Mean:::S.E. 8.0±0.0 7.7±0.2 7.2:t0.6 7.9±0.1 

! 

No. of dead offsprin1 
i' 
l Day 1 0 1 3 1 ' 
' 

Days 2 to 4 0 0 0 l 

Days 4 cl to 21 0 1 1 0 

Viability index (%) 
Days 1ro4 f) 100.0 100.0 100.0 99.1 

Days 4 •>to 211> 100.0 98.7 98.6 100.0 

No. of offspring 
with external anomalies(-.) 

Days l lD 4' 0 0 0 0 

Days 4 •> to 21 0 0 0 0 

c) : posx-culling f) : (bla) x 100 g) : (die) x 100 



• 
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Table 16 Physical and funcrional dcvclopmcnr of Fl offspring 

Dose (mglk1) Control 1 3 10 

MaJcs 
No. of liners 9 10 9 10 

Day of pinna unfoldin1 3.4 ±0.lS 3.S±0.18 3.5±0.20 2.8:t0.ll 

Day of incisor enaption 12.2±0.26 12.1 ±0.32 12.9±0.lS 11.8:::0.:?S 

Day of eyelid opening 16.5±0.25 16.5 ±0.27 16.8±0.23 16.5 :!:0.27 

Day of pa1mar grasp S.0±0.00 s.o±o.oo .5.0±0.00 S.O:t0.00 

Day of audhory stanle 13.S ±0.18 13.8±0.24 13.9±0.lS 13.S ::t 0.21 

Females 

No. of litters 9 10 10 10 

Day of pinna unfolding 3.4:t0.14 3.4±0.18 3.3±0.24 2.8±0.17 

Day of incisor eiupcion 11.9±0.26 11.8±0.36 12.2±0.40 n.9:0.21 

Day of eyelid opcnizig 16.3±0.22 16.5±0.26 16.7±0.29 16.6±0.26 

Day of paJmar ll'UP 5.0±0.00 5.0±0.00 S.0±0.00 s.o::o.oo 
Day of auditory st.utle 13.4±0.14 13.6±0.21 13.6=±:0.32 13.4±0.22 

Dara ~resent Mean ± S .E. 
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Table 17 Organ weight of Fl offsprin111 21 days of age 

Dose (ma/kJ) Contra! 1 3 10 

No. of males 9 10 9 10 

Body weight (I) 44.86±1.98 42.!'i6±1.U 42.91 ::0.89 40.12:: 1.88 

Liver(&) 1.6.59 ±0.087 1..518 :!::O.t.>64 1.528 :t 0.048 1.440 = 0.090 .. (J.691 :t0.0.50) (3.557 ::0.074) (3.SS1 ±0.069) (3.566 :0.066) 

Kidneys(&) 0.4777±0.0183 0.4426:t0.0110 0.4654::!:.0.0140 0.4310z.:0.0238 
(1.0681 ±0.0169) (1.0418±0.0158) (1.0851 ±0.0265) (1.0707::0.0202) 

Brain (g) l.4618±0.0162 1.4379±0.0106 1.4373±0.0110 1.4119±0.0216 
(3.3033±0.1306) (3.3979±0.0829) (3.3591 ±0.0613) (3.5749±0.13.56) 

Testes (g) 0.2149 ±0.0121 0.2015 ::0.0080 0.2107 ±0.0075 0.2016±0.01 '24 
(0.4781 ±0.0107) (0.4729:tO.Ota2) (0.4900±0.0099) (0.4998±0.0102) 

No. of females 9 10 10 10 

Body weight (I) 42.36±1.33 42.48±1.26 41.67±1.20 40.50::!: l.37 

Liver (g) 1..S.56 ± 0.063 1.590 ± 0.063 1.5'1 ±0.072 1.486±0.077 
(3.667 ±0.060) (3.734±0.0.51) (3. 709 ± 0.077) (3.6.54 ±0.073) 

Kidneys(&) 0.4768±0.0156 0.4687:::0.0147 0.4842 ±0.0182 0.4619 ::\J.0201 
(1.1263±0.0162) (1.1038 :t 0.0156) (1.1604 ±0.0211) (1.1400 ± 0.0283) 

Brain (S) 1.3997 ± 0.0117 1.3929:::0.0171 1.3807 ± 0.0200 1.3828 :t 0.0191 
(J.3273 ± 0.0935) (3.3000 ± 0.0870) (3.3344 ± 0.0938) (3.4393 ± 0.0915) 

Ovaries (ml) 13.3±0.9 12.0:0.8 11.9±1.7 l2.6:t 1.2 
(31.61:t:2.06) (28.18::: 1.j6) (27. 69 ± 3.38) (30.64::2.il) 

Data represent Man :t: S.E. ( ) : (orpn weight I body weight) x 100 
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Table 18 Body weight and body weight gain<•> or Fl offspring 

Oosc(:\t:f Control 3 10 

!llo. oC males 9 10 9 10 

Weeks of age 3 44.2:: 1.6 43.0±l.1 43.4±1.2 41.0:t l.4 
4 107.0±.5.4 109.8:6.8 114.3±7.3 98.0::4.8 
s 163.8±6.3 166.6 ±9.0 171.9±8.S 153.0::6.9 
6 220.4±7.4 220.4 ±10.9 229.1±9.3 207.l ::8 . .5 
7 278.7±8.8 276.1 ±12.6 288.8±10.3 262.2:::!:10.3 
8 328.4±8 . .S Jll.6 :t iJ .a 338.4±9.8 309.2:: 11.0 l 
9 369.2±8.9 3S9.9±14.8 378.0±9.0 347.0± 11.6 l 

10 397.7±9.3 384.9:t1.S.4 40.5. 7 :t 8.4 370.6± 12.6 
11 426.3±10..S 414.9±16.4 431.7 :t8.3 398.8 ::t 13.9 

I 

3-5 119.6 :t.5.9 123.6±7.3 128.4±7 . .S ll2.0:t6.4 I S-1 114.9±3.7 109.5±4.1 116.9±2.2 109.2:t4.0 

'" 
7-11 144.8±.5.6 138.8±6.9 140.9:t3.7 l36.6:::!:S.l 

No. of females 9 10 10 10 

Wccksr>f age 3 41.9:t1.0 41.7±1.l 41.3±0.9 40.8:: 1.0 
4 93.8±5.3 98.l :±:3.9 9.S.8:t4.6 89.S:: 3.3 
s 131.4±4.3 137.4±5.0 131..5 ±4.9 128.1 ::3.4 
6 162.4±5.0 166.7±6.0 160.3::.5.6 156.0±4.0 
7 191.9±5.8 191.6 ±6.8 186.1 %.5.9 184.8:::!:5.l 
8 217.1 ±6.4 214.7±6.3 207.7%6.3 206.0:tS.5 
9 233.3±7.2 232.4±6 . .S 222.9±6.7 218 . .5 :t S.4 

10 246.8±7.4 247.4 ±7.1 236.4±7.0 2.32.0-:4.6 

11 256.8 ± 7.1 259.5±8.0 252.3±9.0 247.2!:4.8 

3-5 89.6±3.9 - 95.1±4.S 90.2±4.3 87.3:t3.~ 

,.7 60.4±3.1 S4.:? ::l.7 S4.6±2.6 S6.1:: ~.o 

7-11 64.9 ± :?. l 67.9::2.2 63.3 :t3.3 62.4 ::0.9 

Oa&a represent Meot.n ~ S.E. 

~ 

(~ L 
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Tab&c 19 Fcnility findings of Fl offspring 

Dose (mg/kJ) Conrrol 1 3 10 

No. of males 9 10 9 to 
Day of rcsticular dcscem Mean::S.E. 22.7::0.17 23.8::0.36 23.7 :0.41 23.:? =O.:!S 

No. of females 9 10 10 10 
Day of vaainal opening Mcan::S.E. 34.J~O.SB 34.6:::t1.62 34.6:0.87 33.7:0.68 

No. of pairs 9 10 9 10 
No. of mated pain (" of pairs) 8 (88.9) 10 (100.0) 9 (100.0} 10 (100.0) 

Days to confitmed mating Mcan±S.E. l.9:t0.40 4.J:t0.99 3. l ::t 1.25 2.S:0.90 = I'; 

No. of pregnant females ('J&) 8 (100.0) 9(90.0) ~ (100.0) 9 (90.0) 
,. 
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Table 20 Body weight (g) of Fl dams 

Dose (mg/k&) Control 1 3 10 

No. of pregnant females 8 9 9 9 

Days of gestation 0 263.6:6.9 274.6±8.4 256.1 ±9.0 257.3::4.9 

7 294.4:!:.5.6 307.3±7.9 279.9±8.3 287.9::4.l 

14 333.5 6.0 342.1 :t:8.S 312.7±8.9 326.J:S.4 

17 358.0±6.9 369.2.±9.l 338.2::10.J 349.8!:5.6 

20 402.9 ±8.8 410.1 ±9.7 317.6±11.1 393.3::7.6 

0·20 139.3 ±S.1 135.6±2.4 121.4 :!: 6.4 136.0±6.S 

Da represcnr Man ± S .E. 
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Table 21 Cesarean section findings of Fl offaprin1 

Dose(m~g) Cancro• 1 J 10 

No. ol lilfcrs CABined 8 9 9 9 

No.ol~halll Tocal 119 LJ2 m llo& 
Man::S.E. 14.9:0.44 l4.7:0." 14.l :0.5' l.&.9 :0..&5 

No. ol lmpwnationa Tocal 117 130 us l:?l 
Maa::S.E. 14.6~0..56 14.4:0.51 U.1:0.'l 13.7::: l.00 

lmplutaUOll ratio 1171119 130/132 1111127 113/134 
LinerM.-( .. ) 98..2 91.3 93.3 91.0 

No. ol rt:Sorptioas 
Ind dDmi tetacs Toca.I a I ' s 

un. Me-.(~) 6.7 6.0 S.% '-2 

No. ol. live fctlllCI Toca.I 109 1%2 112 118 
Mem:!:S.£. 13.6±0.63 13.6:t0..58 l2.4::t:0.56 il.1 ::1.os 

Su ratio 1.02 1.'4 1.04 0.90 
(~) (55154) (72/SO) ($7/!S) (5fw'62) 

F8'al body -.ipt (I) Mea:!:S.E. 3.49%0.06 3.45::0.05 3.42±0.02 3.54:0.05 

No. r:l Mwcl widt 
utmsal aaorAlles (1') 0 0 0 0 



SEGMENT II REPRODUCTION JN RAIS: 

A) Method 

36 fat 0, 1. 4. and 16 mg/kg/day, by aavagc, days 7-17 of gestation. (Day of 
confinned copulation • day 0 of 1estation.). 

(Doses were said to be chosen based on a preliminary study in pregnant rats showina 
miosis at S mg/kg+, decreased weight pin, fasciculation, decreased spontaneous activity, 
and lacrimation at 10 mg/kg+, decreased food consumption at 20 mg.lkg +,and lethality at 
30 mafkg; it was said that " no 1ed·aa1 effects on embryos ind no teratogenic effects on the 
fetuses" were seen at these doses). 

24 F/group had c-section on day 20 of --=station for fetal exam. (1/2 of fetuses were 
examined in head, thoracic, and abdominal regions using free hand razor method of Wilson 
and microscopic dissecting method of Nishimura. The remaining fetuses were examined for 
skeletal effects by the method of Dawson). The remaining dams (12/group) were allowed to 
deliver n ·.If, ly; F1 weights, survival, developmental milestones, and postwca , g 
bchavic "sts and reproductive pcrfonnancc were evaluated. 

B) Results 

Strain: 

Druglot#:88020201 

1) Observed signs in Fo 

a) Miosis seen - 1/4 of MD and most HD 

b) Fasciculation of limbs in most HD 

c) Salivation and lacrimation in a few HD. 

2) Fo mortality 

None 

3) F o bodyweight 

Decreased gain at MD and HD during the dosing period (mean 
weighf,n day 17 of gestat!_on approx. 96 and 93% of control at MO and HD , 
resp.); increased gain in these groups during lactation period such that all 
groups had similar weight by end of lactation period. (See attached table). 

19 



4) ~ l food consumption 

Changes generally paralleled above bodyweight changes. Overall 
consumption during dosing period - 90 and SS% of control at MD and HD, 
resp. (See auached tables). 

5) Results in dams sac1ificcd day 20 of gestation 

Pal'alnetcrs mcaswl:d and results obtained shown in tables "7", "11 ", 
and "12". 

Fetal weight and placental weight were slightly dec1"8Sed at HD. 
There were no effects on numbers of resolbed, dead, or live fetuses. (Table 
"7"). 

Fetal exams were said to show no drug-related effects; however, as 
shown in table 11, Sl1S9 (3.1%) fetuses at HD and 11160 (0.6%) in controls 
had a ventricular septal defect. (The S at HD were seen in S separate litters; 
i.e. 21 % of litters affected at HD vs. 4% in controls). (Ventricular septal 
defect was also seen in 11165 MD fetuses). The report states that the 
incidence was within the spontaneousl)'-OCcurring range for thq strain of 
rats, but no data were presented. (See '"Summary" section for further 
discussion). (Also note that visceral exam of the small number of stillborn 
and dying pups among dams allowed to deliver naturally showed a 
ventricular sea>tal defect[+ other cardbvucular abnonnalities] in 1 MD 
stillborn pup (Tables 16 and 17]). 

6) Results in dams allowed to deliver naturally 

Parameters measured and results obtained shown in tables "9" 
and"13" - "34". 

The only possibly drug-related effect among the many parameters 
measured was an increase in open field ambulation among male pups at all 
doses at 5 weeks of age. (Table 20). There were no drug effects on other 
developmental, behavioral, or reproductive parameters among F 1 pups, or vn 
F 1 pup weights and survival. 

20 



I ! 
'1 ~ • :! .. ! .. 
... . 
; i .. . • • ! ~ 
: r 
!: i 
!! .. 
:: I 

~ !! • 
... z 
! ! • • .. ! 
! • 

' -! : 
~ ! 
:. u 

• • • .. 

• • 

... .. 
0 .. 
• -.. -
• .. 
: 

=~ • .. ..... ... 
ii -... 
J. . -I 
I : . 
I 
I • • I 
I 
I , .. 
I 

I 
i 

• • • 

.: 
Jr 

••• 
....... --
••• ..... .... 
""" 

••• ..... .... .... 

• •• ...... --.... 
"" 
••• "ft .... 
"" ·-· ft ... 

·-· "" ..... .... 

•••• 
.. .... .. ... ...... 
"" .. .... .. .. ..... 
"" ...... " .. 
•••• "" ......... 
"" 

••••••• 
:::••••• 
•••oooo .... 

• •••••• "'" 

••••••• .. ........... . ............ .. .. ....... .. 

en• •NO ................. . ..... "" ..... """ .. ... 

• : 
! ... 

- 'i ... 
1i .. . .. ... 
J: •• 

~ • 
i .. -

... 'i . .. 
1! .. . .. •• ··~ •• 

t 
1 
: 

-i .... 
• 1J ... .. ... ·... . .. 

~111 Ill Iii ..... ..... •••! --- --- ---· •o• ••• •••• 
•••• Iii 11:1 1:1 

• 

• : 
i 
: i 

--i .. .. ... . ~ 
l! .. : • • J: : . .... -·· Ill ;=:. 

•••.:!!: .............. ., ... 
•••!:!; 
• ..... .:i .. 

a11 

.. .. 

STUDY HO. :R-24, 

.... 
! .! - ·. -. 
~ ; . . . .. 
ii •• - . .: • • 1 .... 
• r·: 
·- •41 ...... ·........ • •• - .... 41 .. ... .. ..... .... . -·-=1 • • 
·~ :;: ... . .. ...... •.I. .._ .. ... .. . ••• 
~·:: - ... -· . . . . .. c-: 
S!1. . -· •1 ... 
.. .. 1. 

! ~t-. 1•: ..... ..... ··1=:t ·., ... I 
il;.i 

. .. .. 
-:;iii 
ii!i1 
..,, -... •• 



STIJDY HO. :R-248 

' • ;:: 
.., __ 

NO -a o NO 

--
0 

.., __ 
NO -oo ftO 

" .. .. 
: 

.. __ 
..o -oo .. o .. -

• .. ..... ..o .. oo .. o - -
::: ....... NO -oo .. o -
• .. ..... ... :•• NO -.. .. .... NO :•o .. o - .. 
• ....... ... :•• .. .. .. ... 
!'.? ...... :• :•o NO 

::: 
.,. __ 

.. o ... o .. o - - -
= 

:: ..... NO :•• ::• 
0 ..,_ ... NO :•• ... -.. : .... - NO :•o ..o - .. 
• ...... ,., . :•• NO ... -0 1 ... .. 

0 :: " = ... - =· ·:- ... NO 

t -• .. 
f • N-- NO ... .... NO • - - - .. 
'i • - ... ........ :o ....... NO ... : --; v • .. ....... :o ...... ... .. .. .. • " ,, 

~ .. ........ .... ....... NO 
II - .. ... • ... • • .. ........ :• ....... NO .. .. .. .. - .. • ! 

,, ....... ::o ....... NO - .. • I • 0 ..oo :o NOO :o 1 • .. .. -.. t • • • • 
; .. .. " .. " 1 • • .... • • • - -· ; 1 • 1! .. 1 • • • • • -· :: .. ... ... .. v .. 

;. • i; I I ; • • .. • .. . .. .. .. • ! v ·- • • • • •• • c J " • • ..... "' ..... " .. •• • ·- • .. • u .·~ ... 
~- ~ ~ ... l ;1 ; 

1!i 
.. .. 

115 I! • 
II • • . .. 

I ... ! .... .... .... . " ...... -· . ! ...... .... ... .. -· ~~J •• ••• . .. • t .; -· " . 
"" !I II II :1 4' 1' .. :1 .. •• 

.. fl 

• Iii :a 
:; . .. 

.il 0 .. ~ . ... • • • ... 

.,.. 
)-6 1 



0 
N 
0 c 
~ 
'i 
... -• .. • .. .. ... 
• .. .. .. 
! .. .. 
! 
... 
l .. 
• 
• u 

• • 
! 
• .. • ... 

" .. 
• • ... 

.. • .. ., 
• 
c 
0 

... 
• 
• . .. 
• = 
.. 
II ... 
I • ... 
0 ... -• 
: 

' • • ... 
J 

• c 
-o ... ... 
.. !: 
~ 
• ... 
""' .... a 
• 0 

" 

' .. ·' I 
I 
I 
I 
I 
I 
I 18 
I 

' I 
I 
I 
I 
I ... ·-.. 
• .. .. 
• . .. 
i .. 
~ 

.. 

.. 

.. •• 

..... .... 
""" 

..... .... ....... 
" 
00 .... ...... .. 
..... . .... .. __ .. 
... . 

... .. 
•u• .. .. 

N 

.. .. ...... ..... ... 

Oct ...... 
l"lllt.. 

. . 
• •• • • • .... 

..... 0 

:: 

.... 
..; . ..... 
. .. ..... ... 
...... .... ....... .. 
•• .. ..... ....... 
" 
.. ... . ..; .. ., __ 
" .... . .... 

no ... 

" . .. ..... ..... .. 
-· ...... ..... ... 

... . .. ... " ... ... ... 

.... ..... ...... ... 

. . 
• •Q • • • z • ., 

• 

.... . ... 
""" 
• • ... ··"·-
• • 
"!~ .... .. .... .. 
• • 
~~ ·-· ....... 
" 
• • ~~ ....... 

no-
" 
• • ... ...... ....... ... 

• •• ....... ..... ... 

"" . ..;..; ...... 
N 

-: ~ ...... ....... ... 
..... 

••N ...... 
N 

.... 
ON• ....... ... 

. . ••• • • • ZS WI 

• • .. ... .. •.: 
""" 

• • .... . .; .; .. .... ... 
• • .... . .... ..... _ .. 
• • ..... ...... .. ..... .. 
• • .. . 

••• ...... ... 
• • 00 . .... .. ..... ... 
• • •• .. ... " ..... ... 

.... 
•o .. .. ... ... 
... . .. .. .. .. .. ... 

.. 
• •Q ••• ZS WI 

)-l!J c 

f' 

.. 

0 .. .. 
• • u 

• • .. ... 
• u 
ft .. .. • ... ... 
; .. 
• • u .. • .. 
~ .. ... 

• • . .., = .. . .. ... • • • ••• . .. ... .. .... 
0 . "" iae .. 

STIJDY HO. :R-2't, 

-



0 ... 
0 

~ 

~ 
; 
... 

• .. • 
• .. .. .. • .. 
• .. 
! 

.. 
u 
; 
• 
• "' .. .. 
" ... 

.. 
"' • ... 

.. • .. • .. 
• • ... 
• .. 
= -
., 
• ... 
" .. 
! • 
e -• 
• 
i 

• • ; . .. ... ,_ 
_,.. 
• . ' .... 
! ... 
• ... ... 

... ... 

.. 

.. 

0 

.: ., 
&I 

... 
"""'. ..... -
·.. .... _ ... 
" 

•• .... -·.. 

~-: ...... ...... ... 
. . .... ••• I: ... 

0 

... .. 
=~: 

._ .. 
""" -;;-

. ... 
:~: 
" 
... .. . . ...... --" 

... ... ..... ....... ... 

'"!-: .. .. ..... ... 

• . ... ••• il:Kft 

..... 
... .... -·" 

-..... "' .. ....... --... 

... ....... , ... .. 

• • •Q ... .. .,. 

• 
"" .... ..... 
.. ... 

:g~ ... 
. .. 

... .. o ... ..... .. 
..... 

::: .., 

• ... 
"..:• ....... .. 
~~ ...... ....... ... 
. . 

••A 
I •. . .,. 

1 
• 
• • • • 

" • • .. 
u 
.: 
c .... -· .. .. 
ue ... _., 
... . • • .. ... .. 
... .. 
•v •• " . .. . .. .. ··-· • ·-• e: • u" -·--·-.. Iv::. ···. ..... . .., --. . ..... 

0 
t ..... 

i:&e • 

STIJDY HO. :R-248 



0 .. 
0 .. ... 

• .. • .. .. .. • .. 
: 
: 
• .. 
! .. 
1 
• .. .. • • 
:? 
• .. • ... 

.. 
• 
• .. ... 

.. 
0 

i: • • 
• 0 .. .. 
• 
• 0 .. 
• .c .. • 
i: • .. 

... 
• • • 
I .. • • .. 
1 :. 

I U .... ·-. ' ' a•• .. 
WI I 
ol I ··••• II I"' 
IC I I · -' • 

• 0 ... 

. .. 
I ... 

• : 
I 
I 

• I I"' CI 
• I -· "'I 
ti I 
.. I 
.. I 
• I 

c ! :-_, 
• I 
.. t 
..CI 

I • I •• I 
I 
I 
I 
I 

' 
• 

.. 
• Jll . ... 
: r 

.. .. ..... 
ft N 

.... 

.... ...... ..... 

o.. .... ..... 
.... ..... ..... 
.... . ..... 

"" 
.. .. . .... 

ftN 

..... ..... ..... 

"' ••a . . . 
Zalll 

• 

ft 0 ....... ...... 

.. ... 

... .. ....... ...... 

.. .. ..... ..... 
ON ..... .. .. 
... .. ..... 

"" 

...... ..... 
ftN 

no ....... ..... 
..... 

• , •o . ... 
• x'" 

• • --.... -" ... 

... ...... ..... 

• • ...... ....... ...... 
• • ...... 

.ft .. 

"" 
• • . ., ....... 

"" 
• • ...... ......... .... 
•• ....... ..... 

. .... .... 
.. 

·•O -• ... zxn 

• • ... ..... ... .. 
.. ... ...... .... 

• • ...o .. ...... .. ... 

• • .... __ .. 
... ... 

• • ·-

..." ....... 
""' 

• , •O • • • :ii: a wt 

• ... 

... • .. 
:: 
• .. 
..... ,,. 

c a 

1 .. .. .. • • . .. 
• ii -· •• ... ... .. . .. -· ... --•• 1• 
I.
U 8 .... • • ... .. ·.c .G • ...... .. ..... 
••• --" .... 
• •• ...., . .. . .... . ... ...... • GOO ...... 
... • .! . ... 
..; •• --..... 

• tt:: ···-. ·--· ·-•••• ·-e1111• .. -...... ., ..... ·-•• .. .......... 
•• 0 ... . .... .. 
i:::l. 

STUDY HO.: R-241. 



\ 

0 .. 
0 
Q 

!: 
-; .. • 
1 .. 
• • !: 
• .. 
• .. 
! .. 
! 
• 
i 

-• .. .. • .. • ... 

• ... 
Ii .. ... 

• • -.. 
1 
• • -.. • ... 
u • 

• • : • • 
! • 
: -• 
• .:: 
"* 
i 
: • u 

1 :. 

.... 
! .. 
.... -
., -

.... 

.. 

"' . ... .... 
.t I 

..... " -· 

ow ..... _ ... 

.,._ ...... -· 

... 
Nft• ..... 

• '4Q .... 
z•"' 

0 

.... ..... -· 

O• .. ...... _.,. 

o .. 

... ....... ....... 

•• ........ _,.. 

• • •O 

·~..; 

• .... ...... ...... 

... ...... -· 
• .. .. ....... ..... 

... .... 
u •• ....... .. ... 

.... ... ...... ...... 

. . ·•Q 
0 •• 
Z•"I 

. .. ... ... ... .. 
• ... .. 

NO• -· 
: .... ..... ..... 

"" ..... ... ... 

. .. .. ... ... ,.. 

Oft ...... ... .. 
.. 

'•O ••• ZS" 

"" • .. ::: 
• .. ... .. 
• D 

1 
• .. • ... 

,!• i..-., __ 
... 0 

lo. ..... ••• -·· .... u 
• u ..... 
~4 e - .... • • •• .. ... ... .. .. . 
•• ..... ..... -· ... i..- ... • ..... • 

1~: . """ ···... -• • ........ . .. 
.1!? ·-.... -•o 

•4 .... 

:1te -··· ... .. •• ;;u:. 
:!1"• 
--~ 1 ·· ..... • • ........ 
l&lc!~ • 

STUDY HO. :R-248 



0 ... 
0 

:.1 
! 
; .. 
• .. 
• ,. .. 
• .. .. .. 
! 
• .. 
c 

.. .. 
! 
• 
• v 
... • 
• • .. .. .. 

.. 
.. .. • ... 

• • • .. 
0 .. 
• • 
• .. 
• .. 
• • 
v • • 
• • • .. • • • u 

... •• • • ..... •.I: . ·- __ ....., ·-·-·· z--..••-
! 
• II 

" • 
&: 

Ill -.c 
Ill 

• • 
' I -·· Ill I -

' I .., I • 

' ' ' • . 
I • 

I: I .. ...... __ , e. I 
_. 11 I 

' ' • I 

V I .... t. 

• 
' I 

'WI -
• t • 
... t • 

I 
I 

• I 
II I . ' !! : . ' ... I 

' • I 
• I 

::; : 
' ' ' ' ' ' ' ' I 
I 

' I 
I 

• I 

• 

• ..... _ .. 
ic- ... .... "' ..... 
• • • ! 
• ... 
• • 
... 
• 

• 
i .. .. 
• 
• • 
! 
• ... 

I .... I_.. 
' . t ..I .. . ' .. . ' .._ ___ .. . ' -.., 

... f .. 
0,.. I • 
• 0 I 1111 .,.,. I 
.. I 

'WI .,. e I 
0 0 I ,II, .. . 

I - IC 
• '- •• w 
& • t .. 

I 0 ... 
t 

t •• •• llC --· .... 
!!! 

I 0 ..... 
•:! 
,;t; ..... 

• ... .. ••• •• . .... 
:: ::.!-

-• • • • • • z 

... .. .. . ... 
& : 

.. • 
IC 

; 
0 

.. 
0 

..... 
•O 

00 

... .. .... 
"o 

t-0 ..... 
ftO 

.... ....... .. 

.... 
"""-" 
" 
... 

.. 
... 

.. .. 
.... 

···ft 

-· ..... _ ·.. 
•• .. oa •• ...... 

.. ... 

0 

.. 
0 

" 0 

... .. .... .. 
"o 

·..... 
ftO 

.... .. ...... .. 
""' ......... .. 
no ......... .... 

" 
0 

• ... 

0 .. 
• .. 
• .. .. 
-··" .. .. ,..,.._ ..... .. 
... -•Q . .. 
... It ft 

.., .. 

0 

0 

0 .. 

.... 
->O 

OD 

"" .. ... 
ftO 

.... .. ... 
no 

.. 0 ....... • -
o ... 

"'·.... 
" 

... .. 
-.. .. 
... ... ... 

0 .. .. 
on . .... ... .. 

" ... . 
o•,.. .. .. 
•• - •ca •• .... "' 

... .. 

... 
0 

• .. .. .... 
oo 

• -o .. ... 
no 

• • Oft .... 
ftO 

... ... .. ..... .. 

0 .. 

.. 

... .. 

..... 

.. ... 

... ....... ·.. 
• • -•o . .. ... . .,, 

., ... 

STUDY 1:'l. :R-~4~ 

)( 

"' .. 
c 
0 

o-
~! 

.. • .. ... .. • .. .. 

"' • I/ • 
" 

... 
• 
• z 

..... 

0 .. 
" 0 
u 

• a • 0 
)( ! . . . .. 

c • 0 --.. . 
• • .,_ . ... -· 

• != . -. 
! =~ • .. 0 - .... . -... -. -· 0 Z C II e • . ·- . 

.. 
u 
c .. .. .. ... ... .. 

~'I: -• .. " . .. .. . . . ., .. CJ • .. • 
..... • • .. • u ··-···-· w-M . .... .,_ .... 
1--:;:•..: 

"OU-v.c' .. ---_._ -. • .. ••-a 

c .. 
;; 

: ... !·.: ; - ...... . 
;.• .. 1:! e 
.. .,.,, -· a. . .. ,,_.,, .. .......... -···· . r:=~!:!!: -'- u•--" 

• • ·- u .• --. . -. • 0 • ........ _.. . ./':' 

""'"". 0 •C;;J .•• - . .c . 
;i:~ ·.;i:e ....... ..,l.z-o• 

-------..... .... 1:- • 



0 
N 
0 

t 

c • .. 
v ., 
• 
• • .. .. • • • u .. 
• 
; 
• • 

; 0 ... 
• ... • .. • 
• • .. 
• 
• .. 
• .. 
1 
• 
• v 
w • 
! 
• ... • ... 

• 
• 
• • I-

-• 
! 
I:. .. 
• JJ .. .. • .. • 
• c • 
• .. • 
• • = 
u 

• • v • • ... 
v • ll: 

.. 

0 

... .. .. .... 
I ... 
• • & 

.. 
N 

.. 
N 

.. 
N 

.. 
N 

1 • 'i • .. • 
I • • 
• 
• • 

• 

0 

0 

0 

• .. • 
1 -
• • .. 
• • • • 

I • • 

• z 

.. .. .. ... .,._ 

Olll .... ... .. 

00 ... .. .. 

.. . .... ..... 

. . 
•Cl • .... 
... 
If. .. • 

... .. • & 

.... ··-

.... 

.;.; . ... 

.. .. .... .. .. 

. . 
e GI • 11:111 

... -• .,, 

STIJDY HO. :R-248 



0 
N 
0 

&l 

• .. 
• .. • .. 
• • .. 
• .. .. .. 
• -... 
1 ... 
• -.. 
u • • -! .. .. 
fl .... 

.. 
.. 
• • .. 

• • • .. 
0 .. 
• • 
• .. 
• .. 
a.. .. • .. 

' 

.c ..... -.. .... " -· .a-

I"' M ... 
' • M 
I ·--
1 --: .:11 
' ' I 
I 

' ' ' ' ' ' ' • I 
.. I 
e I .. ' I •: . ' I 
..l I 

I 
I 

' I 
I 
I 
I 
I 
I 
I 
I 
I 

• ·-· .. ~ •• .... ... 
IC M ·.... ! 
' . 
i . ' .. . 

0 I .. ' I ... 
llo I .. 
- I 
- I • •• .. I 
e I 

' I : : :! 

.. • 
• z 

• 0 

! 
• 
~ 

a.. .. 
• .. 

... 
• 
• z 

-• 
• z 

• 
i 

I 

' 
I e 
I I-

.. 
u 

I " -.c M _ .. _ 
- .. --... 
• • • 
• • 

.. 

• c 
0 

• .. 
: .. • r. 

IC.A .. ... • 

-· •• 
I : 

• • . .. 
: l .. .. ..... 

• 
• • 

0 

0 

,, 
0 

" .. 
ci 

.... 
" .. ··.. 

.. .. 

0 

0 
0 

... 

... 

. .. 

... 

.: 0 ... 

•• ••o •• ....... 

0 

• 

0 
0 

; 
0 

...... • . .. 
o ..... ... 

...... ,.._ 

• 
0 

0 

0 
Cl 

... .. 

..:o ... 

. . . 

.. •Cl •• .... .... 

.. .. .. 

-0 

... .. 
0 

"" ...... ... 
.... -·... 
.... 

.,., ... .,._ 

... .. 

... 
N 

0 

0 
0 

N 

... -

... ... 
-o .. 

... 

.. •0 ... .... .... 

... ... -
0 

0 

.. 
0 

.... . .... ... 

_,.,.. 
• 

ft ft . .... ..... 
... 
0 

0 

..... 
O•• .. ... ... 

0 

g 

... 

... 

... ... 
-o ... 

• • .. aC 

• • ... .... 

• -

STIJDY HO. :R-248 

0 
0 

CJ 
)( ~ . )( .. 
• • . .. .. " _,., 

0 
0 

)( 

• ... 
" ... 
c: .. .. 
A .. .. 

-• 
-c 0 c .. z •• ,,,, ..... 0 
.. 0 "" ... .. ... e: 
·- c 0 )( -·-';1:-.; .. ·..... ·-
• .. ·- 0 ........... .. .. _ .... 
'.:;:;: 
·-· • u ··- -. ·-- .... ......... . ... .., _ .. 

• Ill ... ti -·-· ·--- ·- ..... - .. " u ""' • tt •• 

-.~1--=~=~ 
.. -- If ... ., _ ......... .. .. . ... 

"' .... ·........... .. -... . -- ... ··--· . . ... . . .. 
• .. • ~ .. u ..... ·. ., ........... ·--· -·- .. . . ·- ..... .. . ., .. ,, __ _ 
!-·---~ 

......... -.. ... • ow •• .,, 
• 0 0 

. ••. 0. 0 
:l!!I~!; 

;;;;;: . 



STIJDY HO. :R-248 

• N 0 0 

0 ... 
0 ! 0 ... ... 0 
l&I 

~ 
i • .. 
... .. • ; 
-; c • • ... • • 0 .. ::: 0 0 • JI .. .. ; • -• ... .. • ... "! • .. 

= .. • • :t .. • • " 0 • • .. A .. 0 : • • ! • • ... .. 
J • • .. .. 1 u • .. 
• = !! ... 
u u • .. .. .. .. ... 
! • c 

" ... • • ... • " • • .. .. .. u .. " " • .. • .. • ... :ll 

I •• .. .. ·- ! • - .. • .. • . .. • • • •• • • • .. . .. 
i .. 

~ -· .. .. •• • " .. •• • -· • •• • I • .... • ; • .... 
• • -· • Ml .. .. u • 0 .... ... -· .. 

! ... .. . • • .. .. • .. • & .. .. I I . 
" & ; ... 

• ' -,.µ '1 



0 
N 
0 .. 
Ill 

• .. 
.. 
ti 

• • .. 
• • • ! 
• 
• . ~ 

• .. 
• 
"" • ! 
• 
• u 
; 
• 
! 
• .. 
ti ... 

• .. 
• ... 

... 
• 
• • .. 
• • 
i .. • 
• .. 
• u • .. 

• 
0 ... .. ... 

--·-· .. .... ...,,, ....... .. 

0 

.. 
"" ... 
! 
• • .I 

·- ... .. ,. ..... ~ ... N--
... 
• 
0 ... 

... 
• 

... 
..... _, N 
.,. __ 

0 

0 .. 
... ... 

... ...... • •• 
no--

... .....,, ......... 
... NOO 

...... N N--
... ... 
• • 

..... VIWW 

0 .... ·-.. ........ .,. __ 

• • • ! 
u ! : ... : - .. " .... . . ....... 

•i • • • 
~-~ .;-: .,,._ --· .. ... . ···- -·- .. _ ...... 

... • • .. • v 
:: •• --1~= ......... __ ...... ·1 II!!=.,! ····:- .. • ........ Ce: 
:::;:a!:!J .. 

•C 

1111 

STIJDY HO. :R-248 



0 ... 
0 

t1 
'! 
'i 
... -
• .. 
• 
1 
• .. .. ... 
• 
• .. 

• .. 
• • .. 
• ... 
• .. 
... 

• • 
... 
! 
• 
• u 
lit • 
! .. .. • ... 

: 
• :a • ... 

• • ... .. • 
i 
= • • 
• .. 
"' 

• 

0 

• • 
& 

... 
• .. .. -

... ... 

.. .. 

... ... 

• • : .. • 
• • • • 
• ... -• 

; 
0 

; 
0 

0 
0 

• 
0 

M ... 

0 

0 

;; 

0 

0 

... 
0 

0 

... 
0 

• 
0 

... -

.a: 
u .. • 

., . ...... -... , .. ! ·- .. ••• ·- .. 
..:&---· -uu •u-• .. ..... ••• . " . ... ...... 
v • .. . .. • ..... 
• • • .... 
I 

,.., .............. __ 
o-. ... aoo ... 
,;..;~•oo..: 

----....--- .... N•Nwt00flll 
H -

--.-----•NOf-NWO 

..;~o~.:ao 

..... -------........ _ .. o . ..... . 
o-ow ..... o -""'"""'"""" ....... __ 
... o- .. wo - -
-...--.--""' ......... • .,. .... oo 
..;..;.o..:ooo .. 
...,.., .... .,.,_..,..., 
o•on-oo 
N .. 

• • 

... 
: .. 
• .. .. 
! .. 
• .. 

.. .. • • .. .. .. 

... 
)..e L 

... 
0 

ci 

;; 

.. 
ci 

: 

Ci 
ci 
... 
• 

; 

• 

------OOOO•D 

cic:icio..:.ci 
OOOO•O ...... __ -____ .._.,,,, ....... 
==~~=~ 

------o•OO•• 
ci.;c;;.;.,;.; 
!!:·~!·· 
---~--...... ._N .. -
::=!::= 

;;;;;; 
ocio•~• 0000 .... ....... _ ,..-..,-- ..... ......... .............. __ ,...., __ 

--~---- .... 000••• 

!!!!=! '-'"*.., ...... _ .. """ .... .............. ... ............... 

"' ti • • .. 
!; 

• • • .. 
• u 
! 
• • 
1 

STUDY HO. :R-2'*~ 

00 
00 

00 
ti •I 
00 
00 .... 
..... 
~~ 
00 
ti ti .... .... 
ft ft 

00 
00 

00 •••• 00 
00 ..... 

00 
~~ 
00 
• ••• 
~~ ..... 

ci 
Ill 
ti 
e .. 
" ~ 
• .. .. .. 
! 
• 
i .. 
" 

I 

..... --
00 
•I •I ... ... .... 
...... 

•• 00 

o,o 
I .. .... ..... 

"" 00 

00 
•t •I .... .... .. ... 

00 
00 

00 
•I •I 
00 
00 .,. .. 

.. .. 
0 
•I 

: 
... 

... .. 
0 .. ... -.. 
• -.., 
0 
•I .., .. 
.; 

.. .. 
0 
ti .. .. .. 

0 

tit 
•I • • ., 
~ .. .. .. 
II .. . . .. ,. 

• 1 
" " ,, .. ". -· ... 

• • 

... 
'II .: 
• .. • .. .. ., .. 
u 
u • .. • 
~ 
... 
0 

• 0 

• u 

• 
" • 
u 

• .. .. 
• II\ ... 
r. .. 
c .. 

• .. 
c: 
0 
u 

• • .. .. 
u 
u 
c 
u .. .. -.. ·-.,, .._ 

~·· ;;~ 

""" ~ w-..... -... • •Ill .. ·.,_ 
r. ""' - ... o • ••o 
• • w 
VO & ... 



STUDY NO. :R-248 



STUDY HO. :R .. 248 

'; .. • .... ..... ~~ " .. ... .. ..:. .. .: .; ... .. ..... ......... 
_.,_ ....... -ft-.. .. .. ... • ... • .. ·- . .. ·-.. ,...;.; . . 

:~· --· ...... -.. - _..,_ ---.. .. .. ... 
• ~4: . .. .. .. .. 

..~ . ..... . ...... ...... 
-~ -·- --- ........ ... -

• ~~ '"'" .... . ... .. .. .;,,; .. ..; ci ...... .. .... ..... ... .. _.,. ... ...... -.. .... .... ... . .. .. ..... .. .. .... ...... -· ..• .... -· - ... 
•• •• ... .. .... ...... .... ~ ..... ...;.; -- -- -- --- - ... .. 

• .. .. ... • •• ~~ •.111 
0 .. .. ... 1;1 ..... -u• ...... ..... -· .... -· :! 
i .. .. .... ... . .. 
~ ....... "'""" .. ..... ..... ..... -· ... .. ...... 
; .. • .. ... .... ... .. ow .. .. 
! ::: ~ ...... ........ ,,.. .... ..... .. "' ..... 
" .. 
!: .. ,,.,, ..... ... .... 
! -• ........ ....... ........ ....... 
" • ..... _,., 

•N .. ... .. • ! • • .. ..... .. . ... ... .. ... 
~ .. ;: .. ..... ........ ... ..... ........ 

! ...... ... w ..... ... .. .. 
• - • • ; • .. "! w: " 

.. ..... ...... ··- ~ . .. 
41 :::o Nft .. ....... ... ...... ... .. .. -- ...... -- . . • .. .. 

! Ill ... • ... .,, 
":~ co0• .... ... " .. .. .... 

~·· 
.. • .t .... 

~·-.. - - - • 
5 

• ~ ..... .. .. .. ... . .. ; .. .,;,,; flt-· ..... ..... .c .. - ... ... . .. ... -· 1• .. . .. . • • .. . . . . •!: ••• . ... . ... • •• 11.; 1·· r:.; , .. ...... _ ... ... • 41-... . ... 
-~ 

I&& • • ii • ., .. 
"" .. , ...... ... . ,. 

• ~ f\. .. 



0 .. • '1 

.. -
• .. • .. .. 
• .. .. 
! 
• .. 
.. 
! .. 
• u 
-; 
• 
! 
• .. 
:. 

: 
• :; 
• .. 

• • 1 .. • .. • 'I .. .. 

• • f .. . -. ·-· ·- 0 
.. 

.. f - ........ 
• I •• •• 
- II ...... ..., .. ··-··-··~-··· ': . 0 ... .. 
- t .. • • • 
• t I ·1 I h I .. 

;:&: :;. 
- t .. I ··-·-- .. I ft I• • 

I I ... . ... ' .. . 
: .! : ~= 

-• 
I 

I • • 
0 .. 

I '"' . .. 
I • 
I lie M 
I. • .. ' ......... 

• I • • • .. 

:::1~:!: -··-··· . ' U I 
I .. I ,,,_ .. - ' ... ' . . "': .. : :t 

... t • I - 8 
V I A I ..I• 

I .. ' c. . ..... .. 
I "9 I• • 
I I ·1 I h I .. 

: & : ~ • 

'; ! 

I 

' ·-· I. e 
I .. 

• 

.. ..... .,. ...... 
ii. • • • ... -' ........ 
- t •• ·--- ' ......... . ' U I 

I I"' i. 

•I"' I. i • I I f' 
I .. I .. 

::ii :;. •• ""I 

l;ot; ~ 
: .. : :t 
I •I ""8 
IQ I ..I• 

,.... 
• 
I 

• e 
a 

! .. 

.. .. 
l 

0 

i -
.... .. ..;. .. 

• ... .. 
.... ...... .. 
•• • •• .. 

.. .... 

• 
i ... 

""' • ..t.: .... -... ..... ·... 

.. .... 

• 

• 
g 
.... 

. .. .... • 
00 ..;o .. 

... -
0 

! 

•• ••• .. 
•• 

=·· 
.. -
0 g ... 

... . ...... . .. -... ....... ...... -

• 
i ... 

00 

••O • 

• ... .. 

"" ..... • 

.. -

..~ .. .. 
ftO 

·-" """ -... ...... ·-

••• -·· • • • ..... 
... 

0 

g .... 

.... 
...:o • 

.... . .... .. 

• 
: 

... .. .. .... .. 
•• .... .. 

.. .. .. 

....... ·-.... ....... 
on-

-••• -·· ... ...... 

STUDY NO. :R-248 

! 
xg! 
;-)( .. )( ... ...... .. ... . ..... • •• ... • ••• ••• • •• ••• .. .. .: .. 

•• . .... ·--.. ... ..... 
• 
·ii I I .... ... .... -· . ..... .. .... ••• ..... 

.. 
! ... 
• .. , . 
• • 
• 

::: ~ 
.... i • ••• .. " ..... • •••• ·•••• .. .. .. . ___ ... 
----· --- -···-·-iii.: ._ ...... 10 
'' ....... . ------•• u•., 

-



0 ... 
0 

&1 
• .. 
'i 
... 
• .. 
• 
t 
• .. .. 
! 

• A 

" .. 
• .. 
• .. 

• • .. 
c 

... .. 
! 
• 
• u 
; 
• 
! 
• .. 
• ... 

• .. 
• ... 

... 
0 

c • .. 
• • 
i 
IC • 
• .. • u • -• 

0 0 

0 
0 

"' 
.. N 

• 

• • 
& 

0 

..... 

~ • 
i 
= • .. • .. -• 

: .. • • .. 
• 

• .. • • .. 
• 

000 

••• -...... -:-: ~ 
000 ...... 

000 

-u 

... .. 
! .. • 
: : 
J • • 

• • ... .. " •u...... -·•u• --·-. . .. _ 
""" .. " .. ·-.... .... . .,._. ... -:!:a 
I!::~ .. ... •••• J"'CC 
c 

• 

• • c 
• 
• 
• c .. 
• 
• 
., 
• • • 
• .. 
• • 
• • 

.. • .. 
• c .. 
• 
• • ... • 

• 
• 

STUDY NO. : R-248 



STIJDY HO. :R-248 

; .. • • " 0 0 .. • • ... -• .. .. • ... N .. .. 
• .. .. 
u 
! .. : • 

• ... • 0 ~ c 
1111 

~ • 
-; ;: 

• .. 
0 Cl 0 0 ! 1 • .. ; 

• .. 
• • • ... • .. ... .. ... • • • .. .... 
= • .. .. • 0 0 0 0 -·· • 1ii • -• .. ... .. .. ...... ... ... • • ,.. 

• . ,.. .. -·· ... ! 
... __ .. ·--! .. 41 • • • • • • • ... 

i ...... 
•• • • u Ill ••• -• • •• ••• • .. E u•• 

•UU • .. • • .. • ... . • u ! .. • .. .. .. ; "' •• ... u •• ; .. ii • .. • • • ! .. .. .. • •• .. .. 
• • .. .... 
i -· • • • ~ Ill. •• • • -1 ..., 

• .. .. . .... • • .... ·--- .. ' ... 1 • • u~~ ... • • _.., 
;: • • • ·- • • • • •• , .. 

!: ... ..... I :: ! .. .. - •• • • • ,, .. 111•• .. & .... • c • • • I .. • II: a I ...... • & ---... ..... 
"-

J-o 



0 
•• 0 

Q 

• .. 
• .,, 
! 
• .. .. 
! 
• .. 
! 

"" 1 ... 
• 
• u 
; 
• .. 
! • .. • ... 

.. 
• 
• • ... 

• • • • 

-• .. 
i • • .. • .,, 
• • .. • 
~ 

I • 
I ... 

"' I .. 0 I 
• I ... ' ·-· _ .. ' 

0. I 

" .. ' I : =: 
I • I 

I 
I •• 

- IN . ' •I --· ... I .... 
Utll .... 
ti I .. 
Q .... 

I 
I 
I 

' I 
I f'o 
' .. 

• I .. ' 
-- I ·-· -·I II"' I ••• a I .. 
0 I_. 

' t 
' 
I 

.. t -· .. ...... -· • u t 
e e I --· .. ' • .. I ••• .... I_. 
.., • t ... - . 

I 
• 
t 

.. t 
...,._ t ... .. ' ... 

Al 
• t u-• 
•• I .. ' 
1.- I 
•• I ••• :1: ... 
C •I 

' 
I 
I 

' - ' ... II I 

·J: . ' •U1 
- •I .. _.I 

I. 

• .. 
& 

•• 'WI .. 
I 

' I 

... I ... 

0 • .... 
0 .. 
0 .. 
.... 
" .. 
.. .... 
... ... .... 

... ... 

.... .. .. 
:.; 
• .. 
.... .. .. 
.. • 
.... 
0 

.. 

0 

g 

0 

• • 

C' 

0 
0 

~ ... .. 
": ... .. 
0 

a 

.. 0 
..... 0 .. . .. 
... .... 
.... . ...... 
" 
.. .. ... .. .. 
.. .. 
.... • .. 
.. .. 
.... • .. 
.. .. ... ... .. .. 

.... ... 

0 

• .. 
" 

0 

i .. 
0 

0 
0 .. 

.. .. 

.... .. .. 

.. .. 

.... ... ,.., 

... .. 
.... ... .. 
.... .. 
.... .. .. 
... 
u • .. 
.... .. 
• 
• .. 

.. .. 

.... .. .. 

.. .. 

.... .. ... 

.. .. 

.... .. .. 

.. .. 

.... .. ... 

.. .. 

.... • .. 
• .. 
.... .. .. 

D 

g 

": ... ... 

0 

0 
0 

-: .. .. 
": ... .. 

0 

g .. 
• 0 .. 
N 

• 
• " 

0 

g 

0 

" .. 
.... 
" ., 

" .. 
.... ... 
" .. ... 
..... ... ... 
... .. 
.... .. .. 
.. 
" • • .... .. ... 
• • .... 
0 

• .. 
.... • • 
• • .... 
... 

• • 
.... • • 
• • .... 
N .. 
• • .... • • 
.. 
" .... 
0 

" 

.. 

D 

g ... 

~ 
• • 

0 

0 
0 -
~ 

" .. 
• .. • 
• 
0 

0 

i 
• • 0 

• .. 
0 

0 
0 .. 
": .. .. 
0 

g .. 
• ... .. .. 

• .. 
.... • • .. 
• .... • • 
... • ... ... .... 

... .... 

..... ... .... 

... 
u ... .. 
.... .. .. 
... .. ... 
0 

... .. 

.... .. .. 

.. .. 

... 
" .... 

.. .. 

.... ... .. 
• .. 
.... ... .. 
• .. 
.... • .. 
.... .. .. 
~ 
"' 

.. ... 

~ 
0 
0 -
'? 
" • 

0 

0 
0 ... 

• ... .. 
": 
• .. 
0 

0 

0 

g -
~ .. .. 
0 

Cl 
0 .. 
~ .. .. 
0 

g .. 

SllJDY HO. :R-248 

.. .. .. .. .. .. .. 
• 
:. • • .. 
• 

.. 
u • • 
• .. 
" .. 

.. • .. ... 
• .. .. 
~ .. 
c • 
• ,. 
: .. ,, 
! 

0 .. 
c 
0 
u 

• 0 

~ .::: 
.. .c -- .. .... " 

- c ...... . .. -.... ... .... . .... ..._ . ... ... -.. .. c • • . .... ·...... • .. .. .. ... .. .... "' ··-· .... 
1>-0 •• .. .. 0 .. ., 

.c .... . -"' . .. .... . -... . .. . . ••• ...... 
• ••• u .. .. 
• ._. 9 WI 

I. M •: ·~ .. .. _. 
~;;:~:c': .... . . .. .. .. .. . ...... """'-"" 
:I ........ . 



Taltlt it Ter1l•l•&lcal ••••r la r•I• tre11e• oral Ir with 12020 

l'•a;tl e11al azaalaallaa af Pl t•h at weaat •& 

.... ... •I I llshU,11 h•lllary Plau C.raaal Pra7ar'1 
1111111 Ft·- rafla.- r•fl•• r•fl•• refit.• refla:io 

• u· ti/ u ti/ H H/ ti H/ H ti/ .. 

100.0 100.0 100.0 100.0 100.0 

• l u H/ ti HI H HI II ,., .. II/ II 

100.0 JOO.O 100.0 100.0 100.0 

4 II Ill II •II II II/ II Ill II .. , .. 
100.0 100.:I 100.0 100.0 JOO.O 

u IZ H/ 15 HI t5 HI H HI H H/ H 

JOO 0 100.0 100.0 100.0 lCHl.O 

Utter: Na. •f ••t• with ••r••I reap•••• I,.., af P•P• ezaalae• 
L••er: • 
a>: Oae litter•••• vlthla ••r 1 afler ~lrt~. (.;) 

2 
IC 
~ 

:z: 
c 

u ~ 
I 

N 

& 



• ... • .. .. 
• .. .. 
! 
• .. 
a 

.. .. 
"' • 
• u .. • 
! • .. • .. 

0 ... 
• .. • ... 

• ~ .. • JI .. 
• • 
• • ... .. .. 
• .. 
• • -• 
• = 
• • 
~ 

I I C ••• 
I ·

I _ _. 

I .. 

':::» I 
I 
I I C ••• I,...., 
I .... 
•Ge 
I U 
I 
I 

' ' " ' II!. ··' . I .. 

-" • t .. -... ··•• ... .. • .. u 

I • •• ..,_ ... 
c• 

...... 
u 
II U 
• • -· ·... 
•• • • :: ... 

• ::I 
I 
I 
I I• ••• I- ... ··' 0 • 
I U 
I 
I 

' ' .. ' . . ··' . ' .. 
I U 

., I .. ...... -·-,. -· • 
I U 

' ' .. I • 

' .. I 
I 

' I I 0 
I ... ',._ 
I ... ' ... 
' ' I 
I ..... 
I U • 
•• u ••• ' .. " I .... 
I ..I 

... 
D 

.... .._ ... 
00 00 

....... 

...... 

00 •• 

.... .... .. .. 

..... 
00 

...... 

no 
... ... 

--.... 

... .... .... 

.... .. . 
-n 

.. .. 
0 

.... 
00 

Oft 

o ... ..... 
o .. ... 

.... 

.... 

--•• 

... 
00 

• ... .. .... ..... 

" .. 

..... 
00 

... .. ... 

..... •• 
• " ... ... .. ... 
~ ''! ... ... .. 
•o 
0• 

.. ... 

... 
,.._ 
.e..: 

...... 
00 

":"! .. .. .., .. 
.... 
""' --
.. .. 
.. 

--00 

.... .... 

... 

.. .. 
~· 
• • .. .. 
00 

• .... ... ...... 
.. .. 
... ... 

.. .. 
00 

... ... 

.... ... 
t-0 . ... 
• • .. .. .... .. .. 
. ... .... 

" ... 

.. 
• • .. . ... .. .. -· .... 

u • •• .. . .. .. ... • ... 
-u • • • .... •• ..... ... ·-~ ... .. • • •• II ·.... ·--~ ~ t 

.. 1;; . .... 
.. u . -
• 00 u •• 

,. 0 ,. .. _ .... 
• . " .. .... - . ':1 • 

• i ·· 'I:: .c • •• 
;;~;. 
...... ·-<C •• 

STIJDY HO. :R-248 



STIJDY HO. :R-248 

• • _ .. ... ..... _ .. 
" •• •A ·- 00 00 00 00 .. .. an 

:II 

I • ... .. . ... . .. •• -- ·- 00 00 ·-·-Qe 
u 

• • • w .... ... ...... . ... •• . . ·- .... ,.._ ·-• .. 
u -• I w ... •• . .. ..... -... ··- .... •• ...... -- .... -· .. • ... u .. .. .... , ... .... .. ·- o ... .... 00 

l 

I • ...... o• . .. 00 •• ·- ... ...... ..... ·-·- ..... ... •• .... 
c• 

0 ... ..... ...... ...... .. ... ...... 
0 u ... •u •• .. ... ... NO 
Ill •• ..... -· I: ·-- _, 
> I • ...... ,,,_ 

E-4~ .. ... •• . . .. ·- c.- ·- uo 00 --• .. • • :II .. .. • • .. .. • • • ..... . ... .... • • .. •• .. ... -- 00 o- 00 o-- ... • • a• .. .. • u .. 
• • I .. ... • • ..... .. .. • • •• &. - • ·- -· • • • .. .. .. .. 

0 .... • .: - ... D 
• I .. •• ·- ... ... . .. .. . .. . .. .. -·- ..... ..... ..... .. ... ... .. • II 4 D -· .. u • • • •• • /CO • u ... .... ·- ..... -.. u .. .. ... 00 ·- ..... • .. • • • • • c u .. ... • ••• - ·- .. • • I • •• .... .... ·- .. u. .. .. •• .... • ~ ·- ..... 00 ..... -· .. .. .... ·- ..... .... .. .. .. .. .. . -

<C • . . .. 
.. u 
• ••• ... ... ·- -·· ..... Ci •• 

u • Ci 
cu •O 11- .. • ..... • -• • ... .... .. ... .. .. __ ... 
-· ·-·- ••• .... ·--. - -_.,,ft - ··-• -· .: ... .. 0 ... ..... .. " .. .. .. •O - I •• 0 ... <C . "' .. "IC • .. .. ... • • . ,,. • ... Cl .. • i.::. • & • .... • 4C •• 

• x, )>' *>-
- - - - -



• .. .. 
! .. 
• .. 
.. .. 
• .. 
• 
... 
1 .. 
• 
• u ._. 
• :; 
• 
"" : 

.. .. 
.. 
:a • ... 

.: • .. • 
• 
• • 

... 
• 
• ! 
• H 

: 
• 
• 
I .. • -... 
I ... 
! 
• ,. 

,.. 

I l'I 
I 
I 

' • I 
I 
I ..... • .. 
I ·' I 
I 
I 

' .. 

.... 
• .. 
? ... 

'I 
UI 
• I . ' _, 

I 
U I • 

I l'I 
.. I 
ti I 
e I •• . ' 
- I lol I 

~ ... • .. 
1 .. 

.. 
..... • .. -! 
I . -I 
I -I • 
I -
I'
I ... 

... .... . .... 
g r1 

•• ..... ...... 

.... ..... ... ... 

... ...... ,.._ 

.... .... .... 

... ....... ........ 

.... ........ ....... 

. .. ...... ..... -
00 .. .. .. .. .. ... 
00 .. .... ...... 
... 

- .... ...... .... ~ 

• ·•O ••• ZSM 

0 

9:~ .. ..... .. _ 

. .. ....... .,._ 

... .. .... .... 

... ....... ..... _ 

.... 
.. ~c:t ..... _ 

.. ... .. .... ..... -

..... .. ... ..... 
Olll 

.......... ... 

..,. .. .... .. 

... ....... ... .. 
• •a • • • ..... 

• 

,, . 
... .... ..... 

• ·-· ... .. ... 
... -·...... 

~": ... ... ... 
.... ... ... .. . 
... ........ ..,..,_ 

... .. . .. .. ... .. ... 
-o 

... .... .. 
.. . ..... .. 

• • •O • •• .... 
.. 

• • .. .,; .. ....... 

... .. 
,.,;.; ... .. 

.. . 
.. .;o ...... 

.. .. 
.. ..:o ........ 

"""...... 

.. .. ...... ... 

..... .. 

. . ••• ••• .. ., 

! • • u 

• .. ... 
• • u 

• • .. ... 
• "' • 
" .. 
" ... ... 

nuov Ho. :R-248 



0 
H 
0 

: 

• .. 
• .. • 
• • .. .. 
! 
• .. 
! ,. 
! 
• 
• u -• 
! • .. • .. 

" .. 
• .. • ... 

• ... • • • ... 
.. 
• • 
• • 
... 
• .. 
• • 
• N 

; 
• 
A 

= 
I 
1 

-.. 
I .. 
! 
• a 

I 

.. e 

I ft 
I 
I 
I 
I 
I 
I 
I ..... • • 
~ .. 

.. ...... • .... 
• • ... 
-n • • 
" 

.. 

... .. • • 
1 .. 
I .... 
I ·' . ,_ 
' .. ... 

Ii 

.... 
.. oo .. 
"'" .. oo .. 

.... ,.. __ 
.. 
.... ....... 

H 

.... ....... 
H 

. . 
••A 

Jt •• ..... 
0 

... " ..... .... 
1"100 -oo "00 ... ... .. 

... " ..... 
1"100 -oo .. .. 
ftOO -oo .. .. 
.... 

"00 .. 
... 

no ... .. 

.. .. 

.. .. ...... .. 

.... 
-oo .. 

... .. 
-oo .. 
... --.. 
... .. ---.. 

• • 
ftOO .. 
. ... .. .. _ .. 
.. . 

..c:ic:i .. 
... . 

noo .. 
. .. .. .... .. 
·-
.., . 

"".. 
eo .... ftO ... " ......... .. .. .. .. 

... 

. . 
••A • •• . ... 
.. -

• : 
~ • • ... 
• • • u 
.c 
u 

.t 
• • 
: 
... • 
I 

I 

STUDY HO. :R-248 



• .. 
• .. .. • .. .. .. 
• .. • .. 
• 
... • • .. 
• 
• u .. 
• 
• .. 
• .. • ... 

.. .. 
• .. 
" .... 

• ... • • ~ 
... 
• 
• • 
: • ... 
... 
• -• ! 
• .. 
: 
• .. 
i 
1 -... 
I .. 
! 
: 

... 

I Pl 
I 
I 
I 
I 
I 
I 
I .... 
" .. 
~ ., 
I · -I 
I 
I 
I 
I 

I Pl 
I 
I 
I 
I 
I 

• • .... • .. 
? 
n 
I 

U I -e I 
• I 
,.. I 

• I I ... 
'WI 

: I .. . . ' 
- I .. . 

hN • • .. • ... 
I 
I.,. 
I 
I 
I 
I 
I 

! 

" 

• .. ... 

.. . ... 
i 'j 

... ........ ..... 

no ...... .. ,.. 
.... ..... ...... 
.... 

.. -· ...... 
ftO 

.. " ...... ..... 

. .. 

... .... ... .. 

• • •Cll . . . 
Z•.r 

0 

... ....... .,._ 

• .... 

... 0 ....... ,.._ 

•O ..... .... 
.... 

..... " ...... 
.. .. ...... .... _ 

... .. ..... ... 

• • •Cl • •• .. .,. 

...... 
o .... ....... 

.... 

..... 
o .. .. .. .. .. 

..... 
00• .. ..... 

•O ...... .. ..... 
... o ....... ...... 

oaft .. 

• ·•a _. .. 
1t ll"' 

.. 

. .. .. ... .... 

... .. ... .,._ 

.... ...... ........ 

.. . ....... ,.._ 

o,.. .. ... .. .. ... .. 

.. .. .. ... " ...... 

.... ..... ....... 

..... .. ..... ....... 

..... ...... .. 
-· 
• • • •C _. .. 

ll:ZWI 

• -

• • .. 
1i • 
" .. 

• .. 
c • 
" • • .. .. 
• 
" c .. .. 
! ... 

f-;• ·" .... .. . . -•u tu:: ; .. _ 
-1: 
~---= ..... ... .., 

0 

• .. 0 
a•"' •• ·- .. 
I!. 

STUDY HO. :R-248 



STUDY HO. :R-248 

.,. -n n• .... "• •OO •OO 000 •oo .. .. ... ... 

...... ... ..... " .. ·-• .. "00 •OO 000 ··-• .. .. .. .. .. ~ .. 
0 : ... ... 
0 .... ... .... '1 ... ·-.. ·-- ··- o-- .. _.., 
~ .. .. .. .. .. 
> • .. 
! .. ... .. • • I " ..... .... . .. 
-; • I 

•i.llO •OO ... I oo- •OO .. I .. .. .. .. • i;'. I 
.. I 

l e I ... .. I • ... .. ...... ~--: WO ...... .. .. • .. 
~ • ... ·-- •a- ·-- ·--! • .. .. .. .. .. 
! . .. .. _,. .. .. • .. ; • I .... ... . ' ..... . .. • UI .. ' ........ ·- .. ·-- ... ...... .. I ... ... .. ... • ... I -.. 1 I ·-•• i ... • ... • I ft ~~ .. .. .... .... ~ 

; I .... 
l I 

..... _ ·-- ·-- .... _ •• ... I .. ... .. .. ... - I ..... ... ' • :: I ... .. I - ... I -· " . .. .. .. o- ..... ... •• .. ! • ... .. .. .. ........ "'"" . .... ... ..... .. • .. ... ... .. ~ ... ... a .. ..... • i; .. 
I ! .. .: I - •• ... ..... 
I o_;..; •• I • ..... _ .. .,_ ..... ...... 
I .. ... .. H 

·~ 
I 

' .. 
I ... .... 

" .. _ 
• • . . . . .. ~ • eG • •O '•G '•A i: .• 11..i ?•· -I •. ... 

• lll:'ot . ., ·--... .~ .. •o ..... • .. • • .. ... • ... 0 .,, 
~ ••• .. & I ... Z• 

• ~ .... 



STUDY HO. :R-24Q 

~ " 0 0 .. 0 .. .. 
• 
! 

0 -; N 
0 .. .. ;:: 0 0 0 0 .. 0 .. 
Ill ; 
~ • II. ;:; 
'i' .. " .. .; .; .. ! 
• .. .. .. .. " • • • .. .. 

II .. 
! • 
• ! " .. 

Cl • ! • • 0 .. 0 0 .. 0 .. .. .. 
• ! 

• ... .. ! .. • ! ,, • • • c "' ... • • '; .. 1 u u ! ; • = • • • ~ 
~ • • ; • ii • .. .. .. .. u • • • • .. • • .. • .. z .. • • • .. ,, • ,. • • 

i ~ • i ~ -· • i • I( 'i • i • 
• • • • ! • • i • • • • 1 • .. • • • • • • .. • • - •• ;: ~ 

.. . • • .. •• .. ..... -.. .. r .. .. ·- - .. • • ·~ • • .. • • .. • • :1 I :1 .. • z • & • .. ... • ... 



NDA-829698 FIR" :EISAI A"ERICA 
TRADE NA"E :ARICEPT ORAL TABS 5118"0 
GENERIC NA"E :DONEPEZIL HCL 

7 OF 7 



STIJDY HO. :R-248 

• .. .. 
Cl • ... . ; Ill ..... 
• .. _ .. '· i N! 
"' 1i -; -1 .. • -.. •• l .. ... .. 
• 11 .. • .. -· • .. 

·~ i ! • = ,.._ 
ii ii a i " .. ., 1 .. !j ! t 
I 

"' 9• .. - . • -.. .. .... 
• • -· .. .,_ 

" " I 
• :1 • - u 
! •• ... • .. .. .. ¥.!i .. "'"' ... .. "' "' ... ·- ~ •• -- - ., ., I I I I I I 

-• ... . " .. • i ... ., ..... ... H ..... ...... .. .. 
II,.!. ...... ..... N ... -1 

: 

"' ! Ill" .... 
I &I • • - .. 

... .. 
" I 

! .. I t " - i ... .x ' .. 



STIJDY NO. :R-24v 

I 
I .. • ... 
I • • .. 
I - ! I I .. : I .... .. 
I - Iii"' ... 
t "'". • ... ... ... 
t:1H ... ;; • N ... • ti.-• .... ... ... ~ I 4j : " .. 
I lo. ,. ,. 
I 
I 
I .. I .. ;; I ~ ,. 
: I ... - "' ,;. 
I - "' • .. • .. '';I" ... w ... ... . - ... • • ... • =r. w .. ,. , . ... ! - .. ... ... ... ... 
lion t " .. : ... " 
I 

: : I . , .. _. 
" .. l'I ~ : I ':9' !• !• .. ·:, . -.. ti • ::11 " ... ... 
~ ,.; . 

I ! • l lC ul " " a I -a" • 
! I K-I I ···i .. I"' 

I • j I .. ., ,. .. "··-! . .. ,. .. ... 
l'C :1; 

ii :1 "' ·--I .--11 b • !I.a 
! • I I"• 

i I I ;: ... • ;:: :l!J .. I • • I - ~ i : i 
I .. ! : ::.: .. 

1: .. i ... • I -1 ... ... .. ... •• ... : I ;; .. ,. ;:; .. ';8 . .. ... - N .. ... : , .... ;: ... ... ~ '11 I~ .. H 

~ • I"' ... N "' 1:,; I e I i ... I ... . = ! .: I ; ... .1!. I .. "" .. 
: I ! . .. ...... '!! ; ... - • -·· .. ·- ... • .. .. ... 

ii • I .. It • ! .. i-... I ... .... ; .... w u ~i1;; " ... • , .... 
; 1 N .. N ,. 

- ". . _ .. 
"" .. .. ... 

a;JI • ·~ ! " .. !! • ... " ... ! I , .... _..., • I 

t .. ·-· :!j! ' 
. -.. ... I., ... 

~ ~ " • 
: .. "" ;, "' .. ;, !•.! , - .. •I •I :·11 "' ~ ~ "1: I 
: I .. ' .\ ,.; 

" " :-·-
I .1 •• 
I Ii!! I 
I 

- I I II I ... 
I • ; ... .. . ..... I " .. 
I i 

,. 
"' ... N 

:1 ---.....-. •••• • I ... ilii • l -~--::; • • • .... ... ! •"!!Ii la • • r "" ........ .. ". " . 
• th bb 



!;T\JOY WJ. : R-;:4a 

u 
R 1 ti .. .. 
~ ' i • 
! ! 

' .. .... '"" ..... •• .. • ! .. "i" ..i • . ...;.; .. fol,,, .. : -.:" .. " .. " •s;N • .. 
1: II ' • • .. 

~ .... .. . •• . ... 
II 

··= 
.. 'I ..... ....... 

;;~= .. ....... .. ,, .. _,. 
: " " " ... 

• ii • • .. 
J = ... •• ·- •• • ..;.; .. .,,. ... ,,. ...... ,,. .... ,,. ..,_,,. ..... ....... 

"' " " " " 1 k: .. 
• ... 

• • "" .... .... .... 
; : "'"- ta: ~ ..... . .,; .: 
II ...... .. .... ... " .. N .. .. .. 
' 

.. .. 
! :I 

• ·- ·- '1 ": .... • ... ...:. .. J ::z ........ ....,,, 
II ....... ...... ....... ... .. .. .. .. 

• .... . ... -· ..... .. ". ....... •flltfil .~.; I -·- NWlflll ""'"" 
_..,_ 

1; ... .. H H .... 
. I i:i . la 

• •• ••• ;: l 
1·· ••• II.I 11.i .... . ,,, •111 •• .. . .. H 

II 
II .J :ii '' .. Jl • .. . • .. . .. ... 

.. µ C.-c. 



.. -i 
"' ... • 
= 1 • .. .. .. 
! 
• .. 
! 
... 
! 
• 
• II 

w • 
! 
• .. .. .. 

I • 
ii: 
I 
: 
• • 
I 

... ... •• ... .. .. 
• .. 1 .... . ,. .. .-_ ... 
•==••: 

! 
• ; 
• ' r .. I ti 

"' .. .,. Ii .. I 

I tl. 
t -- f 

: ! r: 
I • I 
I Ii. .. I .. 
• • t ~ 

: J II 
I 
I 

' I . ' 
i ! 
.. I 
• I -· I ti I 
I' I 
.. I 
..I I 

I 
l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I .. 

·~ .. · 1 ti I 
e I ••• .. I 
• I -· r!! 
::1 

I 
"'I 
•I ·-• I• 

'

I .. 
I • 
I j.. 

' .... l .... 

: !I 
'! =: ..... JI' -11 I,; I .. 
• .. I 4 
tll •I Ill 
..... I 
... I 

... 1: ... 
•• I A 

• • t -M 
I~.,!"' : 

I 

I •• .... ..... 
·--~ ... _ 
..... I 
• • ·i= ,_, 

• ... .. 
• 1: ..... 
" :: ! 

.. 
" 

... 
• 
• 

• • 

= • 

... ... •• •• 

... .. .. .. ... 

.... .. ..... 
" .. ... . ..;~ 
~ 

•• .. 
""" .... 
N 

• 
.. 
; 

" ... .. 

.... 

... 
0 

• 
; 

.. . ... _ .... 

... ..... .. 

... 
.. NH . .. ... 
0 

.. 
N 

.. 

..: .. 
• .. 

••• ••A 
... I 

.... Ill .. .. 
.. 

; 
• 
... 
• 

: 
• 

...... •• •• 

... ..... .... 

.. . . .., .. . 

.. ... ...... • 

0 

... 
" .... --... 

. . . -... • • ... Clll 

.. 

; 
• 
... • 

= • 

.. IA .. . • • 

... ·... 

.. ... .... .. .. 

... 
• • ...... .,_ .. 

• 
: 

; .. 
... 
• 

N 

• .. 
.... .. ., .. .... .. 
,. ... .. .... 

.. -.. 
• • .. .. 
•II , 
... Ill 

STIJDY NO. : R-2 4t-. 

: 

! r 

I 
.~ .... 
id 
•i ·.. . ... -· • 

.. 
! 
" ... 
1 .. .. 
! 
I 
"' " ~ 

.. 
• 

' 
• :: ·-=i ... ... 

!~ 
i.1;1 -11 
l ·-"""I. .. . .. -. 
11

: ... u u 
;;_•:~~ . . .. ... I·- ....... • .. :;1·· , .. ~---~= ii- . - • ........ , .. 
!~1:.:: ; .«M,,! 
i!E! ... i! 
-,!·1:: .. r ·-·-- ··=.... j .. . . - .... .. .. . . 
iiJ-.: · ·c 
...... ~··-ff I• t• 11 11 II fl 

•illliillil ..... - ... 

• • II• II .. • 



0 

• • 
t • 
• • • .. • : 
u 

N "' • • '1 

-. 
I • .,, 
~ 

~ ~ 
• • 

~ : 

: i .. 
k t 
! : .. .. ! 
!! 

.. 9 
! • 1 

: .. 
u u 
ii • 
• B 
! I . '" 
~ ~ 

.. 
n 

• 
II .. ... 

.. 

• 

• ..., 

;; 

" H 

1 
i 
Ill • 

• 

• 

• 

• 

i 
1 
: 

! 
I 

I I • • 
&: a: ..... 
• • 
I I 

.. ... 
"""' .... 

•• ..... ... 

... ..:• ..... 

... 
I 
; 

•• n• .. ... 

.... ... .... 

.. .. 

...... ...... 

. . 
•Ill . . ... 
.. 
3 

STUDY HO. :R-248 



STUDY HO. :R-240 



!: 

• .. .. 

.. 
"! 

A 

• 
! 

: 
i 

I 
1 • i • .. 
I 
!! 

: 
i 
:::: 

'5 
i 
! 
f 
• ; 

• •• - I .. 
• .... E,, 
• ...... 

NO 
- I .. 

. ... ,., ". =· 

Ii .. 
~ I 
• • 
J ii: 

• 
i .. • .. 

.! -.. i:; .. 
. -.. !! -.. 
~~ .: 

• B 
i 
i 
] 

i .. . 

... : 

• . .. .. . 
.. > ... . "" 
" :a: .. ,. 

• .. 
• .. 
• .. • 0 IC .. ... . ... 

0 • • • 
"' 

• • 
I: 

• 
• .. 

.. 
IC 

.. . • • .. 
I: 

• 

.. • • • • • • . .. . .. -. • .. . • • • .. ~ 

I · .. ~ . "' 

STUOV HO. :R-248 



:: 
j 
ii: .. 

s ; 
1.1 ! 
~ 1 i' 
!" 'I 

• • .. l • 
! . i .. 
!; ! 
!! .. • .. r 
! i .. 
! ; 
• v 

• i .. j ii • ; ! ; .. • .. i .. 

. .. 
• 
i ... 

i =-~ . -. .. . 
I :.• 
t .,.: 
: ; I 

I 

I :.• • '"'!: : =' 
~: 

: :::~ 
I - I : .. 
I 

!-! 1n-
1 - I I .. 
I • I ' . 
. : 
...... ;7 
I ; ·-•n-. - ' ' .. 
I • ' .... •n• - . I .. . 
I . ~ 
I • : =!:! .... ' 
I l't 

I ill~ 
I - I . -
I ' . 
:~~ . -. 
I -. . 
I -

.,, ! R= ! :: . 

i ..... 
! 
j 

' I -: .. :s , ..... 
l ~ • 
: 
I • . .... 
t N •i 

I"" t . -

.. 
I 
;: 

.. I .. .. 
J • • 

~ .. 
.: .. .. .. 
-= II 
ii 
II .. 
ia .... .. 
• I 

STUDY HO. :R-248 



SEOMENr. ll REPRODUCTJON IN RABBITS: 

A) Method 

16 F at 0, l, 3, anct 10 mg/kg/day, by gavagc, days 6-18 of gestation. (Day of 
confinned copulation• day 0 of acstatfon). 

(Doses were said to be chosen based on a preliminar; study in pregnant rabbits 
showing decreased food consumption at 10 mg/kg+, decreased bodyweight. pcrianal 
stainina. emaciation and abortions at 20 mg/kg+, and 1 death (total N not given] at 30 
mg/kg). 

Does had r·!~~!icn on Jay 28 of gestation for fetal exam. Approx. 1/2 fetuses were 
examined fur visceral anomalies by the methods of Nishimura and Wilson. Remaining 
fetuses examined for skeletal effects by the method of Dawson. 

Strain: Japanese White rabbits (SPF) 

Drug lot#: 88020201 

B) Results 

1) Observed signs in does 

No drug effects 

Abortion occurred in I control and 1 MD 

2) Doe mortality 

One HD wns sacrificed in s;xtrcmis day 16 of gestation "because of a lwnbar 
vertebra dislocation due to technical problem." 

3) Doc bodyweight 

No statistically sitJlliticant differences in bodyweight; however it is noted 
that weights at HD decreased very slightly over the first 3 days of dosing (i.e. days 
6·8 of gestation) whereas weights in other groups increased very slightly during this 
time (see attached table "l 11). 

4) Doe food consumption 

Decreased at HD days 8 and 1 O of gestation (mean ... 8So/o of control). (See 
attached table "2"). 

21 



S) Reproductive parameters 

No adverse drua effect on post~implantarion loss, nwnber of live fetuses, 
fetal weight, external fetal anomalies, etc. (Table ''3 "). 

6) Fetal visceral and skeletal exams. 
(Sec tables "4" and "5") 

No clear drug effects. The nwnber of oaaiflcd stcmebrae wu statistically 
significantly increased at HD but examination of incHvidual animal data docs not 
indicate a meaningful ctlect; no other group differences in ossification were seen. 

22 



. ·- -

STUDY HO. :R-247 

• c 

• .. .,., . ..... ........ 'ft00 .. H --o --o -N-• ... 0 00 00 OD •• • H .. .. .. 
• ... 
J • "'NN tnO• ...... tn•N -f'• 0 --o -o-.. t 

l .. DO 00 00 00 ... 
! 

• • .... .... .,...,_ ........ "'"" ... -aN -_.., --,, -aN 
.,.o .o •O '1'0 

.. ... _.,. onoo .,._ ... .... o .. -ON 
__ .., .._ ... -...... .. ., .. o ... a " .. 

.. .. .... "' ...... W1 ... 0 ....... 
H ..... N -· ... ..ON _.,,. 

"'O •0 ..;o .. ., 
,. 

N ....... ... ., . ... o .. ....... 
N -·N ...... -a-

__ ,.. 
"0 .,..., .... ... 

u • 0 .... o ...... "'"' .. ....... .. ... 
__ ,., ....... ....... -·- :I ... 

"0 "o ... o ... u • .. ... 
~ '""'"' ....... .. o .. '"0 .. 

a ...... _., ... -·- -· .. ... 
N • 0 no "'a no '"10 .. 
N IJ ... :;; .. 

" .t: ~ "'.,..., wi-w ...... ....... .. 
"' ..... _.,,. -·- -•"' ... .. .. > 
J no ,.,., no "'D .. - J ..... ..... ........ ....... ....... 

~ • .. .... -•N -·- -·- -.. g 0 "0 no no "'o .. ... ..., ... 0 .. • ........ .. "' ~ ..... .. w-·· '° ... • .. "' 
_,.,N ....... -·- ...... • .. • :I .. .. "0 ... o no ... • .. c u .. .. 

~ I IJ ,. 0 ........ "'D,. .., .. ...... .... 
4 <( - ... ,. ....... _, .. - ..... - " 0 

0 .. .... ..... MO .. a ,, 0 ... ... 
• .i II II c .. • 0 0 0 ....... u c .. "''""' ..... ,., ........ .. ... '" ..... ..,.,,.N ........ .... - -·- ••• I • ....... .. I .... ... ..o MO .... 
1 ti ... ".,~ 

" 0 .. • .. " • ... .. ... "'" ......... ~~: ..... .. ..... u 
0 _,. ... .. ..... .. .... -oo• ... rte .. • • "D .... ... o ....ON&. 

!! "' llNN II 
II 'U .. • ~ ........ 

0 ... ........ ....... ......... ....... I~.:; ... .. _ ..... -•N .. .... -·-0 :t .. ..... MD no "o 11:~ .. .. .. 1 I U t • .:;:11~ .. • 0 .,, ...... .... .. o ...... ....... ._..,N _.,. ... _..,~ 

_..,_ .., .. -' ~ .... 
"'O ... o ... o .... ... " .... 

:::~JJ: 
••• ti .... 

e .. • lll 
c i; • 

·~a ~~:::-·•a ·•a ··~ : l.,; :~..; :i..; ii.n 0.,,,, ..... 
0 

.. • i.iJJ~t .. .. ... . .... •• •! •••••• • &r 0 0 • o----... • ... u,, .. 

• )-).. It ....._ 



STUDY NO. :R-24 

"" • .. .... ., ... 
.0 : .0 .. _ .. 

... •O vtN- ....... • N .. ..,_ ..... -· ..... .... _.., -" ....... -· "' 
... .. .... - ""~• Wl f'"'- IA wt ...... c ... - ; NV ~- ... 0 -· - .. "" ...... ...... 

.. •11t• ........ ... ft • .. .... .... -o- ..... ..... •• ...... ..... ..... ..... 
.. ... .. ...... ... ..... ..,_ .. .. ....... .... -"'" .... ..... ""' ..... .. " .... ..... ... ... 

u .. ........ "'NP\ '"t- - :: ~C! N ... . . ... . . • ... .... .... .... . .. .. ....... .... .. ... '=" 
, .. 
0 
• .. 

~ 
,,,_,.. ......... ....... .... ... 

0 -.. ...... -.. ... .... -N ...... ..... ..... ... .. • 0 .. 
N JJ ... :ii " .. 
~ ~ 

........ ....... ........ ....... .. 
"' ... l:: .... o- ..... .. 

J ..... .... ... .. .. 
.a 

-; 
Wl •• " ~~; ....... ...... ~ .. -0 ... ...... _ .. . ... 

c ..... .... ·- .. .. ... 
0 0 0 .. ... .. .. .. 
• • • " .. N ........ ......... ..... - .. ..... ::i .. .. - " • ...... "'"' ... .. .... 0 .. ..... . ... ..... ..... J c .. ... 

c e 
i -= 

.. 0 ., 
"' 0 ........ ... .... ........ wwa .. s • -.; ~ .. Ill c .. • .... Of't -... • 0 0 u 

= 
t• N .... •N "'"" ..:--r. " ...... • ,, • • • 0 . ...... .. ... ... . .... 

~ 0 • ........ ....... .. ..... ..a., ~ 1111 O••• .. I: . ... ·- - ...... "'"' u 
" ! ·- WN ·- ...... 

·-- .. c - -oo .. -; .. .. a. ......... 
~ ! ."" ...... - ........ ........ .. - .. te t• - .. .. .. " ......... 
0 c .... ..... O• ... i: •• ,, ... ;) ·- .,,_ 

"' - ·- 0 '8,, 
0 0 .. .. .. 1111 II • l ., 0 0 • .. .....,._._ .. c u u .. ~ ... 

"'"" N 
....... !~~ !~-:1;: .... -~ ... .... .. .... ...... *" - .., M"""' .,,_ .. - ·- ·- . .. .... c 

=~~JJ! .. "' ..... .., . -II • c .. II .. ... : I I-•<a .Q wa • Cl 
0 11 " .. 0 II 0 .. ' 0 ....... 0 

N z J: Ill Z:Clll -'! 11::11'1 Z IC 111 
.. II II 110 

• t&&&8a .. •• - ., 
" ........ " 0 .a &: 0 " ~ 1;zu;: 

22 h 



l':I 
N 
a 
N ... 
,,,, ... .. 
J 

... -.. .. 
0 .. .. ... • .. .. .. .. .. ... 
D 
.0 .. .. 
,; ... .. 
1 .. • .... .. 
~ .. • ... 
0 .. 
" .. • .... 

• .... 
Jll 

" .. 

• " • ,, 
II 
! .. 
~ • 

= .. 
" .. .. 
• u 

., ..... ... " .. 0 .. 
• :I .I" ... 

.... etl ..... -· 

::::.:: ; t~ 

• 
I .. 
• ... 
• .. ... .... 

" . . .. 
.0 " ", 0 ... . .. .... .. ,, .. . 
0 .. ,, 
0 .. 
.. 0 

! 

.. 
I ... ... 
r 
• 
! 
"' 

.. . 
• 
" "' .... 
M IC .. 
"' 

• ... 
: ! , ... .. • .. 
.. . . ... ... .. .. 
0 

s: 

_. 
• 0 .. 

7f, 0 
t-

·.... j 
.,_ 
... u .. • ... 
_,_ 
• .0 

" -0 .. ... _ 

I • 
.. • c: 0.,, 

.... #f ..... ••• . ..... 
• ... .. 

0 l: . .... 
• 0 , 
• 11-

.. 
0 

• " & 

" • -3 

.. 
"' .... 
! 

0 

00 

... 
""' 
"o 

..... ..... 

...... r• 
GIO ..... 
... .... ... 

_.., 
··... 

•• ,..,.._ 
"' 

..... 

.. .. .. ..... 

. ... 
t•9'tN 
M 

...... ........ ..... 
... 
• c 
". g :. J.;, 

.. .. 

0 

C> 

00 

.. ... ..... 

.,0 

... ... ..... .... .. 

.... ... .. . .. .. 

..... 
,...,.N ,. 

"'N 

"'" ... ... 

...... 
N 

... 

... ·-... 

... 

... • 

.... 

"'"' 

... ... 
.. •a :. : .;, 

0 

o c. 

.. 
"' • 

..... ... . ..... 

.... .. .. 

... ... ... 

'"" .. ... .... 
" 

..... .. .... .. 

...o . .... .. 
-" ... ..... .... 

... 

... 
": .. 
• 

0 

00 

.... ... .. .... 

... o 
aon 
... ... 
" .... ..... 
O"' ... 

... .. .. . .. -.. 
"" 

.. ... N ... 

... .. ..... • 

.. 

a 

0 

... 
• 

.. o 
oo ... 
~ .. 

... ... 

0 ... 

).-.)._ L 

Cl 
0 

.. 
• i ... 

0 .. 

• • -.. c ... . 
-i 
ti I .... ... 
ll .. 

..;.., 0 

• :I .. 
• ... 
1 • ~ 

0 

2 

" 
• Ill 

• :I .. 
II ... 
• > ... -.. 
II 

0 .. 
.... 

•• •• •t to •t •t •• C • ;;;;;:;i 

STUDY HO. =R-247 



• 
~ 
~ 

I 

hbJe ' Ter•r.,oloclcal at.udJ 1ri ralll,blta trt•ted ,orally wah £2020 

ViaceraJ ex-illlotJ on or l •"'I! fet"s"e 

Doae 101/lk•I 0 I J 10 

---
!lo. •f fet. .. oe •:H•iaff 54 fi2' u H "°· of r ....... vilt.ll abaor...llr.r 1'1.1 21 5.0J 11 z.H 01 0.01 ZI Lii 

.&b9or9&Jto 
Swpero ... rar7 coroner,. orlCicoa ".,.( 5.0J 21 t.41 DI Ill. GI lllf G.Ci! 
•rpo.-la•l• or t.ilo 1-• aod lloart Cf 0.1111 01 O.Ol 01 0.!11 21 I. 91 

Worlot.i- of t.11•• ao,r«.ic orelli •I 1'1. l 
T,,•o-1 lll 51. 61 41H H II :Sit 5Z .~. .J71 51. 01 
T:rpe-2 01 a.a• 0( 1:..01 01 II.DI o; a1. o I 
Tn'-:1 " ll. ,, lH 21.21 ZSI 40.ll• 151 za .i; 1 

1'r .. -• 121 u.sa " u.1: ., f.ll 201 n.u1, 

al : T7po-I ; •t•llt c:- corotJd artor,. ariaina rr- braC'11ioceplt.obc «.run• tl&or-l lflNI 
T7 .. -t ; •11i.t l•ubc:loYi- ort•rr ari.aie>C froa oort.o •aid runni111 beld.nd tlle oaoplll.a.1ua a .. J u·oche• 
Tr .. -J ; S-.11 artery arl1&111 rroo blrurcotlom alto or left ::o-n carotid art.4!r7 and brad•iocephal1c trUftll: 
Trpe-~ : Lort co ... a carotld art.,rr •riainc tr ... aorta 

s : lle•n •' s tor o•c- litter 
• : pC0.05 rs11nlfle.oat. dJl!ereoce Ir- co,ntroi I 

VI .._. 
c::: 
0 
-< 
:::c 
0 

:00 

N ,,,.. 
-..J 

-~--=:~ 



... 

• • .! j 

- =· •. ,. ~~~ .;e •• " .... 

• ti!~ _....,, •••• . ·- _._ .... .. .. 

.-.,,. .. ..... 

.:.-.;.; ... 
::;ii 

;;;; 
.-.:~= 
;::: ... 

* •• ~~ • ;;; ;: 
•• .... ~-· •i 
;; ... : =·· 

j 

STUDY llO. I R·247 

I ~l!I :1!1 •••• ····= 
t· :1:1i· ~i·i·i· i·i·i·i· J·i·i·i·i· 
~ ~.;~~ .,;.;~~ .;.;~. ····: 

~ ~··· ~··· 1111 11;1~ i itit iii~ --~- tttti u ~~~~ ;1:1 i~~~ ••••: 
• ••R• ~-ft- ··~- ··~-~ 

: 11:1 ··~· 1111 ····~ ~ ~~~·~· ~·~·~·~· i·i·l·i· j·j·j·J·t· . ··"~ ··"~ ~~-~ ~--~~ 

: !~DI lltl 11;: ::;s~ i· ;,;.;,;, 'i,;,!.;, ;,,,;,~. !,'?,":,!.':, 

~ ===· 11;1 ~··· ··=·~ ~ ~·"~ ~~~~ ••"• ·~"~~ i 
i 
! .. 

' . ~ ... .. ... ...... . .. ~ ........ 

1iJ . ~ '.: 
... .! ' 
j~~ .. ~ • • 
-·· 'I, .. . • I .. • 



SEGMENT 1J1 REeROPUCTJON IN RATS: 

A) Method 

24 F at 0, l, J, or 1 O mllka/day, by pvaae, from day 17 of autation through day 20 
PP. 

F, weiahts, aurvival, developmental milutones, and po1tweanin1 behavioral test and 
reproductive perfonnance wore evaluated. 

B) Results 

Strain: Sprapo·Dawley (from Japan SLC Inc., Hamamatau. Japan) 

Drug lot#: 89120401 

I) Observed signs in Fo 

(See attached table .. 3") 

a) Mio1i1 at MD and HD (with deceuina incidence over the 1tudy; not aeon at 
MO at day 20 PP) 

b) Slight fuciculations at HD (and in 1/18 MD on fint day of do1in1 only) 

2) Fo mortality 

None 

3) Fo bodyweiQht 

Weishts at HD were below control, becomina atatistically sianiftcant at day 
20 of gestation and remaining 10 throughout the treatment period. (Mean weight 
approx. 90-~5% of control; sec attached tables u4n and "S"). 

4) Fo food consumption 

Decreased at HD over the C'1rirc treatment period. (Initially ., 75% of 
control, increasing to ~ 90-950/o of control by the end of treatment). 

5) Reproductive parameters 
(See attached tables for parameters measured and results obtained). 

a) Increased stillborns at HD (6.4% v1. 0.6% in couttols); livr.boms sliahtly 
decreased. (Sec table 118"). 
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b) Pup survival of liveboms throuah day 4 PP equivocally dcc!'Cucd at HD 
(78.7'!0 vs. 9S.7%; ice table 118"). Thi• wu not 1tati1tic11ly aipificant by the 
sponsor's analysis. Examination of the individual animal data (1ee 
"appendix 29" and "appendix 32", attached after table .. 8", for control and 
HD data, resp.) indicate• a pouible dru& effect: total litter Joa seen in 3/24 
HD and 1/24 control; partial litter lou 1een in 4124 HD and 1124 (with only 
one dead fetus) control. All or the daml with total Utter loa were oblerved 
to be not lactarina on day I or 2 PP. 

c) The reasons for the incres.sed 1tillbirtha and decreued pup IUl'Vival noted 
above are not clear. It wu 1tated that pupa which died on days 0 and 1 after 
binh were not necropsied. Other dead pups were aid to have no 
microscopic 1bnonn11itic1. (It is not stated how many pups wore examined) 
Necropsiea done in 1ma1I nwnber of animall at and after weaning showed 
no dn11 effects. Thef'D were no external anomaliu nen amon1 live pups 
(table .. 12"). 

As noted above, dams with total litter 1011 days 1-4 PP were noted to 
be not lactarin1 although overall nunina behavior wu aaid to be unaft'octod 
by drua (table 11911

). 

d) Pup wci11ht decreased at HD on days 7·21 PP (mean ... 90-92% of control); 
slight, non-atatistica11y aipificant dccreues seen at earlier times. (Tables 
"13 11 and 11 1411 

). Among F 1 studied for reproductive capacity, weiahts at HD 
were below controls at 28 day• PP; weiahta then remained below controls 
through day 70 PP but not 1tati1rically 1i1'1ific111tly (Tables ''27" and "28"). 
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hbh 5 8odr Hithl (&} 

Co41 BIAG Stu4y : S11•1ntlU Sptc:it1(Str1in) ; Rlt CSfc:SIJ 
Stuclr lo $91512 G11111utlon : FO Route : p 0 Su r..,,. 

hu D1r1 of lactation 
(.,Jk&) I 4 1 10 '4 I} 21 1-21 

0 lo 24 23 23 23 23 23 23 23 

IHn 251.1 271.2 215.8 29' 3 .Hl.3 300 l 294. J 34 8 
S D 20.2 14 4 12.3 14 4 13. 9 13 5 ll l f 5 1 

lo 24 24 H 24 2• 24 24 2• .... 259. 7 21l. 1 211.1 212. I HI.I 2'1.5 294. t 35 2 

I 
SI 21.. It.! 11.' II.I '9.1 1t.3 20. I 

t ' 

~ 
l lo 24 24 24 24 24 24 24 24 

..... 251.l U4.l 212. 1 ?93.G 2t7.! •. l 2t5. I 37 • 
(' SD 11.1 17. 2 

"· 4 
14.1 14.5 14.5 1'.l 14 t 

10 lia. 22 21 11 21 21 2l 21 21 

..... 242.4• • ZSt. I••• U4.4••1 Ht. l••a 
i 

215.l••a H2.3Ha 280. h. JI 4 
S I JI J ll. I 14.1 "-' 15. 1 

" 2 "· f 
14 1 

.. : ....... , Of da•• llMiMd 
Sicnif i,antly diff•1•nt tr .. Control • P < 0 OS . •• P < O.tl • : Dunnett 

~ 
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hb•• 7 Food intake (&/1ni•1l/d1y) 

Cod• BMAG Stu1dy : Stpent 111 Sp1,c: i H (St n in} lat CSlc:SOJ 
StudJ llo S!115J2 Generation : FO lout• I'. 0. Su rea111 

D1y1 of lactation 
Dou 1 • 1 10 14 11 I 

<•elk&) - 4 -1 -10 ..... 14 -11 - 21 - 21 

0 lo 23 23 Zl 21 2l 2l 23 

l11n 30.9 31. I .u. 52 z 53.l " ' 27' 4 
s 0 

3 ' 
2 l 2 1 3.4 3. 9 3 2 12 l 

to 24 14 24 u 24 24 24 

..... 30 1 l&t 45 0 53. 4 54 4 62 7 213 0 
s I) 

l ' 
2 I 3.1 3.6 4 J :; 2 18 1' 

~, 
3 lo 24 24 24 24 24 24 24 ~ 

lun 29 0 l& 1 44.2 50.2 54.5 60 5 275 0 
s 0 .. 9 3 1 3. 1 l.4 l 9 .. , 20 0 

10 Mo 21 2; 21 21 21 21 21 

hen 22 , ... 33. 2 .. c: 40. 4 .. c: .,_, .. c: 50.4 ~1 I 250 o .. c: 
S:O ... t 4.2 5. I 5. 1 5.1 

J 
1 I 30. ' 

lo : lhllltlar of d1as HMined 
Si1nific1ntlJ Jiff1r1nt frOll Control •• p < 0.01 1 : Dunnetl c: : Dunn• tt-lh1n,ll i ne 

~ 
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~ 
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hbll 8 

Cod• 
Study lo 

BIAG 
$91512 

lo of pr1rn1nt d1•1 

01li••r1 and nur1inc 

Study : S11 .. nt Ill 
Generation fO 

Dou (tlc/kr) 

lo of d11111 with tiv1 ne•born1 

Deliwerr ind•• II) 

lkar1tion 6f 111t1tion(d1y1) 

lo of implant1tion 1it11 

loof Hwborna 

lo of live ntirborna 

511 11tio 
(l1l1s I f•••l•s) 

lo of stillborns (\) 

Liw• birth ind11 (\) 

loo~ liwe pups •i! do 4 

riabilitr iiNI•• fl) 

lo of mar1in1 dall1 on dsy 4 

lo of nuraina d .. a en day 21 

luraina indt1 (') 

1111±$. 0. 

total 
ltan±S. D. 

Jotel 
l11n±S. D. 

Jot1I 
l11n±S. D 

Tot1I 
IHn±S. 0. 

Specl11(Stuinl : Rat (Slc:SO) 
loate : P 0 

0 

24 

24 

190.0 

21. t±O. 3 

341 
14.5±1.l 

lZI 
ll.J±l.l 

lH 
13. 6± I. 2 

0.98 
(H1/1i5) 

2(0. I) 

tl. 1 

312 
ll. 0±3. 0 

15. J 

23 

23 

95.1 

24 

24 

100.0 

22 .. 8±0. 2 

3lt 
14.1±1.I 

314 
ll.1±1.7 

311 
ll. 0±11 

0.411 
(153/151) 

3(1. 0) 

fl. 1 

309 
12 t±l. J 

tt ... 
1
24 

24 

100 .• 

r. •livery ind11 : (lo of d•& •ith I iu nenorna I lo.if pr11nant d,UtJ x 100 
Li we birth indH : (lo of I in nHborn1 I lo. of il!Pl1nlltlon 1it11) x Ill 
luui•I indH : (lo of'nuuin1 d•a on d1y if/ lo.of d.1•1 with Jive nnborna)XIOO 

s .. - ft••lt 

3 

24 

24 

100.0 

22. 0±0 4 

343 
14. 3± IS 

310 
13.l::t:I I 

314 
ll '::t: 2 1 

1.IU 
(159/155) 

UL t) 

If 5 

313 
I) ,0±2 ' 

H1 

24 

24 

100.0 

10 

24 

H 

100 0 

22 I ±0 3 

329 
13 h:2 3 

29 \ 
12 3.%~ i 

2H 
II S:t:Z 6 uc. 

1 lh 
049/!281 

19 (6 41 ... 

u z ••• 
218 

9 I~ 4 4 ,., 

7J 7 

2l 

21 

BJ 5 

Yi .. il1tr in4H : Clo of live pupa on d1y 4 I lo. of lln nnbor111) x 100 
Si1aificaatfy different fr• CGntrol • P < 0.05. •• P < D.01 c: Ounn1tt-llnUn1 • lilco1on-R1P.k Sutt 
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table 9 lur1in1 bth1wior 

Codi . BIAG Studr : S11•1nt Ill Sp1ci11(Str1in) : lit (Slc:SO) 
Study lo : $91512 Gtn1ution : FO loah : P. 0. $11 F•1l1 

Doll (q/ltc) • I 3 10 

Mo of da•s •ith fiw1 n1wborn1 Z.f Z.f Z.f 24 
D•fl aftlr 
d•I herr 

E1tin1 pl1c1nt1 (•) I 24/%4 ooo o; 24/24 000. OJ Z4124(180 01 24124<1ec 01 

lltr iH i •I (•) I 23/24( IS I) 24/24(100 0') 24/24(1M 0) 22/12 ( 100 01 
j 2 23/UU00.0) 24/H(IH.I) 24124011 I) 21/11 (100 0) 

3 23/23000. 0) 23/24( 15.ll U/24(1IO 8l 21/21 (100 01 
4 23/13(100 I) 24/UOH I) 24/24(1IO I) 21/21 (100 0) 

~ Lut1tion (•) 1 23/24( 95. I) 24/24008 0) 24/24 OIO I) 21122 ( 95 Sl 
2 n1u noe •> 24/24(100. 0) 24/24(118 0) 21/21 (100 3) 

~ 3 23/23 UOI. I) 23/241 95 I) 24/24 (111 •> 21/211100 0) 
I 4 2~/23 (108. I) 24124«100 o> 24/24 000 ll 20/21 I 95 2) 

C1Mib1I isa (-) I 24/24 ( UIO. D) 22/!4( 11. 1r H/24{100 I) 21/24 { 11 5) 
2 24/24(1M. D) 24124 (let. 0) 24/24081. •> 21/22 I 9S 5) 
J 2l/2lU•. I) H/H(llO 8) 23/24( 15.1) 21/21(100 0) 
4 2J/2l(1M. I) H/24(111.8) 24/24 (I 08. I) 21/21 (100 OJ 

-
ld.lntlfl14 I E1 .. lnld (I) 

~ 
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hbll 1\ S..r•iv1I rat• of pup1 

Code llAG Study : S119int Ill Sp1cl11(Str1in) : lat (Slc:SDJ 
Study lo $91512 '""ration : ft loute : P.O. $11 : 1111 and r ... ,. 

.... (Ill/le) 0 ' l 10 

lo of •11in1 cl•• on do 4 Zl Z4 Z4 Zt 

lo of lire pupa 
H dlt j l1ft1' cutlint) le lit lat 112 ~11 1c ... 

"'' IHa:t.:.S_ D. t. t:s:I. 0 I D:t.:0. 0 1.0:1:0 2 75:t:,J11 

H do 1 lohl 114 112 "' 157 
11 .. :ts.1_ I. l:t:G. I l.l±t.I 1.0:1:0 z 7h:ll•a 

•• day 14 fetal IN ltZ ... 15 7 
l11n:tS I. 1.1±0.0 •. l:tl .• •. 0±0 z JS%IJ•1 

~ oa day 21 rota I .... ... Ill rs1 
•1n:tS. I. 1.1±0.8 1. 1±1.l I. O:tO. 2 1 5.:tl l 

-~, l11nin1 ind11 (I) JID.8 "' 198.0 100 0 

l11nin1 indu : (lo_ of I iwe pup1 u day 2l _/ •-of UH ,.., lmedl1t11J attar cull lnl) x 100 
Si1~if1c1utly different tr .. Contral • P < 8.15 1 : lhNlaatt 
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, .... 14 Wy Hil .. l (&) 

Cede . ., Study : S•IMlal lll S..Cl•a(llr•i•) : lit (Slc:SBJ 
Sau4r • $91512 1 ... uti• : f1 a.1. : r.e. SH f •ule 

loae 1111 after ~lrt• 
(9c/k&) I 4 4C 1 14 21 ,_., 

.fC-ll 

I .. 24 2l 2l fl 23 fl 2l ll 

hll &. I t. J 1.3 .. _, H.I 433 l • l4 I s. D.I I. I' I. I I.~ '-. 2. 1 0 5 z 5 

' .. 23 22 24 24 Z4 24 22 24 
t 
••• 1.4 I 1 I. 1 •••• 21. I 44.t l z 34 l 
S I • 5 I. 1 ••• 1. I I. I J.2 I 4 z ' 

~ t l • 2J 2l 24 H 24 24 2l 24 

r IHn '-2 9.2 t.2 14.l JJ.2 42.I . 3.0 ll 6 
s •. 0.6 I.I I.I I. 3 2.5 l.t 1.5 

l ' 

10 .. lt II 28 !O n H l!I 20 

•••• 5.1 •• ••• IJ.4 ••• 25.2 ••• •• 1 ••• l • JI Jua 
S.I ••• I. I I. I 1.' .2. 5 l.S I I z t 
•·: ... , •f litters 11•h11d C : P•1t-cuillnc 
Sir.;if ic1•tlr 4iff1reet tr .. C..tr•f • , < 1.15 .•• , < 1.01 I: ..... lt 

~ 
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Jut1 H •rlllDGi.Oj.IUI - ~,,.,., ......... a •f .... 

Code : IUG , .. ., : s ...... Ill S,1cl11 (Stralll) : lit CSlc:SI) 
Stu4r • : 511512 l1•1r1tlo• : Fl .... : P.I. s .. : f••l• 

.... (ac/ld • I 3 11 

ID •f N• po1iUre I ugiad (I} 

Pinna u•f•lf iq (H MJ 4) 1511151 151/151 15 .. /li .. , ... ,, ... 
UM.I) UM.I) (I •.• , (Ill.I) 

Pal .. r snap ufl11 Con do 5) 13/ 13 12/ 13 13/ 13 1•1 1' 

_t OM.I) ( U. I) UM.I) UOO. I) 

;rl Incisor truption Con do 14) 13/ 13 tl/ tl ll/ tl 111 1• 
(100.8) (1 •.• , (111 .• , (109. I) 

Auditorr 111rtl• (on 411 15) tl/ tl 13/ 13 13/ t3 15/ 7,5 
(IM.I) (100. •> UM.I) ( 11.1) 

htl id op1ni.•1 (on day 11) 13/ 13 12/ 12 tl/ 13 71/ 11 
UM.I) (111.0) 000.1) CIM.IJ 

Vaci••• op ... iac (H day 31) 21123 23124 23J 1• -.1120 
c 11.3: (ff.I) ( 95. J ( 95 OJ 

~ 

' 



llbl• 11 Or1111 wtlcht --
Cod• : BIA& Study : S11•nt 111 Sp1ci11(Str1ln) : l•t (Slc:SD) 
Studr lo : 511512 len111Uon : f 1 ICM1tl : P.O. SH •••• -

D111 
<•1/k1) lo. of ulH ladr ••I lht <1) Liver (I) Kidney (&) Brain (&) 

0 22 H.31±3.12 .. 615±0. 151 0.416±8. 03' 1. 448±0. 039 

(0. lH:t:O. 025) (I. 111±0. 001) (0. 321±0. 034) 

24 45. 50±4." I. 111±0. 231 •- 412±0. 041 1. 443±0 035 ,.., 
(I. 310±0. 011) (0 IN±O. 00'1 (0 320±8 OJI) 

,.L. 

CO\ 3 24 4Z.U±4.'2 I. 51l±O. 2Jl 0. ~51±0. 051 I U9±8 062 

' 
(8. 351±1. 021) (I 101±1. 806) (0. 331±0. 021) 

1G 11 42.13:t:4. 41 1. iM:t:O. 2%2 • 450±0. 051 I. 425±0. 051 

(0. lH:t:l.120) (I. lll::t:I. IOI) (D.131±1. Qt)) 

l1111:t:S. D. ' ) : l1lltlv1 1u11n ••i1ht (1 or11n I 10 1 bodr .. i1ht) 

}Jl? 



hbl• ,. Orun Hi1ht --
Cod• . &•AG Studr : S1pent Ill s,.,; .. cstuinJ : lat (Slc:SOJ 
Study No : $91512 G1uralfon : Fl lout• : P. 0. S11 Fe11l1 

-
Don 

(•11/kl) lo of fMllH lodJ Hilht (I) llvu (r) lidney (&) Brul\ (&) 

0 23 U.15:t3. 20 l.135:t0. 111 0. SOI :tO. N5 I. l90±0. 021 

(0. 3Jl:t0. 121) (I. llS:tO. 009) (0. 3Jl:t0 023) 

2l 44. 05:t3. 23 I. '33:t0. 141 0. 584:t0. 041 I. 402:t0 044 

(D. 37t:tD. Ill) Cl. U4:t:O. 805) CO. UO:tO 021) 

~ l 23 43. 15:t l. 51 I. '52±0. 164 0. 414±0. 841 I. 3t5:t0. 049 

,. I (I. 311±0.111) (0. 111±0. 005) (I. lll:t:O. 019) 

10 " 40. '3:t:3. 53 .. I. 604±1. 155 • •. 4'l:t0. 04' • I. 3'5:t:O. 047 

(0. 310±1. 016) (0. l 1.U:I. OGll (0 338±0 021) •• 

l11n::tS. I. ( J : l1l1tln er1aa 11i1ht (1 or11n I 10 1 bodr Hi&ht) 
Sl1nlflc1ntly different tr .. Contret • P < 0.15. •• p < 0. ,OJ 

~ 
' 



bbl• J9 lfultipl1 b1hario11I t11t 

Code : UAG Studr : S.ia11t I I I Sp1ci11 (Strain) : ht (Slc::SO) 
Sludr lo : $11512 G11,•ution : fl lout• : P.O. Sti : lal1 

.... llll/k1) • 1 3 10 

lo of abnor••I .,,,, I 111•l•ed (I) 

Pufi I l1ry nf 111 I I 23 D I 24 I I 24 o I 21 
(I.I) (0. •> (0. 0) (0. 0) 

Pnytr' I I af .. I • , 23 DJ 2• O I 2.f o I 21 
fl. 0) (0. I) (0_ OJ (0. 0) 

C11111I r1f11.1 I I 2l I I 24 I I 14 I I 21 
CO. I) (I. OJ CO. OJ co (j.J 

~ 
PiMa nflH I I 23 o I 24 0 I 24 I I 21 

(0. 8) {0.0) (0. 8) (0.0) 

~a lpsil1ttt1I flt1or r1flt1 o I 2l o I 24 I I 24 o I 21 
(0. •> (0. 0) co. 0) (0_ 0) 

hin UIPORSI I I 23 I I 24 o I 24 o I 21 
(0 .• , ,._ ., (0. 0) (0.1) 

Stru11l1 r11pon11 o I 2l t I 24 o I 24 I I 21 
(0. •> (0. 0) (0. 0) (0. 0) 

Grip 1tun1th o I 23 o I 24 o I 2f O I ZI 
(0. 0) (O_ 0) (0. OJ (0_ OJ 

Gait o I 2l o I 24 D I 24 o I 2t 
(0. 0) (0.0) (0.0) (0. 0) 

ti 



table 20 lultipl1 b1hlvioJ1I teat 

Cod• : BIAG Study : S119tnt Ill Sptci11 (Strain) : Ill (Slc:SO) 
Study lo : $11512 lenant ion : f 1 ••te : P.O. Su F•••• 

0oH (q/111) • I l 10 
--

lo of 1bnora1I f1•1l11 I 11 .. iAtd (I) 

Pupiflary r1fl11 o I 23 O I H o I 2l o I It 
(0. 0) (0.0) (0. 0) (0. I) 

p,.,,,., 
""~· o I 23 t I 24 o I 2l I I 11 

(0. 0) (I. 0) (0.0) (0. 0) 

Cor•11I nf111 o I 2l o I 24 o I 2l o I 19 
(0. 0) (0. I) (0. 0) (0. 0) 

Pinu nfl11 o I 23 o I 24 o I 2l o I It 

~. 
to. 0) (0. 0) (D.O) (D. 0) 

lp1il1t1r1I fl11or r1fl11 o I 23 O I H o I 2l o I It 

' (0. 0) (0. 0) (0.0) (0 0) 

Pain ruponH o In o I H o I 2l o I It 
(0. 0) (0. Ot (8. 0) (0. 0) 

Stru11f 1 r11poRJt o I 2l G I 24 0 l 23 0 I 11 
(I. 0) (0.0) (0.0) (0. 0) 

Grip 1t11ncth o I 2l o I 24 o I 2i DI II 
(0. ,, {0. 0) (0.0) '9.0) 

Gait o I 2l o I 24 I I 2l O I It 
(0. 0) (0. 0) (0. 0) 10. 0) 

w 



hbl• 21 Open f itld lt1t 

Code BllAG Study : S1p1nt 111 $p1,c i 11 (Str1 in) : Ill (SI c:: SO) 
Study lo S91512 ,,,..,.uon : Fl loutl : P. 0. S11 : 1111 ind f1•1la 

8011 (q/kt) • I J 10 

lo of •1111 111•in1d 23 24 24 21 

lo of lin11 cro111d 14. 0 ::t 12. I It. 0 ::I: 10. 4 19 .• ::I: 10.' 20. 1 :t: I. 9 

lo of nu inca •. , :t l3 U.O :t 5.1 \0.5 ::I: 1.0 13. 1 :t: 1 3 
I 

lo. ot 1rooein11 i. 4 ::I: 2. 0 1.7 ::I: .. , 2. 5 ::I: 2. I 2. 3 ::I: I. 2 

lo of d1flution1 1.3::1:1.I 1.4 ::I: 1.4 Ol:tl.4 0. 5 ::t I I 

~ 
lo. of urin1tion1 0. I ::t 0. 3 0. s ::I: 0.5 0.3 ::I: • 4 0. I ::t 0 5 

V) I lo of f .. 1111 11,.in1d Zl 2.f 23 HI 

No rf lines c10111d 10. 4 ::I: t. l 24.. ::I: •. 1 ZO. 4 ::t 10 3 23 I ::I: 1 I 

llo of ,.., in11 12.l:t:S.I ,,_, ::I: 1.0 
13. 2 :t ' ' 11.3 :t 8.4 

!lo o( 1ro•in11 2. G ::t 1. 4 2. 1 ::I: 2. 1 2.1 ::I: 1.1 2 4 :t I. 6 

llo at d1he1t ion1 0. 1 ::t 1. 3 0.' ::I: 0 .• 04±01 03±08 

No of u1in1ti~n1 0. 2 :t 0. 1 0. z :t 0 1 op ::1: o. s 00±00 

IHn:t:S. 8. 

~ 
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hbh u later .. 1tipl1 T-.ai1 t11t 

Codi BMAG Study : S1p1nt tit Sp1ci11 (Strain) : lat (Sfc:SO) 
Studr lo 591512 Gen1r1tion : fr loutl : P. 0. Su lih 

Doll Cat/k1) • I l 10 

llo of 91111 11aain1d 23 u 24 21 

Straiaht-1ay trial• TIM in 11cond t 1. 2 ± 5.4 It. I ± 4.1 9.0 ± 2. 9 I 9 :t 6 4 

j 
laze tr iah liM in 11colld 

day I 46.3 :t: 22. 3 54.Z :t: 22 3 50.1 :t: II I 5G 4 :t: 18 8 

do z H.3 ± Jl.0 21.l :t: IO. I 19.1 :t II. I 2Z 9 j: 17 5 

~. do l 21.. ± lt.1 14. 1 :t: 5.4 15. 1 :t: 
3 ' 

ll 9 :t: J 4 

~ lo. of 1rrou 

d11 I 2.1 ± I.' 3.5 :i: I. I 3.3 :t: 1. 3 3 4 ::t: I 5 

day 2 I. 4 :t: 1.. I. 1 :i: 1. I I. 0 :t: l. 4 ' 2 
::t: 1 5 

day 3 D.I :i: 1. l 0.4 :t: 0.1 0 4 ::t: 0. 5 0 4 ::t: 0 4 

IHn :t: S. I. 

~ 



' 

Table 24 later M1ltipl1 T-a1z1 teat 
-

Codi HAG Studr : S11Hnt Ill Sptci11 (St11in) : lat (Sl,:SO) 
Study lo Stl512 &en1ution : Fl loat1 : P. 0. Su Fea1l1 

Doaa (a1/k1) 0 ' 3 10 

lo of f1•al11 11 .. intd 23 24 23 ,, 
Str1i1ht-11y trials fi•I in HC:OGd ti.' ± J.' 11. I ± 7.2 10 2 ± 3 9 9 I :I: I 1 

t 
llu trials TiM in tKOnd 

day I 4t.9 ± 27.5 52. I :I: 21 • 51. 3 :I: 25 1 42 • :I: 19 2 

d•r 2 204 :I: 13.4 19.9 :t 7.2 26 1 :t: 32. 2 20 ' :t: 8 I 

~, d•r 3 13. 1 .::t 2. 1 t5.6 .::t 5. t 17 1 :I: 23. J 15 2 :I: -4 2 

lo. ·Of IUltll <-
day I 3.4 ± I. 1 3.4 :I: r. 1 3.1 ± I. 9 J a :I: I 1 

day 2 l. 2 ± !. 2 I. 2 :I: 1.9 I 5 :I: I. 5 t.4 :t I 0 

dlr l •. , :I: O.i I.Ii :I: • 5 D. 5 .::t I n 0 5 :t 0 5 
----

l11n :t S. I. 

~ 



• .. -



hbll 26 Gtn1r1I 1i1n1 

Code 81AG Studr : S1pe•t Ill Sp,1ei11 (Stuin) : lat (Slc:SP) 
Studr lo $11512 Gen1uU011 : f I (Rrpruducliun) ..... : P. 0. Su f••••• 
Doll 1111 lfllr birth 

(91/kl) Findin11 28 35 42 49 Si 53 10 

• lo of f•al11 23 2l 23 23 2l 23 2l 

llorul 23 u 23 23 23 23 2l 
I 

•• of f•al11 24 u 24 24, 24 24 24 

~ 
lcnul 24 24 24 Z4 24 24 24 

~~ l lo of f1UIH 24 24 24 !4 24 24 24 

lorul 24 14 24 H 24 24 24 

10 ID of hul11 20 20 21 21 20 20 20 
! 

lorul 20 21 21 !I 20 20 29 

--- t 



Jabl• 21 1o4r ••i&t9t Cd 

Codi : •AG Stu4y : S•&M•t• Sp1c:i11(Stuia) : lat (Slc::Sll 
Study lo : $11512 11,Mrati•: Fl (leprMuc:.tia) l•te : P.O. Su . 11111 

Ion l•J• after ~irt• 
, .. /111) 21 35 42 41 H "' 10 21-JO 

• lo . 23 23 2J 23 23 23 Zl 23 

l11n 13.1 131.1• 110 .• 241.} 304.5 30.1 311.2 U1.J 
Is D. 5. I •-Ii 14 .• II. I 10. I zz.e 24.l 22 t 
I 

•• 24 Z•I 24 24 24 24 24 24 

lun 13.4 115.3 llt.l US.I 3'0.4 340.1 3Jl.2 219 I 

~ 
SD. 5. 1 I. I II. I Ui.' 11.0 20.I 24.i 21 9 

..c. 
-< ~ 3 lo. 24 H 24 24 24 24 24 24 

ltan M.I 133 l HI.I 241.3 302.5 341.3 312. J 302 • 
S.D ,_, 

·-· U.I 16. 1 H.3 ll 1 II. I 15 2 

" lo 21 21 21 21 21 21 21 21 
: 

lean JI. I• 1 1121 .• 112. J Zll.5 .H2.I .131. I lH.l 291 2 
s • I. 1 13.l n.o 21 I 24.5 21. 1 30.I 25 5 

lo . .,..., of •111 
Sicnific:antly different frOll Control • P <I.IS I : Dunn1tt 

~ 



Jatilt 21 lodr Hipt ta> 

Cod,1 llAG Studr : s. .... t. S,.cie1(Stuin) : lit (Stc:SO) 
Stud, lo S!USl2 l1•1r1tloa: f 1 (l1Predllctlea) ..... : P.O. Su : f 1Ul1 .... l1r1 1ft1r •lrth 

C•/k1> 21 35 42 41 H ,3 10 21·10 
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GENQTOXICITY 

Al Ames Test 

Pre-incubation method used. Rat liver S9 was phenobarbital-~nd 5,6 - benzoflavone
induced. 

Strains used: Salmone11a TA 1535, TA 1537, TA 98, and TA 100, and E.coli WP2/uvr A. 
Preliminary toxicity study showed bacterial growth inhibition at S00-1000 ug/plate; 1000 
ug/plate was the HD used in the mutagenicity assay. E2020 was not mutagenic. 

li) Chromosomal Aberrations jo Chinese Hamster Luna Cells jn Culture 

Two assay systems were used: (1) nonactivation assay, where cells we~ ul':Ci!ec\ 
with test drug for 24 or 48 hours, and (2) activation assay, where cells were treated with test 
drug either in presence or absence ofrat liver S9 (phenobarbital - and 5,6-benzoflavone
induced) for 6 hours, followed by incubation in fresh drug-free medium for 18 hours. 

An initial cytatoxicity test showed 50% cell growth inhibition at drug concentrations 
of 25 uglml and 178 ug/ml in the nonactivation and activation assays, respectively. In the 
nonactivation chromosomal aberration assay, E2020 was negative over the concentration 
range tested (3.1 - SO uglml; results attached). In the activation assay, chromosomal 
aberrations were increased in the presence of S9 at the 2 highest drug concentrations tested 
(180 and 270 ug/ml) and in the absence of S9 at the highest evaluable concentration (180 
uglml). (Results attached). Aberrations consisted mainly of chromatid breaks and 
chromatid exchanges; a few instances of chromatid gaps and fragmentation we.-e also seen. 
It was concluded that E 2020 was clastogcnie in this assay, but only at cytotoxic 
concentnitions (attached results indicate% cell survival). 

Cl Mouse Mjcnmuclcus Test 

Doses= 2.5, 5, and 10 mg/kg, by gavage, either acute or daily for 4 days. 
(Preliminary dose-ranging study showed deaths at 20 mg/kg+). Sampling time= 24 hr. 
after the last dose. E 2020 was negative. 

25 



... 
• 
! 

-........ 

+ 

I 

- i i i 
.,; •lelo •it 

- .: -l l i -
I ! , i 

- 1 • .. - - - _,_ •!• -~- •I I • = = -J • . l I I 

! !- I I ! I I "I .. I I 
:: •.. I ti - .. - - - - - - - •i• •t I f = = e :: - I ! 1 j . I I I 

j I I I I .. - - • - - -1- -1- -,- -1 • • - -! 1S I I I 
"'... ! I I I 
c r ! • • - - - .,. •i• •1• •1 • • • • 
.i = I I I I 

]• .... • - - - - - .1. •ie •1'• •1 I I ~ ~ - I ! I .... 

i .. · I I I 
.D • - • - ••• • 1 • • 1 • • 1 • I •• 

1 
• J 

I I I 
~ e - - ._ - - W -1- -1- ., . I :: ;:: 

li - - - - - ·1· -1- -)- ·1 · . - -
:l' - - - - - -1- -1- ·I- ~1 · I - -

.. 
0 -0 - -·t-

•1B 

'; .lo i] . - :I • I ; 

I ! I 

I I I ! 
I I 
I I 

"' ... I ! ,,,; .; l • I• I 
I I 

I i i 
I I i : 
I I i i 

- - - - - --1,- -1- -i- _,. ' • -
i I I I 1 i i 

I I I I l 
! ! ! ! ! ! ! !j! !1! !!• • ! ! 

i l ; 
I I I I 

I .. !, ' § ! : f M I = ~ I = ~ 

.... -

... -

... ... 

i \ 
' 

::; i = 
I 
I 
! 
I 

.. ! .. 

... -1- ... 
I 
I 

I 
: 1 : 

i 

' 

-' ... 

... ... 

... -
!: 
::3 

• 

. .. 
' .. 

... 
' ... 

' ... ... 

... ... 

... ... 

)..C-a.. 

;:; 

.,,; 

u . 
i 
§ 
iii 

STUDY NO . : 97 ! 9 

~j 
i ; 

H 
+ .• 

• D 



t i t ; t ; f t 

I I l I .. 
r: I I~ '. •1 0 t • ., .. I • l • i -

: - I ! ~ : 
! ~- • ••• l.i.-~· = 

-- t j f 

· 1 I : I ! ~ i I i ......... ·i· ·:I· ·; ... -i. . = = 
\)It I : : i ! · · - - - .. - - .. -I- -' · · ;:;, 
~ i "; I I I 

1 I .. · · · · · · ·r ··· ·! · · · .. 
i i 9 • - ........... 1. -!· .. ; . a i I . 

J ; -.......... .I. _. _ .1. . = = 
i , ................ ·I· 
1 ! .. - .............. -1· . ~ = 
.J Ill l u •••••• , ......... ,. 

; . ---.. -..... , . 
·1 I I I 11 I I j 
1 i a 

1 I 1 

i - ::t: ::t:; 

. L .... __I,. -·-.u1
1

• • i :i 

I I l 
: i i I ! ! ! ! ! !'! 111 ! ! !I• I ! ! 

I I ! l 
:: ! :il:s\s!:i!a A 

! I t 

- = - = t ~ ! = t = = 
I I l 

;!a = = = =l=i=J= ~ 
... - ' ' i 
j
!. • =; - ' = ! 

e ! 
I ~, 

- - ! - j I 
" - ! = 1 ~ t s • 

I i I 
I I 

STUOV HO. 9719 



... . 
! 

' I 1 I I I 

I 

I 
' .. 

I 
I .. ~= - .1..;f: i:, .• 

J - I I , i - I 

.:i
8
!.; ~ -1:1':1:1;j, • 

• ! l I I 

i 1 ~ ! .. - - - - -1- -1- -.- -1= =i. ' - -
I 'I = I i I 'I' = • I ~ • - ..... -1- ... 1 ... _,_ -1.x =·. I .. ~ 

~Ii - I j l I 
t .. ~ • . ; I . - .... - - .. ,. - -... 
• I 
! 1 I • • • • • • • • • ·1'· • •.• ' « : 

] U • • • - • • • • • •I-• II II ' 

I 1 - ... - • - - - •• ,. - - - I I - -

1 : • J IS 

-.. 
'i 
I 
·i e 
! . 

'I 'I • . Ii .. l 

'I!= 1 l I I i 
I 

i • 
I~B 

~ 
"I:~ .. 
.. : it 

!. 

.. 
::; 

j Ii 
!E! 

- i . --1 

I 
- - .... - - - - -1- - = = . . .. --. --.. ·I· ---I ' •• 

- - • - - • - • - •1• - • - •• - .. 
I 
' 

I l I 

.. 
1 .. 

\ - -• ,,; '· . 
I 
I 
I 

·····-···-·•·Mt·--

! ! • • • • ! • • !I! i ! i ! ' i • 
I 
I 

I I . 
! ! ! I ! I = I ; I ~ 

I ! I ! 

• = =l= 1 =1:xi= 
I I ! I 

ii I i I 
I I I I I I I I ' I I ~ I I ' I I I I I I 

I I j 

I- I i i _ :: . .::l.1: ~I 
I I . - -

i , ! I 
I l ,J - l I! I!: ~ I ~ i !~ !5 I -j ! • 'i 

STUDY NO. :9119 

!j 
I ; 

JJ 

-



I~ 

t I ti 
I 

I 

i .. : -
: _.; I..,. 

; I 

. .. .. 
., ,_,_1_..,_ 
:·:•1-:~1~. 
I I I I I .:: I '~. -• . • • • _: .. :_.I. -!- -!- ..... -! i J. ' I I I ;- - .. -

J - I ! I I ~ I 'P. - • - - • - _, __ ,_ ... _ -'- - .. - .. -
:; • !I - j • I ! 1'11111 - .. W 

j 11 
I : l I I 

E I l I I L • 
- 1 - - - - - - - -1- -,- -1- ·1· .,-.. -• -! } I .... • • • ·1· + ·1· .,. -!- .. • 

J ii • - .... - - - .. ··- - - - - -l:c c :II = 
I 1 • - • • • - - • - • • • - • • -1- · · · 
~ ! • - • • • ........ • • • .. - -'1= a::: s: 

I ' - - ... - - .... ·,- .. - - ..... - -
I I I 'J u - - • - - • - ., .. ·1· ·1- ·1- ·1" ---

I ) 1 l • I • ! I 
. I ·1 B .. ; - I I .. 

• • • • • ' • ' - J - ~ -

j I I I 

I I I -.. ---.. ·1· -,- -,- .. , .. --.. 
1 ! ! ! ! 1 1 ti! 1!1 1!1 el1 1l1 • ! 1 

I ' : I I 
ll ! ! •11l=i= 1,=1=. 

I I I I 
' l l t 
j ! I I • : = ~ J = i m 1 ~ ; • I ~ ~ 
I I i I 
I i 1 I 
I I I l 
I I I I I f I • • • • ••I+ •'• •'+ •·+ + + + + + 

i j l l I 

;j;l=i•i!I! I 
I I I I 
I I 1 I 

J. ! ~ e! 

.... 

STUDY HCJ. :9719 



A> Pharmacodynamics 

The putative mechanism of action of E2020 in Alzheimer's Disease is inhibition of 
acetylcholinesterase and resultant elevation of brain acetylcholine (which is decreased in 
this disease; an effect which is thought to play a role in the memory deficit.). The enzyme 
inhibition by E2020 wu shown to be dialyzable in rat brain, indicating revenibility. 
Kinetic analysis indicated non-competitive inhibition in mouse brain, although an analysis 
in electric eel enzyme led to a conclusion of a mixed-type inhibition. Two metabolites ("M
l" and "M-3" had similar potencies to the parent compound in inhibiting rat brain 
acetylcholinesteras~ jn vitro (see "Phannacodynamics" section). 

E 2020 oroduced various observed sians and physioloaical effects thought to be 
indicative of in< .e~ed peripheral and/or central cholinergic activity, e.g. miosis, 
fasciculation, increased pstric mo111ity, .EEG arousal. Changes in urinary electrolyte 
excretion (generally increa!t.R durina fint few hours post-dosing, sometimes followed by 
decreases such that little chan&' seen over a 24 hr. period post-dosing) were seen in both 
phannacodynamics and toxicity studies in rats; some of these effects could be attenuated by 
scopolamine suggesting cholin~cgic mediation. A phannacodynamic study in rats showed 
E2020 elevated fastin1 blood glucose and decreased fating glucoae tolerance at 10 (but not 
3) mg/kg p.o. (similar effects produced by tacrine). (No consistent effects on blood glucose 
were seen in the toxicity studies). 

The c1rdiovascula~· workup of E2020 in animals was fairly minimal. A 1'pilot'' study 
in 3 anesthetized dogs ~howed nil pronoW1ced effects up to 1 mg/kg i.v. (The rationale for 
the doses used was not clear; doses of0.3 and 1 ma/kg were said to cause trcmon). In a 
11pilot" study in conscious rabbits, done primarily to evaluate drug effects on EEG, it was 
stated that I of 3 rabbits given the highest dose (1 mg/kg i.v.) had a transient decrease tn 
heart rate (rate at 1 min. post dose - 4S% pre dose). No drug effects were seen on EKG in 
the 3 month· dog toxicity study, although the time relative to dosing when it was measured 
was not stated. 

E2020 was negative in antigenicity studies in guinea pigs. 

It is noted that most of the pharmacodynamic studies were non-OLP. 

B)ADME/PK 

The sponso~s ADME/PK summary is included earlier in this review; spot-checking 
indicates it to be reasonably accurate. Bri~fly, in the species used for toxicity studies (rats 
and dogs), E2020 is well absorbecfand extensively metabolized, wiifi a substantial amount 
of metabolites excreted into feces via bile. Levels of parent drug and several metabolites 
were measured in plasma, excreta and selected tissues. (The in vitto AchE inhibition by 
several metabolites was studied as noted above). It was stated by the sponsor that "There 
was no unique metabolite identified in humans that was not present in rats or dogs." 
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Some accumulation of parent drug with increasing duration of dosing WJS seen in 
toxicity studies. The reason for this is not clear since plasma T112 for parent drug was 
relatively short (J-6 hr.), at least after acute dosing. (T 112 for total label was substantiaJly 
greater.) 

C) Toxicity Studjes 

An acute toxicity and the following repeat-dose studies were perfonned: 

a) 3 month pvap (12-20/sex at 0, 0.3, 1, 3, 10, 20 mg/kg) 

b) 1 year pvaae (40/sex at o, 1, 3, 10 ma/ka; 10/sex/aroup sacrificed at 6 
months) 

The acute oral median lethal dose was approx. 35 ma/ka p.o.; toxic signs included 
salivation, miosis, Jacrimation, reduced spontaneous movement, staggering gait, tremors, 
clonic convulsions, respiratory depression, reduced surface body temperature, and prone 
position. A few deaths were seen at 10 and 20 mglka in the 3 month study, attributed to 
gavage enors poaibly secondary to increased cholineflic tone. No drua-related deaths 
were seen in the 1 year study (HD • 10 mg/kg). In the 3 month study miosis and 
fasciculations were seen transiently at 3 mg/kg; at higher dostrthesc sians + salivation, 
lacrimation, and hypoactivity were seen; 1 mglka was a sign-free dose in this study. In the 1 
year study miosis was seen at all doses (LD • 1 mg/kg) with decreasing incidence durina the 
second half of the study; other signs seen, mainly of low incidence and primarily at HD ( 10 
mg/kg), included fasciculations, anoaenital stainina. alopecia. tail bumps, and soft stool. 

Bodyweight pin was decreased at I 0-20 mWJcg; in tho one year study final weight 
at HD (10 mg/kg) was 11°1' and 15% below control in Mand F, respectively. There was no 
clear drug effect on food consumption in the 3 month study; consumption wu difficult to 
assess in the 1 year study since results were expressed as arams consumed per kg 
bodyweight, although it may be inferred that consumption was decreased at HD during the 
first! :eks (and possibly also at later times in HD M). 

Ophthalmoscopic exams showed no dru1 effects (aside from lacrimation and 
miosis). Hematologic exams showed no clear d"Ug effects. A few slight/equivocal blood 
chemistry effects were seen which were not consistent between the 3 month and 1 year 
studies. (In the 3 month study a few rats across all doses had elevated [2· 17X highest 
concurrent control] ALT and/or AST and/or LOH. This was not seen in the 1 year study. In 
a 3 month dietary rangefinding stu4y, mean values for ALT [but not AST or LOH] were 
slightly [1.4x control] increased in MD F (30 mg/kg] and HD F [60mg/kg] but no 
individual values were greater than 2x the highest concurrent control. In a 3 month dietary 
study in ~ enzyme elevations were seen in 1 of 10 mice each at 30 and 90 [but not 60] 
mg/kg. There were no drug-related histopathological effects in liver in any of these i;tudies). 
(Mean values for BUN were very slightly increased in HD Mat 6 months [with a trend in 
LD M and MD M) and in HD Fat tennination in the I year study, and in HD M and MD 
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and HD Fin the above-mentioned rat dietary ranaefinding study. There were no large 
individual increases, no elevations in crearinine, and no drug-related renal histopathology in 
any of these studies). 

Urinalysis cxems showed rather large changes in electrolyte excretion in both the 3 
month and 1 year studies, although the nature of the effects were somewhat different In the 
1 year study, at the 3 month time point, urine wu collected in 2 periods: 0""4 hr. post dose 
and 4--24 hr. post dose. In the former period. excretion of Na, K. and Cl wu markedly 
increased in M and to a lesser extent in F. This was primarily due to increased electrolyte 
concentrations although urine volume wu occasionally increased. Some of these effects 
were seen at all doses in Mand in MD and HD F. Thee effects wen: not seen dming the 4-
24 hr. time period. Overall 0-24 hr. electrolyte excretion was slighdy increued in MD and 
HD M with no effect in F. At the 6 and 12 mont time points, only 24 hr. measurements 
were taken; concentrations of 1 or more elec:trolytcl were sliptly increued at HD, but urine 
volume was slightly decreased resulting in no effect on electrolyte excretion. In the 3 month 
study, urine was sampled (week 13) from 4-23 hours post-dosing only; there were aenerally 
dose-related <locmases in electrolyte excretion (sometimes affecting the lowest dose of0.3 
mWkg), due to decreased electrolyte concentration without chan1e in urin~ volume. (Al 
noted under the pharmacodynamic studies, an acute dose of E2020 wu shown to increase 
excretion of Na and Cl 0-4 hrs. post dose, and to decrease excretion of Na and Cl 4·24 hrs. 
post dose, with no net change over the 24 hr. period. [Effects on K were smaller/equivocal]. 
[In contrast to the results in the toxicity studies, these effects appeared tc be due primarily to 
changes in urine volume rather than on electrolyte concentrations]. rracrine produced 
similar eflects (measured 0-4 hr. post-dose) in this study. Also, the effects of E2020 on Na 
and Cl excretion (but not on K) were ?.ttenuated by scopolamine, sugestin1 cholinergic 
mediation]). 

Salivary gland weights were increased in both studies at 10 ma/kl and above; this 
was associated with histological change (acinar cell hypertrophy, which was also seen at 3 
ma/kg) in the 3 month study only. In the 3 month study. mucosa! edema of the forestomach 
was seen at .10-20 mglkg (with reduced effect after recovery period) and 1 of 12 rats at 20 
mglka had forestomach erosion. These effects were not reported in the one year study. (In 
the acute toxicity study, rats which died had pcte~hi~i hemorrhages in the glandular mucosa 
of the stomach along with "test substance-like l'f'"id•.e" in the stomach). The incidence of 
slight· ~nrophy of th~ pars intcrmedia of the i1 'ary was increased at HD (20 mglkg) in 
the 3 mtJ •.• n study but not in the I year study ( H v l 0 mr/kg). 

Plasma drug levels measured In the I year study were roughly proportional to dose, 
tended to be greater in F than in M, and increased with increased duration of dosing. 

2> DOK 

An acute toxicity and the following repeat-dose studies were performed: 

a) 3 month capsule (0, 0.3, 1, 3, 6, 8 mg/kg; sec study for numbers of animals at 
each dose) 
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b) 1 year capsule (6/sex at 0, 0.6, 2, S mg/kg; 2/sexlgroup sacrificed at 6 
months) 

Oral doses of 8 ma/kg and above were lethal after 1 or 2 doses. Toxic sips prior to 
death included emcsis, salivation fasciculations, tremors, staggering gait, and convulsions. 
Nwnerous lab test abnonnalities were seen in these deaths, and post-n1onem exam showed 
myocardial lesions (subendocardial hemorrhage, myocardial degeneration and necrosis) 
which were considered to be aaonallindirect effects, e.g. secondary to hypoxia. Toxic sians 
seen at lower doses included salivation, lacrimation, fasciculation, tremors, hyperactivity, 
and mucous stools. (Note that there were some differences between signs in the 3 month 
and 1 year studies, e.g. fasciculation and mucous stools were only reported in the fonner, 
and hyperactivity and lacrimation only in the latter. In the J month study the hiahest sian· 
fn:e dose was 1 mg/kg, whereas in the 1 y~.r 4'tudy salivation wu seen at all doses [LO = 
0.6 mWJcg) [begiMinl prior to 3 months]). food consumption wu decreased during the 
first week at HD (S mg/kg) in the 1 year study; bodyweights in HD F were slightly and 
equivocally less than controls throughout most of the study. 

There were no clearly drug-related effects on ophthalmoacopic exam, EKG (done in 
3 month study only; time relative to daily dose when measurements taken was not given) 
hematology, and blood chemistry. (As noted above, several lab test changes were seer. with 
lethal doses which were considered to be secondary to toxic signs such 11 tremors or to be 
indirect/agonal effects. Also, very sporadic transaminase elevations were seen in a few 
drug-treated dogs at non-lethal doses w :1ich were not associated with unusual liver 
histopathology). Urinalysis in the 1 year study showed rathet large dole-related decreases 
in urine volume and electrolyte excretion (but not urinary electrolyte concentrations) in MD 
and HD (and occasionally LO) Mand in ~~D (and occasionally MD) F. The sponsor 
hypothesizes that these effects were due to (1) decreased water conswnption (a:mough, as 
noted earlier, the sponsor considered this to have occurred only in HD M, and even this was 
somewhat equivocal) and (2) salivation and lacrimation, which were drug-related signs in 
this study. (These urinalysis effects were not seen in the 3 month study, despite the fact that 
in some cases effects were seen by 3 months in the 1 year study at does which were below 
some doses used in the 3 month study.) 

There were no clearly drug-related effects on organ pathology. (Again, some 
cardiac pathology was seen at lethcl doses which was considered to be agonaVindirect). 
Submaxillary gland weight was equivocally increased in the 3 month study but equivocally 
decreased in the 1 year study. 

Plasma levels of parent drug increased much greater than proportional to dose, and 
increased with increasing duration of treatment (particularly through the first month). There 
were no clear sex differences in i>Iqsma levels. 

0) Genotoxicjty Snidjes 

E2020 was clastogenic (mainly chromatid breaks and exchanges; a few insrances of 
chromarid gaps and fragmentation also seen) in Chinese Hamster lung cells in culture, but 
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only at concentrations which were cytotoxic. It was negative in an Ames Test and mouse 
micronucleus test (HD • l 0 mg/kg p.o. acutely or daily for 4 days). 

E) Reproduction Studw 

The following reproduction studies were perfonned (mg/kg gavage doses in 
parentheses): 

I) Sepent I rat (1, 3, 10) 
2) Segment II rat ( l, 4, 16) 
3) Scament II rabbit (1, 3, 10) 
4) Segment III rat (1, 3, 10) 

In the segment I study M were dosed from 63 days pre-mating throuah mating, and 
F were dosed ftom 14 days pre-mating through either day 7 of gestation (and sacrificed for 
c-section day 20 of gestation) or day 21 PP (natural delivery). There were no drug-related 
observed signs in the parents, which is unusual considering the sians seen in other rat 
reproduction and toxicity studies at similar doses. Bodyweight gains and food conswnption 
were decreased in MD F and HD F (statistically significant in \Ile latter only) at various 
times as noted earlier; there were no effects on these parameters in M. Estrous cycle was 
slightly prolonged at HD. There were no dnig effects on fertility. There were no consistent 
effects on the various reproductive parametcn measured; "'etal weights were slightly 
increased among HD F sacrificed day 20 of gestation, but pup weights among HD F allowed 
to deliver naturally were similar to controls on day 1 PP and slightly less than controls (but 
not statistically significant) thereafter. 

In the segment III study in rats, miosis was seen at MD and HD. and slight 
fasciculations were seen at HD (and 1/18 MD). Bodyweights and food consumption were 
below control at HD (mean weight - 90-95% of control). Stillborns w~re increased at HD 
(6.4o/o vs 0.6% in controls.). Number oflivcboms was correspondingly slightly decreased at 
HD. Pup survival ofliveboms through day 4 PP was equivocally decreued at HD (79% vs 
96% in controls; not staristica11y significant according to the sponsor's analysis but 
individual data indicates possible effect as discussed earlier). Pup weights were decreased at 
HD from day 7 PP( and non-statistically significantly at earlier times). The reasons for the 
increased stillbirths and pup mortality ar.: not clear. As noted earlier, morphologic exam of 
dead fetuses/pups appears to have been extremely limited. Also as noted earlier, dams with 
total litter loss days 1-4 PP (3124 HD vs 1/24 controls) were noted to be not lactating, 
although overall nursing behavior was considered to have been unaffected by the drug. 
There were no drug effects among surviving pups on various developmental milestones, 
post-weaning behavioral tests, or reproductive perfonnance. 

In the segment JI study in rats miosis was seen at MD (4mgtkg) and HD (16 mg/kg), 
and fasciculation, salivation, and lacrimation were seen at HD. Decreased weight gain and 
food consumption was seen at MD and HD dwing the treatment period (mean weight on 
day 17 of gestation - 96 and 93-Vo of control, resp.). Among dams sacrificed on day 20 of 
gestation, fetal and placental weights were slightly decreased at HD. There were no drug 
effects on numbers of resorptions or dead fetuses. Fetal exams showed an incidence of 
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ventricular septal defect at HD of SI I 59 ( 3. I%) fetuses and .S/24 (21 % ) litters n control 
incidence of 1/160 (0.6%) fetuses 1124 and (4%) litters. (Ventricular septa) defect was also 
seen 1/165 fetuses at MD). The report states that these findings were within the 
spontaneously-occurring range for this strain of rats; a reference was cited but not included, 
and no further data were provided. (The reference cited has been submitted to another 
NOA. The page containing the data for ventricular septa) defect for S 1 c : SD rats is 
attached. As shown, the mean incidence valuts across labs ranged from 0 [in 6 of the 11 
labs listed] to 3 .31 %, with the highest value in a single study of 6.38%. In view of the wide 
range of values across labs, and the fact that the data was for studies done between 1980 and 
1985, it would be much more useful to use historical incidence values obtained more 
recently from the lab perfonning the present study for comparison with the results of this 
study.). 

In the segment II rat study 1/3 of the dams were aUowed to delivernonnally, with 
evaluation of F 1 weights, survival, developmental milestones, postweaning behavioral tests, 
and reproductive performance. The only possibly drug-related effect among the many 
parameters measured was an increase in open field ambulation among male pups at all doses 
at S weeks of age. In addition, it is noted that visceral exam done in the small number of 
stillborn and dying pups showed a ventricular septal defect ( + other cardiovascular 
abnonnalities) in I MD stillborn. 

In the segment II srudy in rabbits, there were no drug-related observed signs. Doe 
food consumption was deceased at HD (10 mg/kg) on days 8 and 10 of gestation (mean -
85% of control.) There was no statistically significant effect on doe bodyweight, although 
weights at HD decreased very slightly over the first 3 days of dosing (a time during which 
weights in other groups increased very slightly). (The doses used in this study were said to 
be based on a preliminary study in pregnant rabbits showing decreased food consumption at 
10 mg/kg +, decreased bodyweight. periartal staining, emaciation, and abortions at 20 mg/kg 
+,and 1 death [total N not given] at 30 mg/kg). There were no noteworthy effects on post· 
implantation loss, fetal weight, or fetal exams. 
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EYALUATION: 

This NOA is approvable. 

Animal toxicity studies have gone up to 1 year in rats and dogs. Carcinogenicity studies in 
rats and mice arc currently \U\detway; it is current policy to allow these studies to be submitted post
marketing for this class of drugs. (Rat and mouse dietary rangefinding stud!e:, .u~'1 the proposed 
carcinogenicity protocols, were reviewed by me 3/1/94 and presented to tile Carcinogenicity 
Assessment Committee [CAC] on 3122194; recommendations were transmin,..d to the sponsor in the 
letter of 4n/94). The primary finding in the animal toxicity studies was ·;h1 oduction of various 
cholinergic/CNS signs. Changes in urinary electrolyte excretion were s~en m both rats and dogs but 
the nature of these changes varied across studies as discussed earlier (e.g. in some cases due to 
chan1es in urinary electrolyte concentration; in others to changes in urine volwnc). The sponsor 
hypothesizes that the changes in rats were cholincrgica11y mediated since they were attenuated by 
scopolamine, and that the changes in dogs were due to decreased water consumption, salivation, and 
lacrimation. The were no consistent changes in plasma electrolyte concentrations. Sporadic: 
elevations of serum transaminases and/or LOH were seen in some studies in rat, mouse, and dog, 
however these were too scattered to be considered to be drug-related within the resolving power of 
the~e studies, and were not associated with hepatic or other histopathology. Salivary gland weight 
was increased in both the 3 and 12 month rat studies; histologically salivary gland acinar cell 
hypertrophy were seen in the 3 month study only. 

E2020 was clastogenic in Chinese Hamster lung cells in culture, but only at cytotoxic 
concentrations. It was negative in mouse micronucleus and Ames tests. 

In a seament II reproduction study in rats an equivocal increase in the incidence of 
ventricular septal defect was seen at HD (16 mg/kg). The sponsor stated that the incidence was 
within the historical control range. The paper cited in support of this showed a wide range of values 
across laboratories, mostly quite low but in some cases above that seen at HD in the present study. 
In view of this wide range. aTid ttae fact that this historical data was only from studies done 1980-85, 
it would be more useful to have data obtained more recently from the lab performing the E2020 
study: this infonnation should be requested from the sponsor. (No tcratological effects were seen in 
the segment II rabbit study.) 

In the segment III rat study, the nwnber of stillborns was increased, pup weights were 
decreased, and pup survival through day 4 PP was eqJJivocally decrc.ised, at HD ( 10 mg/kg). As 
discussed earlier, the cause of these effects (including the role of maternal toxicity) is not known. 
(In the segment I stu1y, in which dams were treated from 14 days pre·mating through either day 7 
of gestation or day 21 PP, there were no drug effects on stillbirths or pup mortality; weights of pups 
from HD dams allowed to deliver naturally became slightly less than control beyond day 1 PP but 
this was not statistically significant. The reason for this difference is not clear. The segment I and 
III studies were done by the same lab using the same strain. doses, and drug lot#. Decreased dam 
food conswnprion and weight gain were seen in both studies. Observed signs in dams were seen 
only in the segment Ill study, but these were not described as severe. One possibility is that the 
longer duration of dosing in the segment I study led to tolerance to some effect responsible for the 
increased stiJlbinhs and pup mortality seen in the segment III study.). (In the segment II rat study, 
among F sacrificed day 20 of gestation, there were no drug .effects on fetal deaths; fe~l weight was 
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slightly decreased at HD [16 mg/kg]. Among Fallowed to deliver. there were no drug effects on 
pup deaths, survival, or weights). 

It is noted that no drug-related effects were seen in M in the segment I study, thus raising the 
question of whether this was an adequate test of male fertility. It is noted that at least some of the 
doses used in M did produce observed signs and/or decreased weight gain in general toxicity 
studies. (There were also no observed signs in Fin the segment I study. in contrast to effects seen at 
similar doses in other reproduction and toxicity studies; although, in contrnst to M, F in the segment 
I study showed decreased weight gain and food consumption). 

We had previously suggested to the sponsor (e.g. meetings of9/21/93 and 11/13/95) that 
additional ADME/PK data in animals would be useful particularly regarding the mciabotic pattern 
in the species used for toxicity testing and phannacologic activity of metabolites. Satisfactory data 
on these points were submitted with the NOA as reviewed herein. 
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RECOMMENQATIONS· 

This NOA is approvable. 

For the purpose of interpreting the results of the segment II reproduction study in rats, the 
sponsor should be requested to submit historical control incidence data for the finding of ventricular 
septal defect in the strain of rats used, preferably to include recent data from the lab which 
perfonncd the E2020 study.• 

Barry N. Rosloff, Ph.D . 

.,.Note added in proof: This was done by the CSO by phone on 6/11/96 . .,;-. 

cc:HFD-120\NDA20-690 
\BRosloff 
\GFitzgerald4'J J 1/J 1/r'
\Cso 111111 f%J 
\LC.Vil\ 

rd\tcb\6\13\96 
fd\tcb\6\25\96 

n:\roslotl\c:2020.wpd 

l t\. f(OOf -
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NQU ADPED IN PROOF: 

The requested h:storical control data were submitted by the sponsor on 6127196; see attached 
page. As indicated, the overall percent of fetuses with ventricular septa! defect in the lab which 
perfonned the E-2020 study was 0.8% with a range of0-2.9%. The analogous values for affected 
Htters were 5.1% and 0-18.2%. As noted earlier, published values for mean fetal incidence ranged 
from 0-3.3% across Jabs with a range of 0-6.4% across individual studies. In light of these values, 
and the fact that no other teratogenic effects were apparent in the segment II studies in rats and 
rabbits. it cannot be concluded that E-2020 clearly increased the incidence of ventricular septa) 
defect. (Incidence at HD in rat study was 3.1 % of fetuses and 21 % oflitters). However, due to the 
finding of increased stillbirths and slightly decreased pup survival seen at HD in the segment III 
study, the pregnancy category in labeling should be "C... (The reason for these effects are not 
known; it would have been enlightening to have examined these dead/dying pups internally, e.g. for 
ventricular septa! defect; however such exams were extremely limited as uoted earlier.) 
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Historical control incidence data for 
"Ventricular septal defect (VSD)" in Slc:SD rats 

<1985. 2. 1990. 1> 

SNdy Number R-136• R-148 R-218 R-220 R-248 .. Tora! 

Numben of Dams 21 21 21 23 24 110 
Numbers of observed fetuses 122 126 122 141 160 671 
Numbers of fem.ses with VSD 1(1) 0 .() 0 1(1) 2 
(Dams with VSD) 
Incidence of VSD (., of fetusea) 0.8 0.0 (J.0 0.0 0.6 0.30 
Incidence of VSD (~ of dams) 4.8 0.0 0.0 0.0 4.2 1.8 

• : This was me rust terau>lO&Y study in ratS conducted u the Gotemba Laborarories . 
.. : R-248 (E2020) 

<1990. 2 • 199S. 1> 

Study Number R-448 R-4SO R-463 R-S93 Tocal 

Numbers of Dams 22 24 23 19 88 
Numbers of observed fetuses 138 1S5 148 123 S64 
Numbers of fetu.ses with VSD 4(4) 0 2(2) 2(2) 8 
(Dams with VSD) 
L~cidence of VSD (., of fecusa) :?.9 0.0 1.4 1.6 1.42 
Incici.:~ of VSD (._ 1 ,f dams) 18.2 o.o 8.7 10.5 9.1 

Siped : SL· Ub& 0 4.· 4 Dare: J""' >st I t ll Q > 

Shipna Ishida 

Depwy~.or ~atqri•• 
Deplrtment I, Ootemba .aaus 
Bozo Research Center Inc. 

~ 
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DIVISION OF NEUROPHARMACOLOGICAL DRUG PRODUCTS 
RevleW of Chemlatry, Manufacturing, and Controls 

.a>A#: 20-690 
SUBMISSION TYPE 

ORIGINAL 

CHEM.REVIEW# 1 
DOCUMENT DA TE 

29-MAR-96 

NAME & ADDRESS OF APPLICANT: 

DRUG PRODUCT NAME 
Proprietary: 
Nonproprletary/USAN: 
Code Name/#: 
Chem.Type!Ther.Class: 

PHARMACOL.CATEGORY/INOICA TION: 
DCSAGE FORM: 
STRENGTHS: 

ROUTE OF AOMINISTRA TION: 
DISPENSED: 

REVIEW OAT!: 30.JUL-96 

COERDATE 

Eisai America, Inc. 
Glenpointe Centre East 
Teaneck, NJ 07666-6741 

ARICEPTTM 
Oonepezil hydrochloride 
E2020 

~SSIGNEU DA TE 

01-APR-96 

Reversible inhibitor of acetylcholinesterase 

Treatment of Alzheimer's Disease 
Tablet 
5 mg and 10 mg (4.56 and 9.12 mg of donepezil 
free base) 
Oral 
XXXXXRx OTC 

CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR FORMULA, MOLECULAR WEIGHT: 

(R,SJ· 1·b•nzyl-4-((5,6-dlmethoxy·1 ·lndanon)·2·yl}·m•thylplperldlne 
hydrochloride (IUPACJ 

C2.H29N03.HCI, Molecular Weight 415.96; 
CAS #: 14057-77-9 

SUPPOR11NG DOCUMENTS: IND 
RELATED DOCUMENTS: 
REMARKS/COMMENTS: EISAI does not hav" its own manufacturing capability in the U.S. For that reason the 
NOS and the drug product will be manufactured by Pfizer Inc. in its Groton, CT and Brooklyn, NY facilities. To a 
lesser degree will help the sponsor as an alternate site for manufacturing of the drug product with 1110th 
the capacity of Pfizer, Inc. The clinical studies were carried out with the donepezil hydrochloride tablets 
manufactured in Japan. Both sites: Pfizer's Brooklyn, N.Y., and facilities manufactured 
scale-up batches of donepezil hydrochlcride tablets and placed them on stability studies. Both groups of batches 
were made with the NOS from Japan. N\lt one batch of tablets was produced using the NOS produced by Pfizer in 
Groto11, CT. Or S.W. Blum, the Team Lead9t, was alerted to the issue and discussed the issue with the sponsor 
copioutly. A senior management decision has to be reached whether the Pfizer. Groton, CT facility should be 
approved as a manufacturing site for the NOS. The rem~inder of the deficiencies present in application is very 
easily to correct and does not impinge on the approvability of the application. 

CONCLUSIONS & RECOMMENDATIONS: Recommend NOA 20-690: APPftOVAl'LE subject to the positive 
inspection results of EISAI facilities in Japan and resolution of deficiencies listed 1n the Draft Letter. 

cc: Orig. NOA 20-690 
HFD-120 
HFD-120/WJRzeszotarski 
HFD-120/KHiggins 
HFD-120/SWBlum J/hM 
RID lnit by:SWB /! f / t/5, 

/, cr}t/ct6 
filename: N020690.000 



DMSION OF NEUROPHAR. \COLOGICAL DRUG PRODUCTS 
Review of Chemlatry. Mllnufacturtng, end Controls 

NOA#: 20-690 CHEM.REVIEW# 2 REVIEW DATE: 18-SEP-96 

SUBMISSION TYPE: 

Amelldn'lellt 
Amendment 
Amendment 
Arnendmtt'lt 

DOCUMENT DA TE 

D&-APR·M 
05-JUN-96 
01-AUG-98 
04-SEP·96 

NAME & ADDRESS OF APPLICANT: 

DRUG PkODUCT NAME 
Proprtetery: 
Nonproprtetary/USAN: 
Code N•me/#: 
Chem. Type/Ther.Claas: 

PHARMACOL.C, ~ -; JRYltNDICATION: 
DOSAGE FORM: 
STRENGTHS: 

ROUTE OF ADMINISTRATION: 
DISPENSED: 

CDERDATE 

Eisai America, Inc. 
Glenpointe Centre East 
Teaneck, NJ 07666-6741 

ARICEPTN 
Oonepezil hydrochloride 
E2020 

ASSIGNED DA TE 

06-APR·98 
OtrJUN-96 
10-AUG-96 
05-SEP-96 

Reversible inhibitor of acetylcholinesterase 

Treatment of Alzheimer's Disease 
Tablet 
5 mg and 10 mg (4.56 and 9.12 mg of donepezil 
free base) 
Oral 
XXXXXRx OTC 

CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR FORMULA, MOLECULAR WEIGHT: 

(R,S)-1-benzyl-4·[(5,6-dimethoxy-1-indanon)-2-yl)-methylpiperidine hydmchloride (IUPAC) 

C24H29N03.HCI; Molecular Weight: 415.96; 
CAS #: 14057-77-9 

SUPPORTING DOCUMENTS: IND 
RELATED DOCUMENTS: 
REMARKS/COMNIEHTS: The above listed amendments have been 
sub· .tted to provide additional information in support of the aplication. 
In particular: 1) the comparative size of drug product biobatches from the primary (Pfizer, Inc. Brooklyn N.Y.) and 
secondary sites; 2) analytical data on four lots produced of drug substance produced 
at Pftzer, inc. Groton, CT and comparative data on drug substance produced at Eisai Chemical Company in 
KHhima, Japan; and 3) addltlonal stabllity data on drug substance produced at Pfizer, Groton, CT and drug 
proauct produced with that drug substance are provided. Attached is a copy of EER indicating that all facilitiee 
have been evelu!1ted and are acceptable. 
CONCLUSIONS & ReCOMMENDATIONS: The data included in the above amendments suppcrts the claim that 
the drug substance and the drug product manufactured in the sites indicated are Identical . 
Recommend NOA 20-690, as amended: APPROVABLE subject tr1 resolutlon of deficiencies listed in the Draft 
~r. r 

e.-- ;: ~----· --
cc: Ong. NOA 2C 690 
HF0-120 
HF0-120/WJRzeszotarski 
HFD-120/KHiggins 
HFD· 120/SWBlum 
RID lnit by:SWB !JIH;fl, 

fl'q/1f/9P 

-
filename: N0~0690.001 



***SENSITIVE*** 

REVIEW 

OF 

ENVIRONMENTAL ASSESSMENT 

FOR 

NDA 20-690 

ARICEP'fl'M 

( donepezil HCI) 

Oral Tablets 5 and 10 mg 

DIVISION OF NEUROPHARMACOLOGICAL DRUG 
PRODUCTS 
(HFD-120) 

CENTER FOR DRUG EVALUATION AND RESEARCH 

DA 't '"t COMPLETED: July 23, 1996 
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SUMMARY 

A FONSI is recommended. 

The EA qualifies for a Tier O EA review because the calculated EiC • 0.029 ppb. 

Precaudons taken at the sites of manufacture a.rid methods of disposal may be expeded to 
minimize occupational exposures and en· nronmental release depending on the response to the 
deficiencies. The quantity of drug subsunce manufactured is estimated not to exceed 1300 :~g in 
the fifth year of production after approval. 

C:IWPPILES\EAR!V1EW\l0690EO 1.RPV Page2 



ENVIRONMENTAL ASSESSMENT 

1. Date: 

EA DATED February 8, 1996 
EA signed March 1, 1996 
CSO K. Higgins HFD-120 
EA Review # l jnitiated 7 /8/96 
EA Review # 1 completed 7 /23/96 

2. Name of applicant/petitioner: 

Eisai America, Inc. 

3. Address: 

Glenpointe Centre East 
300 Frank E. Burr Blvd. 
Teaneck, New Jersey 07666.t;741 

4. Description of the proposed action: 

a. Requested Approval: 

Applicant has filed a NDA for ARICEF-fTM Film-Coated Tablets, Sand 10 mg, and 
packaged in HOPE cont;\iners and blister packs. 

Adequate. 

b. Need for Action: 

For treatment of symptoms of mild to moderately severe Alzheimer's disease. 

Adequate. 

C:\WPnl.ES\EAJlEVJEW'll0690EO I .RT V Page 3 



c. Production Locations: 

i. Proprietary Intermediate(•): 

None 

Adequate. 

IL Dru1 Substance: 

Drug substance manufacture for the U.S., 

Pfizer Inc. 
Groton, CT 

Facility Dacription & Adjacent Environment: 

The narrative description of the facility is givl!n on page 345. 

Adequate. 

And 

Eisai Chemical Co. Ltd. 
Kashima, Japan 

Facility Descriptfon & Adjacent Environment: 

The narrative description of the facility iJ provided on page 346. 

Adequate. 

iii. Finished Dosaae Form: 
(Include:; packaging) 

Pfizer Inc. 
Brooklyn. NY 
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Facility Description & Adjnunt Environment: 

The Pfizer Brooklyn facility is described on page 345. 

Adequate. 

And 

Facility Description & Adjacent Environment: 

The facility is described on page 346. 

Adequate. 

d. Expected Locations of Use (Drug Product): 

Drug product will be used in home environments throughout the US. 

Adequate. 

e. Dispoial I .. ocations: 

4.e.1. For Pjiur sites: 

Returned or outdated drug product, exclusive of samples will be disposed of by 
licensed high-temperature incineration. The facilities designated are aMOtated as 
CBI. 

Adequate. 

4.e.l. For Eisai sites: 
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Waste/rejected drug substance/drug product and proprietary drug substance 
intennediates, where applicable, will be disposed-of by high temperature 
incineration at a licensed facility. 

Adequate. 

4.e.3. For Applied Analytical Industry site: 

Wastes will be disposed of by high temperature incineration (per confidential 
appendix 4). 

Adequate. 

!. Identification or chemical substances that are the subject of the proposed action: 

Drug Substanci: 

USAN: donepezil hydrochloride 

Code Name: 

No code name is provided. 

Chemical Name: 

( :t: )-2,3-dihydro-5,6-dimethoxy-2-[[ l-(phenylmethyl)-4-piperidinyl]methyl]
l H-inden- l-one, hyd1 l)Chloride 

CAS#: 

(142057-77-0] & [120011-70-3] 

Molecular Weiaht: 

415.96 

Molecular Formula: 
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Structural Formula: 

Structural formula provided on page 347 

Physical Descrip.: 

White to off-white solid. 

Adequate. 

Additives: 

Confidential appendix 8 provides a list of additives with appropriate CAS numbers. 

Adequate. 

Impurities: 

Total maximum impurities are ca. 1 %. The EA shouh~ only identify impurities 
likely to be found in the described chemical substance at levels > than 1 %. 

Adequate. 

6. Introduction of substances into the environment: For the 1ite(1) of production: 

a. Substances Expected to be emitted: 

6.a.t. Drug Substance-Prazer Groten Facility. 

Substances expected to be emitted are presented in confidential appendix (CA) 6. There 
does not appear to be any substances which would adversely impact on the environment 
considering the small volume of drug substance manufacture. 

Adequate. 

l A.2. Pfizer Brooklyn Facility (dru1 product) 
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There are no significant emissions fhma manufacture of the drug product into any 
enviroruatental compartment. 

Adequate. 

Adequate. 

6.a.4. Eisai Site: 

Appendix 1 is a certification of compliance for foreign manufacture. 

Adequate. 

b. Controls (Air, Liquid EmuHt, Solid): 

6.b.1. Drug substance-Pnzer Groten Facility. 

A general statement is provided that emissions contro}s are in place to ensure compliance 
with occupational exposure limits, general emissions limits, specific standards, permit 
limits and aquatic/terrestrial/atmospheric release environments. Organic-solvent
containing and other hazardous wastes show the permit numbers and deposition of the 
substances. 

Adequate. 

i. Air emissions are controlled by various filters and scrubbers/condensers. voe 
emissions control device operates at > 93% efficiency. 

Adequate. 

-ii. Aqueous emissions is comprised of equipment wuhings which undergo pre-
trea~ment prior to disposal in a WWI'F. They operate under a NPDES permit and 
achieve >95% reduction of in.fluent process BOD. 
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Adequate. 

iii. Terrestrial hazardous wastes are by licensed contract facilities by incineration. 
Nonhazardous wutes are handled by licensed disposal finns. 

Adequate. 

6.b.2. Prazer Brooklyn Facility (dru1 product) 

To ensure compliance with occupational exposure limits and general emissions 
req1Jirements., emissions controls are used in the manufacturing processes. 

i. Atmospheric--Particulates controlled using HEP A and similar filters with 
efficiencies> 99.90/o and scrubbers. 

Adequate. 

ii. Aqueous- Pretreatment of liquid discharges before disposal into a POTW 
is made in accordance with a NPDES permit. 

Adequate. 

111. Terrestrial--Solid wastes disposal containing phannaceuticals are by 
contract under appropriate permits. 

Adequate. 

6.b.3. 

Adequate. 
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6.b.4. Eiui Facility 

Appendix l is a certification of compliance for foreign manufacture. 

Adequate. 

c. Compliance with Federal, Sbte and IL, .:al Emission Requirements: 

6.c.1. Pf1Zer Groten Facility. 

A certification statement ts provided on pagt 349 of the EA along with a reference 
to applicable laws/regulations. 

Adequate. 

6.c.2. Prazer Brooklyn Facility 

A certification of compliance is found on page 3 SO of the EA along with a 
reference to applicable laws/regulations. 

Adequate. 

6.c.3. 

Adequate. 

6.c.4. Eisai Faacility 

Appendix I is a certification of compliance for foreign manufacture. 

Adequate. 

d. Effect or Approval on Compliance with Current Emissions Requirements: 
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6.d.1. Pnzer Groten Facility. 

The firm states that approval wiU have a minimal effect upon compliance, i.e., 
pennit parameters are estimated to be impacted< 3% of overall capacity. 

Adequate. 

6.d.2. Prazer Brooklyn Facility 

A discussion of the effect of approval on compliance is found on page 351 of the 
EA 

Adequate. 

6.d.3. 

Adequate. 

6.d.4. Eisai Facility 

Appendix 1 is a certification of compliance for foreign manufacture. 

Adequate. 

e. Estimated Expected Emitted Concentration/Quantities: 

The EiC.- for donepezil hydrochloride is 0.032 ppb based or1 Sth year estimates 
of 1300 kg. 

The EiC.- has been calculated (as donepezil) from the standard equation: 

379.50/415.96 x 0.032 ppb == 0.029 ppb 

The 29 pptr qualifies for the Tier 0 EA format. 

Adequate. 
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7. Fate of emitted sub!"t.ances in the environment: 

Not applicabl~ for Tier 0 EA format. Adequate. 

I. Environmental eO'ectJ or released substances: 

Not applicable for Tier 0 EA fonnat. ..\dequate. 

9. Use of resources and enrflY: 

a. Natural Resources and Eneray 
b. EfTect on Endan1ered or Threatened Species 
c. Efl'ect on property listed in or Eligible for Listing in the National Resister of 

Historic Places 

Not applicable for Tier 0 EA format. Adequate. 

10. Mitigation measure•: 

Not applicable for Tier 0 EA format. Adequate. 

11. Alternatives to the proposed action: 

Not applicable for Tier O EA format. Adequate. 

12. List of preparers, & their qualificati~ns (expertise, experience, professional 
disciplines) and consultants: 

EA page 353 lists the preparer,. 

Adequate. 

13. Certifkation: 

The certification is si1s11ed and dated. 

Adequate. 
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1•. References: 

Reference to the Industry Guidance document is made. 

Adequate. 

15. Appendices: 

Four appendices are noted as non-confidential. 

Eight app~ndices are noted as confidential. 

Adequate. 
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DRAFr DEFICIENCY LEITER 

No defici~ies of significance were noted. Therefore no deficiency letter is required. 

© 
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Endorsements: 

P. G. Vincent ~&"' ':lr \ .,_ '1 \ e, I.. 

CC: Original NDA 20-690/HFD-120 K. Higgins copy to NDA 20·6~0 
EA File 20690 
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ENVffiONMENTAL ASSESSMENT 

AND 

FINDING OF NO SIGNIFICANT IMPACT 

FOR 

ARICEPTTM 

(Donepezil HCI) 

Oral Tablets S and 10 mg 

NDA 20-690 

Division of Neuropharmacological Drug Products 
(HFD-120) 

FOOD AND DRUG ADMINISTRATION 

-· 
CENTER FOR DRUG EVALUATION .4ND RESEARCH 
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FINDING OF NO SIGNIFICANT IMPACT 

for 

A RICEP'fl'll 

(D'lnept.zil BCI) 

Oral Tablets 5 and 10 ma 

NDA 20-690 

The National Environmental Policy Act of 1969 (NEPA) requi1es all Federal agencies to assess 
the environmental impact of their actions. FDA is required under NEPA to consider the 
envirorunental impact of approving cenain dmg product applications as an integral part of its 
regulatory process. 

The Forid and lJrug Administration, Center for Drug Evaluation and Research has c1refully 
considered the potential environmental impact of this action and hu concluded that this action 
will not have a significant effect on the quality of the human environment and that an 
environmentai impact statemen~ thert:fore will not be prepar~d. 

In suppon of their new drug application for ARICEPT™, Eisai America, Inc. has prepared an 
environmental assessment in accordance with 21 CFR 25.3 la (attached) in the Tier 0 format 
which evaluates the potential environmental impacts of the manufacture, use and disposal of the 
product. 

Donepezil is a chemically synthesized drug which is administered u an oral tablet ( S and I 0 mg) 
in the treatment of symptoms of mild to moderately severe Alzheimer's disease. The drug 
substance is manufactured by Pfizer, Inc., Groton, CT and Eisai Chemical Co. Ltd., Kasliima, 
Japan. The finished dosage form (including packaging) is manufactured by Pfizer Inc., Brooklyn, 
NY and . _ . The finished drug product will be 
used in home environments throughout the United States. 

Disposal of the drug may result from out of specification lots, discarding of unused or expired 
product, and user disposal of empty or partly use'd product and packaging. Renimed or out-of
specification drug ~·Jbstance and rejected or returned drug product will be disposed of at some 
licensed hiah ter.,perature incinerators. At U.S. ho1pttal1 and clinics, empty or panwly empty 
packages will be disposed according to hospitai/clinic reaulations. From home use, empty or 
panially empty containers will typically be disposed of by a community's solid wute mahagement 
system which may include landfills, incineration and recycling. while minimal quantities of unused 
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drug may be disposed of in the sewer system. 

The Center for LJrug Evaluation and Research has concluded that the product can be 
manufactured, used and clisposed of without any expected adverse envirorunenta1 effects. 
Precautions taken at the sites of manufacture t·fthe bulk product and its final fonnulation •re 
expected to minimize occupat.ional exposures 1nd environmental r~lease. Adverse effects are not 
anticipated upon endangered or threatened species or upon property listed in or eligible for listing 
in the National Register of Historic Places 

'l--l 11 .. la1, 
~-, 

Approved 
Phillip G. Vincent, Ph.D 
Environmental Scientist 

,. 

Center for Drug Evaluation and Re:oearch 

(~Ji~-_.:;:~~·--
Concurred(// C+zJ 
Nancy Sager . 
Acting Supervisorfl'eam Le8'fer 
Environmental Assessment team 
Center for Drug Evaluation and Research 

Attachments: Environmental Assessment 
Material Safety Data Sheet (drug substance) 
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J.H.M. Research & ~velopmcnt, Inc., 5776 Second Streel, N.E., Washington, D.C. 20011 
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