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Food and Drug Administration
Rockville MD 20857
NDA 20-592
Eii Lilly and Company
_ Attention: Timothy R. Franson, M.D. SEP 30 g6
Lilly Corporate Center

Indianapolis, IN 46285

Dear Dr. Franson:

Please refer to your September 22, 1995, new drug application submitted under section 505(b) of
the Federal Food, Drug, and Cosmetic Act for Zyprexa (olanzapine) 2.5 mg, 5 mg, 7.5 mg, and
10 mg Tablets.

We acknowledge receipt of your amendment of September 16, 1996.

This new drug application prcvides for a new chemical entity indicated for the treatment of the
manifestations of psychotic disorders.

We have completed the review of this application including the submitted draft labeling and
have concluded that adequate information has been presented to demonstrate that the drug
product is safe and effective for use as recommended in the draft labeling in your submission
of September 16, 1996. Accordingly, the application is approved effective on the date of this
letter.

As discussed during the September 17, 1996, working meeting (telecon) with the Division, and
as amended in several follow-up faxes and telephone conversations, the draft labeling was
revised and is included as an attachment to this approval letter. These revisions are terms of
the NDA approval. Marketing the product before making the revisions, exactly as requested,
in the product’s final printed labeling (FPL) may render the product misbranded and an
unapproved new drug.

Please subrmit sixteen copies of the FPL as soon as it is available, in no case more than 30 days
after it is printed. Please individually mounts ten of the copies on heavy weight paper or
similar material. For administrative purposes this submission should be designated "FINAL
PRINTED LABELING” for approved NDA 20-592. Approval of this submission by FDA is
not required before the labeling ts used.

Should additional information relating to the safety and effectiveness of the drug become
available, revision of that labeling may be required.
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We remind you of your Phase 4 commitment, specified in the submission of Scptember 16,
1996, .

i Protocols, data, and final reports should be submitted to your
IND for this product and a copy of the cover letter sent to this NDA. Should an IND not be
required 1o meet your Phase 4 commitment, please submit protocol, data, and final reports to
this NDA as correspondences. For administrative purposes, all submisrions, hucluding
labeling supplements, relating to Phase 4 commitments must be clearly designated "Phase 4
Commtitments.”

Validation of the regulatory methods has not been compieted. At the preseat 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 remind you that you must comply with the requirements for an approved NDA set forth
under 21 CFR 314.80 and 314 .81.

If you have any questions, please contact:

CDR Steven D. Hardeman, R.Ph.
Proiject Manager
(301) 594-5533

Sincerely yours,

(ZA:(/&:;AA 9 {30(‘?4_

Robert Temple, M.D.

Director

Office of Drug Evaluation I

Center for Drug Evaluation and Research



Memorandum Department o! Health and Human Services
Public Health Service
Food and Drug Administration
Center for Drug Evaluation an? Research

DATE: September 30, 1996

FROM.: Paul Leber, M.D.
Director,
Division of Neuropharmacological Drug Products
HFD-120

SUBJECT: Approval Recommendation on NDA 20-592 Zyprexa® [olanzapine]

TO: File NDA 20-592
&
Robert Tempile, M.D.
Director, Office of New Drug Evaluation 1

o — L —— e —— e T o} e P T S T ke 5 ke o T e T e T — i e —— . i " — . " e T W  ——

The NDA for Zyprexa was declared approvable on 8/30/96. My support for
that action and my views of the evidence supporting it are provided in
memoranda that | wrote to the file on 8/18/96 and 8/30/96.

This memorandum serves only to document my endorsement of the final
approval action.

Dr. Andreason has now completed his review (9/26/96) of the firm's
responses to requests made in the 8/30/96 approvable action.

The Product labeling presented in the approvable action letter has been
modified to a minor degree as a result of negotiations with the firm over the
past several weeks . How the final labeling proposal was developed is
summarized in Dr. Laughren's memorandum of 9/27/96.

In addition to the documents prepared by Drs. Andreason and Laughren, | have
personaily reviewed the final product labeling.

Recommendation:

'ssue the approval action letter and attached |

aul Leber, M.D.



MEMORANDUM DEPARTMENT OF HEALTE AND HUMAM SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION

CENTER FOR DRUG EVALUATION AND RESEARCH

DATE: September 27, 199%6

FROM: Thomas P. Laughren, M.D. ’T;Q’zf
Team Leader, Psychiatric Drug Products
Division of Neuropharmacological Drug Products
HFD-120

SURJECT: Recommendation for Approval Action for
Zyprexa (olanzapine) for the treatment of psychotic
disorders

TO: File NDA 20-582
[Note: This overview should be filed with the 9-16-96
submission.]

1.0 BACKGROUND

In our 8-30-96 approvable letter, we requested a safety update, a
foreign regulatory update, a world literature update, and a
commitment to conduct a relapse prevention study. In the
biopharmaceutics area, we identified our preferred dissolution
methodeolony and specifications, and we asked the sponsor to
consider a further exploration of the populaticn PK database as an
approach to providing additional information regarding drug
interactions., We also attached our proposal for labeling. Lilly
responded formally to the approvable letter with the 9-16-96
submission.

The review team, up to the level of Team Leader, interacted with
the sponsor over a period of several weeks to arrive at the version
of labeling [LABOLNPS.AP3] that 1s included with the approval

letter. The sponsor responded initially with an alternative
labeling proposal on 9-6-96, including additional modifications on
3-9-56. We responded with a counterproposal that was faxed to

Lilly on 9-16-96. The sponsor responded with faxes dated 9-16-96
and 9-17-96, and we held a teleconference with the sponsor on 9-17-
96, reaching agreement on most cf the disputed issues. Lilly
provided language consistent with these agreements in faxes dated
9-18-96 and 9-19-96. Additional faxes dated 9-18-96 and 9-20-96
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addressed remaining issues for pharmacology and a 5-18-96 fax
addressed remaining chemistry issues. We faxed a final version of
labeling on 9-23-96, and Gary Tollefson, M.D., frem Lilly,
confirmed late on that same day that this version of labeling,
which is included with the approval package, was acceptable to
them.

Pr. Paul Andreason reviewed the clinical sections of the 9-16-96
response to the approvable letter, including the safaty update, the
litzrature update, and the regulatory status update.

2.0 SAFETY UPDATE

The safety update included reports of deaths, serious adverse
events, adverse dropouts, and patients experiencing potentially
clinically significant changes in vital signs, laboratory values,
and ECGs. This update covered a period from 7-15-95 through 8-14-
96 for deaths and serious adverse events and from 7-15-95 thrcugh
2-14-96 for all other safety data. The safety update included data
for 765 ci~nzapine patients from the primary database (630 ongoing
patients for whom some safety data had already been reviewed in
earlier submissions and 75 new patients) and for 148 total patients
from the secondary database, including 14 olanzapine patients, and
134 blinded patients.

There were 5 deaths, 1 other serious adverse event, and 3 adverse
dropouts, none o¢of which could be reasonably attributed to
clanzapine treatment. Dr. Andreason considered only 1 of the
patients with potentialiy clinically significantly laboratory
abnormalities to have likely nad olanzapine-related changes. That
patient had an increase in LFTs, an issue already addressed in
labeling.

In summary, none of thase reports contained new or unusual findings
that would change my view about the approvability of this drug or
necessitate further labeiing changes.

3.0 WORILD LITERATURE UFDATE

The sponsor’s literature update covered the period from the cutoff
date for the originai NDA submissicn to 9-4-96, and included 158
clinical and preclinical reterences. Dr. Andreason reviewed
abstracts for all the clinical rerferences and titles for all the
preciinical references. These refererces contained no findings
that would adversely aff=ct the conclusions zbout olanzapine’s
safety.




4.0 FOREIGN REGULATORY UFDATE

The sponsor warranted in the 9-16-96 submission that Zyprexa is not
approved in any countries at the present time, and that no negative
regulatory actions have been taken with regard to olanzapine.

5.0 REQUEST FOR RELAPSE PREVENTION TRIAL

The sponsor has committed to conducting a phase 4 study to
adequately address the guestion of long term effectiveness.

6.0 BIOPHARMACEUTICS

The sponsor accepted our proposed dissolution method and
specifications.

7.0 LABELING

Lilly proposed numerous changes to the labeling for Zyprexa, many
of which we found acceptable, while others were the subject of
negotiations with the review team over the roughly Z-week time
period described under Background. As noted, we were able to reach
agreement at a Team Leader level on labeling. I will comment here
on the resolution of labeling issues that required additional data
review and discussion:

Suggested Starting Dose/Concerns About Oxthostatic Hypotensjon:

In our labeling proposal, we had emphasized the possibility of
orthostatic changes, and recommended a focus by clinicians and
patients on 1nitial titration as the period of greatest risk. We
also recommended 5 mg as the initial dose, with an increase to 10
mg after several days.

Our view was based partly on theoretical grounds, i.e., olanzapine
1s a potent a, antagonist, and drugs with that property predictably
have problems with initial titration. Common sense would lead one
*o be cautious based solely on this fact. Our recommendations were
also based on finding (1) 5.5% of olanzapine vs 1.8% of placebo
patients 1in a pool of 2 studies (HGAD and HGAP) having a
potentially clinically significant postural change in systolic
blood pressure (> 30 mmHg decrease in systolic BP, supine to
standing}, and (2) spontaneous reports of hypotension in 5.2% of
olanzapine patients vs 1.7% of placebo patients for this same pcol.
These patients also differed in the incidence of dizziness and
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tachycardia. 1In addition, there were 15 instances of syncope in
phase 2-3 trials, some of which occurred fairly early in treatment.
Phase 1 data were also suggestive of a dose response relationship
for syncope during initial titration.

The sponsor argued against a focus on initial titration as a period
of risk, and also against a recommendation for 5 mg as a starting
dose. They argued that their placebo controlled dose response
studies did not show a difference between orthostatic effects
between the 5 and 10 mg doses, however, these studies weren’t
designed to detect this effect, e.g., blood pressure wasn’t
monitored at a time most likely to reveal an effect. They also
arqgued that olanzapine is 100-fold less potent as an o, antagonist
than risperidone, and that a 10 mg initial dose was well tolerated
in the vast majority of patients receiving this dose in the
clinical trials.

Comment : After much discussion, we agreed to precautiocnary
language that did focus on initial titration as a period of
concern, and a recommendation for 5 or 10 mg as the starting dose,
out of consideration of the possibility of dose dependency for the
orthostatic effect. In addition, 5 mg will be the recommended dose
for pctentially vulnerable patients.

Data from Long-Term Trials Pertinent to Risk of Tardive Dyskipnesia:

In our labeling, we had removed from the standard tardive
dyskinesia warning Lilly’s reference to data from a pool of
haloperidol controlled long-term extension trials suggesting a
higher rate cof emergence of dyskinetic events for haloperidol
compared to olanzapine. The pool was based on studies HGAD, EO003,
and HGAJ. It included 707 olanzapine and 187 haloperidol patients
who were free of dyskinesia at entry into the extension phase, and
were exposed to olanzapine or halcperidol for a median duration of
237 and 203 days, respectively. Using criteria that seemed
reascnable, there did appear to be a greater incidence of
dyskinetic symptoms focr haloperidol compared to olanzapine, using
several approaches.

Lilly objected, arguing that these are valid data that provide
important information for prescribers. We acknowledged that, 1in
the past, we have generally not permitted claims of reduced risk of
tardive dyskinesia, but that such claims have generally been based
erther on theoretical considerations or on a lack of new cases in
databases that were not adequate for detecting this event. While
we further acknowledged that the data are suggestive of a possible
difference between olanzapine and haloperidol regarding risk of
treatment emergent dyskinesia, nevertheless, we argued that it is
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difficult to know their usefulness in predicting the relative risk
of tardive dyskinesia for the two drugs at later and possibly more
relevant time points. Since the inclusion of such data in labeling
would represent an important departure from our usual practice, we
indicated that it would be a decision necessitating more work
internally and likely consultation with outside experts.

Comment: We agreed to consider expeditiously a supplement that
addressed a modification of the tardive dyskinesia statement, and
the sponsor agreed to accept our decision not to include these data
at this time.

: . 5 ] 0 El on -

In our labeling proposal, we had n>ted the finding that prolactin
levels are elevated by olanzapine treatment, and that “the
elevation persists during chronic administration,” since this
phrase 1is in the standard prolactin statement for some
antipsychotic drugs.

Lilly objected to this t rase, arguing that, while a modest
increase is apparent early in treatment, endpoint analyses reveal
no difference between olanzapine and placebo, unlike the data for
haloperidol arms in these studies which reveal a persistent
elevation for that drug. They wanted to add a sentence to the
Hyperprolactinemia statement noting the finding of no difference

at endpoint, and to note later in labeling that the elevation is
transient. However, we disagreed with their argument that
prolactin elevation with olanzapine has been demonstrated to be
transient. The LOCF analysis is not the most pertinent, since it
carries forward the levels for many placebo patients who dropped
cut very early. The most relevant analysis is observed cases at
week 6, and here, the data show a clear dose response relationship,
however, there is insufficient power given the attrition to achieve
statistical significance. Furthermore, the data from extension
trials revealed that n»nrolactin levels are elevated compared to
baseline, albeit to a modest extent and without a placebo control.

Comment: The sponsor agreed to our preference to characterize the
effect as persisting, providing we acknowledged that the elevation
during longer term treatment was modest. We agreed to this
gualification.

e . c Weight Gain Of | with O e

In our labeling, we added a Precautions statement describing
overall the weight changes observed with olanzapine treatment.
Lilly wanted to qualify this statement, by emphasizing that



the effect is most prominent in patients who are underweight at
baseline, and they wanted to move the statement to Adverse
Reactions.

We agreed with moving this statement to Adverse Reactions. We also
agreed to acknowledging in the statement the fact that larger
changes are observed in patients with lower BMIs at baseline.
However, we noted that the statemen:c must also acknowledge that,
despite this differential effect on the basis of BMI, the weight
gain was observed generally for olanzapine patients, despite the
BMI category. In fact, the longer-term extension data revealed
that the effect is even more prominent during long2r-term use, with
almost half of even the overweight patients taking olanzapine
experiencing a 2> 7% increase in body weight compared to baseline.
This finding also needs to be incorporated 1into the revised
statement.

Comment.: The sponsor agreed to our revised statement, located in
the Adverse Reactions section.

Recommended Monitored Regarding Concerns about LET Increases:

In cur labeling, we had recommended baseline transaminases in all
patients being considered for treatment, with followup monitoring
monthly for any patients having clinically significant baseline
abnormalities. Lilly objected, arguing that routine screening of

all patients is unnecessary. They proposed alternative language
that recommends monitoring only in patients who already have
signifiicant hepatic disease. In reconsidering this issue,

includ:zng an examination of a consult done for Lilly by Hy
Zimmerman, we were inclined to agree that reguiring baseline LFTs
1n all patients would be excessive, and in fact, would not be
consistent with our labeling for other recently approved drugs with
a similar profile of transient, asymptomatic transaminase increase.

Commment: We agreed to a slightly mecdified version of Lilly’'s
proposed labeling that noted the finding and recomuended that
caution should be observed in patients with hepatic impairment.

Edeqna::' of E:zai]ab}e Cata Pertipent €O IQDQ‘IﬁIm EffI‘CaC:f.—Q‘t
Qlanzap.ne:

In cour labeling, we had not permitted Lilly to describe the
efficacy findings from patients extended from the short-term phases
of their efficacy studies, even though these data were suggestive
of an effect. We argu=zd that studies of this design are basically
flawaed, i.e., the randomization is violated, since only responding
patients are continued in the extension phase. They wanted to




distinguish between continuation effects and relapse prevention
effects, however, we noted that this basic flaw would apply whether
one is focusing on either. W¥e indicated that is was our view that
these studies cannot provide definitive data pertinent to the
question of long-term efficacy, and to include these data would
undermine our current approach to this issue in labeling. Further,
we reminded the sponsor that the labeling acknowledges under Dosage
and Administration the usual practice of continuing responding
patients, so that including this information would not strengthen
labeling in any way from the clinician’s standpoint.

Comment: We discussed this matter at some length, but in the end,
the sponsor agreed with our preference to not include this
information in labeling.

8.0 CONCLUSIONS AND RECOMMENDATIONS

I believe that Lilly has submitted sufficient data to support the
conclusion that Zyprexa is effective and acceptably safe in the
treatment of psychecsis. I recommend that we issue the attached
approval letter with the mutually agreed upon final labeling.

cC:
Crig NDA 20-415
HFD-120

HFD-120/TLaughren/PLeber/PAndreason/GDubitsky/SHardeman
HFD-100/RTemple

DOC: MEMOLNPS.AP1




FINAL PRINTED LABELING HAS NOT BEEN SUBMITTED TO THE FDA.

DRAFT LABELING IS NO LONGER BEING SUPPLIED SO AS TO ENSURE

ONLY CORRECT AND CURRENT INFORMATION IS DISSEMINATED TO THE

PUBLIC.



Raview and Evaluation of Clinical Data
NDA & 20-592

Sponsor: Eli Lilly and Company

Drug: ZYPREXA™ (olanzapine)

Material Submitted: Response to Approvable Letter
and Safety Update

Correspondence Date: September 16, 1996

Date Recaived: September 17, 1996

I. Background

ZYPREXA™ (olanzapine) is an antipsychotic agent that belongs to tire
thienobenzodiazepine class. On August 30, 1996, FDA issued an
approvable letter for the olanzapine NDA 20-5592. 1In the approvable
letter a number of revisions to the sponsor’s labeling were
proposed. FDA requested a safety update to include reports of
deaths, serious adverse events, adverse dropouts, and potentially
clinically significant changes in vital signs, laboratory values.
and ECGs from clinical trials and any post-marketing safety data.
FDA also requested a world-wide literature update, a foreign
marketing and labeling update, and a commitment from the sponsor to
perform a postmarketing study on the efficacy of nlanzapine in
preventing the relapse of the acute symptoms of schizophrenia. FDA
also requested that the sponsor adopt a different dissolution
specification.

II. safety Update
A. Scope of the Safety {Jpdate

The initial safety update covered the period from 2/15/95 through
16/31/95 for deaths and serious adverse events and from 2/15/9:%
through 7/14/95 for all other types of safety data. The review of
the first 4-month safety update was performed by Greg Dubitsky,
M.D. in a review dated July 2%, 1996. The current safety update
covers from 7/15/95 through 8/14/96 for deaths and serious adverse
events and from 7/15/96 through 2/14/96 for all other safety data.

Clinical trials contributing to this safety update were divided
into a primary and secondary database by the sponsor. The primary
safety database consisted of 4 open-label extension studies of
Phase 2 and 3 multicenter clinical studies and 10 open-label phase

Page 1 NDA 20-592
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three studies that are enumerated in Table 1. The secondary
database includes the following, which are enumerated in Table 2:

¢ three clinical pharmacology trials.

® four open-label studies done in Japan.

® eleven Phase 3 studies whicrh are still blinded.

e five open-label Phase 3 studies in which <15% of the planned
number of patients had been enrolled as of 2/14/96.

The sponsor states®! that there are 765 patients represented in the
primary database: 690 patients are ongoing patients from the
clinical trials presented in the NDA 20-532 submission and 75 new
patients from new protocols. Doses of olanzapine ran from 1-25
mg/day. The secondary database comprised studies enrolling 148
patients, 134 of whom remain behind the study blind. The sponsor
did not provide estimates of cumulative exposure to olanzapine in
these recent data.

The sponsor provided the following data for the primary database:

. Deaths

. Sericus Adverse Events

. Adverse Dropouts

. Potentially Clinically Significant Adverse Events as defined
in the original NDA submission.

. Potentially Clinically Significant Changes in Vital Signs and
Weight

L Potentially (Clinically Significant Changes in Clinical
Chenistry Analytes

. Potentially Clinically Significant Changes in Hematology
Analytes

. Potentially Clinically Significant Changes in Urinary Analytes

. Potentially Clinically Significant Changes in ECG Intervals

and Heart Rate

The PC$ criteria used to identify these patients was identical to
the criteria applied in the previous safety update.

The sponsor provided the following data for the secondary database:

The numbers of patients in the primary and secondary
databases were conveyed to this reviewer via telephone by Anne-
Marie Crawford of Eli Lilly and Company as this information was not
in the safety update. The sponsor will prepare an addendum
containing this information.

Page 2 NDA 20-592
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. Deaths
) Serious, Unexpected and Possibly Causally Related Adverse
Events (“Alert Events”)

This data is more than adequate for this safety update.

B. Review methodology

Line listings of COSTART terms were examined for all deaths,
serious or “alert" events, or events leading to discontinuation, to
detect the occurrence of any adverse events judged to be clinically
important. For any such event or any event with a non-specific
COSTART term, the corresponding patient summary was reviewed. A
judgement was made regarding possible causality to olanzapine.

For potentially clinically significant adverse events in the
Primary Database, listings were examined to detect any events not
previously observed in the original NDA database. .

Line listings of patients with potentially clinically significant
changes in laboratory, vital sign, and ECG parameters were not
examined in detail for the fo.lowing reasons. Changes in these
parameters were more systematically evaluated in the original NDA
database. Data in this update were largely uncontrolled and from
long-term use; patient exposure was not known, which did not permit
the calculation of even uncontrolled incidence rates. Furthermore,
changes in these parameters which were associated with clinical
events should have been detected under the reviews of important
adverse events. In short, a useful interpretation of the line
listings for these variables, as presented in this submission,
would not have been possible.

C. Summary of Safety Findings

Deaths

There were five newly reported deaths of olanzapine treated
patients {(during treatment or less than 31 days after treatment
termination) that occurred between the dates of 10/31/95 and
8/14/96. They are as follows:

HGAJ 045-1281 44 year old African-American female with a history of
adult onset diabetes (insulin treated), morbid cbesity, and medical
non-compliance treated with olanzapine for 537 days (her usual dose
was olanzapine 20 mg/day}. She experienced acute respiratory
distress at home which progressed to cardiac arrest. Paramedics
efforts at resuscitation were not successful. At autopsy the
patient was found to have sickled cells in the liver sinusoids but
no evidence of liver disease. It is unlikely that this patient’s
death was related to clanzapine.
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HGBT 241-2401 70 year old white fedale taking olanzapine 10 mg/day
after 440 days of therapy. The last patient visit was January 2,
1996 and the date of death was May 21, 1996. The cause of death
was listed as old age. It is unlikely that the patient’s death is
related to olanzapine therapy.

HGBT 241-2403 49 year old white male with a histeory of early onset
Parkinson’s Disease. The death, which occurred after 411 days on
olanzapine 10 mg/day, was not witnessed and an autopsy was not
performed. The cause cof death is listed as a cardiac arrest. It
is unknown if the patient had a previous history of cardiac disease
and he was taking Permax and Sinemet (both of which are associated
with cardiovascular events including “heart arrest”.) It is felt
to be unlikely that the patient’s death is related to olanzapine
treatment.

HGBG 160-1604 34 year old white male who was hit by a train 28 days
after discontinuing olanzapine. The investigator believes that
this most likely represents a completed suicide though the patient
had not reported or demonstrated suicidal thoughts or behavior
prior to his demise. The patient’s death is unlikely to be related
to olanzapine treatment.

HGDY 007-1308 31 year old white male who took olanzapine 10 mg/day
for 11 days. Due to an increase in psychotic symptoms the patient
was admitted to the hospital where olanzapine was discontinued and
clozaril was started and increased to 400 mg/day. The patient was
reported as doing “fine” in the hospital on 21 July 1996 at 7 P.M,
but 30 minutes after this notation he was found dead. The presumed
cause of death was “heart failure”, but no autopsy was performed.
The patient’s death was unlikely to be related to olanzapine
treatment. Sudden cardicrespiratory arrest has been rarely
associated with <c¢lozapine treatment, according to Cloazaril
labeling.

Serious Adverse Events

HGAJ 723-5541 45 year old white male with a history of heavy
alcohol intake was hospitalized to work-up difficulty breathing and
fever and the patient was found to have elevated GGT, elevated
SGOT and SGPT. He was found to have a large apical thrombus and
was placed on anticoagulants. It is doubtful that the patient’s
dyspnea and fever were related to olanzapine therapy, but
transaminase elevations have been associated with olanzapine
treatment.

Adverse Dropouts

HGCA 001-1001 was listed as dropping out due to leukopenia;
however, the lowest reported WBC was 3.96K with a baseline of
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5.56K. He had no signs of infection, fever, or other sequelae of
leukopenia.

Patient HGAJ 004-0023 was listed as experience hepatitis; however,
he was found to have active hepatitis C.

Patient HGCM 155-1588 was listed as experiencing jaundice; however,
he was found to have active hepatitis C.

Potentially Clinically Significant Adverse Events

HGAJ 333-3288 was listed as experiencing leukopenia; however, the
lowest WBC count was 2.39K with a baseline WBC of 4.82K and a last
visit WBC of 2.77K. The patient continues on olanzapine and has
had no symptoms of fever, infection, or other signs of sequelae of
leukopenia. This is another case of benign leukopenia that was
observed in a few patients in the NDA. 1In the review of the NDA
this reviewer concluded that there was no evidence that there was
any indication of clinically significant leukopenia, neutropenia,
or agranulocytesis. Due to concerns about significant neutropenia
(to include agranulocytosis) occurring with other -atypical
antipsychotics, rare cases of leukopenia in the olanzapine clinical
trials database were carefully scrutinized. Though the occu:srence
rate of these cases was slightly numerically higher in the
olanzapine treatment group compared to placebo, the aggregate data
showed no statistically significant differences in mean change from
baseline (a measure of central tendency) or the incidence of
“potentially clinically significant” leukopenia {(a measure focused
on outliers). It could not be concluded that this benign
leukopenia was related to olanzapine use.

Conclusions and Recommendations
Only one adverse event in this update was felt to be possidly
related to olanzapine therapy.

. Livar enzyme elevations (HGAJ 723-5541). This is felt to be
adequately described in currently proposed labeling for
ZYPREXA.

I11. Post Marketing Study
FDA requested that the sponsor perform a post-marketing

study under TND The sponsor agreed to this
requast, but en lieu of providing a protocol, they wished to
consult FDA as to acceptable study designs prior to doing so.
IV. Foreign Regulatory Update and labeling

Olanzapine has yet to be approved in any country though it is under
review in several countries throughout the world. The sponsors do
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not report that any foreign regulatory agency has any safety or
efficacy concerns that are impeding the approval process.

V. World Literature Update

The database of archival literature for olanzapine was created and
is maintained as follows:

When the database was created and is updated, on-line biblicgraphic
search databases are queried using a fixed search strategy. The
search strategy is to query the databases through the Dialog
service for any mention of olanzapine or LY170053, The databases
used for this search are:

Medline Derwent Drug File Toxline S8ciSearch

Embase PaycINFO Biosis Pascal

The importation, storage, and retrieval of these references 1is
performed using Reference Manager?’. The initial search-(for NDA
20-592 inclusion; 1995) was performed to include all historical
references. After the initial search, the database has been and
continues to be updated on a quarterly basis using the same search
strategy. The date of the last on-line search to update the
olanzapine database was September 4, 1996.

A listing of titles of all 159 references was reviewed by Charles
M. Beasley, Jr., M.D., Clinical Advisor, Olanzapine Development
Team, Lilly Research Laboratories, who has maintained copies of and
is familiar with the majority of these citations.

The abstracts of the clinical references were reviewed by this
reviewer along with the titles of the preclinical references.
There was no information in these references that provided new
information regarding the safety or efficacy of cianzapine that
should be mentioned in labeling.

VI. Biopharmaceutics

The sponsor addressed both questions regarding a) dissolution
methodoliogy and specification and b) population pK and drug
interactions. This reviewer will defer to the biopharmaceutic and
chemistry recommendations on these issues.

VII. Labeling

“This is a commercjally available software program designed
for the purpose of creating, maintaining, and searching
bibliographic databases.
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The sponsor submitted a proposed labeling that was edited «nd
modified by Thomas Laughren, M.D., Greg Dubitsky, M.D., and this
reviewer. These modifications were discussed with representatives
of the sponsor on 9/17/96 and were acceptable to the sponsor;
proposed labeling awaits further review by Drs. Leber and Temple.

Pa J. Andreason, M.D.
September 26, 1996

cc: NDA# 20-592
HFD~-120
HFD-120/PAndreason
GDubitsky
SHardeman
TLaughren 9-27-906

3
":),JVKAWHAD f? :;24513441“:/420

TL, POP
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E Table 1 sStudies Included in the Jpdated Primz:.; <mafety Database
{ Protocol Title/Des.gi./Dose Kinge
Numbet
F1D-EW-EO03 | A Fixed Dose Range Safety and Efficacy Study of Olanzapire Versus Open-
Label Extension Haloperideol ia the Treatment of Schizophrenia. Double-~
blind comparatc: c.nti;ollec followed 2y opun-label extension/ 50 centers
in 15 outside US countries. Dose range 1.0-17.5 mg/day.
FID-MC-HGAJ | Olanzapine Versus Haloperidel in the Treatment of Schizophrenia and Other

open-label Extension Psychctic Disorders. Double-blind comparator
controlled followed by open-label extension/l174 centexs international.

FID-MC-HGAD

LY170053 Versus Placebo &nd Halopcridol in the Treatment of open-Label
Extension Schizophrenia. Double-blind, placebo and comparator controlled
followed by open label extension/23 centers US and Canada. Dose range
2.5-17.5 mg/day.

FID-MC-HGAP

Fixed-Dose Olanzapine Versus Placebo in the Treatment of Schizophrenia
Cpen-Label Extension. Double-blind, placebo controlled followed by open
label extension/l12 centers US. Dose range 1.0-10.0 mg/day.

FID-MC-HGBB

Open-Label Experience with Olanzapine. Open label, single center/

France, Dose range 5-20 mg/day.

FID-MC-HGRI | Open-Label Olanzapine. Open label, single center/ US, Dose range 5-20
mg/day.
FID-MC-HGBK | Open Label Olanzapine in Treatment-Refractory Schizophrenics. Open

label, 5 centers/ Spain, Dose range 5-20 mg/day.

FID-MC-HGEM

Open-lLabel Clinical Trial on Antipsychotic Safety and Efficacy and Safety
of Olanzapine in Schizophrenic Patients with Positive or Negative
Symptomatology. Open label, single center/ Germay, Dose range 10-25
mg/day.

FLD-MC-HGBT

Olanzapine in Dopaminomimetic Psychosis in Patients with Parkinson's

Disease. Open label, single center/ Netherlands, Dose range 1-15 mg/day.
FID-MC-HGBX | Open-Label Olanzapine. Open label, single center/ US, Dose range 5-20
mg/day.
FID-MC~EGCA | Open-Label Experience with Olanzapine. Open label, single center/ Us,

Dose range 5-20 mg/day.

FID-MC-HGCG

Experience with Olanzapine. Open label, single center/ US,

5-20 mg/day.

Cpen Label
Dose range

FID-MC-HGCM

Efficacy and Safety of Olanzapinas in the Treatment of Chronic
Schizophrenic Patients Net Responding to Clozapine. Open label, 5
centers,/ Israel, Cose range 5-25 mg/day.

FID-MC-HGDI

Open- Label Experience with Olanzapine in Patients Who Have Completed a
Previous Olanzapine Clinical Trial. Open label, 6 centers/ US, Doae
range 5-25 mg/day.

Page 8 NDA 20-592
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Table 2 Studies comprising the secondary safety database
{N=148: 134 still blinded)

Study

Title/Design/Dose Range

Clinical Pharmacology/Pharmacokinetic Studies

F1D-LC~-HGrJ

Safety and pharmacokinetic study in patients
with cirrhosis,

F1D-MS-E002 Interactions between olanzapine and
levomepromazine.
F1D-MS~-HGCI Pharmacokinetic interaction betweeer. fluoxetine

and clanzapine.

Open label, Japan

F1D-JE-202E

Late phase-II clinical study: Dose finding study
of schizophrenia

F1D-JE-Z03E

Long-te:sm study: Extension study from the late
phase II1 study

F1D-JE-204E Assessment of the efficacy and safety of
LY170053 in treatment resistant schizophrenic
patients

F1D-JE-2038E The extension long-term study of treatment

resistant schizophrenia

Open-lLabel Phasa IIY Studies (<15% Enrollmant as of 2/14/96)

F1D-MC-HGBO Cost effectiveness of olanzapine in treatment
resistant schizophrenic patients.
F1D-MC-HGCS Open-label trial of olanzapine in children with

childhood onset schizophrenia.

F1D-MC-HGCT

Long-term open-label trial of olanzapine in
children with childhood onset schizophrenia-
extension.

F1D-MC-HGCY Open-label experience with olanzapine. Open-
label 15 centers
F1D-MC-HGDB Open label experience with olanzapine in

patients whn had completed a previous olanzapine
trial

Page 9 NDA 20-592




Blinded Phasa 3 Studies

F1D~-CR-P022 Olanzapine versus haloperidol and risperidone in
the treatment of schizophrenia

F1D-MC-HGBA Mlanzapine versus chlorpromazine in the
treatment of patients with therapy-refractive
schizophrenia

F1D-MC-HGBF Double-blind, QOlarzapine versus clozapine in the
treatmenrt of schizophrenia

F1D-MC-HGBG Olanzapine versus resperidone in the treatment

of schizophrenia and other psychotic disorders

F1D~-MC-HGBH

Olanzapine versus amisulpride in the traetment
of negative symptoms and deficit states of
chronic schizophrenia

F1D-MC-HGBJ

Double-blind clinical investigation of
clanzapine versus perphenazine in patients with
schizophrenia

F1D-MC-HGBL Double-blind, Olanzapine vs. Flupenthixol in the
Treatment c¢f Schizophrenia
F1D-MC-HGBQ Olanzapine vs. Haloperidel in Partial Responders

Affacted by Schizophrenia; Acute and Chronic
Treatment

F1D-MC-HGBU

Double~Blind, Olanzapine vs. Risperidone in the
Treatment of Schizophrenia

F1D-MC-HGCR Olanzapine vs. Haloperidol in Childhood Onset of
Schizophrenia
F1D-VI-HGCH Efficacy and Safety of Olanzapine vs.

Fluphenazine

Page 10 NDA 20-59%2




DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

NDA 20-592 Food and Drug Administration
Rockville MD 20867
AJG 30 1995 '

Eli Lilly and Company
Attention: Timothy R. Franson, M.D.
Lilly Corporate Center
Indidnapolis, IN 46285

Dear Dr. Franson:

Please refer to your September 22, 1995, new drug application submitted under section 505(b) of
the Federal Food, Drug, and Cosmetic Act for Zyprexa (olanzapine) 2.5 mg, 5 mg, 7.5 mg, and
10 mg Tablets.

We acknowledge receipt of your amendments dated:

September 26, 1995 September 27, 1995 September 28, 1995
October 3, 1995 October 19, 1995 October 31, 1995
November 20, 1995 November 27, 1993 December 4, 1995
December 7, 1995 December 15, 1995 January 12, 1996
January 19, 1996 January 29, 1996 February 1, 1996
March 21, 1996 June 4, 1996 June 10, 1996

June 14, 1996 July 22, 1996 July 26, 1996

We have completed the review of this application as submitted with draft labeling, and it is
approvable. Before this application may be approved, however, it will be necessary for you to
respond to the following requests:

1. Labeling

Accompanying this letter (Attachment 1) is the Agency’s proposal for the labeling of
Zyprexa. We helieve it presents a fair summary of the information available on the
benefits and risks of Zyprexa.

We have proposed 2 number of changes to the draft labeling submitted in your original
submission. We will be happy to discuss these proposed changes in detail, and to discuss
any disagreements you might have with any part of the proposed labeling format or
content.

2. Post-marketing Study
Although the evidence submitted documents the short-term efficacy of Zyprexa in the

management of the manifestations of psychosis, there is no evidence bearing directly on
the effectiveness of this drug in the maintenance treatment of remitted/partially remitted



NDA 20-592
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psychotic patients. Because it is likely that Zyprexa will be widely used for these
purposes, it is critical that appropriate clinical studics be undertaken to evaluate its safety
and effectiveness in long-term use. We request that you commit to performing a study of

subsequent to approval. Division staff would be happy to discuss this
and any other proposals with you. Protocols, data, and final reports should be submitted
to your IND for this product and a copy of the cover letter sent to this NDA. For
administrative purposes, all submissions, including labeling supplements, relating to
Phase 4 commitments must b clearly designated “Phase 4 Commitments.”

Safety Update

Our assessment of the safety of olanzapine is based on our review of all safety
information provided in your original and subsequent submissions, including your safety
update (January 12, 1996 amendment). This original review was based on &n integrated
safety database with a cutoff date of approximately 2-14-95 and on additional serious
evenis and deaths reported up to a cutoff date of approximately 10-31-95. Under

21 CFR 314.50(d)}5)(viXb), we request that you provide a final safety update focusing on
deaths, serious adverse events, and dropouts for adverse events. This final safety update
can be in the same general format as your 1-12-96 safety update.

World Literature Update

Prior to the approval of Zyprexa, we require an upcated report on the world's archival
literature pertaining to the safety of Zyprexa. This report should include only literature
not covered in your previous submissions. We need your warrant that you have reviewed
this literature systematically, and in detail, and that you have discovered no finding that
would adversely affect conclusions about the safety of Zyprexa. The report should also
detail how the literature search was conducted, by gvhom (their credentials) and whether it
relied on abstracts or full texts (including transiations ) of articles. The report should
emphasize clinical data, but new findings in preciinical reports of potential significance
should also be described. Should any report or finding be judged important, a copy
(translated as required) should be submitted for our review.

Foreign Regulatory Update/Labeling

We require a review of the status of al! Zyprexa actions taken or pending before foreign
regulatory authorities. Approval actions can be noted, but we ask that you describe in
detail any and all actions taken that kave been negative, supplying a full explanation of
the views of al! partics and the resoiution of the matter. If Zyprexa is approved by any
non-US regulatory bodies, we ask that you provide us any approved labeling for Zyprexa
along with English translations when needed.
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6. Biopharmaceutics

- a. Please adopt the following dissolution methodology and specification for all tablet
strengths:

Apparatus:

Media:

Volume:

Speed:

Sampling time:

Specification: not Jess than

b. We ask that you consider a further exploration of the population PK database as
a., approach to providing additiopal information regarding drug interactions.

Please submit three copies of ihe introductory promoetional material that you propose to use for
this product. All proposed materials should be submitted in draft or mock-up form, not final
print. Please submit one copy to this Division and two copies of both the promotional material
and the package insert directiv to:

Food and Drug Administration

Division of Drug Marketing, Advertising and Communications,
HFD-40

5600 Fishers Lane

Rockville, Maryland 20857

3
Within 10 days after the date of this letter, you are required to amend the application, notify vs of
your intent to file 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 inarketed until you have been notified in writing that the application
1s approved.
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Should you have any questions, please contact CDR Steven D. Hardeman, R Ph., Project
Manager, at (301) 594-5533.

Sincerely yours,

(Got” lewple

Robert Temple, M.D.

Director

Office of Drug Evaluation |

Center for Drug Evaluation and Research

Enclosure: Draft Labeling



DRUG STUDIES IN PEDIATRIC PATIENTS
(To be completed for all NME's recommended for approval)

NDA: 20-592

Product: Zyprexa (olanzapine) 2.5mg, Smg, 7.5mg, 10mg Tablets
Spoasor: Lilty

Project Manager: CDR Steven D. Hardeman, R.7h.

Division: HFD-120

Chech any of the following that apply and explain, as necessary, on the next page:

1. A proposed claim in the draft labeling is directed toward a specific pediatric illness. The
application contains adequate and well-controlled studies in pediatric patients to support
that claim.

——

2. The drafi labeling includes pediatric dosing information that is not based on adequate
and well-controlled studies in children. The application contains a request under 21 CFR
210.58 or 314.126(c) for waiver of the requirement at 21 CFR 201.57(f) for A&WC
studies in children.

a. The application contains data showing that the course of the diseas: and
the effects of the drug are sufficiently similar in adults and children to
permit extrapolation of the data from adults to children. The waiver
request should be granted and a statement to that effect is included in the
action letter.

L

b. The information included in the application does noi adequately support
the waiver request. The request should not be granted and a statement to
that effect is included in the action letrer. (Complete #3 and #4 below as
appropriate.)

3. Pediatric studies (¢.g., dose-finding, pharmacokinetic, adverse reaction, adequate and
well-controlled for safety and efficacy) should be done after approval. The drug product
has some potential for use in chiidren, but there is 1o reason to expect early widespread
pediatric use (because, for example, alternative drugs are available or the condition is
uncommon in children).

__14. The applicant has committed to doing such studies as will be required.
=" (') Studies are onyoing.
(2) Protocols hav:: been submitted and approved.
I ) Protocols have been submitted and are under review.
) [f no protocc] has been submitted, on the next page
explain the status of discussions.

b. 1f the sponsor is not willing, to do pediatric studies, attach copies of
FDA's written request that such studies be done and of the sponsor's
written response to that request.




Drug Studies in Pediatric Patients

4, Pediatric studies do not need to be encovraged because the drug product has little
potential for use in children.

5. If none of the above apply, ¢xplain.

Explain, as necessary, the foregoing items:

M) Fglin 52023,

Signature of Preparer Date

cc:
Orig NDA

HFD-120 Division File
NDA Action Package



Ly

Lilly Research Laboraiories

A Dwisinn of E! Liiy ang Company

Ly Corporate Center
Ingranapons. Ingiana 46285
1377 276-2000

CERTIFICATION

NDA Application No.. NDA 20-592

Drug Name: Zyprex

Pursuant to the provisions of 21 U.S.C. 335a(k)(1), Eh Lilly and Company,
through Timothy R. Franson, M.D., hereby certifies that it did not and 'will
not use in any capacity the services of any person debarred under Secticn (a)

or (b) [21 U.S.C. 335a(a) or (b)] of the Generic Drug Enforcement Act cf
1992, in connection with the above referenced application.

ELI LILLY OMPANY

Tcﬁ? Q Fndeon W@

m&R Franson, M.D™~
Title: Executive Director, North American Regulatory Affairs

Date: January 19, 1996



Memorandum Department of Health and Human Services
Public Health Service
Food and Drug Administration
Center for Drug Evaluation and Research

DATE:  August 30, 1996

FROM: Paul Leber, M.D.
Director,
Division of Neuropharmacological Drug Products
HFD-120

SUBJECT: Actions taken and not taken In response to your memorandum of
8/27/96, concerning HFD-120's review of NDA 20-592 Zyprexa®
[olanzapine]

TO: Flle NDA 20-582
&
Robert Temple, M.D.
Diractor, Office of New Drug Evaluation 1

____..____..___.__.._.__..._....._____-.___...._______..._______........_..___..,_._______....___.__

In your memorandum:, you offer a number of comments. | have littls to say
about most of them, but there are a couple to which a response is necessary.

Befcre doing so. however, | want to acknowledge an oversight.

Dr. Greg Dubitsky had a prominent and important role in the development of
the Division's review of the Zyprexa application, a point not obvious from a
review of documents in the package originally forwarded to the Office. Greg
served as Dr. Andreason’s mentor and, as such, is a substantive contributor to
that primary review document (e.g.. by analogy, if this were an academic
manuscript submitted to an archival medical joumal, Greg would be the
senior coauthor).

Now, | will tumn to the substantive points | have about your comments
concerning the Zyprexa application.

' I am mindful that the memorandum cited was delivered with a
stamp indicating it was intended as a draft. Because the memorandum
offered a number of comments and suggestions requiring responses or actions
to which the Division has now taken some form of response, the
memorandum is functionally much more a prelirinary communication that
is relevant to the decision making process than a preliminary draft explicating
your personal views. In short, there is no practica! way I can respond to
and/or explain our decisions to act upon and/or not act upon a point
conveyed in your memorandum without making reference to it.
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1. Dropouts

I'm somewhat surprised by your reaction to the “go open’ provision of the
HGAP protocol. In fact, in virtually any placebo controlled trial with

actively psychotic patients, a high early dropout rate is expected for both
“ethical” and “medical” reasons. The use of placebo is considered arguable in
the first place. Next, for management reasons (e.g.. staff morale, legal risk,
etc.), there are few, if any, hospitals in which a study permitting actively
psychotic patients to be assigned to placebo is going to continue for even a
couple o' weeks, let alone 4. Finally, a high early dropout rate attributable
to therapeutic failure that differentially affects the placebo group is
actually a finding we look for because it documents the assay sensitivity of
the population admitted for study. Of course, the censoring biases the
between treatment comparisons made at latter time points in the study, but
this is the very reason that | consider these studies more as a source of proof
of principle of a drug’'s antipsychotic effects than as a basis to estimate ‘he
“effect size” of the drug. Indeed, this is yet another reason that | find drug-
drug comparative studies so difficult to assess.

Viewed from my perspective, therefore, HGAP was unusual for the extent it
was able to retain subjects until week 4. (If | had the time, | could probably
find examples to document this assertion --that is, of antipsychotic trials
where dropouts rates at earlier times are very high.) In any case, although
80 % of those randomized in HGAP remained on drug for only the first for 4
weeks, among those who did drop out-- 74, 62 and 56 percent (pbo,1,10) did
so for lack of effectiveness--the pattern was consistent with a dose related
effect, and, therefore, provides additional proof in principle of Zyprexa’s
efficacy.

-

2. Comparisons.

Comparisons are odious. For this reason alone it is sensible to approach any
nominal advantage claimed by a sponsor for his product relative to a
competitor's with considerable caution, ever. if the ciaim seems to rest on
evidence adduced in an adequate and well controlled clinical investigation.
One concern is that an experimental design for determining whether or not a
drug is effective for use may be totally inappropriate for obtaining a fair
comparison of the utility and performance of two drugs. Moreover, even if
great care is taken to check the conditions under which the experimental
comparisons are made, the estimates of the comparative utility adduced in a
given experiment may be biased for any number of reasons, many not obvious.
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| believe that you share these views, at least insofar as the principle is
concerned.

Accordingly, | am surprised at your dismissal of my reservations {discussed
in footnote 3 of my August 18 memorandum) about the arguable validity of
the insiruments used to assess the comparative performance of antipsychotic
drugs. Moreover, | find your explanation for doing so unsatisfactory.

You seemingly dismiss, out of hand, my concern that an outcome assessment
instrument that is valid as a measure of antipsychotic effect in a drug
placebo triai might not reliably measure antipsychotic effect in a drug-drug
comparison trial. Perhaps, | failed to develop my argument well enough in my
memorandum of August 18, 1996, but the concem cannot be dismissed so
easily.

As with a lab test, the performance of an outcome assessment instrument
liess as much, if not more, in its specificity as in its sensitivity. The problem
in schizophrenia outcome assessment is that some of the so-called
“negative” signs and symptoms of that iliness are indistinguishable from the
pseudoparkinsonian signs and symptoms that are known side effects of
antipsychotic drugs like haloperidol. It would be reckiess, therefore, to
assume that a drug - haloperidol difference detected on an instrument that
registers negative symptoms is actually measuring a difference in
antipsychotic eftectiveness. To be clear, it is in theory possible to look at
individual scale items to see to what extent, if any, the difterence in total
scale scores is attributable to items that might register pseudoparkinsonian
signs/symptoms. Unfortunately, we have neither the luxury in time or
resources to do this now.

In sum, | believe you cannot dismiss fairly, or with reason, my view that the
validity of a measurement must be evaiuated in the context of the use to
which it is put, or stated conversely, that its validity capnot be judged from
its2 properties examined in isolation. This view is hardly mine alone; in fact,
it is the view celebrated in the guidance offered in the American
Psychological Association’s manuatl on psychometric test validity.

Accordingly, | believe your implication that my concern about the validity of
the assessment instruments can be dismissed on your personal observation

2 it refers to the instrument that generates the measurement
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that “Aithough ...a test could respond to some action of a drug other than its
antidepressant action, that seems equally true for the comparison with
placebo. The answer, | think, is to expect that a difference, to be considered
real, will show upon on all (most) of the tests we use to evaluale
antipsychotic, antidepressant, etc. tindings.”

By the way, | agree totally with your view about the value of products that
work where others fail. That, however, is a very different comparative
matter, one with very different implications for both labeling and
advertising.

4. Deaths

On this subject, | have only an observation. ! would be very wary of making
very much of any extrapolations based on a pooling of data taken from the
three drug development cohorts. | have no confidence, let alone a valid
means, to know just how comparable they are, and therefore, whether it is
appropriate to combine them. In short, any pooled estimate of a common
attribute wiill be of uncertain validity.

Incidentally, as to ‘p’ values for these or any other post hoc comparisons, |
doubt whether or not a correction for multiplicity is or is not made has any
effect on their validity. | speak primarily of data conditioned contrasts
among groups not formed by randomization. You can calculate a ‘p' value for
these contrasts, but it has no useful meaning. Such contrasts beg the
identity of the null hypothesis being tested in the sense that even if a low ‘p'
is obtained, the cause of the difference that is too small to be attributed to
chance remains uncertain.

Most of the other points covered in your memorandum are about specific
issues and | have no comments to offer about them, although Dr. Laughren
does in his memorandum. It also addresses issues raised in the course of our
mesting. Dr. Laughren also explains why we have not followed certain of your
suggestions.

in any event, my comments and observations notwithstanding, the NDA is
approvabie provided, of course, that Zyprexa is marketed under the draft
labeling that is serves as attachment 1 to the ag attion letter now
being forwarded.




Memorandum Department of Health and Human Services
Public Health Service
Food and Drug Administration
Center for Drug Evaluation and Research

DATE: August 18, 1996

FROM: Pau! Leber, M.D.
Director,
Division of Neuropharmacological Drug Products
HFD-120

SUBJECT: NDA 20-602 Zyprexa® [olanzapine]

T0: File NDA 20-592
&
Robert Temple, M.D.
Director, Office of New Drug Evaluation 1
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This memorandum conveys my endorsement of the review team’s unanimous
racommendation that the NDA for Zyprexa be declared approvable.

Introduction

The review team’s exposition of the evidence documents that the sponsor's
application provides sufficient information to establish, within the meaning
of the Act, that olanzapine will be “effective in use” and “safe for use”
under the conditions of use recommended in the labeling deveioped by the
Division's review team. In the course of its systematic review of the
intormation and reports provided, the Review team uncovered no finding or
issue that could be considered exceptional, disconcerting, or controversial.
Accordingly, the NDA has not been presented to the Psychopharmacologic Drug
Products Advisory Committee.

Our understanding of the data adduced in the 4 clinical studies deemed by
design capable of providing evidence of Zyprexa's eftectiveness in use was
increased substantially by the analyses conceived of and executed by Dr.
Hoberman, the mathematical biostatistician assigned to the review team.

His innovative conceptualization of “dropout cohorts” that provide a visual
display of the status of dropout's by treatment during each interval over the
course of a randomized trial provides an evidence rich basis to assess the
impact of censoring on analyses of the " intent to treat” samples upon which
primary descriptions of clinical trial results ordinarily rest.

Incidentally, my singling out of Dr. Hoberman's work is in no way intended to
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be appropriate io allow Lilly to advance for Zyprexa.
Effectiveness (absolute and relative?)

The NDA Providas “substantia| évidence” that olanzapine g an offective
antipsychotic drug product. This conclusion, however, g not intended to
Convey a judgment that the sponsors development program hags évaluated
8very important daspect of olanzaping’s use in the treatment of Psychosis that

drug development annot. To the contrary, those who yge the limitations of
the RCT to Promote the fatuoys notion that observationa| outcome studies
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and how best to administer it (i.e,. dose and regimen) for that use.

These limitations, of course, are hardly unique to the sat of trials conducted
by Lilly in its development of olanzapine. In fact, as development programs
go, Lilly’'s evaluation of olanzapine is a reasonably good one in light of its
primary intent.

Commercial drug development programs are intended to adduce, in the
shortest interval possible, the evidence that will allow the approval of an
NDA. Accordingly, sponsors do not ordinarily attempt to provide answers in
their NDA submissions to every question that may arguably provide useful
information about their product.

Moreover, it is not only economic considerations, but the prevailing political
environment, one which piaces great weight on the pace of drug development
(i.e., achieving the shortest possible latency between crug discovery and drug
availability at the bedside), that undermines the incentive to approach the
development of a new drug with the kind of flexibility that allows for the
adjustment of development plans to address questions and issues that were
unanticipated at the start of a development program (e.g., issues identified
during clinical testing)

There is, however, a force at work that operates to increase the volume of
clinical testing: marketplace competition. This characteristic of the current
health care economy virtually compels those developing new drugs, in
particular those that will compete with aiready marketed products, to
advance claims of superiority or advantage. It is this need that drives the
conduct of comparative drug trials.

One aspect of this is quite paradoxical. In the midst of an epoch where much
attention is being giver to efforts to make both the drug development and
approval process more efficient (i.e., to reduce the number of studies that,
respectively, must be submitted and reviewed, to support NDA approval),
sponsors are being driven to conduct more studies and, to boot, cnes that are
more complicated and difficult to conduct, at least validly. | write, ot
course, of studies intended to show a product's advantage to an already
marketed drug.

Such studies are not only more difficult to design and conduct fairly, but are
also more difficult to interpret. Indeed, their assessment requires that
attention be given to a number of issues that the “proof of principle”
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randomized, controlled effectiveness trials that regulators have long been
accustomed to evaluating tor assessing etfectiveness do not pose.

The typical controlled trial intended to document the advantage of a new drug
usually involves some kind of comparison between the new drug and an
already marketed product, typically one tha! dominates the market.
Haloperidoi, for example, is, if such a thing exists, pretty much the
“standard” antipsychotic drug product; accordingly, it is the product against
which new antipsychotic products are typically compared. Incidentally,
these comparisons need not be performed only in “stand atone” comparison
studies, but are often ‘piggy-backed” onto the design of the more traditional
offectiveness trial.

The review of NDAs, as a consequence, no longer focuses entirely on the
retatively simple issue of whether or not the product is, within the meaning
of the Act, “effective in use " and “safte for use,” but on the much more
vexing, perhaps unanswerable question, of whether or not the new drug is
better than the standard, if not globally, then on some clinically important
domain (ease of use, freedom from one or more untoward effects, etc. ).

None of this is wrong, in principle. The comparative performance of a new
drug is not only a legitimate question, but an important one. Who would not
want to know which of several competing products is most effective and
most safe? Who would not want t0 know that a particular drug, all things
considered, gives a “bigger bang for the buck.?” The problem, of course, is
that mere wanting is not sufficient. Valid comparisons of drug perforrnance
are not readily obtained. Moreover, even comparisons that on face appear
compelling and reasonable can prove misleading.

A primary reason is that the information required to determine whether or
not a particular comparison is fair and valid is rarely availablez.

2 This is an assertion. There are, as yet, no regulatory standards vis a
vis comparative claims. I believe, however, that for a drug product
comparison to be meaningful, the products involved must be cornpared at
equi-effective doses under conditions that do rot give one product an unfair
advantage. 1 also believe that, because equi-effective doses may not be the
same from sampie to sample, that a valid comparative design must be able to
show, from its internai results (not historical expectations), that the drugs
compared are being admirustered at the an equivalent positior. along their

response vs dose curve.
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Another problem is that Clinical studiasg, whether Conducted by academiciang
Or commerciaj Corporations rarely, if ever, provide 3 valid estimate of the
“effect size” of a product éven when the estimate derives from the resuit of
a clinical trig) 8xecuted with care and compatence. If one cannot know
reliably what the effect size is, how can 0ne judge the Clinical importance of
differences in the 5ize ot the eftect measyraq among severa| Products?

In study HGAD, a 23 center, study involving some 335 patients randomized o
2 dose ranges of olanzapine (5 +/- 2.5 mg/d, 10 +/- 25 mg/d, and 15 +/. 2.5
mg/d), halepesridol (15 +/- 5 mg/d) and placedo, thereg are no clear findings

consequence of drug action that s detected by the test instrument. The
FEamilton Scaje for Depression, for €xample, is sensitive to changes indyced
by established anti-depressants that have nothing to do with either drug
praduct’s therzpeutic antidepressant action. Accordingly, ¢aution is required
in interpreh‘ng the Meaning of between treatment differences even when

they are detecteq using instruments that are widely accepted as “valid” for
what may seem to be a very closely related yse
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that can be claimed 10 show that olanzapine is more effective than
haloperidol, although there are certainly some differences that could be
described as “hints” of it. These hints, however, aithough they are
consistent with common expectations predicted by the pharmacology of the
two drugs+ must also be considered in light of the patient sample's prior
experience with haloperidol and the doses at which the products are
compared. In sum, | would not interpret the resulis of HGAD as support for a
comparative claim, either explicit or implied, because 1) its design is
inappropniate,and 2) the sample of patients used is an inappropriate choice.

E003, is a basically failed study; moreover, by design and patient sample
selection would, if positive, not prove what the sponsor's wants to show.

Study HGAJ, Lilly’s very large® randomized trial comparing outcomes over a
6 week period among schizophrenic patients treated with olanzapine and
haloperidol (the dose of each drug was permitted to range between 5 mg and
20 mg a day, being adjusted according to the clinical judgment of
prescribers) is the second source that the sponsor can argue shows an
advantage of olanzapine. The titration design of HGAJ makes it ill-suited
for evaluating the comparative periormance of two drugs, however.

Moreover, like other studies in the sponsor's development program, it suffers
in that it entered a sample of patients with a history of prior use of
haloperidol, a factor, as noted earlier, that makes the study sample
inappropriate for comparison purposes.

| am not, however, as concemed as Dr. Laughren is about what he
characterizes as the small magnitude of the estimated between treatment
difference, nor that fact that a very large study was required to show that
the observed cifference is unlikely to be due to chance.

< Both the comparative neurotransmitter receptor binding profiles of
the products and the electrophysiologic studies of the products would lead
many experts to predict that olanzapine would be expected to exhibit less
‘neuroleptic’ activity than haloperidol. This, in turn, would not only be
axpected to influence the incidence and kind of ADRs reported, but any
effectiveness instruments that are sensitive to the subset of psychotic
phenomena (e.g., so-called negative signs/symptoms of Schizophrenia) that
overlap with those of pseudoparkinsonism.

s 1950 or so subjects in 186 US and European centers: 1312 on
randomized to olanzapine, 636 to placebo
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The size of a drug’'s effect is, as my earlier comments indicate, an
abstraction, a notion that is not yet fully reified. Importantly, the agency,
wisely given the potential ditficulties involved in reifying the concept, has
steered clear of the issue. | believe we should do so in the arguments about
HGAJ.

The allegedly “small” size of the measured difference, in my view, is not its
fault, at least from a regulatory perspective. In tact, it | were convinced
that differences observed in a study were truly a valid and accurate
reflection of a real ditference in therapseutic effectiveness of the products
compared, | would willingly endorse the presentation of the evidence
supporting the conclusion in product |abeling, although, as a matter of truth
in labeling, | would, if such hypothetical evidence did exist, require the
sponsor to include a display of the empirical cumulative distribution of the
between procuct difference in product iabeling.

in sum, although | have no reservations at ali about concluding, from the
evideance adduced and reported, that olanzapine wilt be effective in use
within the meaning of the Act, | would not go turther.

Morecver, | believe it is proper to ask that the firm make a commitment to
conduct clinical trials that can evaluate in a valid and meaningful manner
Zyprexa's performance in extended use as a maintenance treatment.

Evidence of safety for use
Preclinical findings

The full panoply of preciinical tests required to support the approval of an
NDA have been performed and reported. Review of the reports submitted has
not detected any result that would preclude approval of the NDA, although
some findings (e.g., those involving results of in vivo litetime
carcinogenic'ty testing) warrant description in product labeling.

Clinical findings

No pharmacologically active drug substance is absolutely free of risk. This
caveat offered, the evidence adduced in clinical testing that has so far been
reported to the Zyprexa NDA is more than sufficient to support the conclusion
that olanzapine, within the meaning of the Act, is safe for use under the
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directions of use given in the Division’s draft labeling.

it bears note that this conclusion is strongly conditicned on the evidence so
far adduced. No one should be surprised if, upon marketing, events of all
kinds and severity not previously identified are reported in association with
olanzapine's use. Moreover, post-marketing experience may easily provide a
very different impression of what are or are no! the primary considerations
of importance to the clinician and patient who, respectively, use and take,
Zyprexa. Again, these statements reflect a generic limitation on regulatory
inferences of 'safety in use' that Jerive from limited clinical experience
with samples of patients who do not fully reflect the population likely to be
treated with a drug upon its approval.

The safety data base reported upon in the Zyprexa NDA, at the time this
approvable action is being contemplated, involves approximately 2500
patients, While this is far above the minimum experience required for NDA
approval, it is not as robust as it may appear, especially if Zyprexa proves to
be, upon marketing, a very ponular drug produst. Under such conditions, a
very low propability of risk, one too small to make it likely that we would
see oven one case of the event in the NDA, might be sufficient to generate
substantial numbers of cases of the event upon marketing.

On the other hand, there are risks that seem cenain to be realized;
fortunately, they are not likely to be very different from those associated
with other antipsychotic drug products that have a similar profile of
receptor binding.

Olanzapine's dopamine receptor antagonist actions make it likely that the
product will cause prolactin elevation, pseudoparkinsonian signs and
symptoms, tardive dyskinesia and the neuroleptic malignant syndrome. It's
potent anticholinergic activity may cauvee some distress and its relatively
potent alpha adrenergic antagonism probably will be asscriaten with
orthostatic hypotension syncope, and risks that can arise as a secondary
consequence of these latter events.

In any event, the labeling text as proposed alerts the prescriber to these
ncks.  [f adopted as proposed and/or recommended (the sponsor still has

w: ’k to do), the Zyprexa product labeling will be informative and not talse or
rm l'eading in any particular.
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Recommendation:

Issue the draft approvable action letter that is forwarded in the ompany of
this memorandum znd action package.

8/18/96
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1.0 Material Utilized in Review

1.1 Materials from NDA/IND

The following items were examined during the course of this
clinical review:

Table 1.1.1 Documents Utilized in Clinical Review

DATE RECIPIENT DESCRIPTION

7/20/95 Tom Laughren Draft Integrated Summaries of Safety and
Efficacy

8/10/95 Tom Laughren Rewised Table of all Studies

8/11/95 Tom Laughren Adverse Event Listings

8/14/95 Tom Laughren WP 6.1 formatted tables

9/1/95 Tom Laughren Efficacy analyses

9/12/95 Tom Laughren Draft ISS Bibliography

9/21/95 NDA 20-592 NDA Submitted

9/26/95 NDA 20-592 CD-ROMS 18 containing scanned case report
forms, 1 instatlatior CD and 1 upgrade disk

8/27/95 NDA, 20-.592 WP 6.1 15 diskettes contaning ISE, ISS,
selected tablec and draft labeling

9/28/95 NIDA 20-592 Listing of adverse events sorted by event and
patient

10/4/95 1 NDA 20-592 Diskette of efficacy data for HGAD, E003,
HGAP, and HGAJ

10/19/95 NDA 20-592 CD-ROMS containing NDA document reviewer

10/31/95 NDA 20-592 Correction of typographical errors in item 6
Table of contents

11/2/95 NDA 20-592 CD-ROM containing data browser

11/20/95 Paul Andreason FAX of index to WP 6.1 diskette files

3/26/96 Steve Hardeman FAX of trademark perspective

4/17/96 NDA 20-592 Rewvised trademark

5/13/96 | Paul Andreason FAXed response to 5/8/96 question
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5/20/96 Paul Andreason Diskette and letter re: ISS request of $/14/96

6/4/96 NDA 20-592 Patient narratives requested by Paul Andreason
re: Leukopema/Neutropenta

6/10/96 NDA 20-592 Safety analyses from the placebo-controlled
trials requested by Paul Andreason and Greg
Dubsitsky on 6/3/96

6/14/96 NDA 20-592 Response to 5/13/96 CM&C questions

6/27/96 IND Letters re: Drs. Borison and Diamond

6/28/96 Greg Dubitsky FAXed patient summary HGAJ 328-3070

7/12/96 IND [nformation on re-evaluation of HGAD efficacy
exciuding IDr. Bonison data

rm

Table 1.1.2 Case Report Forms examined during review "

HGAD 002-1054 HGAJ 049-1257 HGAO 006-0615 HGAJ 307-2847
HGAD 002-1056 EGAJ 051-0319 HGAO 012-1208 HGAJ 307-3049
HGAD 002-1057 HGAJ 069-1309 HGAO 015-1903 HGAJ 049-1257
E002 103-1105 HGAJ 203-2409 HGAO 020-2003 HGAJ 049-0767
EQ03 105-1056 HGAJ 306-2837 HGAC 022-2210 HGAJ 027-0954
EC03 105-1061 HGAJ 329-23158 HGAC 007-0712 E003 304-3069
HGAJ 035-0206 HGAJ 338-3266 HGAJ 025-0148 HGAJS 304-2825
HGAJ 040-0850 HGAJ 752-6057 HGAJ 025-0499 HGAJ N42-1464

HGAJ 042-0507 HGAJ 990-7728 HGAJ 810-6365 HGAP 002-1062

An audit of case report forms was made to compare the data
contained therein with the information presented in the case
summaries. All patient deaths in the olanzapine treatment groups
of the primary integrated database, the olanzapine patients at
study site 002 in study HGAD (Dr. Borison's site), and 12
randomly chosen adverse dropouts judged not to be drug related
(as determined by the patient summary) were audited. Patient
summaries were accurate representations of data contained in the
case report forms and often contained follow-up information not
included in the CRF (e.g. causes of death from autopsy reports,
reports of death in patients who had dropped out, graphic
summaries of laboratory data). The sponsor stated that follow-up
information contained in the patient summary tbhat did not appear
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in the case repost form was reported through the “Drug Experience
Network" (DEN). 1If a patient terminated a study the CRF could be
picked up from the investigator as soon as within two weeks of
the termination. If a death or serious adverse event occured
within 30 days of termination but after the CRF had been closed,
the investigator would report the death through the DEN
(e.g.patients HGAO 019-1903 and 022-2210).

Case summaries were used to review all serious adverse events,
adverse dropouts, and deaths (even when CRFs had been examined) .
Cagse summaries of all patients with any white blood count of less
than 2.8 Gi/L or neutrophil count of less than 1.5 Gi/L were also
examined.

IND 28,705, the sponsors IND for olanzapine, contained no
additional pertinant safety or efficacy data that was not listed
above.

1.2 Related Reviews

IND

Reviews from the sections on chemistry, biopharmacology,
toxicology, and biometrics were read and considered as part of
this clinical review.

2.0 Backgreound

2.1 Indication

Olanzapine is a novel antipsychotic agent for the treatment of
psychotic disorders, including schizophrenia. The
pathophysiology of these disorders may include abnormal receptor
density distribution and/or supersensitivity in several specific
regional systems, eg dopamine (D). D, receptor antagonism is
regarded as being predictive of clinical and pharmacological
potencies of conventional antipsychotic drugs. More recently,
the D, family has been shown to include the D, receptor, which is
highly localized to the mesgolimbic area. In vitro, olanzapine is
a D4/D,/D; receptor antagonist.

There is also increasing evidence that a disturbance in serotonin
{(5-HT),-like (and perhaps 5-HT, or 5-HTg) receptors characterizes
schizophrenia. It has been proposed that a distinguishing
characteristic and, therefore, a desirable property of novel
antipsychotics is antagonism of 5-HT,-like receptous. This
property may be resporisible for the improved efficacy profile
among patients refractory to conventional antipsychotics, in the
treatment of negative symptoms, and in secondary dysphoric mood.

2.2 Related INDs and NDAs

IND is the sponsor’s IND for the development of
Clanzapine.
IND for the study of

olanzapine and haloperidol in the treatment of
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) it was recommended to proceed on November 3.
1995, and there is no data from this IND available.

There are no other INDs or NDAs for olanzapine.

Olanzapine is most closely related to clozapine and respiridone
in its pharmacolegic action. Risperidone is indicated for the
management of the manifestations of psychotic disorders.

The antipsychotic efficacy of risperidone was established in
short-term (6 to 8 weeks) controlled trials of schizophrenic
inpatients. Clozapine use is associated with serious but usually
reversible agranulocytosis. For this reason, a rigorous routine
of hematologic monitoring accompanies the use of clozapine. The
sponsor has not yet identified serious hematologic adverse events
with the use of olanzapine.

2.3 Administrative History

The original IND application was submitted July 24,
198%. An end of phase II meeting was held with the sponsor on
March 1, 1993. A pre-NDA meeting was held with the sponsor on
February 16, 1995. There are no previous NDAs and the sponsor
has never applied to market olanzapine in any other country.

2.4 Directions for Use

Olanzapine is indicated for the treatment of manifestations of
psychotic disorders consisting of positive and/or negative
psychotic signs and symptoms. The antipsychotic efficacy of
ZYPREX was established in two é-week controlled trials in
schizophrenic inpatients and in schizophrenic, schizophreniform,
and schizoaffective in- and outpatients. The suggested starting
dose is 10 mg po per day, and the suggested daily dose range is
5-20 mg po per day. When clinically indicated, it is
recommended for most patients that an increase to a dose >15
mg/day be made only after the patient has been treated with a
starting dose for at least 4 days.

Chronic olanzapine treatment should generally be reserved for
patients who suffer from a chronic illness that: 1) is known to
respond to antipsychotic drugs, 2) requires maintenance therapy,
and 3) for whom alternative nonpharmacologic treatmentg are not
available or have not been effective alone. In patients who do
require chronic treatment, the lowest effective dose for the
shortest necessary duration of treatment should be sought. The
need for continued treatment should be reassessed periodically.

If signs and symptoms of tardive dyskinesia appear in a patient
on olanzapine, drug discontinuation should be considered.

2.5 Foreign Marketing

Olanzapine has never been marketed nor have previous applications
for marketing occurred anywhere in the world.
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3.0 Chemistry

ZYPREX™ (olanzapine) is an antipsychotic agent that belongs to
the thienobenzodiazepine class. The chemical designation is 2-
methyl-4- (4-methyl-1-piperazinyl)-10H-thieno{2,3-b} -
[1,5]benzodiazepine. ZYPREX tablets are intended for oral
administration only. Each tablet contains olanzapine equivalent
to 2.5 mg (8.0 umol), 5 mg (16 umol}, 7.5 mg (24 umol}, or 10 mg
(32 umol) clanzapine activity. There are no chemistry,
manufacturing or control problems of clinical concern.

4.0 Animal Pharmacology

Olanzapine is a potent 5-HT,,/5-HT,c/5-HT3/5-HTs, D¢/D,/D;, and
muscarinic cholinergic (M;-Ms} antagonist. It also possesges o -
adrenergic and H,;-histaminergic affinity. The compound’s
receptor binding profile is similar to that of the "atypical"
acent clozapine. The likely clinical relevance of this
pharmacologic profile (as also shown by the "atypical®
neuroleptic agent clozapine) is also believed to be a reduction
of the incidence and severity ot drug-induced extrapyramidal
symptoms and tardive dyskinesia.

Carcinogenicity studies were conducted in CD-1 mice and Fischer
344 rats. Olanzapine was administered corally to mice at doses of
3, 10, or 20 mg/kg for 19 moaths (males) or 21 months (females)
in an initial study, and in a subsequent study at doses of 0.5,
2, or 8 mg/kg for 21 months (males and females). Rats received
oral doses of 0.25, 1, 2.5, or 4 mg/kg {(males}) or 0.25, 1, 2.5,
4, or 8 mg/kg (females) for 24 months. These doses are equivalent
to 2 to 70 times the maximum daily human dose {mouse studies) or
0.9 to 28 times the maximum daily human dose (rats). A maximum
tolerated dose was achieved in both mouse and rat studies.

Increased mortality was seen in mice at doses of 10 and 20 mg/kg
and decreases in circulating lymphocytes and neutrophils were
seen at doses >0.5 mg/kg. In female mice treated with olanzapine,
the incidence of mammary tumors was increased at doses >2 mg/kg.
Female rats treated with 4 or 8 mg/kg had an increase in
malignant mammary tumors, but the overall incidence of mammary
gland neoplasia was unchanged. Olanzapine has been shown to
chronically elevate prolactin concentrations in rodents. An
increase in mammary neoplasms has been found in rodents after
chronic administration of other antipsychotic drugs and is
considered to be prolactin mediated.

No evidence of mutagenic potential for oclanzapine was found in
the Ames reverse mutation test, in vivo wicronucleus test in
mice, the chromosomal aberration test in Chincae hamster ovary
cells, unscheduled DNA synthesis test in rat hepatocytes,
induction of forward mutation test in mouse lymphowa cells, or in
vivo sister chromatid exchange test in bcne marrow of Chinese
hamsters.
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Mating performance was affected by administration of clanzapine
due to sedation in male rats given doses greater than 18 times
the maximum daily human dose, but the effect was gquickly reversed
when treatment stopped. Estrous cycles were affected in rats
given doses greater than 4 times the maximum daily human dose. No
adverse effects were observed on numbers of corpora lutea,
implantations, fetal viability, or fetal weight, and there were
no effects on litrer size or on the survival, growth, or
development of the offspring from parents given up to 18 times
the maximum daily human dose. Although the reprnductive process
in female rats from mating through fertilization was not
adversely affected by treatment, this evidence does not exclude a
possible interference with maintenance of pregnancy at high doses
of olanzapine.

Reproduction studies, performed in rats and rabbits at doses of
olanzapine 3.5 and 7 times the maximum daily human dose (20 mg),
respectively, have revealed no evidence of harm to the fetus.
Maternal tcxicity, developmental toxicity (indicated by fetal
growth retardation and slightly delayed ossification at birth),
and increased numbers of nonviable offapring occurred at higher
doses (in rats at 14 and 63 times the maximum daily human dose
and in rabbits at 28 and 105 times the maximum daily human dose).
Fetal malformaticns were not increased. Transient decreases in
offepring activity have occurred at all doses; however, there
were no effects on body weight, growth, mating, fertility or live
births in second-generation animals.

Olanzapine produced a dose-related delay in estrous in rats due
to hyperprolactinemia from dopaminergic antagonism. Placental
transfer of olanzapine occurs in rat pups. Olanzapine was
excreted in milk of treated rats during lactation.

S.C Description of Clinical Data Sources

S.1 Primary Development Procranm

A table describing and enumerating all of the studies performed
in the development program of olanzapine for human use is in
appendix 5.1.1 in table 5.1.1.1. The primary data cutoff date
for information included in this integrated summary of safety was
February 14, 1995 (integrated primary safety database, secondary
safety database). The second data cutoff date for information
about deaths and serious adverse events was June 30, 1995
(integrated primary safety database
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Table §.1.1.2. Patient Enumeration by Database, Study Type. and Study Design
Cornpleted and Ongoing Studies
Treatment Group
_Database/Study Type/Study Design Olanzapine Active Control  Placebo
I rated Prima Database
{All mltiple-dose studies)
Placebo-Controlled Studies
Fixed-Dose 102 50
[ose-Ranging 318 69 186
Active-Controlled Studies
Dose-Ranging 1686° 744"
Uncontrolled Studies
Al 939 (545)°
Subtotsl: Primary Database 2500 810 238
Secondary 3afety Databaze
Clinical Pharmacology Studies
Single-Dose 283 6 11
Multiple-Dose 87 16 30
Subtotal: Clinical 7o 22 41
Pharmacology Studies
Open-Label! Studies
(All multiple-dose studies)
All 319 (62)° 4
Phase 3 Studies
{All multiple-dose studies)
All 12
Subtotal: Secondary Databass 839 28 41
Total - Single-Dose Studies 283 6 11
TﬁT - Multiple-Dose Studies 2856 830 266
GRAND TOTAL 313 2
*  Number does not include 198 patents mized 10 0 ine ar patents 0 n

three-treatment-group study HGAD),; these patients are included in the counts given in the Olanzapine and the Active
Control columns under Placebo-Controlled Studies, Dose-Ranging.

*  Number in parentheses (545) rcpresents olanzapine-treated patients participating in open-lsbel extension studies. but
already counted in the Olanzapine column under Placebo-Controlled Studies or Active-Controlled Studies.
Number i1n parentheses (62) represents olanzapine-ureated patients partcipating s open-label exienson studies
conducted 1n Japan, but already counted in the Olanzapine column under Open-Label Studies.

Y An addiional 14 patients had been enrolled in a controlied Phase 3 siudy (FID-MC-HGBA). but the therapy was still
blinded. These patienis are not included in this enumeration table
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5.1.2 Demographics

Characteristics of the patients assigned to treatment with
clanzapine (patients who crossed over to olanzapine treatment
included), placebo, or haloperidol in the integration of
primary studies are summarized in Table 5.1.2.1. The mean age
of patients assigned to treatment with olanzapine was 41 years,
compared with a mean age of 37 years in the haloperidol group,
and a mean age of 57 years in the placebo group. The
corresponding age ranges for the three groups were 18 to 94, 18
to 79, and 18 to 93 years, respectively. The mean age was
nigher in olanzapine-treated patients and substantially higher
in placebo-treated patients than in haloperidol-treated
patieats because of the influence of study HGAO. Study HGAO
compared only olanzapine and placebo and was conducted in a
geriatric population.

Table 5.1.2.1 raphic Profile for Studiesin Primary database
anzapine ) ace
(N =2500) (N=810 (N=236)

Measure “No. [§.9) No. %) No. (%)
Sex: No. (%)

Male 1608 {64.3) 537 (66.3) 134 (56.8)

Female 892 35.7 21 (33.7) 102 (43.2)
QOrigin: No. (%)

Caucasian 2006 (80.2) 629 (71.7 179 (75.8)

African descent 281 (1..2) 101 (12.% 41 (17.4)

East/Southeast Asian 39 {1.6) 14 (1.7 3 (1.3

Western Asian 21 (0.8) 8 (1.0) - --

Hispanic 96 (3.8) K} 4.7 12 (5.1)

Other ongin 57 (2.3) 20 2.5 1 (0.4)
Ape (yrs)

Mean 4] 37 57

Range 18 10 94 181079 18 10 93
Age: No. (%)

<40 yrs 1395 (55.8) 503 (62.1) 79 (33.5)

40 10 <65 vrs B42 (33.7 292 (36.0) 40 (16.9)

265 yrs 263 (10.5) 15 (1.9) 117 (49.6)
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5.1.3 Extent of exposure (dose/duration)

Patiert exposure to olanzapine in the studies included in the
integrited primary safety database, based on modal daily dose,
is sumwarized in table $.1.3.1. Studies included in the
secondary safety database are not represented in this table.
The modal dose is defined as the dose prescribed for or dose
taken by the patient for the most number of days. (In studies
HGAD, EO003, HGAP, and HGAO information about the dose
prescribed was collected; in study HGAJ information about the
dose taken was collected.) The maximum dose of olanzapine
permitted in any of these studies was 20 mg/day. Data from all
study phases (including extensions) are included in the table.
Some patients assigned to therapy did not have any study drug
use recorded in their clinical report forms (olanzapine, 39 of
2500 patients assigned to therapy; olanzapine, 2 of 263
patients 265 years of age assigned to therapy). The patients
may or may not have taken study drug, but are counted as having
been exposed to stud, drug for safety analysis purposes. As
stucdy drug records are not available, these patients do not
contribute to study drug exposure analyses and are not included
in table 5.1.3.1.Exposure to olanzapine, based on the modal
daily dose, is summarized in 5.1.3.1 for all patients. Data
are pooled from all five studies in the overall integrated
database (studies HGAD, E003, HGAP, HGAJ, and HGAO).

Table 5.1.3.1 Patient Exposure to Olanzapine Therapy Modal
Daily Dose Integrated Primary Database

Duration Dosuge Range
{Days) 0-—<3mg 5—<10mg 10<15mg 15-<20mg >=20mg Total )
<=14 43 134 38 32 0 247 (10.0%)
14<-31 k13 72 7% 50 15 252 (10.2%)
3i<-91 o 13 113 108 137 579 (23.5%)
91<-183 93 86 91 7¢ 167 S07 {20.6%)
183<-270 6 49 52 62 142 1 {12.6%)
270<-365 3 k 5@ 37 114 264 (10.7%)
>l65 3 41 57 19 121 301 (12.29%)
Total 274 545 488 458 696 2461
(%) (11.1%) (22.1%) {(19.68%) (18.6%) (28 .3%)

5.1.3.2 Total patient-years of exposure in primary database:
S

Olanzapine .
Haloperidol 193.4
Placebo 27.1
]

5.2 Secondary Sources of Clinical Information

$.2.1 Non-IND Studies

All studies performed by the sponsor with olanzapine (including
non-IND studies) are listed in table S.1.1.1. The primary
clinical database is designated as studies HGAD, HGAP, HGAJ,
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HGAO, and E003. The secondary database was reviewed for
applications to specific safety questions (e.g. drug-drug
interactions, drug-disease interactions), serious adverse
events and deaths. Data from IND 48,944 has not been generated
and therefore was not reviewed.

5.2.2 Post-marketing Experience
Olanzapine has not been marketed in any country thus far; this
1s the initial NDA.

5.2.3 Literature

The sponsor’s process for selection, storage and retrieval of
published articles is as follows- searches were performed on
seven computer-databases with th search terms of "olanzapine"
or "LY170053". 211 publications containing pre-clinical and
clinical data were included in the reference section in volume
214. Databases searched by the sponsor were EMBASE, PSYCHINFO,
BIOSIS, SCISEARCH, MEDLINE, RINGDOC, and PASCAL through August
25, 1995. The sponsors warranted that they had reviewed thesge
references for potentially clinically significant adverse
events and reported on all that they found. All abstracts of
included articles were reviewed. No significant adverse events
were found that were not addressed in the review of svatems
section 8.2; This is because all patient exposure is limited to>
the Lilly development program.

5.3 Adequacy of Clinical Experience

The sponsors have exposed an adequate number of patients to
olanzapine, in appropriate dose ranges, and for appropriate
durations to generate a significant safety database. The
sponsor has exposed both men and women, whites and non-whites,
and young, middle-aged and elderly patients. The sponsors have
an adequate number of placebo-controlled clinical trials to
judge efficacy.

5.4 Data Quality and Completeness

The data is complete in that the rating scales, laboratory
values and other planned tests were performed and adequately
documented. The data quality appears sound; however, the
clinical investigator at site 002 in study HGAD resigned
recently under allegations of “scientific misconduct”. There
were 17 patients at thls site: 10 in the olanzapine group, 4 in
the haloperidol group, and 3 in the placebo group. The
Olanzapine patients were divided into 3 for the low group, 4
ter the middle group and 3 for the high group. This
information was received June 29, 1996 via FAX, and a
statistical review of the study was performed by the sponsor
wherein the study was re-analyzed after excluding the patiants
from this site. All clinical efficacy variables were re-
analyzed and statistical significance was maintained. Medical
quality assurance audits did not reveal “significant GCP [Good
Clinical Practice) compliance issues"” with this investigational
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site.

6.0 Human Pharmacokinetics

Plasma ccncentrations of ovally administered olanzapine were
linear and dose proporticnal in trials studying doses from 1 to
15 mg. The maximum plasina concentrations (Cmax) of olanzapine
after single oral doses of 5, 10 and 15 mg averaged 7, 14, and
21 ng/mL, respectivzly (20 ng/mL = 0.064 uM). The Cmax was
attained 5 to B8 hours after dosing. After once-a-day repeated
dosing, steady-state Cmax was approximately twice that achieved
after a single dose (eg, 23 ng/mL versus 12 ng/mL for a 10-mg
dose) .

The half-life of olanzapine ranges from 21 to 54 hours (5th to
95th percentile), and apparent plasma clearance ranges from 12
to 47 L/hr (5th to 95th percentile). Mean t,, for male and
females ,65 years old ware 29 and 39 hours repectively; mean
L4z for males and females >65 were 49 and 55 hours
respectively.

The relative oral biocavailability of olanzapine as a tablet in
comparison to an oral suspension was eqguivalent. Food does not
affect the rate or extent of clanzapine absorption.

Olanzapine is a very weak inhibitor of drug-metabolizing
enzymes. Average steady-state plasma concentrations (40 ng/mL,
0.13 uM) are 100 times less than those necessary to inhibit the
following enzymes: P450 CYP1lA2, CYP2C9, CYP2C19, CYP2D6, and
CYP3A.

The plasma protein binding of oclanzapine is about 93% and is
concentration independent. Olanzapine is bound predominantly to
albumin and o,-acid glycoprotein. As such, the potential exists
that it may displace drugs from their binding sites on plasma
proteins or other drugs may displace olanzapine. The impact of
protein binding interactions with other drugs has not been
systematically assessed.

Renal Impairment

The principal mechanism by which olanzapine is eliminated is
via metabolic transformation to metabolites that are excreted
in bile or urine. The degree of renal function does not have a
major impact on the pharmacokinetics of olanzapine. However,
mass balance studics show that approximately 57% of
radiclabeled olanzapine appears iun urine and 30% in feces. The
radioactivity in urine consists principally of metabolites.
Therefore, renal dysfunction is unlikely to have a major impact
on the pharmacokinetics of olanzapine, but may result in the
accumulation of renally excreted metabolites. The dose of
olanzapine does not need to be adjusted based upon a patient’'s
renal function alone, The single dose PK characteristics cf
olanzapine were similar in patients with severe renal
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impairment and normal subjects. However, multiple-dose studies
in patients with renal failure have not been performed.

Hepatic Impairment

Olanzapine is metabolized by oxidative enzymes to a variety of
metabolites. The effect of impaired liver function was
2valuated in subjects with clinically significant (Childs Pugh
Classification A and B) cirrhosis. The effect of impaired liver
function on olanzapine metabolism was assessed by giving single
oral doses to these subjects. The preliminary pharmacokinetic
assessment indicates no major effect of cirrhosis upon the
pharmacokinetics of olanzapine. More cirrhotic and normal
control subjects are being recruited for study. Because there
are multiple pathways, including glucurconidation, involved in
olanzapine’s metabolic routes, the overall impact of reduced
liver function may be mitigated by alternative ‘aetabolic
pathways and sites of metabolism. Based upon che availanle
pharmacokinetic data, a dosage reduction for patiente with
impaired hepatic function is not warranted. The sponsors
continue to enroll additional subjects in study F1D-LC-HCAU and
a final summation will then be possible.

Smoking

In a study involving 24 healthy subjects, the mean elimination
half-life of olanzapine was prolonged in elderly subjects
compared with non-elderly subjects. The pharmacokinetic
variability among the elderly was within the variability of
their non-elderly counterparts.

Large-scale population pharmacokinetic analyses show that the
clearance of olanzapine in females is approximately 30% lower
than in males.

In vitro micro-enzyme studies

Results from in vitro metabolism studies of olanzapine using
human microscmal preparation indicate that the cytochrome P-450
enzyme system (CYP} and the flavin-containing monooxygenase
system (FMO)} are responsible for metabolite formation.
Olanzapine also undergoes conjugation with glucuronic acid.
Metabolites of olanzapine in humans include 10-N-glucuronide
clanzapine, 4’-MN-glucuronide olanzapine, 2-hydroxymethyl
olanzapine formed by CYP2D6, N-desmethyl olanzapine formed by
CYP1A2, and N-oxide olanzapine produced by the FMO.

In vitro microsomal studies show that olanzapine is a weak
inhibitor of the following human, drug-metabolizing, cytochrome
(CYP) P-450 enzymes: CYP2C% (Ki = 715 mM), CYP2C1l9 (Ki = 920
mM) , and CYP3A4 (Ki = 490 mM). The Ki for CYP2D6 is 89 mM);
and the Ki for CYP1A2 is 36 mM. Based upon these Ki values,
little inhibition of these cytochrome P-450 enzymes is expec.ed
in vivo at concentrations below 10 mM (roughly 3000 ng/mL)
because the olanzapine concentration will be less than 10% cf
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its Ki value. Observed steady-state plasma concentrations of
olanzapine are rarely >150 ng/mL (approximately 0.5 mM).

In Vivo Drug Interaction Studies

Two studies showed pharmacodynamic, but not pharmacokinetic,
drug interactions between olanzapine and diazepam and
olanzapine and ethanol. Mild increases in heart rate,
sedation, and dry mouth were accentuated by the diazepam
combination. Single-dose ethanol administered with olanzapine
also increased heart rate and accentuated postural hypotension.

In study F1D-LC-HGAQ involving healthy volunteers, minor
effects were seen with the combination that were not observed
with olanzapine 5 mg and imipramine 75 mg given aloune. Human
performance (HP) testing during the combination showed a minor
depression in only one motor activity variable (HP Visual-Arm
Random Forward Reach Speed, M4). Questionnaire data suggested
that imipramine given with olanzapine counteracted an excited
feeling after olanzapine administered alone. Although these
effects were small, higher doses of these two agents in
combination have not been evaluated.

Human studies of the potential for interaction between
olanzapine and other drugs have focused on the potential
effects of olanzapine and the pharmacokinetics of other drugs,
or vice versa. The studies have utilized drugs with a known
potential for interaction or those with a narrow therapeutic
index. TFharmacokinetic interaction studies include imipramine,
carbamazepine, ethanol, warfarin, lithium, cimetidine,
diazepam, and biperiden. Olanzapine did not affect the
pharmacokinetics of these drugs. Multiple doses of
carbamazepine induced the metabolism of olanzapine leading to
olanzapine plasma concentrations that were 30% lower.

None of these pharmacokinetic results led tc a conclusion that
the dose of either drug should be substantially modified when
given corcomitantly. The pharmacodynamic interactions observed
within these studies were generally minor. However, rapid
ingestion of 200-proof alcohol was associated with moderate
clinically significant events, such as tachycardia and postural
hypotension. Patients should be warned about this combination.
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7.0 Efficacy Findings

7.1 Overview of Studies Pertinent to Efficacy

The sponsors present 4 studies in support of olanzapine as
effective in the treatment of the symptoms associated with
psychotic disorders. All studies were multi-center, double-
plind, randomized, parallel group by design. Study HGAD was
multinational, placebo and active controlled with flexible dosing
within three ranges. Study E003 was multinational, active
controlled with flexible dosing within three ranges. HGAP is a
US placebo controlled fixed dose study. HGAJ is a multinational,
active controlled, fixed dose study. A fifth study in the
primary database, HGAO, is a US, placebo controlled, flexible
dose study of the efficacy of olanzapine in the treatment of
psychotic symptoms associated with primary degenerative dementia
of the Alzheimer’s type with symptoms of psychosis. This study
will not be considered in the review of efficacy of olanzapine in
the treatment of psychotic symptoms associated with
schizophrenia; however this study will be considered as part of
the primary safety database.

7.2 Summary of Studies Pertinent to Efficacy

7.2.1 Pixed Dose Study HGAF

Study HGAP, a multicenter, randcmized, double-blind study,
compared two fixed doses of olanzapine (1.0 mg/day; 10.0 mg/day)
with placebo in the treatment of 152 patients who met the
DSM-III-R criteria for schizophrenia.

The study had a placebo lead-in phase (Study Period I), an acute
phase (Study Period II), and an open-label extension phase (Study
Period III). The acute phase occurred between August 1993 and
April 1994. A prief summary of the efficacy results of the acute
phase of study HGAP follows.

Investigators and Location

The study was conducted at 12 sites in the United States. A list
of the investigators and sites is listed in Appendix 7.2.1, table
7.2.1.1.

Objectives

The objectives of the study were 1) to evaluate the efficacy and
safety of two fixed doses of olanzapine with placebo; 2) to study
potential relationships between dose, plasma concentration of
clanzapine, and clinical therapeutic effect; and 3) to allow
open-label, potentially long-term treatment with olanzapine in
the dosage range of 5 to 20 mg/day.

Study Population

Patlents had to meet the diagnostic criteria for schizophrenia
(295.1 to 295.3, 295.9) according to the DSM-III-R. Residual
Type 295.6 was excluded. Patients suffered sufficient symptoms
such that the initial score (Visit 1) of severity of illness on
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the BPRS was at least 24 (0 to 6 scale).' The severi:ty of
illriess as judged on the CGI Severity scale was at least moderate
(score =4) at Visit 1.

Patients were excluded if they had a diagnosis of
schizophreniform disorder/schizoaffective disorder or psychotic
disorders other than schizophrenia. Other inclusion and
exclusionary criteria are listed in Appendix 7.2.1 Table 7.2.1.2.

Design

HGAP consists of three phases, a placebo run-in phase (I), a 6
week treatment phase (II), and an open label ex%ension phase
(I1I). After a 4- to 9-day placebo lead-in phase (Study Period
I), patients who were experiencing a clinically significant
psychotic episode as part of schizophrenia were randomly
allocated to one of three treatment groups (Study Period II).
Patients were started on the assigned dose without titration
(i.e. placebo, olanzapine 1.0 or 10.0 mg/day). Patients who
wished to continue double-blind therapy and completed greater
than 5 weeks of double-blind therapy during Study Period II
(through Visit 8) could enter the open-label phase (Study Period
III) at Visit B if they had not experienced any clinically
serious adverse events. Patients who completed more than 3 weeks
(through Visit &) of double-blind therapy in the acute phase and
failed to show adequate response could enter the open-label phase
at Visit 6, 7, or 8.

Asgsegsments

Efficacy evaluations were based on assegsments of patient
improvement on the PANSS, the BPRS extracted from the PANSS, CGI
Severity, and PGI (Patient’'s Global Improvement) Improvement. All
of these assessments, except the PGI Improvement, were made at
each visit. The PGI Improvement assessment was made at every
visit except Visit 1. The PANSS is a rating scale used to assess
positive symptoms, negative symptoms, and general
psychopathology, specifically in schizophrenia. It consists of 30
items scored on a scale of 1 to 7. The BPRS, extracted from the
PANSS, was the primary efficacy criterion for the study and
consists of 18 items. To calculate whether patients met percent
improvement criteria, a rating system of 0 {normal) to 6
{ex.remely ill) was used when administering the BPRS. Since there
are 18 items in the BPRS, this scoring scale produces a score
which is 18 points less than the BPRS total score using the
system of 1 to 7. The BPRS tctal scores used throughout this

'The BPRS is an 18 item rating scal. that measures the
severity of psychotic symptoms. Each item is scored from 1 to 7;
one is least severe f{absent), seven is most severe. The sponsors
chose to make this a 0 to 6 scale. The minimum criteria for
illness would therefore be 24+18=42 if one were measuring by the
standard scale.

NDA 20-582 Paje 15



study report, unless noted otherwise, are calculated from the 0
to 6 scale.

A full list of assessments and the schedule by which they are
done is listed in Appendix 7.2.1 in table 7.2.1.3.

Analysis Plan

All analyses were done on an intent-to-treat basis, meaning all
patients were included in the treatment groups to which they were
randomized, even if a patient did not strictly adhere to the
protocol. All randomized patients for which there was a baseline
(Visit 2) and at least one postbaseline measurement were included
in the analyses in accordance with an "intent-to-treat"
principle.

When LOCF and OC change from baseline to endpoint was assessed,
patients were included in the analysis only if a patient had a

baseline and a postbaselines measure. The baseline measure was

the Visit 2 observation, unless it was missing, then it was the
Visit 1 measure. The endpoint measure was the last measure in

the acute phase (Visits 3 through 8).

Treatment groups were compared with regard to change from
baseline to endpoint in BPRS total, positive, and negative
scores; PANSS total, positive,