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1.0 Material Utilized in Review
1.1 Material from NDA/IND

This NDA submission was presented i a combination of hard copy and electronic format. Case report
forms were submitted in electronic format only. There were no electronic data sets provided for this

review.

The documents most frequently referred to for the purposes of this review were the following;

Integrated summary of efficacy
Integrated summary of safety
Study reports for trials 125 and 126
Literature summary

Also considered were Pfizer’s commercial INI 'NDA 20-825 (ziprasidone po for psychotic
disorders) and IND » o

PR

Case report forms were examined for the following subjects: 125-795-0071 and 126-063-80121.

1.2 Related Reviews, Consults, etc.

The Division of Cardio-Renal Drug Products was consulted for issues conceming ziprasidone’s
cardiovascular adverse events, review by Sughok K. Chun, M.D. (HFD-110:10/23/98), and by Charles J.
Ganley, M.D. (HFD-110: 11/18/98 and 1/6/98). Also referred to were the following documents: 1)
Clinical Pharmacology and Biopharmaceutics Review by Sayed Al-Habet, Ph.D. (HFD-860: 5/2298), 2)
Statistical Review and Evaluation by Sue-Jane Wang, Ph.D. (HFD 710 &715), 3) Summary and Evaluation
of Pharmacology and Toxicology by Lois M. Freed, Ph.D. (HFD:120: draft), 4) CDER correspondence of
nonapprovable letter to Pfizer for NDA 20-825 by Robert Temple, M.D. (HFD-101: 6/17/98) 5)
Memorandum Re: Pfizer NDA 20-825 by Paul Leber, M.D. (HFD-120: 6/1/98) , 6) Memorandum Re:
Pfizer NDA 20-825 by Thomas P. Laughren, M.D. (HFD-120: 5/14/98), and 7) Review and Evaluation of
Clinical Data of Ziprasidone HCL:NDA 20-825 by Roberta L. Glass, M.D. (HFD-120: 4/30/98).

1.3 Other Resources

Dr. Andrew Mosholder provided excellent mentoring during the review process.
2.0 Background

2.1 Indication

Of the currently nine antipsychotic medications available in the intramuscular form for the indication of
acute agitation, all are considered to be traditional dopamine antagonist agents. There have been few
efforts of drug development for an intramuscular formulation of the more recently marketed ‘atypical’
antipsychotic agents (i.e. antipsychotics possessing both serotonin type 2 and dopamine receptor antagonist
properties). It has been suggested that these ‘atypical’ agents may reduce the incidence of EPS, result in
less risk of the development of tardive dyskinesia, and may be more effective in treating the negative
symptoms of schizophrenia.

22 Important Information from Related INDs and NDAs and from Pharmacologically Related Agents

Pfizer submitted NDA 20-825 for the oral formulation of ziprasidone HC! with the indication for the

treatment of psychotic disorders in March, 1997. A nonapprovable letter was sent to Pfizer for NDA 20-
825 on June 17, 1998 indicating that ziprasidone’s ability to prolong the QTc interval presented a risk of
potentially fatal ventricular arrhythmias which did not outweigh the benefits of ziprasidone compared to
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already marketed antlpsychoncs Also of note was the high sudden death rate observed within the NDA
data base.

This current NDA 20-919 for the intramuscular formulation of ziprasidone was submittéd on December 18,
1997. The proposed labeling incorporates the previously submitted labeling of the oral formulation which

was not approved. *©  °

This sponsor also has the active INT wjto study oral ziprasidong

Accordihg to a teleconference of July 21, 1998 with Dr Ritrovato from Pfizer, all clinical studies of
ziprasidone have been done under Pfizer’s sponsorship.

2.3 Administrative History

The original commercial IND for intramuscular ziprasidone was filed on October 30, 1995. It was

determined, based on human pharmacokinetic data, that the IM and PO formulation of ziprasidone were not
bioequivalent. DNDP sent a letter to the sponsor in March, 1996 suggesting approaches to establish

efficacy such as focusing on the indication of agitation and restlessness in acutely psychotic patients.

DNDP sent a letter (7/10/96) to the sponsor regarding the lack of placebo control in study 128-125, which

was proposed to be a pivotal study, and the need to show a between group difference or a dose response
relationship; it was also suggested that the sponsor consider adding an active control group such as

lorazepam. In a facsimile of December 19, 1996, Dr. David Hoberman, FDA statistician, communicated -
that no correction for multiple comparisons for the two pivotal studies (125 & 126) was acceptable if the .
randomization lists were completely separate, and if investigators were not identical between the two -

studies. .
A pre-NDA meeting was held on August 13, 1997, during which the sponsor discussed their concerns -
regarding labeling for the indication of short-term management of agitated psychotic patients. Approaches

of presenting efficacy and safety data were also discussed.

In a facsimile of August 25, 1997, Dr. Lois Freed, pharmacologist, recommended that the sponsor conduct
one month rat and dog studies using the IM excipient, sulphobutylether beta-cyclodextrin (SBECD) rather
than only the intravenous formulation; in addition, it was recommended that the NDA include multiple

dose toxicokinetic data for IM mprasxdone

During a meeting on August 14, 1997, FDA chemistry reviewers and the sponsor discussed that NDA
stability data would be required for the excipient, SBECD, because it has not been previously available

commercially.

24 Proposed Labeling

. The dosing instructions in the draft labeling recommend an initial dose of 10 to 20 mg, with subsequent
doses of 10 mg to be administered every 2 hours , or 20 mg to be administered every 4 hours. The labeling
states that the recommended maximum dosage is 80 mg/day, and that use for more than 3 consecutive days

has not been studied.

25 Foreign Marketing

According to a teleconference of 7/21/98 with Dr. Charles Ritrovato from Pfizer, ziprasidone is not
marketed anywhere in the world.
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3.0 Chemistry

The chemical structure for the free base of . ziprasidone is:

N N
s~/ \mo
N
Cl \
H

The chemical structure for the véhicIe, beta-cyclodexirin sulfobutyl ether sodium (SBECD) is:

4.0 Animal Pharmacology and Toxicology

Renal tubule epithelial vacuolation was observed in animal toxicology studies using the intravenous
formulation of Sulphobutylether Beta-Cyclodextrin (SBECD); the sponsor states that these changes were
reversible following cessation of treatment. There were also dose related incidence and severity of foamy
macrophages in the liver and lungs.

Similar renal tubular vacuolation was observed in animal studies of the intravenous formulation of
ziprasidone. Also increased heart rates was observed in a 2 week dog study. Rabbit studies provided
evidence for discomfort at the site of injection of ziprasidone tartrate, but not with ziprasidone mesylate.

5.0 Description of Clinical Data Sources

5.1 Primary Source Data (Development Program)

Appendix 5.1.1.1 lists the cumulative number of subjects in the integrated safety data base. The cut-off
date for the safety information was July 31, 1997. The integrated safety data base includes the Phase I
study 046 which studies patients with the diagnosis of schizophrenia, schizoaffective or schizotypal

personality disorder (not with an acute exacerbation for at least 6 months prior to participation). There
were a total of 523 subjects in the integrated safety data base.
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Please refer to Appendix 5.1.1.2 for a listing of all studies. The integrated safety data base includes one
Phase I study (046) , 5 Phase IVIII (121, 125, 126, 306, 120), and two extension studies (127E and 306E).

The safety data submitted also includes 4 clinical studies testing the excipient Sulphobutylether Beta-
Cyclodextrin (SBECD) which are not integrated in the safety data base for ziprasidone IM. The number of
healthy subjects exposed to the excipient is 48. There are no subjects days exposure calculated. Please
see Appendix 5.1.1.3 for listing of all Phase I studies utilizing the excipient SBECD.

5.1.1 Study Type and Design/Patient Enumeration

5.1.2 Demographics

Please refer to Appendix 5.1.2.1 for a demographic profile of all Phase I studies.
Appendix 5.1.2.2 contains the demographic profile for the Phase I studies for SBECD.

The demographic profile for subjects in the integrated safety data base (including Phase I study 046 and all
Phase II/IIT studies) is listed in Appendix 5.1.2.3. For clarification of the sponsor’s categorization, “other
ziprasidone” refers to all ziprasidone treatment groups except the ziprasidone 2mg group; “combined
ziprasidone” refers to all ziprasidone treatment groups including the ziprasidone 2mg groups.

The majority of subjects included in the integrated safety data base are Caucasian males 19 to 76 years old.

5.1.3  Extent of Exposure (dose/duration)

The modal daily dose and duration fcr Phase I studies for ziprasidone IM are shown in Appendix 5.1.3.1.
All subjects were exposed to a low daily dose (< 20 mg ziprasidone IM). Appendix 5.1.3.2 summarizes the
available information regarding modal daily dose of SBECD in phase I studies.

The modal daily dose for Phase IVIII studies (also including phase I study 046) are shown in Appendix
5.1.3.3. This table shows that the majority of subjects were exposed to doses between 5 to 40 mg
ziprasidone IM daily for 2 mean duration of 2 days. There have been 369 subjects (70.6 %) within this
pool who were exposed to daily doses ranging from 5-60 mg ziprasidone IM; 69 subjects (13.2%) were
exposed to daily doses > 60 mg, and 85 subjects (16.3%) exposed to daily doses <5 mg. The mean
exposure time was 2 days while 245 subjects (46.8%) were exposed to ziprasidone IM for 3 days. The
proposed labeling recommends that the initial dose be 10-20 mg and the maximum daily dose be 80 mg
ziprasidone IM, and that treatment beyond 3 days was not studied.

The following table summarizes the person time in the ziprasidone IM safety data base:

Subject-years exposure in ziprasidone safety data base*

ORIGINAL NDA ZIPRASIDONE | HALOPERIDOL PLACEBO
N= 523 142 6
Subject-days exposure* 1144 371 18

Includes phase I study 046 which included subjects with diagnosis of schizophrenia, schizoaffective or schizotypal personality
disorder, but did not have acute exacerbation for at least 6 months.

Appendix 5.1.3.2 summarized the exposure of IV SBECD in Phase I studies.

5.2 Secondary Source Data
5.2.1 Other Studies

There were no other studies conducted.
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5.2.2 Postmarketing Experience

As of July 21, 1998, ziprasidone IM is not marketed in any country as per a teleconference with Dr.
Ritrovato at Pfizer.

5.2.3 Literature

According to a teleconference of July 21, 1998 with Dr. Ritrovato from Pfizer, all clinical studies have
been done under Pfizer’s sponsorship and are included in the current NDA submission.

The Sponsor included approximately 100 published papers and abstracts (NDA Vol. 54-57) that contained
some information regarding ziprasidone. The literature search encompassed the years of 1966 through
1996. The literature search was conducted by David Larson, Ph.D. who has been employed by Pfizer since

1971.

A review of the sponsor’s literature search did not reveal any unexpected safety findings.

6.0 Human Pharmacokinetic Considerations
For complete details, please refer to the biopharmaceutics review.

Ziprasidone mesylate IM demonstr=*~d an absolute bioavailabilty of 100%. Single IM doses to healthy
male subjects revealed a terminal half-life of approximately 2.9 hours (ranging 2.1 to 3.8 hours). After
multiple dose administration in schizophrenic subjects for three days, the terminal half-life ranged from 6.7
to 13. 4 hours, suggesting that half life was longer after multiple dosing .

The maximum concentration was achieved in approximately 0.6 hours after injection (ranging form 0.17 to
1.5 houts). Systemic clearance after a single IM dose of 5-20 mg in healthy volunteers was 4.9 mi/min/kg
(ranging 4-6 mV/min/kg). In the range of 5-40 mg, the AUC and Cmax were observed to increase in a dose

related manner.

There were no metabolites identified for ziprasidone mesylate IM. For oral ziprasidone HCI, the major
metabolites were ziprasidone-sulfoxide and ziprasidone-sulfone; both demonstrated a low affinity to D,
and 5HT,4 receptors. For oral ziprasidone, in vitro studies of human liver microsonies suggest that
ziprasidone is a cytochrome P450 3A4 substrate mainly for the metabolic processes of sulfur oxidation and

N-dealkylation.

Also of note is that ziprasidone mesylate IM was not tested on patients with hepatic or renal impairment.
This becomes a note of concern since the cyclodextrin excipient is cleared by renal filtration. The sponsor
included a mention of this precaution under the special populations section.

7.0 Review of Efficacy

7.1 Background

Pfizer reports that they have two well controlled studies testing the effectiveness of ziprasidone in treating
acute agitation in subjects who have psychotic disorders. In lieu of a placebo control, the sponsor used a
low dose (2 mg ziprasidone IM) control group making comparisons with a higher dose ziprasidone group to
support claims of efficacy. This review will discuss the following studies which were randomized, double
blind, fixed dose, flexible schedule, multicentered trials in subjects diagnosed with psychotic disorders:

Study 125, n=117 total, comparing 2 mg ziprasidone IM and 10 mg ziprasidone IM in a flexible dose
schedule with a maximum of 4 doses in the 24 hour study period.

Study 126, n=79 total, comparing 2 mg ziprasidone IM and 20 mg ziprasidone IM is a flexible dose
schedule with a maximum of 4 doses in the 24 hour study period.

NDA 20-918: Ziprasidone IM Clinical Review- 5



7.2 Review of individual studies
7.2.1 Study 125

Investigators/Location

This study was conducted in 17 centers in the United States. Please refer to Appendix 7.2.1.1 for the
sponsor’s - list of investigators and sites. Ten additional sites (585, 599, 663, 697, 707, 767, 774, 786, 784,
785) were terminated prior to randomization of any subjects; the sponsor did not provide reasons for

closing these sites.
Study Plan
Objective(s)/Rationale

The primary objective of this study was to evaluate the safety and efficacy of ziprasidone IM in treating
subjects with a psychotic disorder and acute agitation.

Population

Subjects chosen for this study were physically healthy males and females aged 18 years and older with a
DSM-1V diagnosis of schizophrenia, schizoaffective dicorder, bipolar disorder with psychotic features,
schizophreniform disorder, delusional disorder, brief psychotic disorder, shared psychotic disorder or
psychotic disorder, NOS. Females of childbearing potential were required to use medically accepted forms
of contraception during the study. Baseline scores (obtained within 4 hours of first double blind dose
administration) were required to be > 3 (mild) in at least three of the following items of the Positive and
Negative Syndrome Scale for Schizophrenia (PANSS): anxiety, tension, hostility, and excitement. The
protocol allowed investigator discretion for a positive benzodiazepine or cannabinoids result in the urine
drug screen; otherwise, it was required to be negative. Excluded from this study were patients with bipolar
disorder without psychotic features, mental retardation, substance-induced psychotic disorder, psychoactive
substance abuse/dependence within the preceding 2 months of the study, history of alcohol abuse, use of
clozapine within 12 weeks prior to screening, and a high risk for suicide or homicide. Concurrent
medications allowed during the double-blind trial period included benztropine (prn EPS) , propranolol (pm
EPS), lorazepam (prn agitation or insomnia) and temazepam (prn insomnia). Also allowed was chronic use
(at least 2 months prior to study) of antihypertensives, diuretics, oral hypoglycemics, and hormone
replacements (not insulin). Medications which required clearance from the sponsor’s clinical monitor
included psychotropic drugs (other than allowed as above), anorexics, antianginal agents, antiarrhythmics,
antihistamines (terfenadine, astemizole), anticoagulants, steroids, theophylline, tryptophan, diuretics, H,
blockers, cisapride, antiinfectives and all over the counter medications. Use of antiemetics was prohibited.

Design

This was a randomized, double-blind inpatient trial comparing two dose regimens of ziprasidone (2 mg vs.
10 mg ziprasidone IM). Screening included ECG, CBC, urinalysis, routine labs, urine drug screen, beta-
HCG (for women), hepatitis battery, and lithium levels. ECGs and physical exams were repeated at
baseline and at study endpoint (at least six hours after last dose); CBC, urinalysis and routine labs were
repeated at study endpoint only. Vital signs were to be monitored at screening, just prior to dosing and 30
and 60 minutes post dosing. Serum samples to determine pharmacokinetic properties would be collected at
study endpoint only. Baseline data was to be collected within four hours prior to administration of the first
dose of double blind medication. Baseline assessments included the Behavioural Assessment Scale
(BAS), Positive and Negative Syndrome Scale (PANSS), Clinical Global Impression-Severity (CGI-S),
Clinical Global Impression-Improvement (CGI-I), Nurses Observation Scale for Inpatient Evaluation
(NOSIE), Simpson-Angus Rating Scale (SARS), Barnes Akathisia Scale, AIMS and ECG. Each patient’s
chart was to be reviewed to assess appropriateness for the study. After subjects were randomly assigned to
either the 2 mg ziprasidone IM group or the 10 mg IM group, they would receive an initial dose with
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successive doses administered at least 2 hours apart. In the 24 hour neriod of the study. natie
successive doses administered at least 2 hou In the ur pe of the study, patients

receive a maximum of four dnses (8 mg znprasxdone IM for the 2mg group, and 40 mg ziprasidone IM for
the 10 mg group). Investigators could choose to halt or administer less frequent treatments when a

patient’s agxtatxon appeared to resolve.

The Behavioural Assessment Scale (BAS) was to be measured at the following times: 1) screening, 2) just
prior to dose administration, 3) 15, 30, 45, 60, 90 minutes, and 2 hours after dose administration, and then
hourly until either the next IM dose or termination. The CGI-S, CGI-I, NOSIE, SARS, and Bames
Akathisia Scale were to be administered at screening, baseline (up to 4 hours prior to dose administration),
4 hours after the first dose and at study endpoint. Study endpoint is defined as: 1) the longer of either 6
hours after last dose or at the end of the 24 hour period, or 2) the time of early termination.

Analysis Plan

There were three primary efficacy variables defined in the protocol: 1) the area under the curve (AUC) for
measurements of the Behavioural Assessment Scale (BAS) from 0 to 2 hours after the first dose, 2)
changes from baseline to 4 hours of the CGI-S score, and 3) changes from baseline to study endpoint of the
CGI-S. The protocol states that linear models were to be used for analysis of the AUC with log
transformations if required by data distribution. Linear models would also be used to analyze the CGI-S,
but in case of violations of linear model assumptions, methods of categorical data analysis were to be
utilized. Rank transformation may be used for change from baseline scores if required by the data
distribution. Interaction effects of center and treatment were also to be analyzed.

In order to detect a difference of 1 point in the mean change from baseline of the CGI-S between the two
treatment groups, the sponsor estimated a sample size of 50 subjects per group to provxde 80 % power
(alpha=0.05, two tailed).

Study Conduct/Efficacy Outcome

Patient Disposition
Of the 143 patients screened to enter the study, 117 patients were randomized to one of the two treatment
group and received at lease one IM injection. Reasons for not being chosen to participate in this trial were

not pl'OVlClCG in this submission.
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treatment groups:

Biscontinuations from Study
Ziprasidone Protocol 125

fiscontinuations

ReTated to Study Orug 1 (.
Adverse eveat 1 (.

Kot Related to Study Drug 1 {1.9) 0
Protocol vielation 1 1.9 0

The dropout rates for the treatment group taking ziprasidone 10 mg IM and the group taking 2 mg IM were
identical at legs than 4%,

almost identica less thar

Appendix 7.2.1.2 displays the number of subjects who received one, two, three or four injections within the
24 hour period of the study. Within the twenty-four hour period; one injection was used to treat 24.1% (13
of 54) of the 2mg IM group, while 36.5% (23 of 63) of the 10mg IM group received only one injection. The
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rates of subjects receiving two and three injections were similar for both groups. Four injections (the
maximum allowed) were administered to 24.1% (13 of 54) in the 2 mg IM group and 14.3% (9 of 63) in
the 10 mg IM group.

Demographics /Group Comparability

The majority of patients in this study were Caucasian males with the mean age of approximately 40 years
old. The mean age of the female patients was similar to the males. There did not appear to be imbalances
in the treatment groups. Appendix 7.2.1.3 shows the breakdown of demographics by treatment group.
The mean baseline values for the CGI-S and the BAS (see below) were slightly lower in the 2 mg
ziprasidone IM group but are comparable to the 10 mg ziprasidone IM group. The sponsor did not provide
any statistical comparisons of the baseline values.

Mean Baseline Values of Primary Efficacy Variables -Study 125

MEAN SCORE ZIPRASIDONE IM | ZIPRASIDONE IM
2 MG GROUP 10 MG GROUP

CGI-S 4.24 4.37

BAS 4.65 4.81

Concomitant Medications

In both groups, lorazepam was used by approximately 10% of the patients during the study. Please refer to
the following table for select concomitant mediation use:

Selected concomitant medication used in Study 125

Ziprasidone IM 2 mg Ziprasidone IM 10 mg

(n=54) (n=63)
 Lorazepam 5 6
Temazepine 3 3
Benztropine 8 6
Beta-Blocker 3 0
Antidepressant 0 1

Lorazepam was used by
Efficacy Results

Please refer to Appendix Tables for results of the primary outcome measures (CGI-S at 4 hours, CGI-S at
endpoint, and AUC of BAS at 2 hours). When compared to the 2 mg ziprasidone IM group at 2 95 %
confidence interval, the 10 mg ziprasidone IM group demonstrated a statistically significant difference in
the AUC of the BAS (0 to 2 hours). However, there was no statistical significance observed between the 2
and 10 mg ziprasidone IM groups when comparing mean changes from baseline of the CGI-S scores at 4
hours and at study endpoint. The sponsor also submitted an analysis of a subgroup of subjects with BAS
scores = 5 which had similar efficacy results to the total sample tested (please refer to Miscellaneous Issues

for further discussion of BAS).
Miscellaneous Issues

This Behavioural Assessment Scale was developed by Pfizer to assess the effects of this IM medication.
Because it is a new scale, there is no literature establishing it as a standardized rating scale. This BAS
appears to be an instrument which combines two subscales—one assessing degree of agitation and one
assessing levels of consciousness:
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Behavioural Assessment Scale (BAS):

1 = difficult or unable to rouse;

2 =asleep, but responds normally to verbal or physical contact;

3 = drowsy, appears sedated;

4 = quiet and awake (normal level of activity);

5 = signs of overt activity (physical or verbal), calms down with instructions;
6 = extremely or continuously active, not requiring restraint,

7 = violent, requires restraint

There was no required baseline scoring of the BAS in the inclusion criteria. The mean BAS score
presented by the sponsor was 4.65. According to the efficacy tables, it appears that approximated 70% (45
of 63 subjects) of the subjects had baseline scores of > 5 while the remainder had BAS scores less than 5.
It is questionable if a BAS score of 5 (indicating that a person is likely to respond to instruction) or lower is
typical of patients for whom this IM medication would be indicated as IM medication is usually reserved

for patients who are too agitated to follow directions to swallow a pill.

When viewing the psychiatric inclusion criteria further, it is noted that the baseline scores for the PANSS
were required to be > 3 (mild) in at least three of the following items of the Positive and Negative
Syndrome Scale for Schizophrenia (PANSS): anxiety, tension, hostility, and excitement as follows:

PANNS:
Anxiety: 3 (mild): Expresses some worry, over-concern, or subjective restlessness, but no somatic and

behavioral consequences are reported or evidenced.

Tension: 3 (mild): posture and movements indicate slight apprehensiveness, such as minor rigidity,
occasional restlessness, shifting of position, or fine rapid had tremor.

Hostility: 3 (mild): Indirect or restrained communication of anger, such as sarcasm, disrespect, hostile
expressions, and occasional irritability.

Excitement: 3 (mild) tends to be slightly agitated, hypervigilant, or mildly overaroused throughout the
interview, but without distinct episodes of excitement or marked mood lability. Speech may be slightly

pressured.

Again, it is questionable if a patient whose profile fits a PANNS score of 3 (mild) in the above items
would be representative of subjects who clinically requires an intramuscular injection of an antipsychotic as
opposed to the less invasive treatment of oral medication.

Conclusions

Because this study demonstrated statistical significance in only one of the three primary efficacy variables,
it merely provides fair evidence for the effectiveness of ziprasidone IM treating agitation in psychotic

psychiatric patients.
7.2.2 Study 126

Investigators/Location

This study was conducted in 18 centers in the United States. Please refer to Appendix 7.2.1.2 for the
sponsor’s list of investigators and sites. Two additional sites (777 and 793) were terminated prior to
randomization of any subjects; the sponsor did not provide reasons for closing these sites.

Study Plan

Objective(s)/Rationale
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The primary objective of this study was to evaluate the safety and efficacy of ziprasidone IM in treating
subjects with a psychotic disorder and acute agitation.

Population

Please refer to Study 125 which had the same entrance criteria. Concurrent medications were similar to
those used in Study 125.

Design

This was a randomized, double-blind inpatient trial comparing two dose regimens of ziprasidone (2 mg vs.
20 mg ziprasidone IM). The details of this study’s design were similar to Study 125 (please refer to Study

125 for more information).

Once chosen for the study, subjects were to be randomized to one of two treatment groups: 1) 2 mg -
ziprasidone IM, or 2) 20 mg ziprasidone IM. After the initial dosing of 2 mg or 20 mg ziprasidone IM,
repeat dosing was to have been administered at least 4 hours apart. The maximum allowed dose in the 24
hour period of the study was 8§ mg for the 2 mg ziprasidone IM group, and 80 mg for the 20 mg ziprasidone
IM group. Investigators could choose to halt or administer less frequent treatments when a patient’s

agitation appeared to resolve.

Assessment scales included a Behavioural Assessment Scale (BAS), PANSS, CGI, NOSIE, Simpson-
Angus Scale, Barnes Akathisia Scale, and AIMS. The schedule of assessment was similar to Study 125
(Please see Study 125 for further details regarding the use of these instruments).

Analysis Plan

The primary efficacy variables were listed as: 1) the area under the curve (AUC) for the Behavioural
Assessment Scale (BAS) from 0 to 4 hours after the first IM dose, 2) change from baseline to 4 hours of
CGI-S score, and 3) change from baseline to study endpoint of the CGI-S. The protocol states that linear
models including center and treatment were to be utilized for the analysis of the AUC with log
transformations if required by data distribution. Linear models were also to be attempted to analyze the
CGI-S, but in case of violations of linear model assumptions, methods of categorical data analysis were to
be applied. Rank transformation would be used for change from baseline scores if required by the data
distribution. Interaction effects of center and treatment were also to be analyzed.

In order to detect a difference of 1.5 points in the mean change from baseline of the CGI-S between the two
treatment groups, the sponsor estimated a sample size of 30 subjects per group to provide 80 % power

(alpha=0.05, two tailed).
Study Conduct/Efficacy Outcome

Patient Disposition

Of the 99 subjects screened to enter the study, 79 were randomized to one of the two treatment groups.
Reasons for not being chosen to parti~ipate in this trial were not provided in this submission.

The following table from the sponsor’s study report summarizes the discontinuation rate:
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stcontinuations from Study
fprasidone Protocol 126

Ziprasideone ng Iiprasidone 20mg
Xumber of Subjects 38 41

Discontinuations

Related to Stucy Drug 1 1]

tack of efficacy 1 0

¥ot Related to Study Drug 1 3

Adverse event 1 g

Subject defaulted 0 3

Total 2 ’ 3
(5.3%) (7.3%)

The dropout rate for the treatment group taking ziprasidone 20 mg IM was slightly higher than for the
group taking ziprasidone 2 mg IM, but by only one patient. _

Appendix 7.2.2.2 displays the number of subjects who received one, two, three or four injections within the
24 hour period of the study. Within this twenty-four hour period, one injection was used to treat 26.3% (10
of 38 patients) of the 2mg IM group, while 41.5% (17 of 41) of the 20mg IM group received only one
injection. For the administration of subsequent dosing (i.e. 2, 3 or 4 injections), the 20 mg IM group had a
slightly lower rate than the 2mg IM ziprasidone group.

Demographics /Group Comparability
The majority of patients in this study were Caucasian males with the mean age of approximately 40 years
old. The mean age of the female patients was similar to the males. There did not appear to be imbalances

in the treatment groups. Appendix 7.2.2.3 shows the breakdown of demographics by treatment group.

The 2 mg ziprasidone IM group and the 10 mg ziprasidone IM group had comparable scores for the mean
baseline values of the CGI-S and the BAS as can be seen in the following table:

Mean Baseline Values of Primary Efficacy Variables - Study 126

MEAN SCORE ZIPRASIDONE IM | ZIPRASIDONE IM
2 MG GROUP 20 MG GROUP

CGI-S 4.74 4.63

BAS 5.00 4.98

Concomitant Medications

During the study, lorazepam was used at a higher rate in the ziprasidone 20 mg IM group (15%) than the
ziprasidone 2 mg IM group (8%). Please refer to the following table for select concomitant mediation use:

Selected concomitant medication used in Study 126

Ziprasidone IM 2 mg Ziprasidone IM 20 mg

(n=38) (n=41)
Lorazepam 3 6
Temazepine 0 1
Benztropine 3 3
Beta-Blocker 3 0
Antipsychotic 0 |
Efficacy Results

Please refer to Appendix Tables for results of the primary outcome. When compared to the 2 mg
ziprasidone IM group at a 95 % confidence interval, the 20 mg ziprasidone IM group demonstrated a
statistically significant difference in the AUC of the BAS (0 to 4 hours), the mean changes from baseline
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of the CGI-S scores at 4 hours and at study endpoint.
Miscellaneous Issues

Please refer to Study 125 (Miscellaneous Issues) for a discussion about the BAS scale and the psychiatric
entrance requirement.

Conclusions

This study demonstrated statistical significance in the three defined efficacy variables when comparing the
20 mg ziprasidone IM treatment group with the 2 mg ziprasidone IM treatment group. Therefore, these
results provide evidence that ziprasidone IM is effective in treating agitation in psychotic psychiatric
patients.

7.3 Summary of Data Pertinent to Important Clinical Issues

7.3.1 Predictors of Response

When exploring how demographic characteristics may have affected the efficacy data, the sponsor claims
to have found no significant effect on treatment based on age, gender, or race. The p-values are not
significant for the interaction effects of age (<55 years or 2 55 years), gender, race (Caucasian or African
American) and any of the efficacy variables tested (AUC of BAS 0-2 hours, AUC of BAS 0-4 hours, CGI-

S).
7.3.2 Choice of dose

In study 126, ziprasidone IM was shown to be efficacious when comparing the higher dose treatment group
(20 mg ziprasidone IM) to the lower dose treatment group (2 mg ziprasidone IM). However, in study 125,
the higher dose treatment group (10 mg vs 2 mg ziprasidone IM) demonstrated a statistically significant
difference in one of three primary efficacy variables. These results could provide support that the higher
dose of ziprasidone 20 IM may demonstrate a better efficacy profile.

The sponsor has recommended that the initial intramuscular dose of ziprasidone be 10 to 20 mg. It further
states that subsequent doses of 10 mg may be administered as often as every 2 hours, or 20 mg every 4
hours as needed with a maximum recommended daily dose of 80 mg. This information accurately reflects

the findings from these efficacy studies.
7.3.3. Duration of Treatment

A greater percent of patients in the higher dose treatment groups, compared to the low dose ziprasidone
2mg IM group, were administered only one injection in the 24 hour studies in both studies 125 and 126. It
appears that the higher dose group (20 mg ziprasidone IM) in study 126 had a slightly higher percent of
subjects receiving only one injection than the higher dose group in study 125 (10 mg ziprasidone IM).
After the first injection, all treatrnent groups in both studies had comparable rates of subsequent injections.

As stated above, the proposed labeling offers a dosing schedule with 80 mg ziprasidone as the maximum
recommended daily dosing. The labeling further states that use of ziprasidone IM greater than 3 days has
not been tested. These recommendations reflect the guidelines used in the clinical trials of ziprasidone IM.

7.4 Conclusions regarding efficacy data

Ziprasidone IM has been clearly proven to be effective in the treatment of agitation in psychotic patients in
one well controlled study which compared the dose of 20 mg ziprasidone IM to a low dose (2 mg)
ziprasidone IM. Results of a second well controlled trial comparing the dose of 10 mg ziprasidone IM with
a low dose (2mg) ziprasidone control group provided some support for the efficacy of ziprasidone IM at

this dose.
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Because of the sedative properties of ziprasidone IM, it may not be surprising that patients appear less
psychotic in the 20 mg ziprasidone IM group of study 126 (i.e. significant improvement of CGI scores
compared to the low dose group) than the 10 mg ziprasidone IM group of study 125. If effectiveness for an
IM treatment of agitation is best reflected by the parameter of AUC of the BAS, then the presented data has
proven ziprasidone to be efficacious in the treaiment of acute agitation in patients who have psychotic

disorders.

8.0 Integrated Review of Safety

8.1 Methods and Findings for Safety Review

The sponsor submitted the integrated safety data base for all Phase I/III studies for review. This data base
also included one Phase I study (046) which included subjects diagnosed with a psychotic disorder. - The
main focus of the safety review was on the integrated safety data base to identify significant adverse events.
Cardiovascular safety issues were explored in depth by cardiology consultant, Dr. Chun (HFD-110), who
reviewed three Phase I studies (033, 038, 046) and one Phase III study (121).

The determination of common adverse events presented some difficulty in this review as there were no
placebo controlled studies. As a substitute for placebo controlled studies, the sponsor submitted two well
controlled studies (125 and 126) which used a low dose (2 mg/dose; maximum qid) ziprasidone IM group
as a control group to be compared to a higher dose ziprasidone group. The higher dose group for study 125
was 10 mg ziprasidone IM group (maximum gid), and study 126 used a 20 mg ziprasidone IM group
(maximum qid) to compare with the low dose (2 mg) ziprasidone IM group. Therefore, observations could
only be made regarding the dose response when comparing the low and high doses in each of these studies.
Alternative strategies for review would be to pool the 2 mg IM contro] groups into the denominator of all
ziprasidone treatment groups; however, this method may dilute safety data within the therapeutic dosage
range.

In the ISS, the sponsor chose to submit tables which pooled together the three studies which they termed
“fixed dose” studies. These included the two controlled studies (125 and 126) and study 121, an open label
study testing 5, 10, & 20 mg (qid x 3 days) ziprasidone IM with a haloperidol treatment arm. The pooling
of this data presented many unbalances given the different designs and duration of the studies (both studies

125 and 126 were 24 hours and study 121 was a three day study). The sponsor used this pooling to
determine common adverse events ‘or the proposed labeling comparing the ziprasidone treatment groups
with haloperidol groups. This is discussed further in sections 8.1.5.3 and 8.1.5.4.

Although the ISS includes safety data pooling together patients who received IM treatment and subsequent
oral treatment of ziprasidone, this review will focus primarily on the safety data of the IM freatment. It is
noted that the adverse events were collected up to 24 hours after the last dose of IM medications and that
some patients may have been receiving oral ziprasidone during some of that time period.

8.1.1 Deaths

There were no deaths reported as of the data cutoff date of July 31, 1998. However in the submission of
5/18/98, the sponsor reported one death (48 y.o. female: PID 127E-7190004) which occurred 74 days after
discontinuing treatment with oral ziprasidone (100 mg bid x 162 days). No further details were provided.

8.1.2  Other Serious Adverse Events

In the Integrated Summary of Safety (ISS) the sponsor states that they applied the same definition for a
serious adverse event that is used by FDA (i.e. any drug experience that is fatal or life-threatening, is
permanently disabling, requires hospitalization, or is a congenital anomaly, cancer, or overdose). Serious
adverse events were submitted as listings itemized by subjects and COSTART body system/preferred term.
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Four of the five serious adverse events occurring during the phase I/IVII ziprasidone IM trials were listed
as psychiatric events which may have been manifestations of the psychiatric disease under study. The
following table summarize- the only serions adverse event reported during the phase V/TI/III ziprasidone IM
trials which was considered to be attributed to treatment with ziprasidone IM:

Serious adverse events IM dosing Phase I/IV/III

SUBJECT # AGE/ | MEAN #OF SERIOUS ADVERSE EVENT/
SEX | DOSE INJECTIONS/ COMMENTS
MG) TREATMENT
(DAYS)
125-7950071 67/M |2 1 Hypertensive episode 220/100 (sitting)

7 % hours after IM injection. Treated
with captopril and clonidine. Subject
had history of hypertension. '

Please refer to Appendix 8.1.2 for serious adverse events which occurred during the extension studies in
which patients were treated with oral ziprasidone.

8.1.3  Dropouts
8.1.3.1 Overall Profile of Dropouts
The primary integrated database included 99 (19%) of the total 523 patients who prematurely discontinued

treatment in the Phase IVIII trials from ziprasidone IM treatment groups. The sponsor’s table below
provides reasons for discontinuations:

Overview of Phase I1/111 Study Discontinuations
W11 Phase [E/T1] Studies

Liprasidane ng' Other prrandoma Combined lfansidnne Haloperidol
Kumber (%) of Subfects
Discontinuations
Adverse event & (6.5} 17 3.9 23 (4.4) Z {L4e)
Insufffcient clinical response & (6.5} 14 (3.2) 20 (3.8 3 (2.1}
Other 1 1. 45 (10.4) 56 (10.7) 1B vy
Total 23 (25.00 6 (17.6) s as.s 8 uzn

{CONTINUED)

* Sybjects randomized to '2mg maximum §ID° group in protocals 125,126

Other reasons for discontinuation may faclude failure to meet randowization criteria, lost to follow-up, protocel violation,
iwithdrawn consent. etc.

Protocols: 046, 120 121,125,126, 127E 306,306E

[ate of Tanle Generation: Q60LTS7

Placebo
Number (%) of Subjects
Discontinuations
Adverse event ]
Insufficient clinical response 0
Other 0
Total ) 0

NOTE: »”Other Ziprasidone” refers to all ziprasidone doses other than the ziprasidone 2 mg IM dose groups; “Combined lerasxdone
includes all ziprasidone IM treatment groups. .

>

It appears from the table above that the highest withdrawal rate for insufficient efficacy was seen in the 2
mg ziprasidone IM group, the low dose control group. However, please note that the above table, which
was prepared by the sponsor, does not provide an accurate profile of the discontinuations. In the ISS text
(p.22 and 35), the sponsor makes an attempt to explain the inconsistencies in their tables by stating that
three subjects in the 2 mg ziprasidone IM group and four subjects in the “other ziprasidone” IM groups
may have been counted as withdrawals for adverse events but latter considered to withdraw due to an
insufficient clinical response. However, even with these corrections, there is still a discrepancy amongst
the sponsors tables when compared with the table of line listings of withdrawals. It is possible that the
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sponsor confused the number of events with the number of subjects who discontinued when making
calculations for the above table.

8.1.32 Adverse Events Associated with Dropout

The following table was also included in the ISS aud presents a count of discontinuations that is consistent
with the table of line listings of withdrawals in the safety data base:

Discontinuations Due to Adverse Events During intramuscular Dosing in Phase Ii/lil Studies
2 mg Ziprasidone Other Ziprasidone Haloperido!
2 subjects discontinued 9 subjects discontinued 1 subject discontinued
Body System Preferred Term _ Body System  Preferred Term Body System Preferred Term
Cardiovascular  Hypertension Body as a WholeSuicide gesture Nervous Dystonia

Extrapyramidal
syndrome

Nervous Agitation Cardiovascular Hypertension
Psychosis Migraine
Tachycardia
Urcgenital Priapism Nervous Agitation
Akathisia (2 cases)
Personality disorder
Psychosis
Somnolence
Digestive Nausea
Diarrhea
Respiratory Respiratory tract
infection
Urogenital Urinary tract infection

Using figures from the table above, the rates of withdrawals from the entire safety data base are the
following:

Rates for withdrawal for adverse events in the integrated safety data base for ziprasidone IM

2 mg ziprasidone IM 2.5-20 mg all ziprasidone IM  Haloperidol
n=92 ziprasidone IM n=523 n=142
n=431 ; .
# withdrawals 2 (2.2%) 8§ (1.9%) 10 (1.9) 1 (0.7%)

1t appears that the 2mg ziprasidone IM group, which was used as a low dose control group, demonstrated
the highest rate of withdrawal for adverse events. This observation suggests that the low dose of 2 mg
ziprasidone was not a true placebo.

Of note in the adverse events listed above is Subject 126-6380212, a 50 y.o. male patient with
schizophrenia who experienced priapism after two doses of 2 mg ziprasidone IM. This patient was
subsequently treated with epinephrine, cephalexin and a needle aspiration of blood from the corpora
cavernosa. According to the case report form, this subject had 2 prior episodes of priapism (3 and 6
months prior to taking ziprasidone IM) and had one more episode one week after discontinuing ziprasidone
IM requiring a surgical (Winters) procedure. The sponsor and the investigator attributed this episode of
priapism to the subject’s prior treatment with prolixin decanoate. The subject’s prior treatment with
prolixin decanoate are as follows:

16 days prior to start of trial: 25 mg IM prolixin decanoate
14 days prior “ “ :75mg « «
7 daysprior ¢ “ :75mg “ «

It is noted that the labeling for prolixin decanoate does not mention priapism as a warning or precaution.

Although this subject’s schedule for prolixin decanoate may have been on the higher end of dosing, the
labeling allows for individual variation of treatment that is not inconsistent with this subject’s dosing.
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8.1.4  Other Search Strategies

None.

8.1.5 Common Adverse Events

8.1.5.1 Approach to Eliciting Adverse Events in the Development Program

Pfizer did not provide their working definition of an adverse event in the Integrated Summary of Safety.
All adverse events presented were classified by organ system using COSTART terminology. The sponsor
stated that adverse events were collected by either direct observation, by the investigator or by patients
volunteering this information. This method may result in an under representation of adverse events,
because the schizophrenic population may not be able to spontaneously volunteer and articulate their

discomfort.

The ISS mentions that adverse events were collected up to 24 hours after the last dose of IM medications
and that some patients may have been receiving oral ziprasidone during some of that time period.

8.1.5.2 Selecting the Key Adverse Event Tables for Characterizing the Adverse Event Profile

In the ISS, the sponsor chose to submit tables which pooled together the three studies which they termed
“fixed dose” studies. These included the two controlled studies (125 and 126) and study 121, an open
label study with a haloperidol treatment arm (see section 8.1 for dosing schedules). The pooling of this
data presented many unbalances given the different designs and duration of the studies (both studies 125
and 126 were 24 hours and study 121 was a three day study).

Appendix 8.1.5.2 delineates the adverse events occurring in 1% of patients taking 5-20 mg ziprasidone IM
from the “fixed dose” studies (121, 125 and 126). In the 1% table for the proposed labeling, the sponsor
established a comparison of ziprasidone IM and haloperidol by utilizing the columns of “Other
Ziprasidone” and “Haloperido!” from Appendix 8.1.5.2 .

Appendix 8.1.5.3 is extracted from the sponsor’s proposed labeling and lists all adverse events occurring in
the primary safety data base in the original submission. This list merges all adverse events in the oral and
IM ziprasidone NDA data bases that have not been reported in the 1% tables or else where in the proposed

labeling.
8.1.5.3 Identifying Common and Drug-Related Adverse Events

Because of the lack of a placebo-controlled study, the traditional approach to identify a common event as
occurring at least 5 % in the treatment group and twice as frequently in the treatment group compared to
placebo cannot be strictly applied. In the proposed labeling, the sponsor chose to define commonly
observed events in this data base as occurring > 5% in the ziprasidone group from fixed dose studies (from
studies 121, 125, & 126) and twice as frequently than in the haloperidol group (study 121). Using this
approach, the sponsor identified injection site pain, nausea and dizziness as common events when
comparing ziprasidone with haloperidol using the sponsor’s criteria. However this approach may be
inconsistent with the format of most labeling which identifies common adverse events as those that occur in
the study drug groups compared to the incidence in placebo groups.

An alternative approach, if one were to assume that the low dose ziprasidone simulates a placebo group,
would be to use this same pooled data from fix dose studies (121, 125 and 126) and identify a common
adverse event as one occurring in at least 5% of the higher dose group (5-20 mg ziprasidone IM) and more
than twice as frequently in the higher dose group than in the low dose 2 mg ziprasidone IM control group.
From this perspective, the drug related adverse events fulfilling this criteria were tachycardia, headache
(of note, Subject 121-7590150 discontinued due to exacerbation of a migraine headache), dyspepsia,
nausea, vomiting, agitation, akathisia, anxiety, dizziness, and insomnia.

NDA 20-919: Ziprasidone IM Clinical Review- 16



8.1.5.4 Additional Analyses and Explorations

Dose Response

A dose relationship for several adverse events was established when the sponsor applied the Mantel-
Haenszel test to the pooled data from the fixed dose studies (121, 125, 126) for doses of 2, 5, 10 ad 20 mg
ziprasidone IM. The sponsor’s analysis showed a statistically significant dose relationship (p < 0.05) with
the following adverse events: postural hypotension, akathisia, nausea, constipation, increased
salivation, and insomnia.

Demographic Analyses

The sponsor did not include statistical comparison of the interaction effect of gender, age, or race for the
pool of fixed dose ziprasidone studies (121, 125, and 126). Please see Appendix 8.1.5.4 for the sponsor’s
summary tables of comparisons of groups by gender, age and race. From observation, the most consistent
finding was that female patients have more digestive system adverse events than males. Also from this
data, it appears that the age group > 55 were more sensitive to cardiovascular and digestive adverse events
at low doses than the younger age group; however, the population sample is not large enough to make
definitive conclusions. There were no consistent findings comparing races.

8.1.6  Laboratory Findings
8.1.6.1 Extent of Laboratory Testing in the Development Program

The Integrated Summary of Safety (ISS) states that routine laboratory tests for all studies included
complete blood count, electrolytes, serum hepatic and renal function. The final samples were collected at
either six hours after the last dose administration or at the end of the twenty-four hour period (which ever
was longer) or at early termination. The frequency of laboratory testing varied amongst the studies; the
ISS merely states that routine laboratory tests were collected at baseline and repeated during and/or at the

end of treatment.
8.1.6.2 Selection of Studies and analyses for Overall Drug-control comparisons

This section will discuss trends observed in the entire safety data base. Also reviewed are the two
controlled studies 125 and 126 which utiiized the low dose (2 mg) ziprasidone IM control group to help
assess the effects of higher doses of ziprasidone.

8.1.6.3 Standard Analyses and Explorations of Laboratory Data
8.1.6.3.1 Analyses focused on Measures of Central Tendency

Please see Appendix 8.1.6.3.1 for the sponsor’s table of the median change from baseline to last
observation of laboratory values for all Phase II/III studies. The sponsor did not perform any statistical
analysis of comparisons of any treatment group. Inspection shows that the triglycerides levels were
elevated by 8% in all ziprasidone treatment groups when comparing median change from baseline to last
observation. The low dose 2 mg ziprasidone IM group had a mean change of 4% in cholesterol levels
while the higher ziprasidone groups showed a mean change of 1% from baseline.

Mean triglycerides were also noted to be elevated in all ziprasidone IM treatment groups in the controlled
studies 125 and 126. In study 125, the median change from baseline to last observation of triglycerides
increased by 17 % in the ziprasidone 2mg IM treatment group and increased by 35 % in the ziprasidone 10
mg IM treatment group. In study 126, triglycerides were noted to increase by 9 % in the ziprasidone 2 mg
IM group and by 33.6 % for the ziprasidone 20 mg dose.
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8.1.6.3.2 Analyses focused on Outliers

The sponsor used an elaborate system of assessing abnormal laboratory results. Different normal reference
ranges were used for patients who had normal baseline values versus abnormal baseline values.

Appendix 8.1.6.3.2a contains the sponsor’s laboratory reference ranges used to determine whether the
baseline value was normal or abnormal; baseline values were then compared to post baseline values (it is
unclear from the ISS if the post baseline values were the worst laboratory value found during the study).
The sponsor applied different criteria for subjects who began the study with abnormal laboratory values.
Clinical significance was determined using the values of column “A” and “B” Appendix 8.1.6.3.2b
(extracted from review of NDA 20-825); for subjects with normal baseline values, the worst value was
required to be outside the range specified in column “A.” Meanwhile, for subjects with an abnormal
baseline value, it was required that their post baseline lab value fulfill criteria of both column “A” and “B”
in order to be considered of clinical significance and be included in the number of subjects with laboratory

abnormalities.

Please refer to Appendix 8.1.6.3.2¢ for the incidence of clinically significant laboratory abnormalities for
all ziprasidone IM Phase IV/III studies. Laboratory abnormalities were observed in 16 % (14 patients of
90) of the 2 mg ziprasidone IM group and 19 % (78 of 403) of the higher dose IM ziprasidone treatment
groups. Of note are the following incidents of clinically significant laboratory test abnormalities:

Adverse Event Ziprasidone IM 2 mg  Other ziprasidope IM -
n=90 doses
n=403 -
T Eosinophils 2 (%) 6 (1.5%) :
TsGor 1 M 0 =
T Potassium 1 5 )
{ Phosphorus 0 2 (1)
T Phosphorus 1) 6 (1.9)
T Triglycerides 4 (@ 24 (6)
T Urine glucose 1 ) 8 2)
T Urine WBC 5 (6) 12 Q)
T Urine RBC 2 @ 6 (1.5)

The incidence of elevated triglycerides for study 125 showed an abnormality in 21% (11 of 53) of the 2 mg
ziprasidone IM group and 23 % (14 of 62) of the 10 mg ziprasidone groups. Study 126 revealed that 13 %
(5 of 38) of subjects in the 2 mg ziprasidone IM group had an elevated triglycerides while there was an
incidence of 23% (9 of 40) who had abnormal changes in triglycerides compared to baseline. The results
from studies 125 and 126 suggest that there is a dose effect of elevated triglycerides for administration of

ziprasidone.

Also of note in the. ziprasidone groups are the elevated urine WBC and RBC count. The haloperidol
groups demonstrated an elevated urine WBC in 7% (7 of 94) of subjects in the integrated safety data base;
elevated urine RBCs were not observed in the in the haloperidol group.

Proteinuria was observed in 25 % (4 of 16) of patients tested. Of note is subject 120-0747002 whose
baseline value was 26.4 mg/day which elevated to 486.5 mg/day after three days of IM ziprasidone
treatment. Other renal functions for this patient at the time were within normal limits; there is no follow up

information provided for this patient.

Elevated bilirubin was noted in a 50 y.o. patient (046-05570029) who received 10 mg ziprasidone IM q 2
hours for 3 days. Baseline values were 0.6 mg/dl (NL: 0-1.3) and on day 4, his bilirubin was elevated to 2
mg/dl; his levels normalized by day 11.
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8.1.6.4 Dropouts for Laboratory Abnormalities
There were no dropouts for laboratory abnormalities.
8.1.6.5 Additional Analyses and Explorations

Study 121, a Phase III open label 3 day fixed IM dose study, included renal function tests (urinary
microalbumin, NAG:creatinine ratio, total protein, B2-microglobulin) which were conducted at screening
and Day 4 (i.e. within 24 hours of discontinuing IM medication). Appendix 8.1.6.4 summarizes these
results which show comparable percentage of incidence across the ziprasidone and haloperidol treatment
group. The sponsor reports that there were no clinically significant changes noted during the study.

8.1.7  Vital Signs
8.1.7.1 Extent of Vital Sign Testing in the Development Program

The ISS does not specify which vital signs were compared to baseline; the final vital sign monitoring was
taken at least 6 hours after the final dose was administered. The sponsor analyzed changes in standing or
sitting systolic or diastolic blood pressure and sitting or standing heart rate, and weight gain or loss. Please
refer to Appendix 8.1.7.3.1 for vital sign parameters used to determine clinical significance. There is no
data comparing changes of supine and standing vital signs; therefore, orthostatic changes could not be
adequately assessed. .

8.1.7.2  Selection of Studies and Analyses for Overall Drug-Control Comparisons

The focus of this section will be trends observed in the integrated Phase II/III safety data base, study 121,
(a phase I1I open label study of 20 80 mg/d ziprasidone IM x 3days with one arm including treatment with
haloperidol), studies 033 & 038 (both Phase I studies with normal subjects), and study 046 (Phase I studies
with schizophrenic/schizoaffective patients).

8.1.7.3 Analyses and Explorations of Vital Sign Data

8.1.7.3.1 Phase I Studies

As part of the review process, Sughok K. Chun, M.D., cardiology consultant at FDA (review of 11/4/98)
did an in depth review of vital signs in studies 033, 038 and 046. In study 033 (single dosing 5-20 mg
ziprasidone IM in healthy males), standing blood pressure was unable to be recorded in three (of eleven)
subjects because of dizziness upon standing; another subject (033-708-0001) experienced a one minute
syncopal episode three hours after a 5 mg dose of ziprasidone IM requiring treatment of oxygen for 16
minutes. In study 038 (single dose study 5-20 mg ziprasidone IM in healthy males), four (of six) subjects
taking 10 mg ziprasidone IM and six (of six) subjects taking 20 mg ziprasidone IM were unable to stand up
for 0.5 to 2.0 hours after dosing. Dr. Chun concluded that severe orthostatic hypotension, most likely due
to a decrease of systolic blood pressure and increase in heart rate, was observed in healthy males when

exposed to ziprasidone IM.

In study 046 (multiple dosing 20-80 mg/d x 3 days in patients with schizophrenia or schizoaffective
disorder), Dr. Chun noted an increase in heart rate (>120 bpm) at the following rates: placebo:16.7%;
ziprasidone IM 20 mg/d:33.3%; ziprasidone IM 40 mg/d:57.1%,; and, ziprasidone IM 80 mg/d:16.7%.
Otherwise, mean changes from baseline for vital signs were not felt to be clinically significant in study 046.
(Please refer to Appendix 8.1.7.3.1 and Dr. Chun’s review for further details)

8.1.7.3.2 Phase II/III Studies

In her review of study 121 (a phase III open label study of 20-80 mg/d ziprasidone IM x 3days with one
arm including treatment with haloperidol), Dr. Chun reports that a “postural drop of systolic blood pressure
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of 10-20 mmHg with significant increase of standing heart rate and diastolic blood pressure” was observed
in most cases after each dosing, especially after doses of 10 and 20 mg ziprasidone IM. The following
table (extracted from Dr. Chun’s review) summarizes the incidences of clinically significant changes from

baseline in the fixed dose studies (121, 125 and 126):

Subjects with clinically significant changes in BP/HR in studies 125, 125 and 121
(Table extracted from Cardiology Consult:10/23/98)

Z2mpg QID Z5,10, 20mg QID Combined ZIPR Haloperidol

N n (%) N n (%) N n (%) N n (%)

StandSBP decrease | 90 | 2(2.2) 300 25(8.3) 390 | 27(6.7) | 92 8(8.7)
StandDBP increase | 90 | 2(2.2) 300 23(1.7) 390 | 25(6.4) | 92 3(3.3)
SitSBP decrease 92 | 1(1.1) 303 10 (3.3) 395 11(2.8) | 94 3(3.2)
SitDBP increase 92 | 0(0.0) 303 19 (6.3) 395 19(4.8) | 94 5(5.3)
StandHR increase 89 | 2(2.2) 300 61(20.3) | 389 | 63(16.2) | 92 | 15(16.3)
SitHR.  increase 92 § 0(0.0) 303 23(7.6) 395 ] 23(5.8) | 94 9(9.6)

BP/HR measurements : Study 121 ~ BL 0, 30 & 60 min after IM dose;
Studies 125 & 125~ BL 0, 30 & 60 min after each dose and end point

Dr. Chun notes that the incidence of significant decreases of standing and sitting systolic blood pressure
and the increase of standing heart rate and diastolic blood pressure are similar amongst the higher dose
ziprasidone IM (5, 10, 20 mg) and the haloperidol group.

In the integrated safety data base, the following vital sign parameters occur with a greater incidence in the
higher dose ziprasidone groups compared to the low dose (2mg) ziprasidone groups: 1) a decrease in
standing and sitting systolic blood pressure, 2) an increase in standing and sitting diastolic blood pressure,
and 3) an increase in standing and sitting heart rate (see Appendix 8.1.7.3.2). The incidence of increased
heart rate was observed in 18.4% (76 of 412) of patients in the higher dose ziprasidone IM group,
compared to 2.2% (2 of 89) of the ziprasidone IM group and 13 % (17 of 131) of the haloperidol group.

8.1.7.3.3 Dropouts for Vital Sign Abnormalities
The following table summarizes all patients who withdrew due to vital sign abnormalities:

Subjects who discontinued due to vital sign abnormalities

Subject ID# | Age/Sex | Mean dose/ Reason for d/c Outcome/comments
duration .
(Ziprasidone
Rx group)
121-5650217 | M/36 70 mg/ tachycardia Heart beat:
2 days At baseline: 92 bpm
(20 mg qid) Maximum : 136 bpm (30 min. after 2™ injection):
125-7950071 | M/67 2 mg/ hypertension Baseline:  125/85 mmHg (sitting)
1 day Time after 1* injection:
(2 mg group) 2.5 hrs: 140/92
3hrs: 1707100
~Thrs:  200/100
8 hrs:  220/100
306-3540106 | F/55 30 mg/ hypertension Baseline: 130/70 (sitting)
2 days 1 hr after 6" injection: 170/120
(10 mg qid)
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8.1.8 ECGs
8.1.8.1 Extent of ECG testing in the development program

ECGs were recorded in all Phase II/III trials. The tracing were read on site for most of the studies and then
re-read at a central site at Premier Research Worldwide which the sponsor states was blinded to the study
drug group. The local and centrally read ECGs were included in the study report of studies 046 and 306.
However, the study report for study 120 contains only the on site ECG reading. The ECGs for studies 121,
125, 126 and 127E were only read once at the central site. Only centrally read ECG data was included in

the sponsor’s integrated safety tables.
8.1.8.2 Selection of Studies and Analyses for Overall Drug-Control Comparisons

This section will discuss observations seen in study 121 (a Phase III open label study with a haloperidol
treatment arm) as well as ECG tracing in study 046 (a Phase I open label study in psychiatric patients).

8.1.8.3 Analyses and Explorations of ECG Data

8.1.8.3.1 Individual Studies (046 and 121)

A review of all of the protocols of the studies in this NDA data base revealed that most ECGs were
recorded at trough levels of ziprasidone (e.g. 6-24 hours after administration of the study drug). Study 046
(multiple dose study, 20-80 mg/d x 3 days in stable psychotic patients) obtained ECGs at baseline, 1 hour
after the first dose (at approximate Cmax), and on day 4, approximately 18 hours after the last dose of day
3. Referring to results seen in Appendix 8.1.7.1 (and summarized below), Dr. Chun, cardiology
consultant, concludes that this data demonstrates a trend of QT prolongation:

Summary of QTc Mean changes from baseline (Study 046)

Ziprasidone IM (mg/day) Placebo
20 40 80
(n=6) (n=6) (n=6) (n1=6)
QTc: Day 2 4 msec I1 msec | 13 msec 5
1 hr post 4™ dose
QTc: Day 4 -4 msec 22 msec | 19 msec 1
18 hrs after last dose of day 3

It appears that there is a dose dependent relationship when viewing the QTc trends at the reading during
day 2 recorded at the approximate tmax.

For Study 046, Dr. Chun also concluded that there were no significant changes in the PR or QRS duration
as a result of exposure to ziprasidone IM (see Appendix 8.1.8.3a).

Appendix 8.1.8.3b (submission 10/19/98) summarizes QTc changes observed in study 121 (a phase 111
open label study of 20-80 mg/d ziprasidone IM x 3days with one arm including treatment with
haloperidol). There is a discrepancy in the timing of the ECGs as presented in the submission of 10/19/98
(requested by Dr. Chun) and in the criginal NDA submission of 12/18/97. In the study protocol and study
report for study 121, the only ECGs scheduled to be conducted were at screening, day 4 (prior to oral

- ziprasidone) and at day 7; however, the submission of 10/19/98 suggests that there was an additional ECG
performed on day 1, one hour post dosing of the first IM dose. From her review of study 121, Dr. Chun
concludes that that most ECG abnormalities and the number of clinically significant changes in QTc
interval observed were “small and comparable across all treatment groups...most of the abnormal ECG
finding during IM treatment were flattening T wave, and/or right axis deviations and/or nonspecific ST/T

abnormalities.”

8.1.8.3.2 Analyses focused on Outliers
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The number of clinically significant QTc interval changes in the entire safety data base is summarized in
the following table from the sponsor’s ISS:

Number (%) of Subjects with a Clinically Significant Change in
QTc Interval During IM or IM Plus Oral Treatment

2 mg Ziprasidong Other Ziprasidone Haloperidol
QTc Interval IM IM Plus Oral M IM Plus Oral M IM Plus Oral
2 450 msec 8(8.7) 10(10.9} 22(5.2) 39(9.2) 12(9.3) 16(11.7)
2 480 msec 0 0 2{0.5) 3(0.7) 0 ]
2> 500 msec 0 0 1{0.2) 1(0.2) 0 0
increase in QTc Interval
> 50 msec 0 o 7(1.7) 13(3.1) 4(3.1) 7(5.2)
> 75 msec 0 0 1(0.2) 2(0.5) (] 0
2 100 msec 0 Y Q- 0 0 0
2> 20% 0 0 0 1{0.2) 0 0

The following table from the sponsor’s ISS summarizes details of the four subjects whose QTc interval

changes were > 480 msec had a change of = 75 msec:

Clinically Significant ECG Readings

Study drug Most abnormal QTc change Day of

Subject ID randomization group ___Baseline QTc interval from Baseline Abnormality
QTc of > 480 mssc
121 05810008  Ziprasidone, 20 mg 444 msec 484 msec 40 msec 4 (IM dosing)
Y27E0701003  Ziprasidonse, 20 mg 426 msec 490 msec 64 msec 7 (oral dosing)
121 05900362  Ziprasidone, 5 mg 420 msec 504 msec 84 msec 4 (IM dosing)
QTc increase of> 75 msec
306E03740017  Ziprasidone 331 msec 414 msec 83 msec 42 (oral dosing)
121 05900362 420 msec 504 msec 84 msec 4 (IM dosing)

Ziprasidons, 5mg

8.1.8.3.3 Dropouts for ECG Abnormalities

There were no dropouts for ECG.

8.1.9 Special Studies

8.1.9.1 Sulphobutylether Beta-Cyclodextrin (SBECD)- the excipient

Sulphobutylether Beta-Cyclodextrin (SBECD) is a novel excipient not currently used in any marketed
formulation.

SBECD is also being studied to be an excipient in the drug development of an IV? formulation,
which is still in early phases of drug development. The sponsor included safety data obtained from the
work-up of SBECD as an excipient to this/ ___ v . There were 4 studies with data of
SBECD administered alone: 1) Study 225 (SBECD alone n=10),a smgle blind placebo controlled IV study
with doses of 25 mg/kg to 200 mg/kg, 2) Studies 226 (SBECD alone: n=9), 227 (SBECD alone: n=9), and
230 (SBECD alone: n=21), studies in which SBECD IV was used as the placebo control compared to
SBECD in combination with the active [V~ Jormulation.

The sponsor calculated that each milliliter of the ziprasidone IM formulation contains 20 mg ziprasidone,
294 mg SBECD and 4.7 mg of methanesulfonate. If patients were to be receiving 20 mg ziprasidone IM
qid for each dose with a maximum of 4 doses in one day, they could potentially be exposed to 1176 mg
daily of SBECD. Assuming that subjects range 50-70 kg, the exposure could be determined to be ranging
from 17 to 24 mg/kg/day which appears to be comparable to dosing exposure in the phase I studies of IV

antibiotic formulation .
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Pharmacokinetic data has shown that SBECD is eliminated by the kidney. Adverse events in the
submitted in these studies inc*ded abnormal vision, dizziness, headache, mild elevatlon in AST, and rash.
The study report for study 150-230 also mentions two subjects with hematuria during exposure to SBECD,
but with normal baseline.

No studies were conducted that tested the IM form of SBECD (without the ziprasidone IM formulatxon)
and its behavior at a muscular injection site.

8.1.9.2 Extrapyramidal Symptoms

Extrapyramidal Symptoms (EPS) will not be reviewed in depth for ziprasidone IM as there is sufficient
evidence from the review of the oral formulation that ziprasidone has the potential to cause EPS (see
review NDA-20-825:4/30/98). Of note, four patients in the ziprasidone IM data base discontinued due to
symptoms of EPS: 1) Subject 121-5980101 withdrew on the first day of treatment with ziprasidone IM (10
mg qid) because of akathisia, sedation and increased psychosis and 2) Subject 125-6530077 withdrew on
the first day of treatment with ziprasidone IM (10 mg qid) after 2 injections due to akathisia, diarrhea and
nausea, 3) Subject 121-5980101 experienced acute dystonia on the first and second day of treatment with
ziprasidone IM (10 mg qd and 5 mg qd respectively), and withdrew because of laryngospasm on the third
day just after starting oral ziprasidone 40 mg qd, and 4) Subject 121-5980101 withdrew on the first day of
treatment with ziprasidone IM (10 mg qid) because of akathisia, sedation and increased psychosis.

~ 8.1.10 Withdrawal Phenomena/Abuse Potential

»

¥

“The sponsor did not study the abuse potential nor the effects of sudden or gradual discontinuation of .
ziprasidone IM treatment. :

8.1.11 Human Reproduction Data

The sponsor did not address this topic in the Integrated Summary of Safety, and this information was not
located in this submission.

8.1.12 Overdose Experience

There was no report regarding overdose of ziprasidone IM in the ISS.
8.2 Adequacy of Patient Exposure and Safety Assessments
82.1  Adequacy of Clinical Experience

The clinical data of this NDA is based on a relatively small subject exposure of the adult population for a
new molecular entity. The laBeling proposed is combined with the previously proposed labeling for the
oral formulation of ziprasidone{ However, the oral formulation was not approved for commercial
marketing becalise 6f'cardiovascular safety issues.. Therefore, the current ziprasidone intramuscular
exposure of the adult population appears to be insufficient to merit marketing with its own labeling. There
was no pediatric Exposure of ziprasidone IM reported in this NDA submission.

The sponsor submitted more than one adequate and well controlled study to support the efficacy claims of
ziprasidone IM.

822  Adequacy of Animal and/or In Vitro Testing
Toxicity studies were not adequately perform using the intramuscular formulation of ziprasidone;

preclinical studies were performed using the IV and oral formulations without adequate pharmacokinetic
data to generalize results to the IM formulation of ziprasidone. Also, reproductive studies and
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genotoxicity studies were not performed using the entire formulation of ziprasidone IM which would
include, according to the proposed labeling, the excipient Sulphobutylether Beta-Cyclodextrin (SBECD),
methanesulfonic acid and ziprasidone. For further details, please refer to Dr. Freed’s Pharmacology
Review.

8.2.3  Adequacy of Routine Clinical Testing

This submission was of adequate quality to be submitted for review. Of concern, though, is that most of
the ECG recordings obtained in this data base were performed without regard for timing. There were few
ECG readings/QTc measurement done at times of peak concentrations of ziprasidone IM.

Ziprasidone IM was not tested on patients with hepatic or renal impairment. This becomes a note of
concern because the cyclodextrin excipient is cleared by renal filtration. The sponsor included a mention of

this precaution under the special populations section in the proposed labeling.

There was also a methodological flaw in the collection of the vital signs. Most of the vital signs recorded
were done with sitting blood pressure rather than blood pressures recorded in the supine position; this does
not allow for the most accurate assessment of orthostatic effects of ziprasidone. Also, in looking at the
median changes from baseline of vital signs, the sponsor used observations that could have been recorded
up to twenty-four hours after the last dose of study treatment; this may provide less accurate comparisons
than could have been made if these measurements were recorded sooner given the half-life of tuis drug (t 4,

was approximately 3 hours).

The elaborate system used by the sponsor for reporting clinical significance of laboratory values set up
many restrictions that may not have captured laboratory abnormalities of interest. The criteria for a change
from baseline for a baseline-abnormal subject appears extreme, and changes that may be concerning
would not be picked up using this system. It wouid perhaps be more helpful to identify changes from
baseline and use that as the criteria. It is curious that there were a significant number of subjects who had
an abnormal baseline to merit different criterion; however, their laboratory values were not so abnormal
that they were excluded from enrolling in the study. Also of note is that the last laboratory value was
performed up to 24 hours after the last administration of IM ziprasidone, some subjects may no longer bave
had appreciable plasma concentrations when the tests were performed, and the maximum effect of the

study drug may not have been appreciated.

824  Adequacy of Metabolic Workup

A metabolic profile of ziprasidone IM <was not performed. It is unknown if the combination of the
ingredients in the entire formulation of ziprasidone IM (SBECD, methanesulfonic acid and ziprasidone)
would generate metabolites that were not identified in the metabolic work up of oral ziprasidone.

8.2.5  Adequacy of Evaluation for Potential Adverse Events for Any New Drug and Particularly for
Drugs in the Class Represented by New Drug; Recommendations for Further Study

Because of ziprasidone’s potential to prolong the QTc interv