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ABSTRACT

Purpose To develop and characterize new formulations of
ziprasidone with a reduced food effect achieved by increasing
exposure in the fasted state.

Methods Formulations were developed utilizing the following
solubilization technologies: inclusion complex of ziprasidone
mesylate and cyclodextrin, ziprasidone free base nano-
suspension, and semi-ordered ziprasidone HCl in polymer matrix.
Pharmacokinetic studies were conducted with these formulations
to examine the bicavailability of test formulations in fasted and fed
state compared to commercial capsules (Geodon®) dosed in the
fed state.

Results All formulations containing solubilized ziprasidone
showed either no food effect or a reduced food effect
compared to commercial capsules. Two formulations when
taken in the fasted or fed state were comparable to the
commercial capsules dosed in the fed state with respect to
total exposure. However, peak concentrations were ~30—
40% higher.

Conclusions Pharmacokinetic studies indicated solubilization
technologies can be employed to successfully increase the
extent of ziprasidone absorption in the fasted state, thereby
reducing the food effect. Such formulations could provide
simple and convenient dosing while retaining the familiar
safety and efficacy profile of currently marketed capsules.
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INTRODUCTION

Ziprasidone (5-[2-[4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)
ethyl]-6-chloro-1,3-dihydro-2H-indol-2-one], a dopamine
(Dg) receptor antagonist, is an orally active atypical
antipsychotic drug used in the treatment of schizophrenia
and bipolar disorder (1,2). It is commercially marketed
worldwide under the brand names of Geodon® or
Zeldox®. The absorption of ziprasidone is increased up to
two-fold in the presence of food (3,4), and administration
with food is considered crucial to ensure optimal, reliable,
dose-dependent bioavailability, and thus predictable symp-
tom control and tolerability (5). Studies have shown that the
calories consumed (should be greater than 500 kcal
irrespective of the fat content) and time between dosing
and food intake (should be less than 2 h) are important
factors in the absorption of ziprasidone (6,7). It has been
noted that “the reduced oral absorption of ziprasidone in
the fasted state cannot be compensated for by increasing
the prescribed dose” (8,9).

Although the dosing and administration instructions for
Geodon require patients to take the medication with food
(10), around 50% of patients with schizophrenia do not
fully comply with treatment, and noncompliance is linked
to relapse, re-hospitalization, poor outcome, and high
economic costs (11). Market research (Idedics. Primary FF
market research, Pfizer Inc., 2007) has indicated that
about 25% of physicians do not instruct patients to take
Geodon with food, and ~50% of the physicians instruct
their patients to take Geodon with a snack without
specifying a caloric content. The report also concluded
that about 40% of the patients did not take at least half of
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their weekly Geodon doses with sufficient “calories.” In
another market research study (Putnam Associates, STEP
Study, Pfizer Inc., 2008), physicians estimated that 40-60%
of their patients do not consistently take Geodon with
sufficient food, and 45-85% of physicians perceived
therapeutic response to Geodon to be less effective in
patients who take it with insufficient calories of food.
Experts have also noted that poor compliance with
treatment of any type is an issue for patients with
schizophrenia, and compliance with a complex medication
regimen, e.g., twice daily dosing and dosing with food, is
likely to be worse (12).

A ziprasidone formulation with no food effect or with a
reduced food effect such that it can be taken without regard
to food should logically result in more consistent drug levels
in the blood and has the potential to enhance response
uniformity in a poorly compliant patient population. Some
other possible advantages of such a new formulation are as
follows: (a) the new formulation taken with or without food
would be able to achieve a Dy receptor occupancy
consistent with antipsychotic efficacy, while Geodon capsu-
les taken without food may not achieve this; (b) the new
formulation may be a beneficial option for the ~40% of
patients who do not take their Geodon with sufficient
calories; (c) in patients at risk of weight gain and its
associated health complications, the new formulation would
take advantage of the benign metabolic profile of ziprasi-
done while adding greater flexibility in managing daily
caloric intake; (d) the new formulation would provide the
familiar safety and tolerability profile of Geodon without
the burden of taking it with at least a 500-calorie meal to
achieve the target absorption; (e) the new formulation
would provide a means to more reliably titrate the dose
to achieve the desired effect independent of patient
compliance (i.e., consistent with FDA guidance to treat
patients with the lowest efficacious dose); and (f) the new
formulation would provide simple and convenient dosing,
thereby increasing patient compliance, as it would be easier
to administer at 12-h intervals, since dosing is not tied to
meal times.

Food-drug interactions resulting in altered pharmacokinetics
are well known (13,14). Food can result in delayed, decreased,
increased, or unchanged absorption. Several mechanisms can
contribute to increased drug absorption when administered
with food, including increased solubilization. Ziprasidone is a
poorly water-soluble (free base solubility in water=0.3 ug/mlL)
and a highly lipophilic compound (¢ log P=3.6). We
hypothesized that the food effect of ziprasidone is related to
increased absorption due to increased solubilization and/or
increased rate of dissolution from the dosage form i the
presence of food. Therefore, solubilized forms of ziprasidone
or forms exhibiting an increased rate of dissolution could
eliminate or reduce its food effect.
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Numerous technologies are available for increasing the
absorption of poorly water-soluble drugs including
prodrugs (15,16), new salts (17), crystal engineering (18),
lipid-based delivery systems (19-21), cyclodextrin-based
inclusion complexes (22), nanosizing (23,24), and hydrox-
ypropyl methylcellulose acetate succinate-based spray
dried dispersions (25).

In this study, we investigated the pharmacokinetics and
food effect of the following solubilized forms of ziprasidone:
(1) a ziprasidone mesylate-SBECD inclusion complex, (2) a
ziprasidone free base nano-suspension, and (3) a semi-

ordered ziprasidone HCI in an HPMCAS matrix.

MATERIALS AND METHODS
Materials

Ziprasidone free base, mesylate and hydrochloride salts
were obtained from Pfizer, Inc. Sulfobutyl ether -
cyclodextrin sodium (SBECD) was manufactured by Pfizer
Inc. under license purchased from CyDex Pharmaceuticals,
Inc. (Lenexa, KS). Hypromellose acetate succinate
AQOAT®, referred to in this paper by its older name,
Hydroxypropyl methylcellulose acetate succinate
(HPMCAS), Poloxamer 338 (Pluronic® F108), Polysorbate
80 (Tween® 80), Soybean lecithin, Methacrylic Acid
Copolymer Type C (Eudragit L.100-55), Microcrystalline
cellulose (Avicel® PH102 and Avicel® PH200), Lactose
monohydrate (Fast Flo 316), Crospovidone (Polyplasdone
XL), and Magnesium stearate were compendial grade and
obtained through the Inventory Management group at
Pfizer Inc. All other chemicals, reagents, and solvents were
analytical grade and were purchased from commercial
suppliers by Pfizer Inc.

Test Formulation A

A ziprasidone mesylate-SBECD inclusion complex con-
taining 117.0 mg ziprasidone (anhydrous)/g of powder
was prepared by bulk freeze drying a solution of SBECD
and the drug followed by milling the milled lyophilized
powder (26). The lyophilized powder was then mixed with
HPMCAS (MF grade) in the mass ratio of approximately
7:2 and filled into a gelatin capsule. Each capsule
contained the equivalent of 20 mg ziprasidone, and two
capsules were administered to obtain a 40 mg dose of
ziprasidone.

Test Formulation B

A 210 mg/mL ziprasidone free base nano-suspension was
prepared by wet-milling at 2100 RPM for 30 min using
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Nanomill-1™ (Manufacturer: Elan Drug Delivery, Inc.,
King of Prussia, PA). The grinding media consisted of
500 pum size polystyrene beads. Poloxamer 338 (Pluronic®
F108), Polysorbate 80 (Tween® 80) and Soybean Lecithin
were used as surface stabilizers/surface modifiers. The nano-
suspension was prepared at 4°C at 2100 RPM. The resulting
suspension was filtered under vacuum to remove the milling
media (27). An appropriate volume of the suspension
(0.19 mL corresponding to 40 mg dose of ziprasidone) was
diluted in 60 mL water and administered as a suspension.

Test Formulation C

A form of ziprasidone consisting of semi-ordered ziprasidone
HCI in an HPMCAS matrix (28), referred to as ziprasidone
HCI crystallized spray-dried dispersion (CSDD), was
prepared by spray drying a solution of ziprasidone HCI
and HPMCAS (HG grade) (1:4 ratio by weight) in methanol,
drying the resulting spray-dried dispersion (SDD) in a
conventional tray drier, and then exposing the SDD to 50°C
and 90%RH for 24 h. Immediate release tablets containing
ziprasidone HCI CGSDD (35.6% by weight loading), micro-
crystalline cellulose, lactose, crospovidone, and magnesium
stearate were made so that each tablet contained 40 mg of
ziprasidone.

Test Formulation D

Ziprasidone HCl CSDD was prepared as described above
for test Formulation C. Ziprasidone HCI CSDD modified

Table I Summary of the Pharmacokinetic Studies

release (MR) granules were prepared by an extrusion
granulation process using ziprasidone HCl CSDD and
Methacrylic Acid Copolymer Type C (Eudragit 1.100-55)
(3:2 ratio by weight) with ethanol/water at ambient
temperature.

Immediate release tablets containing ziprasidone HCI
CSDD (35.6% by weight loading), microcrystalline cellu-
lose, lactose, crospovidone, and magnesium stearate were
prepared by a conventional roller compaction process so
that each tablet contained 24 mg of ziprasidone. Tablets
containing ziprasidone HCl CSDD MR granules (40% by
weight loading), microcrystalline cellulose, crospovidone,
and magnesium stearate were made so that each tablet
contained 16 mg of ziprasidone.

Test Formulation D consisted of dosing one tablet
containing ziprasidone HCI IR granules (24 mg) and one
tablet containing ziprasidone HC1 MR granules (16 mg) for
a total dose of 40 mg ziprasidone.

Pharmacokinetic Evaluations

The pharmacokinetic studies were randomized, open-label,
crossover studies to examine the bioavailability of Geodon
commercial capsule under fed conditions and of a test
ziprasidone dosage form (Formulations A, B, or D) under
fed and fasted conditions, all after single 40 mg doses. All
subjects were healthy, with a BMI of approximately 18 to
30 kg/m” and a total body weight>50 kg. Subjects were
randomized to one of six treatment sequences on Day 1 of
Period 1. Each treatment period was separated by a

Formulation Description Number Number of subjects completing study treatments
of subjects
A fasted A fed Commercial capsule fed
A Ziprasidone mesylate-SBECD 6 12 I5 13
complex
B fasted B fed Commercial capsule fed
B Ziprasidone free base nano- 14 12 12 12
suspension
C fasted C fed Commercial capsule fed
C Ziprasidone HCI CSDD 18 17 17
Ziprasidone HCI CSDD 24 23 24
D fasted D fed Commercial capsule fed
D Ziprasidone HCI (CSDD IR 20 20 19 20
granules + CSDD MR granules)
Commercial capsule Commercial
fasted capsule fed
Commercial capsules® Ziprasidone HCI commercial 8 8 8

IR capsules

*Historical fed-fasted data with commercial capsules was used for comparison of the performance of the test formulations and in the pharmacokinetic

simulations.
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Fig. 1 Mean serum ziprasidone concentrations in healthy volunteers

following 40 mg oral doses of Geodon® capsules in the fed state and
Formulation A in the fasted and fed state.

minimum three-day washout interval. Written informed
consent was obtained from all study subjects, and the study
protocols were approved by the Institutional Review Board.
In the case of Formulation C, there were two pharmaco-
kinetic separate studies, one which studied Formulation C
in the fasted state and another which studied Formulation
C in the fed state. Both studies had a control arm of
Geodon given in the fed state.

For the test formulation (fasted) treatment, subjects were
administered the drug with 240 mL of water following an
overnight fast of at least 10 h. In the case of the test
formulation (fed) and commercial capsule (fed) treatments,

180

160

—o—Geodon fed
—&—Form B fasted
—&—Form B fed

140 1

120 1

100 +

80 1

60 +

Concentration (ng/mL)

40 1

20 1

0 T T . . . . . . g
0 4 8 12 16 20 24 28 32 36

Time (hr)

Fig. 2 Mean serum ziprasidone concentrations in healthy volunteers
following 40 mg oral doses of Geodon® capsules in the fed state and
Formulation B in the fasted and fed state.
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following an overnight fast of at least 10 h, subjects were
provided with a standardized high-calorie/high-fat break-
fast, consisting of two eggs fried in butter, two strips of
bacon, two slices of toast with butter, four ounces of hash
brown potatoes, and eight ounces of whole milk. The
breakfast was consumed over a 20-min period, with the
drug administered within 5 min after completion of the
meal with 240 mL of water.

For both the fasted and fed treatments, no food was
allowed for at least 4 h post-dose. Water was allowed as
desired except for 1 h before and after drug administration.
A standard lunch was provided about 4 h after dosing and
dinner about 10 h after dosing. An evening snack was
permitted on the day of dosing.

Blood samples (5 mL) were collected at the following
times: pre-dose, and 1, 2, 4, 6, 8, 10, 12, 16, 24, and 36 h
after drug administration. The serum samples were assayed
for ziprasidone using a validated liquid chromatography/
dual mass spectrometry (LC/MS/MS) assay (29).

Because Geodon capsules were studied only in the fed
state in this series of pharmacokinetic studies, available
historical fed-fasted data with Geodon capsules (30) are
used for comparison of the performance of the test
formulations and in the pharmacokinetic simulations.

The pharmacokinetic studies were not powered for
bioequivalence. However, in analyzing the similarity of
AUG;,r and G, ratios, we considered the commonly used
criteria for bioequivalence by the U.S. Food and Drug
Administration, i.e., 90% Confidence Intervals (CIs) be-
tween 0.80 and 1.25 (31). In analyzing the food effect in
individual subjects, we considered ratios between 0.80 and
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Fig. 3 Mean serum ziprasidone concentrations in healthy volunteers
following 40 mg oral doses of Geodon® capsules in the fed state and
Formulation C in the fasted and fed state.
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Fig. 4 Mean serum ziprasidone concentrations in healthy volunteers
following 40 mg oral doses of 40 mg Geodon® capsules in the fed state
and Formulation D in the fasted and fed state.

1.25 and 0.70-1.43 to correspond to a no food effect
and a moderate food effect, respectively. The wider
limits have a statistical basis (32—37) and have sometimes
been considered as appropriate bioequivalence criteria for
highly variable drugs. The wider limits were once
considered for C,,, In a draft guidance on evaluating
food effects (38).

Statistical Methods

The pharmacokinetic parameters were calculated for each
subject for ecach treatment using standard non-
compartmental analysis of concentration-time data. The
precision of the estimate of pharmacokinetic parameters
(AUC;,¢ and C,,,) was determined by constructing 90%
ClIs around the estimated difference between the Test and
Reference treatments using a mixed effects model based on

Table Il Statistical Summary of Treatment Comparisons (Formulation A)

natural log transformed data. The mixed effects model was
implemented using SAS Proc Mixed, with REML estima-
tion method and Kenward-Roger degrees of freedom
algorithm.

Statistical Analysis

The natural log-transformed pharmacokinetic parameters
were analyzed using a mixed effects model with sequence,
period, and treatment as fixed effects and subject within
sequence as a random effect. Estimates of the adjusted
mean differences (Test-Reference) and corresponding 90%
CIs were obtained from the model. The adjusted mean
differences and 90% ClIs for the differences were exponen-
tiated to provide estimates of the ratio of adjusted
geometric means (Test/Reference) and 90% Cls for the
ratios.

Pharmacokinetic Simulations

The steady-state concentration versus time profiles for
Geodon capsules and selected test formulations in the
fasted and fed state were simulated from single dose data
using the principle of superposition. The simulations
generated using the non-compartmental superposition tools
in WinNonlin 3.2 (Pharsight Corporation, Mountain View,
CA) were comparable to those generated using MATLAB
(MathWorks, Natick, MA).

To illustrate the benefits of a ziprasidone formula-
tion with a reduced food effect, the steady-state
concentration versus time profiles were also simulated for
compliant, non-compliant, and partially compliant
patients taking Geodon or Formulation D. Although
non-compliance and partial compliance in the context of
Geodon dosing can take a variety of forms, such as not
taking medicine with the recommended amount of food,
delaying or skipping doses, etc., we assumed that
compliant patients always take their medication with

Parameter Comparisons Adjusted Geometric Ratio (%) of AGM (Test/Reference)  90% ClI Ratio (%)
(Units) Mean (AGM)
Test Reference
AUC, ¢ (ng.h.mL)  Formulation A (Fasted) vs Geodon (Fed) [183.69 I164.04 101.69 (95.40, 108.39)
Formulation A (Fed) vs Geodon (Fed) 1281.71 I164.04 [10.00 (103.31, 117.35)
Formulation A (Fed) vs Formulation A (Fasted)  1281.71 [183.69 108.28 (101.81, 115.16)
Crax (ng/mL) Formulation A (Fasted) vs Geodon (Fed) 179.58 119.96 149.70 (126.81, 176.72)
Formulation A (Fed) vs Geodon (Fed) 160.09 119.96 133.45 (113.27, 157.23)
Formulation A (Fed) vs Formulation A (Fasted) 160.09 179.58 89.15 (75.85, 104.77)
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Table NI Statistical Summary of Treatment Comparisons (Formulation B)

Parameter (Units) Comparisons Adjusted Geometric Ratio (%) of AGM 90% ClI Ratio (%)
Mean (AGM) (Test/Reference)
Test Reference
AUC, ¢ (ng.h.mL) Formulation B (Fasted) vs Geodon (Fed) 959.97 1090.74 88.01 (75.33, 102.83)
Formulation B (Fed) vs Geodon (Fed) 1243.87 1090.74 [14.04 (97.50, 133.38)
Formulation B (Fed) vs Formulation B (Fasted) 1243.87 959.97 129.57 (110.91, 151.38)
Crax (ng/mL) Formulation B (Fasted) vs Geodon (Fed) I51.15 98.86 152.90 (120.01, 194.80)
Formulation B (Fed) vs Geodon (Fed) [11.85 98.86 [13.15 (88.45, 144.74)
Formulation B (Fed) vs Formulation B (Fasted) [11.85 I51.15 74.00 (58.08, 94.28)

food, non-compliant patients take it without food and
partially compliant patients take the morning dose in the
fasted state and the evening dose in the fed state. It should
also be noted that, for these simulations, we used the
single dose data from healthy volunteers versus patients.
This is justified as there are no known pharmacokinetic
differences for the two populations and the target illness
would not be expected to affect the hepatically based
metabolism of ziprasidone.

The concentration versus time profile for higher (and
lower) doses of Formulation D was simulated from the
40 mg data assuming dose linearity. The 80 mg profile was
compared to the concentration versus time profile following
intramuscular dosing.

RESULTS
Pharmacokinetic Studies

A summary of the formulations tested and the number of
subjects assigned to and completing the treatments in each
of the pharmacokinetic studies is given in Table I. Also
included in Table I is a historical fed-fasted pharmacokinetic
study with the commercial Geodon capsules.

Table IV Statistical Summary of Treatment Comparisons (Formulation C)

The mean serum ziprasidone concentrations after
administration of the test formulations in the fed and fasted
state and Geodon administered in the fed state are shown
in Figs. 1, 2, 3 and 4, and the results from the statistical
analyses of the treatment comparisons are summarized in
Tables II, III, IV and V. Some highlights from the
pharmacokinetic studies for each of the test formulations
are given below.

Formulation A

When Formulation A (fasted) was compared to Geodon
(fed), a similar extent (AUC;,) but greater rate of
absorption (higher G, and earlier T),,,) was observed.
A comparison of Formulation A (fed) to Formulation A
(fasted) suggested the absence of a significant food effect on
AUCinf or Cmax-

Formulation B

When Formulation B (fasted) was compared to Geodon (fed),
a marginally lower extent (AUGC;,,¢ but substantially greater
rate of absorption (higher C,,. and earlier T, was
observed. Comparing the test formulation given in the fed
and fasted states, the results indicated a significant positive

Parameter (Units) Comparisons Adjusted Geometric Ratio (%) of AGM 90% CI Ratio (%)
Mean (AGM) (Test/Reference)
Test Reference
AUC, ¢ (ng.h.mL) Formulation C (Fasted) vs Geodon (Fed) 794.11 864.54 91.85 (78.90, 106.93)
Formulation C (Fed) vs Geodon (Fed) 1021.71 955.73 106.90 (101.82, 112.24)
Formulation C (Fed) vs Formulation C (Fasted) Comparison not possible
Crax (ng/mL) Formulation C (Fasted) vs Geodon (Fed) 123.76 92.25 134.17 (114.74, 156.89)
Formulation C (Fed) vs Geodon (Fed) 158.76 102.40 155.05 (139.07, 172.85)

Formulation C (Fed) vs Formulation C (Fasted)

Comparison not possible
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Table V Statistical Summary of Treatment Comparisons (Formulation D)

Parameter (Units) Comparisons Adjusted Geometric Ratio (%) of AGM 90% ClI Ratio (%)
Mean (AGM) (Test/Reference)
Test Reference
AUC, ¢ (ng.h.mL) Formulation D (Fasted) vs Geodon (Fed) 800.36 917.82 87.20 (82.67,91.99)2
Formulation D (Fed) vs Geodon (Fed) 1045.19 917.82 [13.88 (108.07, 120.00)
Formulation D (Fed) vs Formulation D (Fasted) 1045.19 800.36 130.59 (123.81, 137.74)
Crax (ng/mL) Formulation D (Fasted) vs Geodon (Fed) 133.04 103.02 129.15 (11441, 145.78)
Formulation D (Fed) vs Geodon (Fed) 135.29 103.02 131.33 (116.60, 147.92)
Formulation D (Fed) vs Formulation D (Fasted) 135.29 133.04 101.69 (90.10, 1'14.77)

food effect on AUC;,s and negative food effect on C,,.
None of these comparisons met the standard bioequivalence
criteria, i.e., 90% CI within 80-125%.

Formulation C

Compared to Geodon (fed), Formulation C (fasted or fed) was
more rapidly absorbed, resulting in a higher C,,, and an
carlier Tmax. Formulation C showed an approximately 10%
lower extent of absorption in the fasted state but marginally
increased extent of absorption compared to Geodon in the
fed state. A direct assessment of the food effect for
Formulation C was not possible because the fasted and fed
data came from two different clinical studies.

Formulation D

Compared with Geodon capsules (fed), Formulation D
appeared to provide higher peak concentrations (G,
under both the fed and fasted conditions. There was a
12.8% decrease in the extent of absorption (AUGC;,) with
Formulation D compared to Geodon (fed), while C,,,, was
increased by approximately 29%. In the fed state, the
AUG;,r and C,,,y increased by approximately 14% and
31%, respectively, when compared to Geodon (fed). For
food effect assessment, a comparison of exposure with
Formulation D under fed versus fasting conditions showed
an increase with food of 31% for AUC;,; and virtually no
change in C,,.

Table VI Intra-subject Food Effect for AUC and C,, for Formulation D Compared to Geodon

Formulation D (40 mg) Geodon capsules (40 mg)
Subject AUC, ratio Crnax ratio Subject AUC, ratio | Ca ratio
(Fed/Fasted) (Fed/Fasted) (Fed/Fasted) | (Fed/Fasted)
2 1.31 |
3 . 2
4 3 1.39 0.70
5 L2 08! 4 118 1.04
6 5
a— | E—
8 1.28 1.32 7
9 1.22 8
10 1.32
I 44
12 1.26
13
14 1.27
15 1.28
16 .
17
18 1.41
19 .
20

Color code for the cells: Green = ratio between 0.80 and 1.25 (no food effect), Yellow = ratio between 0.70 and |.43 (moderate food effect),

and Red = ratio less than 0.70 or greater than |.43 (food effect).
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Table VIl Individual AUC;s and C,,., Ratios of Pharmacokinetic Parameters for Formulation D

Formulation D fasted/Geodon fed Formulation D fed/Geodon fed
Subject AUC, ratio Chnax ratio AUC, ratio Cax ratio

|

2 0.89 I.og 1.37 1.39
3 1.29

; i

5

6 .65 1.28
7 0.71 1.41
8 . 1.30 2.04
9 24 1.26
10 0.75 l.o0 1.27
I . 1.27 1.36
12 1.29 1.33
13 1.38

14 NE]

15 1.33

:f; 091 [ ] 1.03 0.98
18

19
20 0.70

Color code for the cells: Green = ratio between 0.80 and 1.25, Yellow = ratio between 0.70 and .43, and Red =ratio less than 0.70 or greater than |.43

(food effect).

The AUG,,f ratio and G, ratio for individual subjects
receiving Formulation D in the fasted and fed states is
presented in Table VI. An analysis of the data indicated
that 68% of the subjects receiving Formulation D had no/
moderate food effect compared to 25% for Geodon
capsules. In this analysis, no food effect corresponded to
the pharmacokinetic ratio being between 0.80 and 1.25, a
moderate food effect corresponded to the pharmacokinetic
ratio being between 0.70 and 1.43, and a food effect
corresponded to a ratio less than 0.70 or greater than 1.43.
The fasted and fed AUC;,¢ and C,,,,« ratios for Formulation
D compared to Geodon capsules in the fed state for
individual subjects is presented in Table VII. An analysis of
the data showed that a majority of subjects receiving
Formulation D had a fasted and fed AUC,,; and C, .«
ratio between 80% and 125%.

The variability of Formulation D versus Geodon capsules
is shown in Table VIIL. In the fed state, the % CV for
AUC;, ¢ as well as C,,, were much lower for Formulation D
(22% and 25.4%, respectively) compared to Geodon
capsules (39% and 52%, respectively). It should be noted

that this comparison is across two separate studies. The
table also shows that Geodon capsules in the fed state have
some study-to-study variability.

Pharmacokinetic Simulations

The steady-state concentration versus time profiles for
Geodon capsules (fed) and Formulation D (fasted and fed)
are presented in Iig. 5. The ratios of the pharmacokinetic
parameters are presented in Table IX. The C,,, ratios for
Formulation D are somewhat lower at steady-state versus
after single dose but still higher than Geodon in the fed
state (117% and 125% in the fasted and fed state,
respectively).

A comparison of the simulated steady-state concentra-
tion versus time profiles for Geodon and Formulation D in
non-compliant, compliant, and partially compliant patients
is shown in Fig. 6(a—b). For the purpose of this analysis,
compliant patients are considered to be those who take
their medication (both AM and PM dose) with adequate
food, non-compliant patients are those who take their

Table VIII Comparison of the Variability of Formulation D and Geodon Capsules

Treatment (40 mg dose) AUC,¢ (ng*hr/mL) Crax (ng/mL)

40 mg dose Treatment AUC,¢ (ng*hr/mL) Crax (ng/mL)

Form D fasted
Form D fed
Geodon fed

793.3 (21.9%)
1052.5 (22.6%)
922.8 (25.1%)

131.9 (25.4%)
135.3 (22.0%)
102.9 (30.5%)

Geodon fasted
Geodon fed

481.4 (39%)
901.5 (29%)

53.6 (52%)
87.2 (29%)
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Fig. 5 Steady-state simulations following 40 mg oral doses of Geodon®
capsules in the fed state and Formulation D in the fasted and fed state.

medication in the fasted state, and partially compliant
patients are those who take their AM dose in the fasted
state and their PM dose in the fed state. The analysis
indicated that Formulation D would be predicted to
provide a more uniform response in non-compliant and
partially compliant patient populations compared to Geodon
capsules. On comparing Geodon and Formulation D in
partially compliant patients (Fig. 6¢), it is evident that
Formulation D in partially compliant patients is more
similar to Geodon in compliant patients than Geodon in
partially compliant patients. Therefore, it would be
predicted to provide a better response in partially
compliant patients.

Figure 7 compares the simulated concentration versus time
profile for an 80 mg dose of Formulation D to the profiles of
10 and 20 mg doses of IM ziprasidone taken from the
literature (39). It can be seen that even at the top dose of
80 mg, the concentrations following oral administration of
Formulation D are projected to be lower than those achieved
on the last day of IM therapy with Geodon IM. It should be
noted that the IM data is from patients, while the simulated
performance of Formulation D is in healthy volunteers.

DISCUSSION

The overall results from the pharmacokinetic studies
indicated that solubilization technologies can be employed

to successfully increase the extent of absorption of ziprasi-
done in the fasted state, thereby reducing the fed-fasted
differences. However, in doing so, the rate of absorption is
also increased, resulting in a higher C,,,, and shorter T,
compared to Geodon capsules administered in the fed state.
Formulations which attempted to reduce the increased rate
of absorption resulted in either a loss of exposure or re-
introduction of the food effect, albeit not as severe as
observed with Geodon capsules. Further studies would be
necessary to determine the effect of meal size (calories and fat
content) and meal timing. Because of the different serum
concentration versus time profiles of the test formulations
compared to Geodon capsules taken in the fed state, we
discuss below safety and efficacy, primarily focusing on
Formulation D, but similar considerations would apply to the
other test formulations. Formulation D was selected for this
detailed analysis because it exhibited a C,,,, ratio relative to
Geodon that was not lower than the other formulations.

Safety Considerations

Although ziprasidone is generally well tolerated, it has a
dose-related prolongation of the corrected QT (QTc)
interval on ECG (40). Thus, ziprasidone is contraindicated
in patients with a known history of QTc¢ prolongation, in
patients with acute myocardial infarction, and in patients
with uncompensated heart failure.

Since the new formulations exhibit a higher C, ., than
Geodon capsules, the improvement associated with a
reduced food effect and improved variability in non-
compliant patients must be balanced with possible changes
in the QTc profile.

Several studies have addressed the risk-benefit profile of
Geodon in the context of its QTc prolongation versus its
neutral metabolic profile, viz., minimal effects on total and
LDL cholesterol and triglyceride levels and a weight-neutral
profile that distinguishes ziprasidone from other atypical
antipsychotics (41). The relationship between high dose
ziprasidone and QTc interval has been systematically
studied, and changes from baseline QTc interval were
found to be clinically modest (42). Anecdotal reports have
provided preliminary indications that doses in excess of
160 mg/day and up to 640 mg/day may be safe and
efficacious (43). For oral ziprasidone doses ranging from
240 to 320 mg/day, there was no significant incremental
effect on QTc interval prolongation in certain subsets of

Table IX Simulated Steady-state

Pharmacokinetic Parameters for Treatment (40 mg dose) AUC;¢ Ratio Crnax Ratio

Geodon® Capsules and

Formulation D Formulation D (fasted) vs Geodon (fed) 87% 117%
Formulation D (fed) vs Geodon (fed) I 14% 125%
Formulation D fed vs Formulation D fasted 130% 106%
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Fig. 6 (a) Simulated steady-state serum ziprasidone concentrations for Geodon capsules in non-compliant, compliant, and partially compliant
patients (Non-Compliant subjects = Fasted dosing; Compliant subjects = Fed dosing; Partially compliant = AM fasted and PM fed dosing). (b)
Simulated steady-state serum ziprasidone concentrations for Formulation D in non-compliant, compliant, and partially compliant patients (Non-
Compliant subjects = Fasted dosing; Compliant subjects = Fed dosing; Partially compliant = AM fasted and PM fed dosing). (€) Simulated steady-state
serum ziprasidone concentrations comparing Geodon capsules and Formulation D in partially compliant patients (Partially compliant = AM fasted and

PM fed dosing).

patients (44). Previous clinical studies, albeit with a small
number of patients, have studied QTc prolongation with
mean ziprasidone serum concentrations of up to 320 ng/mlL,
with none of the patients having a Q'T'c interval > 480 msec
(42). In a retrospective review of a 14,000 patient data
set, there appeared to be no evidence of a correlation
between ziprasidone dosage, which ranged from 180 to
640 mg/day (mean 283.8 mg/day; SD, 71.3), and QTc
interval (45). Intramuscular ziprasidone is typically used
for the acute treatment of agitation in schizophrenic

@ Springer

patients at doses of 10 mg (every 2 h) to 20 mg (every
4 h) up to a maximum of 40 mg per day. Following a
typical IM regimen results in C,,,, values which are
typically higher than those obtained following orally dosed
ziprasidone.

Based on multiple previous studies, the QTc safety of
reduced food effect formulations appears to be supported
given the small increase in C,,,,,. Specifically for Formulation
D, the C,,., even at the highest dose of 80 mg, is projected
to be lower than the C,,,, achieved in patients on Day 3
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Fig. 7 Simulated concentration versus time profiles for 80 mg Formulation
D in the fasted and fed state compared to intramuscularly administered 10
and 20 mg Geodon.

following the last IM dose (46). We acknowledge that
that ziprasidone IM is given to patients in acute need of
treatment in an emergency room setting, and both the risk
and risk-benefit ratio for IM dosing would be different
from patients exposed to twice daily oral doses for many
years. It should also be noted that the pharmacokinetic
profiles are similar at steady-state for Formulation D
compared to Geodon capsules with only an approximately
30% increase in C, .

Efficacy Considerations

For the formulations with reduced food effect, the
efficacy should be similar to Geodon capsules adminis-
tered in the fed state based on similar average exposures.
Compared with Geodon capsules taken without a meal
or taken with only a light meal (insufficient calories), the
ziprasidone exposure after taking the test formulations
would be higher and consequently should provide
improved efficacy.

CONCLUSIONS

Four formulations of ziprasidone utilizing advanced drug
delivery technologies were developed which can be taken in
either the fasted or the fed state with total exposures
(AUC,,¢) comparable to Geodon capsules dosed in the fed
state. Two of the formulations, Formulation A, utilizing an
inclusion complex with cyclodextrin as the solubilization
technology, and Formulatoin D, utilizing the CSDD
technology, were comparable to Geodon capsules dosed
in the fed state with respect to total exposure (AUC;,.

However, the peak serum concentrations (C,,,,) for both
these formulations in the fasted and fed state were higher
than Geodon capsules dosed in the fed state, 33-50% in the
case of Formulation A and about 30% higher in the case of
Formulation D. Although these new formulations did not
meet the FDA guidance regarding bioequivalence (both for
AUC and C,,,,), we believe that there 1s significant patient
and physician benefit in a no/reduced food effect ziprasi-
done formulation.
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