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1 EXECUTIVE SUMMARY

1.1 BACKGROUND

Tizanidine 4 mg tablets (ZANAFLEX® ELAN), NDA 020-397 was approved Nov 27, 1996 for spasticity
and a supplement for a 2 mg tablet was approved Feb 04, 2000. This NDA (21-447) is for approval of 3
capsule strengths, 2 mg, 4 mg, and 6 mg. Dosing is t.i.d. but the schedule is adjusted to time the effect of

the drug to when it is needed.

At the time of filing an inspection was requested for the pivotal bioequivalence study (6 mg; study
0600002) and is scheduled to take piace in June 2002 in ————

1.2 RECOMMENDATIONS

The Office of Clinical Pharmacology and Biopharmaceutics / Division of Pharmaceutical Evaluation 1
(OCPB/DPE-1) has reviewed NDA #21-447 submitted October 31, 2001.

OCPB finds this application acceptable.
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Comments should be communicated to the sponsor as appropriate:
(See Section 3.1.2 on page 8).

Labeling comments should also be communicated to the sponsor as appropriate:

(See Section 3.3 Labeling Comments on page 9).
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2 CPB FINDINGS

2.1

SCOPE AND QUALITY OF INFORMATION

The scope of information provided is adequate for this new capsule formulation.

Information provided includes:

2.2

Single dose fasting bioequivalence studies with the highest proposed dosage formulation (6 mg
capsule) compared to the currently marketed tablet formulation (4 mg + 2 mg)

Bioequivalence studies in the presence of food (4 mg and 2 x 4 mg)
Food effect study when sprinkied on applesauce (6 mg cafsule - highest strength)
PK/PD study of tizanidine tablet and capsules in the presence and absence of food (2 x 4 mg)

Dissolution profiles : ——— tested, 2 mg stability batch, 4mg PK study batch, & 6 mg pivotal clinical
batch)

2 mg biowaiver request

The quality of the pivotal pharmacokinetic information is adequate. However, for the PK-PD study the
assay did not perform acceptably and the phammacokinetic metrics generated cannot be considered
accurate. In addition, the pharmacodynamic data and analysis from this study was not reviewable as
the photocopies provided were not legible. However, the graphs and study report were sufficiently
legible to make qualitative inferences. To gain additional insight would require a new study with a
different design.

SUMMARY OF FINDINGS

Under fasting conditions tizanidine 6 mg capsules (the highest proposed to-be-marketed strength)
are bioequivalent to tizanidine tablets (4 mg RLD + 2 mg). [Study 0600002]

Under fasting conditions tizanidine 4 mg capsules are bioequivalent to tizanidine 4 mg tablets (the
reference labeled drug). [Study 0300003)

Although tizanidine capsules meet bioequivalence criteria under fasted conditions, there is a delay in
tlag and Tmax for the capsules as compared to the tablets that is consistently seen across studies.
On average the delay is 6 and 14 minutes respectively.

When tizanidine capsules are administered under fed conditions, there is a delay.in absorption
compated to when the capsule is administered under fasting conditions. Specifically there is
approximately a doubling in tlag from ~25 minutes to ~50 minutes, and in Tmax from ~77 minutes to
~160 minutes. This delay in absorption is associated with a mean decrease in Cmax by 20%. There is
also a small increase in the extent of absorption, (10%). [Study AN021-101]

U]
When bioequivalence of the capsule relative to the tablet is examined under fed conditions, There is
a delay in absorption and the mean Cmax for the capsule is approximately 2/3's of the mean Cmax
for the tablet (90% CI - 50% to B7%). Specifically under fed conditions, the mean tlag and Tmax for
the capsule are approximately double the values for the tablet. For the AUC ratio the 90% confidence
interval is approximately 70% to 120%. [Study 0400001]

Sprinkling the capsule contents on applesauce increases the rate of absorption of tizanidine as well
as significantly decreases the variability in absorption rate. This is associated with approximately a
15% - 20% increase in Cmax and AUC. The increase in rate of absorption may be secondary to
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faster dissolution the tizanidine beads due to removal of the capsule shell and dissolution of the
beads beginning in the acidic appiesauce even before swallowing the dose of drug. [Study 0400002]

+ The PK-PD study indicates that there is a clinically significant difference in cognition and BP between
the two formulations under fed conditions. There is clearly a PD difference with the capsules in the
fed and fasted conditions, i.e. delayed. There are also likely greater pharmacodynamic effects with
the tablet in the fed as compared to under fasted conditions, although this difference may not have
reached statistical significance due to drop outs, inter-subject variability and lack of adequate
sampling at times when the maximum PK effect might be detected. [Study AN021-101]

e The close relationship between the pharmacokinetic - pharmacodynamic time profile with adverse
effects probably also holds for efficacy.
R

s Based upon biopharmaceutic considerations, the delay in tlag and Tmax with the capsules compared

to the tablets are likely due to a pH dependent effect on the excipients that are used in the
encapsulated beads.

e Absorption characteristics under fasting conditions are unaffected bv dose up to 8 mg. Dissolution is
slightly slower at 12 mg, but it is still fast with — _ dissolved in . Consequently, in spite of
this slightly slower dissolution with higher doses, it's still unlikely to cause a clinically significant
difference in absorption characteristics with doses up to the maximum recornmended dose of 12 mg.

« A biowaiver is requested by the sponsor for the 2 mg capsule strength. In assessing this request the
following conclusions were made:

a) Tizandine exhibits linear kinetics from 1 to 20 mg

b) The 2 mg, 4 mg, and 6 mg capsules are encapsulated beaded formulations that only differ by the
number of beads and are thus compositionally proportional

r) Dissolution rate is rapid | — . in _sforall strengths inall” .

A biowaiver is granted for the 2 mg capsule.

2.3 POTENTIAL RISKS, ASSESSMENTS, AND PROPOSED RISK MANAGEMENT
All risks should be manageable through professional labeling and patient package inserts.

For example for each clinical scenario, i.e. taking a given formulation but changing its administration in
the presence or absence of food; switching formulations when administered with food; or switching
between intact capsules and sprinkles; the dose of tizanidine must be slowly and carefully retitrated. (See
§3.3 Labeling Comments)

Risk 1  Variability in tlag and Tmax resulting in a lower Cmax with the capsule formulation might
fesult in altered therapeutic efficacy.

Assessment

Tizanidine is a narrow therapeutic drug with a short duration of action. Both efficacy and AEs closely .
foliow the concentration time profile. Because of the lack of safety data at higher doses or more frequently -
than t.i.d., tizanidine is taken in a8 pseudo as needed manner, with patients taking it at times so that the

effect coincides with when they need it. §

Although the capsules are bioequivalent to the tablets under fasting conditions, there is a very slight delay
under fasting conditions in both tiag and Tmax (average 6 and 14 minutes respectively, although Tmax

C:\dmautop\temp\N21447 .doc Page 4 of 71
Last printed 5/30/02 11:38 AM

e cmmw v g e een e



e e NN WY v

.»"‘* oo car e

may be delayed up to a few hours in some patients). This is associated with a slightly lower Cmax.
Because of the narrow therapeutic range, the correlation of time course of effect with concentration, and
the greater variability, it might be more difficult for patients to match the time course of effect to when they
need it. The differences however in most cases are small and patients are likely to be attuned to the
effects on their own bodies especially if they are aware of the possibility.

Proposed Managemeht

Description in the I“ab-eling“should be sufficient to guide patients in titrating their own dosage regimens.

e

e tr———— T i NG

Risk2 Diminished and delayed efficacy when administered with food. (initial prescribability)
Assessment

Because tizanidine is taken so as to time the effect to when it is needed, it may not be possible to avoid
taking it in close proximity to meals. For example, tizanidine may need to be taken first thing in the
morning to allow the patient to move from their bed to their wheelchair. Or at lunch to aliow functioning
during the afternoon, or at dinner to allow functioning in the evening, or before bed to allow transfer to bed
and minimizing discomfort so that a patient can sleep. Unfortunately, we don’t know how long before or
after meals tizanidine should be taken to minimize the food effect. In addition, the greater variability in
absorption when taken with food’makes timing administration to desired effect more difficult. However,
the lower and/or delay in effects with the capsule with food couid be advantageous in some situations
when a patient is having difficulty tolerating the tablet. The increased exposure to tizanidine (and
associated AEs) due to the effect of food on the tablet are already managed through professional
labeling.

Proposed Management

Description in the labeling should be sufficient to guide patients in titrating their own dosage regimens.

Risk 3 Increased side effects when administered sprinkled on applesauce.

Assessment

Sprinkling the capsule contents on applesauce increases the rate of absorption and is associated with
approximately a 15% - 20% increase in Cmax and AUC. Therefore there could be an associated increase
in AEs. However, a faster and less variable onset, as well as administration in soft food, could be
advantageous to some patients. The risks associated with administration on applesauce is low, as there
is an even greater risk of AEs when taking the currently approved tablets with food and this is currently
managed with labeling.

4

Proposed Management

Description in the labeling should be sufficient to guide patients in titrating their cown dosage regimens.

Risk 4 Lack of switchability of the tablet and capsule under fed conditions. (i.e tablet fed —
capsule fed switchability)

Assessment
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The extent of absorption is increased for both the tablet and capsule when administered with food relative
to the fasting state, but to different extents. in addition, the rate of absorption and Cmax is decreased
when the capsule is administered with food relative to fasting conditions. This is opposite to what occurs
with the tablet. Consequently, the capsule and tablet are bioinequivalent under fed conditions. This
presents a switchability issue when a patient takes the medication with food and changes formulations.

Proposed Management

Description in the labeling with warning regarding switchability should be adequate to manage the risk.

Risk 5 Diminished and delayed efficacy when administered with drugs that alter gastric pH or
to patients with conditions with altered gastric pH.

Assessment

Based upon biopharmaceutic considerations, the delay in tlag and Tmax with the capsules compared to
the tablets are likely due to a pH dependent effect on the excipients that are used in the encapsulated
beads or the drug itself. Consequently, food or any drugs or conditions that raise intragastric pH would be
expected to slow absorption, e.g. achlorhydria, antacids, H2 antagonists, or proton pump inhibitors.

Proposed Management

Precautionary statements in labeling regarding conditions or drugs that might effect gastric pH should be
sufficient to manage the risks.

Risk 6 Risk of increased toxicity when co-administered with rofecoxib (Vioxx® — Merck)

Assessment
The sponsor reports 8 case reports of interactions with rofecoxib (Vioxx® - Merck).

Most AEs were CNS or cardiovascular in nature. Some of the AEs fit the expected pharmacology of
excessive tizanidine administration, and some of the AEs fit the profile expected with abrupt tizanidine
withdrawal. Most of the other reported AEs are infrequently associated with tizanidine.

The mechanism and risk from this potential interaction is unclear. However the sponsor is to be

commended for proposing labeling changes to raise awareness of the possibility of an interaction.
L8

Proposed Management

Labeling changes should be adequate to address the potential drug interaction with rofecoxib. in addition,
the division of Gastrointestinal and Hematologic drug products will be made aware of this potential
interaction &nd will be requested to address this with rofecoxib.

Risk 7 High risk of lethality in suicide attempts (~1 of 3 attempts).

Assessment

Approximately 1 out of 3 suicide attempts resulted in death. Most overdose attempts resulted in
respiratory depression typically requiring mechanical ventilation, cardiovascular effects, and CNS
depression frequently resuiting in coma. Other drugs, that patients on tizanidine may typically require (i.e.
benzodiazepines and other muscle relaxants), as well as antidepressants, and possibly the patient’s
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underlying disease, are likely to have contributed to these deaths. This is because of pharmacodynamic
synergy on respiratory, CNS, and cardiovascular depression. Several of the deaths involved only a 1 or 2
week supply of tizanidine. The sponsor’s proposed labeling and suggestion to check with a poison control
center is inadequate. Review of Poisindex®, the most common information source used by poison control
centers, grouped tizanidine with other muscle relaxants and had very generic information. In fact,
although clonidine is pharmacologically similar with a wealth of overdose information, there is no cross
reference to clonidine. Currently there are 2 published case reports that poison information sources can
draw on and neither of these cases resulted in fatality, nor mentions respiratory depression, and only one
of the 2 cases mentions CNS depression. In addition, in one case flumazenil (a benzodiazepine
antagonist) was used, which is relatively contraindicated with a drug with tizanidine’s pharmacologic
profile.

Proposed Management
In addition to iabeling, this reviewer proposes publication of a review article of the presently known

overdose cases in collaboration with the sponsor. This will aliow tertiary sources of drug poisoning
information, to disseminate more complete information than is possible in the professional labeling.

Risk 8 High risk of drug abuse in combination with narcotics in narcotic addicts.

Assessment

Several overdose cases indicate that tizanidine was being misused by individuals addicted to opioids.
This is not surprising as clonidine, which is pharmacologically similar, is commonly misused by addicts to
prolong the duration of narcotic effect and minimize opioid withdrawal symptoms. This results in the use
of high doses over proionged periods (e.g. > 50 mg / day of tizanidine and above). Consequently, a
withdrawal syndrome can be precipitated due to going cold turkey, lack of awareness during treatment for
addiction, lack of supply due to running out or incarceration.

Proposed Management

In addition to labeling changes similar to clonidine regarding slow withdrawal, this reviewer proposes
including information in the proposed publication.

Risk 9 Increased risk of withdrawal in children due to the high incidence of gastrointestinal
iliness and the risk of emesis of tizanidine.

Assessment

§
Although tizanidine is currently not approved in children, the lack of good treatments for muscle spasms
suggests a high likelihood of off-label use in children. Since, young children often have gastrointestinal
illness, withdrawa! due to emesis similar to that observed with clonidine is expected to occur with
tizanidine.

'
Proposed Management

e o
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3 INFORMATION FOR COMMUNICATION TO SPONSOR

3.1 COMMENTS TO SPONSOR

3.1.1 Comments Already Conveyed

Full dissolution profiles for the pivotal clinical and bioequivalence batches are always needéd.
3.1.2 Comments to be Conveyed

3.1.21 Dissolution Method and Specifications

® Please adopt the following dissolution method and specifications for all strengths of tizanidine
capsules.

Table 1 Proposed Regulatory Dissolution Method and Specifications

Procedure: As per (USP 23) <711>
: USP Type Hl Apparatus
Apparatus type: (Rotating Paddles)
Medium:
Volume (mL): ’ N
Temperature D —
Speed of rotation
(r.p.m.): i ———
Sampling e e
Sample time (hours): R —————————
Sample Preparation e T ) —
Measurement: ———— e | ]
Acceptante »
Specification:

3.1.2.2 General Comments

1) The overdose and drug withdrawal information provided is clinically important. Consequently, we are
requesting a collaboration to publish more detailed information on these overdoses than can be )
provided in the labeling. This will provide poison control centers and tertiary poisoning information
sources the best information available regarding overdoses.
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3.1.2.2.1 NDA Format

Pivotal sections of study AN021-101 (Single Dose Pharmacokinetic, Pharmacodynamic, and Safety Study
of Zanaflex® (Tizanidine Hydrochloride) Tablets 8 mg (2 x 4 mg) and Capsules 8 mg (2 x 4 mg)
Administered with and without Food in Healthy Subjects) were illegible due to small font size and poor
photocopy quality. This issue has been noted in previous tizanidine submissions. For example the
following was communicated to the sponsor in a letter dated March 5, 1995 in regards to the original
tablet NDA submission. “The NDA contained several illegible and unreadable figures... in ...all future
submissions, please provide legible and readable figures.” Legibility will be specifically looked for in future
submissions, and per FDA guidances illegible submissions will not be filed.

3.2 PHASE IVCOMMITMENTS -
3.2.1 Commitments

The sponsor is requested to fulfill the following phase IV commitments.

3.2.2 Rationale(s)
Not applicabie.
3.3 LABELING COMMENTS

In addition to labeling for the capsules that the sponsor has proposed in this NDA (#21-447), the sponsor
has also submitted a labeling supplement to the tablet NDA, (20-397 SLR-014), that proposes changes to
the tablet labeling regarding food effects. The labeling change for the tablet is based upon food effect
study AN021-101 that is included in both the capsule NDA and the tablet labeling suppiement.

Consequently, there are 2 options with regards to labeling:

a) separate labeling for the tablet and capsule formulations
b) combined labeling for both formulations

in order to pssess the two approaches, the proposed tablet labeling was reviewed concurrently with the
proposed capsule labeling. Labeling comments for both individual sets of labels follow and are presented
side by side for comparison. In addition, a combined label for the tablets and capsules is also presented
concurrently for comparison of the alternative approach.

For all threé sets of labels, the basis for changes is the currently approved tablet labeling.

The following editorial marks are used in the labeling comments to indicate various changes:

Single undertine is sponsor's proposed addition to currently approved tablet labeling
Single sirikethrough is sponsor's proposed deletion to currently approved tablet labeling

pianighietIex] differs between tablet and capsule labeling (i.e. formulation specific labeling) .

Double underine is reviewer’s proposed addition to sponsor’s proposed labeling
Double stkkethsough is reviewer's proposed deletion to sponsor’s proposed labeling
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<- 4 SIGNATURES
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6 REVIEW
6.1 CHEMISTRY
6.1.1 Drug Product

Proposed — Capsules containing immediate release beads in 2 mg, 4 mg and 6 mg strengths

Currently Approved —

2 mg and 4 mg immediate release tablets.

The 4 mg tabiet is the referenced labeled drug.

6.1.1.1

Manufacturing Process

S e s
W
et . P
- B WAV
6.1.1.2 Qualitative-Quantitative Formula(e)
Table 2 Qualitative-Quantitative Formulation of Tizanidine Capsules
Capsule Strength : °
. 2mg 4mg 6 mg % of )
(TIZANIDINE BASE) | - Coating Function
w
Component Content (mg / capsule) (wiw)
Tizanidine HCI 2.29 4.58 6.87 e e g s
I—__,...-—:—-——/"—\ v _ e
[N
Hydroxypropyl - 7
Methylcellulose ’ o :
~=-__ Silicon Dioxide e
i —
Total —_ —_ -_ 100.0 %

HARD GELATIN CAPSULE

Capsule Size'

3 3

Body it

Gelatin

i

—————

B

Cap
s

Gelatin

Proposed content uniformity is
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6.1.2 Bioanalysis

Bioanalyses for this submission had numerous problems. However, for the pivotal bioequivalence study, (fasting
conditions at the highest dose strength of 6 mg), this reviewer believes that the problems are sufficiently limited
so that the sponsor’s conclusion of bioequivalence is justified. (See section 6.1.2.2 below for discussion)

Bioanalysis for all studies in NDA 21-447 were conducted using a single method (see Table 3).

Table 3 Bioanalytic Method Used for Tizanidine in NDA 21-447

mimi: Implementation Biologic Method Title
Number Date Matrix Type
Plasma - Test Method for the Detemination of
l - K 9/27/00 7 Human v | Tizanidine in Plasma by ¢——

For a summary of the validation report findings see Appendix Section 7.2.
6.1.2.1 Bioanalytic Method Issues

The claimed assay range was =——=""""_ . and utilize¢ ~standards. At the 2 lowest standard
concentrations - _, the degree of bias and imprecision were exceptionally high. For example,
the intra-assay bias 8t == fOrthe. e runs ranged from -21.6% to 19.5%. For these == runs
only one intra-assay CV was reported, and it was 17.5 %. Consequently, the Upper 95% Clforthe ! ~——
standard is at least 154%, and is likely higher. Even though these values are within the limits of £ 20% set by
the bioanalytic guidance; these recommendations are holdovers from when analytic techniques were not as well
developed. Consequently, this reviewer is not comfortable with assay values below —— In fact, the sponsor
threw out the results from a number of the assay runs in manv of the later studies, although the specific reasons
were not delineated. In addition, even upon excluding the _ ¥ standard, many of the assay runs that were
accepted, had excessively high errors for the next 2 lowest standards, even according to the sponsor. Thus, this
reviewer would have eliminated the data from these runs as well, as the 3 lowest of the ~,tandards were
problematic. These standards are also in the concentration range where the patient samples are used to
calculate half-life and to extrapolate AUC-. Consequently, the AUC= is especially prone to inaccuracies.

Unfortunately, the large size of the symbols used on the semi-log plots and the size of the graphs themselves
make it difficult to determine which data sets are the most problematic. Also no error plots are provided, which
would have helped.

The consequences of these assay problems are most obvious in the PK-PD study, (AN021-101), where the
capsules easily meet the 80 - 125 rule using AUCIast, but fail when AUCe is used, due to the excessive
variability in the extrapolated area.

6.1.2.2 Acceptability of Bioanalysis of Pivotal Bioequivalence Study

This reviewer accepts the conclusions of the pivotal bioequivalence trial, as the problems mentioned above are
at a minimum compared to other studies and should not effect the sponsor’s conclusion of bicequivalence.

Specifically:

e The data from both treatment arms are run within the same assay run.

e The values of AUCtast and AUC- are very close to each other. So there is minimal extrapolation.

The concentrations observed tend to be within the mid-range of the assay where there are the least problems
so there shouldn’t be as many problems with the extrapolated areas. i

e The limits for the 90% Cls for both AUC metrics do not approach the outer range of acceptable values.

e There is only 1 run that this reviewer would exclude based upon the back-calculated standards and/or QC
samples. Even if the data from this run was excluded, the mean values of the BE metrics would not change
significantly as the values from this subject are relatively close to the mean values. Plus, the 90% Cis would
likely get tighter as the true values from this subject, (based upon the bias observed in the QC samples) are
probably closer to the mean than reported.
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6.2 PHARMACOKINETICS / BIOPHARMACEUTICS / PHARMACODYNAMICS
6.2.1 Biopharrhaceutics

6.21.1 Bioequivalence —Fasting Studies
6.2.1.1.1 Cmax and AUC

Under fasting conditions, Tizanidine capsules meet the bioequivalence requirement relative to tizanidine

tablets at the highest proposed capsule strength, i.e. 6 mg, (See Table 4, and appendix section 7.3.2.1)
{Study 0600002).

Tizandine 4 mg capsules also meet the bioequivalence requirement relative to the 4 mg reference labeled
formulation of tizanidine tablets under fasting conditions (See appendix section 7.3.2.2) (Study 0300003).

When 2 x 4 mg (8 mg) tizanidine capsules are compared to 2 x 4 mg (8 mg) tizanidine tablets the lower
limit of the 90% ClI for AUCo0- falls just below the acceptance criteria for bioequivalence, (79.2%).
However, detailed review of the data indicates bioanalysis and possibly statistical analysis of this study is
flawed and that the conclusions from the 6mg and 4 mg fasted bioequivalence studies are valid. Detailed
review of this study can be found in appendix section 7.3.2.5 (Study AN021-101).

6.2.1.1.2 Time Metrics

Evaluation of Tlag and Tmax for the capsules as compared to the tablets reveals a slight delay for some
subjects.

These delays average of 6 minutes for Tlag and 14 minutes for Tmax. However, the main issue is that the

upper range for these values is much higher for the capsules. This is associated with trend toward a lower
Cmax.

The magnitude of the clinical significance is difficult to evaluate. However, as tizanidine is a narrow
therapeutic compound, albeit with presumed central mechanism for the hypotension and effects on
cogpnition, it could be clinically significant. In addition, the degree and duration of the desired :
pharmacologic effect might be altered. However, the effect would likely be less than the effect of meals on
the tablet formulation, which is currently simply described in the labeling. Consequently, these lags
appear to be acceptabie risks and may be minimized through appropriate labeling.

C:\dmautop\temp\N21447 .doc Page 31 of 71
Last printed 5/30/02 11:38 AM

—— - — g g i -



. AR W Ve

r. E L aah ol e

7

Table4 Comparative Pharmacokinetic Metrics for Tizanidine 6 mg Capsules and Tizanidine
Tablets (4 mg + 2 mg) Under Fasting Conditions (Study 0600002)
3 L]
Me?gs)SD Mec:an F:;lativ; Efxposur)e
R . est:Reference
Metric - ) Range Geometric Mean Ratios
Reference Test Reference Test Percent
Tablets Capsules " Tablets Capsules 90% Cl
{4 mg +2 mg) Smg {4 mg+2m9) Smg
Tia 0.33+0.12 0.451%0.12
(hoﬂrs) (36.0) (28.0) 025 05 -
0.25-0.5 .0.25-0.75
0.95+0.27 1.16 £ 0.55
m::s ) (28.2) (46.6) 1.0° 10 —
05-15 0.75-3
5.531+3.96 4941277
Cmax 92
(ng/ml) (71.6) (56.1) 4.53 417 8474 - 111.44
141331169 | 13851971
AUCst 100
4 (82.7) (70.2) 10.87 10.87
{ng/ml x hr™’) 243 - 53.26 144 - 48.93 86.65 - 119.69
15.25+ 11.7 14.65 £ 9.81
AUC,. p 96
- ) (77.0) (67.0) 12.19 11.76
{(ng/ml x hr™) 20-540 1.77 - 494 94.42 - 113.69
ti 1.50£0.40 141+ 050
(26.4) (35.8) —_ —_ —
(hours) 0.77-2.27 0.76 - 3.13
107.55 £ 31.53
Frel —_— (29.3) —_ — —
65.47 - 201.64
a Medians reported for Tlag and Tmax
b  Mode = 0.75 hours
!
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Figure2 Comparative Time Metric Distributions for Tizanidine 6 mg Capsules and Tizanidine

Tablets (4 mg + 2 mg) Under Fasting Conditions (Study 0600002)
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6.2.2 Effect of Extrinsic Factors
6.2.2.1 Food
6.2.2,1.1 High Fat / High Caloric Meals

When the capsule formulation is administered with food Tlag and Tmax both increase. This is associated
with approximately a 20% decrease in Cmax and a 10% increase in AUC (study AN021-101). For the
tablet when data from all studies are considered, including those from the tablet NDA. there’'s
approximately a 30% increase in both Cmax and AUC when administered with food (study AN021-101).

Consequently, the Cmax for the capsule in the fed state is approximately 2/3's of the Cmax for the tablet
in the fed state (geometric mean ratio of Cmax™ 0.66; 90% C®50.4 — 87.2) (See Figure 3 and appendix
sections 7.3.2.3 and 7.3.2.5). Although the AUC for the capsule increases when administered with food
{10%), since the extent of increase is less than with the tablet (30%) the mean relative extent of
absorption is only slightly less (geometric mean ratio 0.93). However, there's also an increase in the
variability in the extent of absorption (AUC) when administered with a high fat meal (90% C1 0.71 - 1.22).
Consequently the net effect on the relative extents of absorption for the 2 formulations when administered
with food are difficult to tell. (See appendix sections 7.3.2.3 and 7.3.2.5) (study 0400001).

Figure3 Comparative Effects of Food on Tizanidine Pharmacokinetics by Formulation
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6.2.2.1.1.1 Clinical Scenarios for Switching Tizanidine Administration

As a consequence, the following clinical scenarios upon switching formulations are possible:
4

e Situation 1 - switching taking one formulation for the other in the absence of food.

This should not have any clinical ramifications.

+ Situation 2 - Change from taking a dose of either formulation in the presence or absence of food to
the opposite situation.

Since the drug is taken 3 imes daily this may occur fairly frequently as it might be unavoidable at ¢
times. Consequently, appropriate iabeling would be the most appropriate way to deal with the food
effect rather than simply labeling to consistently take the medication with or without food.
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e Situation 3 - Consistently taking tizanidine with food but changing the formulation.

This would likely have the greatest clinical impact

6.2.2.1.2

Sprinkled on Applesauce

Based on the sponsor’s reported data for study 0400002, there's approximately a 20% increase in Cmax
due to faster absorption of tizanidine when the contents of the capsule are sprinkled on applesauce.

There's also a similar degree of increase in AUC (14%), (see Table 5 and Figure 4).

Again addressing this in the labeling is the most appropriate way to address this issue.

The bioanalysis for this study is discussed in appendix section 7.3.2.4.

Table5  Comparative Pharmacokinetic Metrics for Tizanidine 6 mg Capsules Administered
Intact and Sprinkied on Applesauce Under Fasting Conditions (Study 0400002)
- L]
Me:&f) sD Mec:an Relative Exposure
(Test:Reference)
Metric Range Geometric Mean Ratios
Reference Test Reference Test Percent
Intact Sprinkled Intact Sprinkied 90% Cl
6 mg Capsules | 6 mg Capsules | 6 mg Capsules | 6 mg Capsules
Tiag 0463012 | 030201
(hours) (26.1) (33.1) 05 0.25 —
0.25-0.75 0.25-05
1.04 1054 0.84 1029
{h";::s) (51.7) (34.3) 10 0.75 -
05-3 0.38-15
5911378 7156
Cmax 117
{ng/mi) (64.1) 79.7) 4.88 57 103.95 - 133.66
16.1+11.9 1831 145"
AUC 0t 116
E] (74.3) (79.4) 12.02 13.97
{ng/mil x hr™) 1.35-53.4 25-67.7 106.8 - 130.53
16.9+12.0 1924145
AUCo . 114
A 70.7) (75.5) 1327 15.16
(ng/ml x hr?) 27.544 32 68.2 105.47 - 127.01
ti 13212027 13310.21
(20.2) (16.2) - — _
(hours) 4 1 o82_184 0.84 - 1.70
120.05+34.4
Frel (28.7) — — -
65.0-199.8

“

a8 Medians reported for Tlag and Trax

b p>005
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Figure 4 Comparative Time Metric Distributions for Tizanidine 4 mg Capsules Administered

Intact and Sprinkled on Applesauce Under Fasting Conditions (Study 0400002)
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6.2.3 Drug Interactions
6.2.3.1 Gastrointestinal pH Alteration

Review of dissolution data, product formulation, and food effects indicate that drug release and
absorption rate is likely pH dependent and clinically significant. Drugs that raise pH would also be
expected to slow absorption. These include antacids, H2 antagonists, proton pump inhibitors, and some
laxatives.

6.2.3.2 Rofecoxib
The sponsor reports 8 case reports of interactions with rofecoxib (Vioxx® - Merck).

Most AEs were CNS or cardiovascular in nature. Some of the AEs fit the expected pharmacology of
excessive tizanidine administration, and some of the AEs fit the profile expected with abrupt tizanidine
withdrawal. Most of the other reported AEs are infrequently associated with tizanidine.

All AEs resolved on discontinuation of one or both drugs. In the one case where the patient was
rechallenged with tizanidine alone, no AEs occurred.

Since tizanidine is metabolized by microsomal P450s, whereas rofecoxib is metabolized by reduction by
cytosolic enzymes, competitive inhibition is unlikely, but other forms of metabolic interactions are
possible, .

The sponsor proposes to includé this potential interaction in the labeling, and in this reviewer’s opinion
based on the information presented, additional work on this potential AE is not warranted at this time.

6.2.3.3 Other Drugs

According to the sponsor: "one case each was reported of potential tizanidine drug interaction with
warfarin, baclofen, 4-aminopyridine, Ticlid (ticlopidine), Avonex (interferon beta-—-1A), ciprofloxacin,
Propulsid (cisapride), and Xanax (benzodiazepine). Some of these cases involved bradycardia and/or
hypotension; however, the majority of AEs reported were varied and disparate from case to case. All AEs
resolved, often without therapy.”

More detailed case reports should be submitted for review.
6.2.4 Pharmacodynamics

Adverse effects (AEs) related to tizanidine concentrations and the effect of the formulation used and
administration with food on these AEs were assessed in study AN021-101. The adverse effects that were
monitored included various measures of cognition and blood pressure. The guantitative results from this
study are problematic. However, the gualitative conclusions from this study are useful and indicate the
potential for clinically significant differences in cognition and blood pressure under fed conditions for both
the tablet and capsule, and these differences appear to follow the differences in plasma tizandine
concentratibns.

The quantitative results are problematic for the following reasons:

s There were a large number of problems with the bicanalysis.
e Sampling times were inadequate

e The data analysis was illegible. Specifically, an extremely small font was used and the photocopies
provided were so faint that they couldn’t be read.
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It's noteworthy that the following biopharmaceutic deficiency dealing with the original Tizanidine tablet
NDA was communicated to the sponsor in a letter dated March §, 1995. “The NDA contained several
iliegible and unreadable figures... in .. .all future submissions, please provide legible and readable
figures.”

{n addition, even when mean data is presented graphically the type of error bars used is not defined.
The apparent qualitative results of the study are described below:

6.2.4.1 Pharmacodynamics of Cognition

Cognition was assessed at 0.75, 1.5, 2.5, and 6 hours post dosing.

The differences in cognitive adverse effects with food and formulation appear to follow the same pattemns
as the changes in the concentration profiles associated with the effects of food and formulation.

For tizanidine capsules there was a delay in the effect on cognition when tizanidine was admiﬁistered with
food. This is consistent with the effect of food on absorption (see Figure 5 and Figure 6).

For tizanidine tablets there was a trend for greater effects on cognition when the tablets weré
administered with food. This is also consistent with the effect of food increasing the absorption from
tizanidine tablets (see Figure 5 and Figure 6).

Figure 5 Effect of Formulation and Food on Tizanidine Mean Concentration vs. Time Profiles
(Study AN021-101) -

Figure 14.4.2 Mean Plasma Tizanidine Concentrations Versus Time
(LInear Scale)

Plawma Tizanidine Concentration (ng/niL)
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Figure 6
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In summary the following is observed in the above figures:

At 0.75 hrs cognition was better for the capsule formulation under fed conditions. This is
consistent with the delayed absorption and lower concentrations.

At 1.5 hrs there was a trend (although not statistically significant) for cognition to be worse for the tablet
formulation under fed conditions. This is consistent with the higher concentrations with food. The other
treatments tended to have similar degrees of impairment of cognition. This is consistent with the relative
mean concentrations of the treatments.

At 2.5 hrs the effects on cognition were greatest for the capsule formulation under fed conditions.
This is consistent with the delayed absorption when administered with food. The effect due to the
tablet under fed conditions also tended to be slightly higher. The fasted treatment arms had similar
degrees of impairment of cognition relative to each other. Again, the overall pattern observed is
consistent with the relative mean concentrations of the treatm&hts.

At 6.0 hrs the effects on cognition had effectively disappeared for all four treatment arms, and is likely
due to the nearly complete elimination of the compound by 6 hours for each and every treatment arm.

It's unfortunate however that the sponsor only assessed effects on cognition at limited time points. As this
didn't adequately cover the differences observed over the early portions of the concentration vs. time
profiles. However, we're fortunate that measurements were taken at least at one time point, i.e. 0.75
hours, when there were significant differences between the concentration vs. time profiies.

6.24.2 Pharmacodynamic Effects on Blood Pressure

As shown in Figure 7 there's a siéniﬁcant drop in both systokic and diastolic blood pressure that tends to
follow the concentration time profile. Consequently, the drop in BP occurs later with the capsule
formulation when administered with food.

APPEARS THIS WAY
| ON ORIGINAL
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Figure7 Blood Pressure vs. Time Upon Standing by Tizandine Treatment Arm -
(Study AN021-101)
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Although it appears that Emax is achieved, close inspection reveals that the early BP measurements are
initially at hourly intervals, (i.e. 1, 2, 3 and 4 hours post dosing). Thus they miss the times when the major

differences in concentrations between treatment arms occur, i.e. 1.2 hours.

Since this is presumably a centrally mediated effect we need to consider whether there might be a
diffusional dysequilibrium, and if so by how important is it. If there is a significant diffusional
dysequilibrium the maximum drops in BP may significantly lag behind the maximum concentration
difference. However, visual examination of the PK-PD plots for cognition suggests that the lag may be
neglible. Consequently, the lack of an adequate number of sampling times likely results in missing the

maximum effect.

We also need to consider the effect on individuals with spasticity. However, as this study was conducted
in normal volunteers, whether the degree and consequences of the effect on BP is greater or less in

patients is pure conjecture.

For example assuming the same degree of hypotension, patients taking tizandine may go from a supine

to standing position more slowly than healthy volunteers, thus there's less chance of syncope. 3
Alternatively, patients may take tizanidine with a meal. Then when they get up after the mea! when the

degree of spasticity is lessened, they go to a standing position more rapidly and thus have a greater

degree of syncope. Altemnatively, both scenarios could occur. In addition, we don't know if the effect on

BP, heart rate and consequently incidence of syncope is different for patients with different causes of

spasticity.

Consequently, this reviewer believes the best way to handle this issue is to describe it in

the labeling

| BEST POSSIBLE COPY
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6.3 APPLIED CLINICAL PHARMACOLOGY

6.3.1 Overdosage
6.3.1.1 Suicide Attempts

The sponsor provided information on 16 suicide attempts (see Appendix 7.5). Approximately 1 out of 3
attempts resulted in death. Most overdose attempts resulted in respiratory depression typically requiring
mechanical ventilation, cardiovascular effects, and CNS depression frequently resulting in coma. Other
drugs, that patients on tizanidine may typically require (i.e. benzodiazepines and cther muscle relaxants),
as well as antidepressants, and possibly the patient's underlying disease, are likely to have contributed to
these deaths. This is because of pharmacodynamic synergy on respiratory, CNS, and cardiovascular
depression. Several of the deaths involved only a 1 or 2 week supply of tizanidine. The sponsor's
propesed labeling and suggestion to check with a poison control center is inadequate. Review of the most
common information source used by poison control centers grouped tizanidine with other muscle
relaxants and had very generic information. In fact, although clonidine is pharmacologically similar with a
wealth of overdose information, there is no cross reference to clonidine. Currently there are 2 pubiished
case reporis that poison information sources can draw on and neither of these cases resulted in fatality,
nor mentions respiratory depression, and only one of the 2 cases mentions CNS depression. In addition,
in one case flumazenil (a benzodiazepine antagonist) was used, which is relatively contraindicated with a
drug with tizanidine’s pharmacologic profile.

6.3.1.2 Drug Abuse / Addicition / Withdrawal

Several overdose cases indicate that tizanidine was being misused by individuals addicted to opioids.
This is not surprising as clonidine, which is pharmacologically similar, is commonly misused by addicts to
prolong the duration of narcotic effect and minimize opioid withdrawal symptoms. This results in the use
of high doses over prolonged periods (e.g. > 50 mg /day of tizanidine and above). Consequently, a
withdrawal syndrome can be precipitated due to going cold turkey, lack of awareness during treatment for
addiction, lack of supply due to running out or incarceration (see Appendix 7.5).

6.3.2 Pediatrics

Although tizanidine is currently not approved in children, the lack of good treatments for muscle spasms
suggests a high likelihood of off-label use in children. Since, young children often have gastrointestinal
ililness, withdrawal due to emesis similar to observed with clonidine is expected to occur with tizanidine.
Consequently, there may be a different risk benefit ratio in children compared with aduilts.

APPEARS THIS WAY
, ON ORIGINAL
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6.4 PRODUCT PERFORMANCE

6.4.1 Dissolution

The sponsor’s proposed dissolution method is acceptable provided that changes are made tyhe
g RS

acceptance criteria specifications. Acceptance criteria specifications should be changed to

Leprimmrrn™ =

The sponsor's proposed method and specifications, and a comparison to the approved method for

tizandine tablets, appears in Table 22.

Review of the dissolution method and comparison to the method for the tablets can be found in appendix

section 7.6 Dissolution.

6.4.1.1 Sponsor's Proposed Method

Table 6 Proposed Dissolution Method . bt

Dosage form: Capsule, hard gelatin - Encapsulated Beads
Strength(s): 2,4,6mg

Apparatus type: USP Apparatus Il (rotating paddies)

Medium: U e = ‘

Volume (m!): -' J—

Temperature (°C): l i

Speed of rotation {r.p.m.): I —

Sample times (h): ! a——

Analysis

6.4.1.2 Proposed Specification & Acceptance Criteria

Table 7 Proposed Specification & Acceptance Criteria®

TS

r A '«“ Sample Time Acceptance Criteria
Sponsor Proposal e Q= —
OCPB Proposal ——— Qs —

I AR A A A L S L

a  acceptance criteria as per USP

6.4.2 Biowaiver for 2 mg Strength

A biowaiver is requested by the sponsor for the 2 mg capsule strength.

. )
In assessing this request the following conclusions were made:

a) Tizandine exhibits linear kinetics from 110 20 mg

b) The 2 mg, 4 mg, and 6 mg capsules are encapsulated beaded formulations that only differ by the

number of beads and are thus compositionally proportional

c) Dissolution rate is rapid /™" .n ————=for all strengths in
——————— see §7.6)

Therefore a biowaiver is granted.
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7 APPENDICES
71 BACKGROUND

n.b. much of the following introduction and background is taken directly from the cumrently approved
labeling for tizanidine tablets with some additional information gieaned from prior FDA reviews of these
products.

7.1.1 Regulatory Status

Tizanidine is currently approved and marketed in the United States by the sponsor (Elan) ZANAFLEX®
(tizanidine hydrochloride) 2 and 4 mg tablets.

7.1.2 Indication

Tizanidine is indicated for the management of spasticity. However, because of the short duration of effect,
treatment should be reserved for those daily activities and times when relief of spasticity is most
important.

Efficacy trials were conducted on patients with spasticity due to multiple sclerosis or spinal cord injury.
7.1.3 Rationale for Development Program

The present subplement is for an additional drug formulation, specifically beaded capsules in the two
currently approved strengths (2 mg and 4 mg), and an additional higher strength 6 mg. The beaded
capsule formulation is intended to provide additional flexability in administration, (e.g. sprinkled on

applesauce). Plus, the 6 mg dose will result in administration of fewer dosage units for patients requiring
€ mg, 10 mg, or >12 mg per day.

7.1.4 Pharmacology
7.1.4.1 Mechanism of Action

Tizanidine is an (alpha) ;-adrenergic agonist and presumably reduces spasticity by increasing
presynaptic inhibition of motor neurons. In animal models, tizanidine has no direct effect on skeletal
muscle fibers or the neuromuscular junction, and no major effect on monosynaptic spinal reflexes. The

effects of tizanidine are greatest on polysynaptic pathways. The overall effect of these actions is thought
to reduce facilitation of spinal motor neurons.

7142 Assessments of Efficacy

Currently, no measures of spasticity have been validated as surrogate measures for clinical efficacy, in
spite of their use in clinical trials and for approval of tizanidine tablets.

In clinical trials for the tablets the following types of pharmacodynamic assessments of efficacy were
conducted:

. Asf‘\worth Scale of Muscle Tone
e Measurement of Limb Pendulum Swing
e Patient Diary Counts of Number of Daily Spasms (clonus)

A fuller description of these and other pharmacodynamic measures for spasticity may be found at
hitp://mww.wemove.org/

In one pivotal efficacy study for tizanidine tablets, patients with multiple sclerosis received single oral
doses of placebo, 8 mg or 16 mg of tizanidine. Response was assessed by physical examination;
(Ashworth score), at 1, 2, 3 and 6 hours post-dosing.
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Mean reductions in muscie tone roughly follow the concentration time profiles, with the greatest reduction
in muscle tone 1 to 2 hours after drug administration. By 6 hours muscle tone in the 8 and 16 mg
tizanidine groups was indistinguishable from muscle tone in placebo treated patients. Within a given
patient, improvement in muscie tone was correlated with plasma concentration, however inter-subject
variability in plasma concentrations was high.

Reductions in muscle tone are not associated with a reduction in muscle strength, (as measured by the
British National Research Councils Scale (BNRC), which is a desirable feature.

The problem with the Ashworth scale is that it allows only a limited number of repetitive measurements
over a dosage interval, and is also dependent upon some subjective evaluation by the clinician.
Consequentiy, there’s a risk of bias. In addition, it's not a good measure for a drug like tizanidine that has
an effect profile that closely follows the concentration vs. time profile. Thus a better measure for tizanidine
would be near continuous measurements, such as electrophysiologic and biomechanical measurements
using an electrogoniometer and tachometer attached to a computerized recorder.

7143 Adverse Pharmacologic Effects Related to Exposure

Dose related side effects are shown in Table 8. Three-quarters of the patients rated these events as mild
to moderate and one-quarter of the patients rated the events as being severe.

Table 8 Common Adverse Events Reported in a Single Dose, Placebo-Controlled Study

Zanaflex
Placebo
Event 8 mg 16 mg
N =48 N=45 N=49
Y% % %
Somnolence 31 78 92
Dry mouth 35 76 88
Asthenia
(weakness, fatigue and/or tiredness) 40 67 78
Dizziness 4 22 45
Hypotension 0 16 33
Bradycardia 0 2 10

Several of these AEs may be attributable o either hypotension or sedation, or both. The time course of
both approximately follows the mean concentration vs. time profile. The dose response of these AEs is
discussed in more detail below.

7.1.4.3.1 *  Hypotension

Tizanidine has found to have one-tenth to one-fiftieth (1/50) of the potency of clonidine in lowering blood
pressure. However, tizanidine, like clonidine, can produce hypotension.

[}
Two-thirds of patients treated with a single dose of tizanidine 8 mg experienced a 20% reduction in either
the diastolic or systolic BP. The reduction was seen within 1 hour after dosing, peaked 2 to 3 hours after
dosing and is associated, at times, with bradycardia, orthostatic hypotension, lightheadedness/dizziness
and rarely syncope. The hypotensive effect is dose related and has been measured following single
doses of > 2 mg.

There is a correlation of BP to plasma concentration that's stronger with systolic BP, however the .
correlation is very weak and is based on naive pooled data. No formal PK/PD analyses have been F
performed of this relationship.
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7.1.4.3.2 Sedation

Sedation appears to be dose related. 92% of the patients receiving a single dose of 16 mg reported
drowsiness when asked. This compares to 76% of the patients on 8 mg and 35% of the patients on
placebo. Patients began noting this effect 30 minutes following dosing. The effect peaked 1.5 hours
following dosing. Of the patients who received a single dose of 16 mg, 51% continued to report
drowsiness 6 hours following dosing compared to 13% in the patients receiving placebo or 8 mg of
tizanidine. The prevalence peaks following the first week of titration and then remains stable.

Muscle strength as measured by the Modified British National Research Council (BNRC) Scale is not
efiected by tizanidine, which is a desirable trait.

7.1.5 Risk / Benefit

After input was obtained, the assessment was that in spite of the risk of hypotension and inadequate
measures of efficacy, that tizandine did provide a significant benefit even if the benefit was short-lived as
it might allow patients the ability to move more easily from bed to wheelchair.

7.1.6 Pharmacokinetics

Tizanidine has linear pharmacokinetics over a dose of 1 to 20 mg. -
The absolute systemic availability following oral administration is approximately 40%, (CV = 24%).
It is essentially completely absorbed and the low systemic availability is due to first-pass metabolism.
Approximately 95% of an administered dose is metabolized. and following single and muiltiple oral
dosing of ' C-tizanidine, an average of 60% and 20% of total radioactivity was recovered in the urine
and feces, respectively. )
* Metabolites are not known to be active. However, the activity of the M-10 metabolite has not been
determined. Half-lives ranged from 20 to 40 hours.
Tizanidine has a half-life of approximately 2.5 hours (coefficient of variation CV = 33%).
Peak plasma concentrations occurred at 1.5 hours (CV = 40%) after dosing of the tablet.
Administration of the tablet with food increases C ., by approximately one-third and shortens time to
peak concentration by approximately 40 minutes, but the extent of tizanidine absorption is not
affected. .
e Tizanidine is widely distributed throughout the body; mean steady state volume of distribution is 2.4
L/kg (CV = 21%) following intravenous administration in healthy adult volunteers.

» Tizanidine is approximately 30% bound to plasma proteins, independent of concentration over the
therapeutic range.

7.1.7 Dosage and Administration

A single oral dose of 8 mg of tizanidine reduces muscle tone in patients with spasticity for a period of
several hours. The effect peaks at approximately 1 to 2 hours and dissipates between 3 to 6 hours.

Doses of less than 8 mg have not been demonstrated to be effective however, due to the dose-related
nature of tizanidine's common adverse events it is prudent to begin treatment with single oral doses of 4
mg, and increase the dose gradually (2 to 4 mg steps) to optimum effect. The dose can then be repeated
at 6 to 8 hour intervals, as needed, to @ maximum of three doses in 24 hours.

Experience’with single doses exceeding 8 mg and daily doses exceeding 24 mg is fimited. There is

essentially no experience with repeated, single, daylime doses greater than 12 mg or total daily doses
greater than 36 mg.
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7.1.8 Chemistry
7.1.8.1 Drug Substance

7.1.8.1.1 Structure - -

Tizanidine is an imidazoline structurally related the anti-hypertensive drug clonidine and other (alpha) ;-

adrenergic agonists (See Figure 8)

Figure 8 Structures of Tizanidine and Clonidine

= N\
S
[ /
Cl N cl Cl
HN N H
Tizanidine " Clonidine
7.1.8.1.2 Nomenclature

5-chloro-4-(2-imidazolin-2-ylamino)-2,1, 3-benzothiodiazole hydrochloride

7.1.8.1.3 Physical-Chemical Properties
7.18.13.1 Molecular Formula
CgHsCINsS+HCI
7.1.8.1.3.2 Molecular Weight
290.2
7.1.8.133 pKa
é 7.46 £ 0.05

7.1.8.13.4 Solubility
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7.2 ASSAY VALIDATION
Table 9 Assay Validation — Tizanidine HCl - LC/MS/MS ~ Assay Method TM-130
Laboratory Bioanalytic Services

Elan Pharmaceutical Technologies
Monksland. Athione, lreland  ~

Method Validation Report Title

Validation of the Method for the Quantitation of Tizanidine in Human
Plasma by LC-MS.MS

Method Validation Report #

VTM130

Date

05 December 2000

Analyst(s)

Barbars Kelly

Method Description

Method Number

TM-130

Method Protocol Title

. Test Method for the Quantitation of Tizanidine in Human Plasma by LC-
MS.MS

Matrix

Analyte )

internal Standard I ——

Sample Volume —

Sample Storage Method |-

Structural Model - — N

Error Model P ——

Software MS Excel

Software Validation Not mentioned

Range ™ Claimed by sponsor ——
Standards -  we=="
Acceptable to reviewer.:  "mmmse
The validation repont showed an excessive degree of variability at
concentrations for standards below ==

LLOQ Lot

In process QC samples suggest that .= | may achieve the usual
acceptance criteria for LLOQ. However, since LLOQ must be limited to a
standard in the standard curve, the LLOQ for tizanidine cannot be lower
than = we

Bias - Intra assay

—— range of mean biases -21.65% to 19.5%)

Bias - Inter assay

Acceptable at all concentrations —9.5% at

Overali Precision Not Reported.
Intra assay Precision CV17.54%at —— 'Range -2% to0 52.2%)
CV595%at —
Inter (Between) assay Precision CV41i%at ——
Matrix Effects Not Tested.
Selectivity i Rt
Endogenous Substances ' , =
intemal Standard 1 T
: s
OTC Drugs Not Reported
Dietary — e.g. Caffeine Not Reported
Drugs - Rx Not Reported
Stability - Blood Not Reported
Stability - Plasma
RT ——
Refrigerated s
Long Term (-20 °C) | Not Reported.
Stability Freeze/Thaw
Stability - Extracted
RT Not Reported.
Refrigerated -
On Machine — )
Sample Dilution T e st e s - e SN ‘
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7.3 CLINICAL STUDIES
7.3.1 Study Designs

Study designs for the bioequivalence studies utilized standard 2-way crossover designs. Except for the
PK-PD study which was a 4-way crossover study. Pharmacokinetic sampling was identical for each study
and was adequate. The measurement times for the PD component of the PK-PD component was
inadequate and is discussed in detail under the individua! study review (see section 7.3.2.5).

Single dose 2-way crossover study.

Table 10 Study Demographics and Formulation Batches

Study Males Females Formulation Dose Batch No.
—
Capsule 6 mg PS1070
0600002 11 16 Tablet 2mg 113MFD0999
Tablet 4 mg ZN0162
0300003 12 16 Capsule 4 mg PS1066
Tablet 4 mg ZN0162
0400001 42 6 Capsuie 4 mg PS1066
Tablet 4 mg ZN0162
0400002 19 : 9 Capsule 6 mg PS1070
ANO21-101 54 42 Capsule 4mg PS1066P
Tablet 4mg 197MFD1299
. APPEARS THIS WAY
ON ORIGINAL
]
C:\dmautop\temp\N21447 doc Page 49 0f 71

Last printed 5/30/02 11:.38 AM

e — =




7.3.2 Individual Study Reviews

7.3.21 Pivotal Fasted Bioequivalence Study of Highest Proposed Capsule Strength (6 mg) to
Tablets (4 mg + 2 mg) — Study 0600002

7.3.211 Results _

Table 14 Comparative Pharmacokinetic Metrics for Tizanidine 6 mg Capsules and Tizanidine
Tablets (4 mg + 2 mg) Under Fasting Conditions (Study 0600002)

Mean x SD Median® Relative Exposure
V) S ' )
Metric " Range Geometric Mean Ratios (Test:Reference)
Reference Test Reference Test P °'.°°"t
Tablets . LCapsules Tablets Capsules 90% Ci
(4m9+2mj) € mg (4 mg + 2 mg) §mg
Tia 0.33+0.12 0.45+0.12
(hoﬂrs) (36.0) (28.0) 0.25 0.5 —_
025-05 0.25-0.75
0.8510.27 1.16+0.55
{,:‘;3’:5) (28.2) (46.6) 1.0° 1.0 -
05-15 0.75-3
5.53+3.96 494 £ 277
Cmax 92
(ng/mi) (71.6) r(_5‘6_3 4.53 4.17 84.74- 111.44
1413+ 11.69 13.8519.71
AUC 45 100
- (82.7) (70.2) 10.87 10.87
(ng/ml x hr™) 2435326 1.4 - 4893 96.65 - 119.69
1525+ 117 14.65+9.81
AUC,.. 96
tngimixney |, 79 i . 12.18 11.76 94.42 - 113.69
tin 1.50 £ 0.40 1414050
(26.4) (35.8) — — -
thours) - 0.77 - 2.27 0.76 - 3.13
. 107.55 £ 31.53
Frel H —_ {29.3) — _— —
65.47 - 201.64
a Medians reported for Tlag and Tmax
b  Mode =0.75 hours
i
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7.3.2.1.2 Statistical Analysis

The statistical analysis for bioequivalence should have used SAS type Ill sum of squares. Instead types |
and Il were reported. In addition, there are some minor differences in the square error terms between the
different types of sum of squares used. Whereas there usually isn’t any between the 3 types. However
the differences are minor, and as the confidence intervals aren't close to the rejection limits for
bioequivalence, this reviewer does not believe that reanalysis using type Ilf sum of squares would alter
the conclusions of bioequivalence. -

7.3.2.1.3 Formulation Effect on Absorption Delay

The delay observed in absorption with the capsule as compared to the tablet formulation might be due to
some of the beads being injected into the duodenum where they might dissolve slower at the higher pH.
This has been shown for structurally similar imidazole proton pump inhibitors with pKas in the 6's
although for tizanidine it's more likely due to the excipients, (See section 7.6).

APPEARS THIS WAY
ON ORIGINAL -
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7.3.2.2 Fasted Bioequivalence Study of 4 mg Capsule to Reference Labeled Drug (4mg

. ..- Tablets) - Study 0300003 . ) . - .
Time metric distributions are shown in Figure 9. The sponsor’s metrics excluding subject 5, who only had
a single measurable concentration, are shown in Table 12.

The bioanalysis was again variable, with the sponsor having to exclude the data from several subjects
due to excessive assay variability. This is mainly a problem with pushing the limits of the assay and
should not really effect AUCIast or Cmax as much. Without excluding subject 5 we need to pause before
concluding bioequivalence, as AUClast and AUC-- are significantly different from each other. However,
excluding subject 5, who had only a single measurable concentration and only completed 1 arm of the
study, brings the AUC metrics much closer. Indicating that subject 5 should be disregarded.

Consequently, even with the same issues with the statistical analysis as with study 0600002, this
reviewer again reaches a conclusion of bioequivalence.

Table 12 Comparative Pharmacokinetic Metrics for Tizanidine 4 mg Tablets and Capsules Under
Fasting Conditions — Excluding Subject 05 (Study 0300003)

. L ]
Meag +SD Mec:an Relative Exposure
V) . . (Test:Reference)
Metric Range : Geometric Mean Ratios
. Percent
Reference Test Reference Test 90% ClI
4 mg Tablets® | 4 mg Capsules | 4mg Tablets | 4 mg Capsules
Tlag 0.43+0.25 0.5210.12
(hours) (58.3) (22.9) 0.5 05 -
0.25-15 0.25-075
0952033 1.09+£0.38
Tmax
(34.7) (34.9) 1.0 1.0 —_
(hours) 0.5-20 0.5-2.07 v
3.41+1.92 335+19
C
o) (56.3) (56.7) 2.91 29 898 1108
W—\J —————————— . :
: 7.97+ 549 8.16 £ 5.86
AUC 103
- (68.9) (71.8) 6.3 6.52
(ngimixhr') § 146-21.65 | 1.35-24.11 - 924-1153
8.75+55 9.28 £ 5.82
AU 1
(ngﬁ;‘l he) (62.9) (62.7) 7.29 7.90 e 6.2
1.96-22.78 3.23-2459 . :
i
t 1.3410.29 1.3720.27
(21.4) (19.91) —_ _ —_
(hours) 0.92-2.19 0.88-2.05
11062+ 43.1
Frel _ (38.97) —_ — —
65.21 -295.33

8 Medians reported for Tiag and Tmax
b  Data from subject 05 exciuded
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Figure 9 Comparative Time Metric Distributions for Tizanidine 4 mg Tablets and Capsules
Under Fasting Conditions (Study 0300003)

Tlag - 4 mg Tablets Tmax - 4 mg Tablets
n - X . -
B -1 . - YT - - l m I
-1.00 4 P
L0.75< 10703
> -0.50 >
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] -0.30 8
I F0258 F 08
A o 1 . "0.“0n
i TTEE PR Ty rTra 1y TP VP TTrrTrTrinTt
0 5 115225 3354 0 5 115225 3354
Tlag - 4 mg Capsules Tmax - 4 mg Capsules
o b -EKB_— .
HH HE
101 - -0.50 3
-1.00 i
| E F0.30 5
-0.50 8 - s
1 £ [0.10 £
Ty 1 T T T T T i i T T v rT1T Ty o T ‘I"I_FT
0 5 1152253354 : 0 5 1152253354
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7.3.2.3 Bioequivalence Study Under Fed Conditions - Study 0400001

-
A bioequivalence study under fed conditions was also performed. Under fed conditions the two
formulations were not bioequivalent.

Results showed that under fed conditions the Cmax for the capsule was approximately 2/3's of
the Cmax with the tablet, (See Table 13). However, the variability in extent of absorption was too
- great to determine if there is a consistent pattern for any difference in extent of absorption with
" the 2 formulations.
Table 13 Comparative Pharmacokinetic Metrics for Tizanidine 4 mg Tablets and
Capsules Under Fed Conditions (Study 0400001)
]
Mea(:g\:}:) Sb - ® M':fa" Relative Exposure
{Test:Reference)
Metric - Range Geometric Mean Ratios
Reference Test Reference Test Percent
4 mg Tablets { 4 mg Capsules | 4 mg Tablets | 4 mg Capsules 90% Cl
Fed Fed Fed Fed
Ti . 0.40£0.30 1.07 £ 0.51
h"’rs (74.2) (48.0) 0.25 1.0 -
(hours) 0.25-15 0.5-2
Tmax 1.17 £ 0.65 2,56 0.69°
(hours) (55.3) (27.0) 1.0 3.0 —
05-30 15-40
{ Cmax 471272 3.06 £ 1.66° 66
\ i ~
-~ (ng/mi) (57.9) (54.0) 4.01 2.66 50.4..87.2
11.66 £ 8.03 10.60+7.0
AUQ.Q - 93
- 68.9 66.2 9 8.53
(ng/mi x hr) 2.8; 8 2&1 6 2_2(1 6. 2)5.9 2 70.6-121.9
12.82+7.73 11.9316.83 -
AUC,. . 96
(ng/ml x hr) | 3 }?02'3)53 4 §5.7 ;?é 4 1078 103 70.1-118.8
t 1.4110.39 1.57+£ 040
(;fo 's) (27.7) (25.4) — — —
u 0.91-2.34 0.97-2.36
) 122.8 £ 169.4
Frel —_ (138.0) —_ —_— 91.26 -
46.2-776.2
a Megians reported for Tlag and Tmax
b p<D.05
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Capsules Under Fed Conditions {(Study 0400001)

Tlag — 4 mg Tablets Fed

Tmax ~ 4 mg Tablets Fed

B .

Figure 10 Comparative Time Metric Distributions for for Tizanidine 4 mg Tablets and
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7.3.24

Effect of Sprinkling on Appiesauce on Bioavailability (Study 0400002)

The bioanalytic data used by the sponsor for estimation of pharmacokinetic metrics is acceptable.
However, the sponsor did have to disregard data from several subjects due to problems with assay
performance (i.e. excessive variability in standards or quality control samples).

Table 14 Comparative Pharmacokinetic Metrics for Tizanidine 6 mg Capsules Administered
Intact and Sprinkled on Applesauce Under Fasting Conditions (Study 0400002)

]
Me?g‘:’t)so Median Relative Exposure
{Test:Reference)
Metric Range Geometric Mean Ratios
Reference Test Reference Test P 3'.“'“
Intact Sprinkled intact Sprinkled 90% Cl
6 mg Capsules | 6 mgi:ajsules 6 mg Capsules | 6 mg Capsules
Tiag 0.46 £ 0.12 0.30£0.1
(26.1) (33.1) 05 025 —
(hours} 0.25-0.75 0.25-0.5
1.04 2 0.54 0.84 £0.29
{,:;:’rs) (51.7) (34.3) 1.0 0.75 —
05-3 0.38-15
591+3.78 7.1%56
Cmax 117
(ng/mi) &0 78N 4.88 57 103.95 - 133.66
16.1£119 18.32 14,5
AUCiaat 116
(ngimix by § 3(;42; . ) (57?;7) ; 12.02 13.97 106.8 - 130.53
1691120 1921 145"
AUC,._ 114
tngmixhe’) | 00, S, 13.27 15.16 105.47 - 127.01
tia 1322027 1.33£0.21
(20.2) (16.2) —_ — _
(hours) 0.82-1.84 0.84 - 1.70
120.05+ 34.4
Frel (28.7) —_ - —
; 65.0 - 199.8
a Medans reported for Tlag and Tmax
b p>005
i
APPEARS THIS WAY
ON ORIGINAL
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21-447 OCPB NDA Review Elan Pharmaceuticals
Tizanidine Capsules; 2, 4, 6 mg (Zanafiex™) Submitted: October 31, 2001

7325 Comparative PK/ PD & Food Effect Study - Study AN021-101
7.3.2.5.1 Study Design

This was a 4 way crossover study in 96 healthy subjects. Treatment arms included both fed and fasted
conditions for both the capsule and tablet formulations. Doses used in each arm were 8 mg (2 x 4 mg). In
addition to pharmacokinetics, pharmacodynamic effects on cognition and biood pressure were also
assessed and are discussed in sections 7.3.2.5.3 and 7.3.2.5.4.

7.3.2.5.2 Bioanalysis

Evaluation of the data presented indicates that the assay performance was not acceptable (See section
6.1.2 for details).

The poor assay performance, especially at low concentrations, results in excessive variability in
estimation of terminal half-life (CV of 97% - 105% under fasted conditions) compared with approximately
20% - 35% in the other fasted bioequivalence studies. This results in excessive variability in estimation of
AUCo0-, as indicated by mean AUClast’s under fasted conditions of 75% of mean AUCo—<'s. Whereas
mean AUCHtast’s under fasted conditions are ~93% of mean AUCo-'s in the 6 mg bioequivalence study.

Specifically, the lower quality control sample of | —== | had an excessive CV of 27%.for the = assay
runs that were presented out a total of — runs. Inspection of these - runs indicates that they probably
are representative. As based upon the standard curves, this reviewer would probably have disregarded
—of the —assay runs ( — due to excessive variability in the lowest 2 standards. Whereas for the
~ representative runs presented, this reviewer wouid have disregarded —ofthe — ( — Also 4 of
the 5 runs with the iargest positive biases for the low QC sample, (237%), also had large positive biases
in both of the two lowest standards. (n.b. these statements ignore the lowest standard concentration of
— ag this reviewer does not believe the original assay validation data supports a range this low.

However, the mid-range of the assay is the most reliable and this is the range where Cmax is measured.

7.3.2.5.3 Pharmacokinetics

Pharmacokinetic metrics for this study are presented in Table 15 through Table 19.

Inspection of the data reveals a large number of missing subjects. In addition, the statistical analysis may
not have been performed correctly.

Even though a dose of 2 x 4 mg fails bioequivalence under fasting conditions in this study,
(see Table 18), this reviewer believes there are significant assay and statistical problems and these
results should be disregarded.

A food effect by formulation was also detected in this study, and the degree of the effect is of similar
magnitude as previously described. However, due to the problems with the study the quantification of the
effect cannpt be considered reliable.
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Tizanidine Capsules; 2, 4, 6 mg (Zanaflex™)

Table 15 Comparative Pharmacokinetic Metrics for 8 mg (2 x 4 mg) Doses of Tizanidine Tablets
and Capsules Under Various Meal Conditions (Study AN021-101)

OCPB NDA Review

Mean £ SD

Elan Pharmaceuticals
Submitted: October 31, 2001

Tizanidine 4 mg Capsules

Fasted
B

Fed
[ o

Fasted
D

Tlag
(hours)

04210.36
(86.1)
0-20

0.3810.2
(53.1)
0-1.5

0.8610.72
(83.4)
0-3.0

0.4610.25
(54.8)
0-20

Tmax
(hours)

164127
(164.0)
0.28 - 24.1

128%1.8
(140.0)
0.49-16.0

2651 0.92
(34.9)
0.996-4.08

1.2810.95
(74.2)
0.5-8.04

8 Cmax

(ng/ml)

6856
1R3.M

55+43

——— s —————————

46137
(80.8)

54142
(77.8)

e

Auclnt

l (ng/m! x hr')

20.36  18.83
(92.5)
0.18 - 128.6

15.96 £ 19.3
(121.1)
0-135.3

1761156
(88.5)
0.54-735

15.99 ¢ 16.4
(102.6)
0.18-88.2

AUC,,

f (ng/ml x hr') §

20.75 % 14.1
(68.0)
4.04 - 56.26

22712237
(104.4)
2.26-136.0

27.53116.03
(58.2)
424-716

20.1£196
(97.3)
2.6-90.1

tiz

: {hours)

178217
(95.4)

§  061-119
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21-447

OCPB NDA Review

Tizanidine Capsules; 2, 4, 6 mg (Zanaflex™)

Table 16 Comparative Metrics for Tizanidine 4 mg Tablets Fed /4mg Tablets Fasted®

Elan Pharmaceuticals

Submitted: October 31, 2001

Tablets Fed Tablets Fasted
Tlag (hours) 0.25 0.25
Tmax (hours) 1.41 1.0
Geometric Means Geometric Mean Ratio 90% CI
Cmax {ng/ml) 1.58 137 1226 1115-1347
AUCiue (ng/mi x hr') 2.58 225 1452 129.8-162.3
AUCo... (ng/ml x hr'') 2.76 252 118.6 101.3-138.8

a Median reported for time metrics

Table 177 Comparative Metrics for Tizanidine 4 mg Capsules Fed / 4 mg Capsules Fasted®

Capsules Fed Capsules Fasted
Tlag (hours) 0.75 0.5
Tmax (hours) 30 10°
) Geometric Means Geometric Mean Ratio 90% CI
Cmax (ng/ml) 1.16 1.37 814 74.1-89.5
AUC\ (ng/ml x hi) 2.42 2.25 1176 1052-131.4
AUC,.. (ng/ml x hr'") 2.84 252 138.2 115.4-165.6
a8 Median reported for time metrics
b p<0.0001 by Wilcoxon Sign Rank Test
Table 18 Comparative Metrics for Tizanidine 4 mg Capsules Fed / 4 mg Tablets Fed®
Capsules Fed Tablets Fed
Tlag (hours) 0.75 0.25
Tmax (hours) 3.0 1.41°
Geometric Means Geometric Mean Ratio 90% Cl
Cmex (ng/ml) 1.16 1.58 66.2 60.3-727
AUC u: (ng/ml x hr") 2.42 2,58 846 75.7-945
AUC.._ (ng/ml x hr") 2.84 2.76 108.5 90.8-129.7

a Median reported for time metrics
b  p < 0.0001 by Wilcoxon Sign Rank Test

Table 19 Comparative Metrics for Tizanidine 4 mg Capsules Fasted / 4 mg Tablets Fasted®

Capsules Fasted Tablets Fasted
Tlag (hours): 0.5 025
Tmax (hours) 1.0 1.0
Geometric Means Geometric Mean Ratio 90% Cl

Cmax (ng/ml) 1.37 1.37 99.6 90.6 - 109.5
AUCa: (ng/ml x hr') 2.25 221 1045 934-1168
AUCo_ (ng/mi x hr') 252 259 93.1 79.2-109.5 .

8 Median reported for time metrics ’
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7.3.2.5.4 Pharmacodynamics
732541 Effects on Cognition

Cognition was assessed at 0.75, 1.5, 2.5 and 6.0 hours post-dosing. According to the sponsor only the
cifference in effect on cognition at 0.75 hours reached statistical significance. However, this could not be
confirmed, as the data was illegible’.

However, this conclusion appears reasonable based upon the graphs provided, even though the
variability appears extremely large (see § 6.2.4 Pharmacodynamics). In addition, the sponsor’s statistical
analysis of comparison of means by ANOVA is the only possible approach, as there were so few
sampling times for pharmacodynamic effects that a formal PK/PD analysis would be impossible. There
was a sufficient difference in concentrations at 0.75 hours so that a difference in pharmacodynamics was
detected. With regards to the other sampling times there may not have been sufficient concentration
differences to detect a difference in pharmacodynamics.

-
Thus, we can conclude that there appears to be differences in cognition that are attributable to the
differences in the observed concentration vs. time profiles of the various tizanidine treatment arms.

Cognitive Assessments

Cognitive assessments were conducted 1 hour prior to dosing (baseline), 0.75, 1.5, 2.5 and 6 hours post-
dosing.

Assessments included computerized cognitive assessments and Bond-Lader Visual Analog Scale (VAS)
assessments. :

Computerized Cognitive Assessments are reported as ‘Power of Attention’. Power of Attention is
computed as the sum of 3 primary computerized cognitive measurements that includes simple reaction
time, digit vigilance time, and choice reaction time. See Table 20 for a description of these primary
measurements.

Table 20 Primary Computerized Cognitive Measurements

Task Description Primary Measure | Secondary Measures

Simple Reaction Time | Press “Yes' button when the Speed (mSec)
(SRT) word ‘Yes' appears on the
computer monitor

Digit Vigilance Time 150 digits displayed per Speed (mSec) o % of Targets
(DVT) minute. Subject presses Yes’ Detected
button whenever display digit
matches a target digit » False Alams
displayed to the side. There
: are 45 target digits displayed
over 3 minutes.

Choice Reaction Time | Press the "Yes' or ‘No button Speed (mSec) e Accuracy (%)
(CRT) when the word “Yes' or ‘No'

{ appears on the computer
monitor

Computerized Cognitive Assessments are reported as 'Power of Attention’. Simple Reaction Time Digit
Vigilance Time Choice Reaction Time

T The sponsor had been wamed of illegibility of future submissions in the original tablet NDA review.
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Bond-Lader Visual Analog Scale (VAS) Assessments include the following 3 secondary measures:
Self-rated Alertness

Self-rated Contentment
Self-rated Calmness

Descriptions of these measures can be found at www.wemove.org.
There were no dearly obvious differences in adverse event profiles between arms.
7.4 CONSULTS -

7.4.1 Pharmacometrics

A phamacometric consult for the PK-PD data was performed by the primary reviewer and is incorporated
in the review. *

APPEARS THIS WAY
ON ORIGINAL
]
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21447 OCP8 NDA Review Etan Pharmaceuticals
Tizanidine Capsules; 2, 4, 8 mg (Zenaflex™) Submitied: October 31, 2001
7.5  SUMMARY OF CASE REPORTS OF OVERDOSE AND WITHDRAWAL

Table 29 Summary of Case Reports of Overdose and Withdrawal

- A 30

.

Cuse | Demographics |Dx qs k Tizanidi Ic iHant  [Date cV CNS |Resp/Pulm Musculo- [Metabolle Other F!l Qutcome |Comment
® | Agersewwis Dose IMedications skelotal -
Race
Loc 27 Deprossion |Suicide  [uzenidine  [iorazepam 30 mg
ol pi. F Attempt  |120 mg
1985 [ER Arfival _ [hypolensive (80/50) EKG |drowsy hemaiciogical [Ficmazeni 2 mg Flumazondl is @ BDP
1.00 PM - slnus bradycardia (34 tests normal’ gonist. H [ ]
bpm) 13l deyree AV houid have been
block (PQ 240 mSec) traindi db
Wenckeback 2nd degiee of the lizandine and
AV block 4:3, 3:2 block b of the observed
ralio - arthythinia,
woke up post Rx Transier lo
with lumazenil Imol'm hospitad
Hospital [hypolensive (80/60) EKG [drowsiness Flumazeni 0.5 mg
Admissh - sinus bradycardia (40 IV Bolus then CIVi
3:30 PM bpm) 1st degree AV 1my/he x 6 hrs,
block {(PQ 200 mSec) Satine hydration.
Furosemide
nexi few BP rose gradually Sinus h
48 hours RSR Recovered
laler
inoue 41 {(Suicide  [23mg
:&“’, “Fk Altompt?) 3 hours post Jbradycardia, hypolension | Semi- Hypothermia |Tizanidine D/C'ed Peak could have occumred
9 ingestion deep tendon {Serum al 1 hour or ialer. So
{refioxes Tizanidine concenlrations could have
{hyporefiexive In all 27.1 ng/mi been stil going up,

- oxtremites; No oralready declining.
pathological Assuming peak occurred
reflexes. EEG a al 1 hour, Cmax could
wives with some heve been up to ~ 60
low amphtude fast ng/mi
waves

. 7 hours Serum Based on concentations
Co (post- Tizanidine 1.8 al 3 and *10 hours"(when
. admission?) ng/mi timed from is unknown).
K ) Tizanidine was likely
. maximaily absorbed at
presentation, and was
being eliminated with
Hnear kinelics. (4 x V12's
. would give and estimaled
conc. of 1.7 ng/ml al 10
' " hours based on a mean
| e haif-ife of 1.75 hus)
20 hours Serum
(post- ITinnidlm
|admission?) <0.) ngml
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Tizan dine Capsules; 2, 4, 6 mg (Zanaflex™ Submilted: Octlober 31, 2001
Case: | Demographics [Ox Situation [Tizanidine |C itant  [Dete cv CNS Resp/Pulm Musculo- [Metabolic Other IRx : Quicome |[Comment
[ Age! Sex Wt/ Dose Medications shelotal
Race
day afler hypolensive otherwise |Recovering r
ingestion recovered k
656 1 mo. N/A Medigation (0.7 diphenoxylate Orowsiness Hypolonia Supportive Recovered
mg/kg/day x latropine i
? |pipenzolale o '
149 46 MS Suicide 240 mg Tramadol? Vo — Hypotension Comatose reflexes |Respisalory Anion Gap Intubation t
F Atlempt (n-Opioid & absent Depression Acldosis; Levophed .
INE/SHT elovated WBC 0, '
it w left shift, felt Activaled !
inhibitor) due to emesis; Charcoat
mild elevation Gasuic Lavage
of LFTs Sorbilol
SVT, P wave abnormal  [hyperreflexive Diarhea Dopamine
Imodium AD
- Discharged
188 57 Suicide 80 pills Ambien — Hypolension | Sormnoience Ragged heaves’ Hypothermia LR &)
F Attompt Trazodone — Respiralory afrest "
263 13 Sulcide 40 mg Bradycardia, Alropine for
F Allempl [Protonged QT bradycardie
2 waeks QT normalized RRecovored
n 33 Sucide [90x4mg= [Thorazineuntl |ER -6 tws  |Siable C Breathing on own  [Hyperionia Gaslric Lavage;  [Resoluti Uné # *hepati
Y] Atlompt 360 mg 1-2 days prior 1o |post ) inlubated as @ within 72 |dysfunclion® was pre- .
lash ingest precaulion; hours existing :
Fluids; ‘Dhwresed .
with Mannitol and f
4-May Tiight coma - horeaform, Benadryl IV
responsive athelosis-
like
movements
72 hours Resolution
_ within 72 he
391 | Unknown age |Muscle Suicide |18 mg - 120 between o [Stpor [Respiratory Renal Failure [Mech | R ing d
Y] Sp and [Allempl  [mg S Deprossion Ventilation
molor staxia Dialysis L
ylo '
Friedreich's .
aluxia
400 a8 Paraplogic  |Suicide  {Unk Others alpldr .
M (1nknown) RN
420 30 Quadraplegic |Suicide 40 x4 mg s [Oxycodone & 4 PR
M 160 mq {?) |others } 2L i
442 45 {Suicide BOx4mg = ! —_ Bradycardia, Somnolence Cyanotic, Cokd Aspiration IV Fluids
¥ Attlompt _ [360 mg ' yYp . Pnourmonitis [intubotion
443 [}] Machede- Suicide 204 x 58 x Eperison S ST elevation ang QT Disturbed Respiratory Vomited Mechanical
F Joseph Dz |Allempt [ Tizanidine  {(Myonal) et prolongation - Consci Depressior portion of OD; [Ventilation snd
Assume palen is 1mg Hypothermia [Gaslric Lavage
Japunese (1ermalin) - extubated Racovered
545 45 MS Sulcide Diazepam o1 | Subject found }~ ™
F Codeine dead o
Muliiple Others - .
Labs - "Non-
luthal levels®
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Tizanidine Capsules; 2. 4, 8 mq (Zanaflex™) Submitied: Oclober 31, 2001
Csse | Demographics [Dx |Situation [Tizanidine |Concomitant |Date CcV CNS Pinpll'ulm !uu-culo-—[Moubolle Other ﬁl " JOutcomy [Comment
[ Agel Sex WL Dase Medications jsholetal .
Race
775 30 Quadraplegic | Suicide 20 x 4 mQ = |drug screen S— Bradycardia mild sedati Respi Y 02
M 80 mg negatve depression Activeled
| Chatcoat
Seversl hre. |Hypotension \Rospmnoty Mochanical
post Distiess - CXR - Ventilation,
admission Bilatoral diffuse Dialysis
alveolar infillrate
congisient with
puimonary edema
‘ & ARDS
March o Translared
? Hospilals
—_— Translerred
Hospitals
Pneumonia - Van%:?uydn
methicitin sensitive Nafcilin
S. Aureus Tracheostom
— Acute Respiratory aym - T Y
Asrest due lo ot (8
I la with LR
sopsis
823 4 Migraine 9 /i \§ 14 /x4 = 56 |Oploids -
F Pain Isupe 3 ) Iday x  |benzodiazepines;
Drug 074 14y —
{uzanidine
r Presents lo ER with ER Vicodin Vallum,
- Cravings Shaking
' Trembling
iteriness, anxety B8DP WD Trans{esred 1O
— Chemical
Dependency Uni
Clonidine 0.1 q 6h,
Depakole,
T Phenobarbital
hyperiensive 162/98, HR
" _|s2bpm
- Clonidine Doss
L Lapered ko 0.05 qid
Malig? HTN 1707108, Lightheaded |Clonidine
I Tachycardic 113 bpm & foll increased 10 0.9
mq id .
-~ Atenolol Added
“"__ _|BP Siabiiized 130789 o
s Discharged
835 “ [Suspecied  |Suspected — Delilum Confusion Unknown
F Oveidoss  [Overdoss
Attlempl?)
853 | Age Unknown [Drug Diug 17xmge Hyperisnsive on WD Addiction Clonidi Unk
F |0spendence JAbuse QD |34 - 68
[ |mg/day
Withdrawal|
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Csase | Demographics [Dx [Stuation [Tizanidine [Concomitant Tl').!o cV CNS [Resp/Pulm IMusculo-  [Metsbolic Other TRx Outcome |Comment
1] Age/ Sen Wt Dose Moedications sholotal , "\
Race
N m T Sterted - [Newontn 300 | ~.— {On WD hyperiension,  |On WO tremor Thypochioremia
F Isuse ;11 ncreasing  [mg tid achycardia, hallucinalions
Duragesic
somnolence
(heiping insomnia)
vemor &
hallucinalions
— 1aflucinanior
s—— JER-On WD On WO Vomiling Paychiatric
|hyperiension, hallucinations [3¥]
s \achycardia,
638 { Age Unknown oD 0D amount Bradycardia x 18 hours P [
F unknown
|
' 1
! ;{ ot -
v
k]
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-

Table 23 A=mu Dissolution for Tizanidine Capsules in  awme
Strength (mg) 2 4 6
BE & PK Studies
- (not pivotal BE - Pivotal BE & PK
Batch Use Stability with 6 mg) Stability Study
& Stability
Summary Statistics with and withoiit
From Report: . outlier. 2 ranciles less than =™ 1 From Report:
Comment RPT RS:2001/238 | RPT RS:2001/238| "0 e == g the other ===  |RPT RD: 2002/062
*RPT RS:2001/238
Capsule Batch PS1063p PS1066p PS1071p PS1070p
LBead Batch PS1042 PS1041 PS1040 PS1042
T—— PS1039 PS1038 PS1037 PS1039
Batch .
_ 1
Count i S —
% Labeled Content*
T 1 T 1
.. 2 g
1 L T I I
—_—— pa e Eiaciiiy he s 4
1 | | | i ’
———, o REETO g —
| ! | | ]
a Meant SD (CV); Range
APPEARS THIS WAY
' ON ORIGINAL
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As shown in Table 23, mean dissolution for all strengths is approximately ™= . at e

At® -——— mean dissolution is around -, although a number of individual capsules are always less
than ——. Thus is too strict for a single point dissolution specification.

At ——— ; dissolution is essentially complete for all strengths, although there appears to be slightly
slower dissolution as the amount of drug increases. Consequently, the minimum amount dissoived falls
below ==, for the stability batch for the 6 mg capsule (but not for the pivotal clinical batch). However,
when the 6 mg stability batch is examined more closely; for the statistical outlier, (> -3 s.d.), this particular
vessel had ===  dissolution al  wmme=e ., thus this © === _ value is probably spurious. When this
outlier is discarded only one out of «=samples is below === which is the level that would necessitate
level 2 testing. This corresponds to ~1 of 10 batches tested and is acceptable, especially as analysis of
the effect of pH suggests that acceptance criteria should be kept strict (See section 7.6.4).

7.6.3 Adjustment for Capsule Interference

According to RPT RD: 2000/205 1. 4 V. 012 P. 199 the degree of interference is 3 - 5%. This is less than
the 25% limit allowed by the USP and is acceptabie.

7.6.4 Effectof pH

Even though tizanidine has pH dependent solubility with a pKa of == the ‘== solubility in water
indicates that tizanidine should still be highly soluble at pH w=

Since tizanidine is hiahly soluble it should thus have an acceptance criteria of NLT w , (Q= wa ,at —

— N/ e

However, mean dissolution profiles also show slower dissolution as pH increases, as well as a pattemn of
slower dissolution as the dose increases (See Figure 11).

In addition to tizanidine | ~— wiw), the 2 major components of the capsule bead coating are
hydroxypropyl-methyi-cellulose (HPMC) { weme= w/w) and e silicon dioxide / == w/w). Both of
these excipients form viscous colloids on exposure to water and the degree of viscosity is pH dependent.

Thus it appears that there's a mechanistic basis for slower dissolution and slower absorption in vivo with
the capsules beads as compared to the tablets. Which might occur if some beads get into the duodenum
before dissolution in the stomach is complete.

Consequently, the dissolution specification should be either in high pH buffer, or the acceptance criteria in
acidic media should be stricter than proposed by the sponsor.

Since, the § mg capsule has the slowest dissolution in acidic media and yet still meets bioequivalence,
acceptance criteria may be based upon it for the 2 mg and 4 mg strengths.

in addition, food, antacids, H2 antagonists, and proton pump inhibitors can alter pH and therefore might

alter absorption characteristics.
¢
[
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Figure 11 Mean Di;glution Profiles of Tizanidine IR Capsules (2mg, 4mg, 6 mg)
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\_ 7.7 BCS CLASSIFICATION

OCPB cannot classify tizanidine according to the BCS classification system at the present time, as there
is insufficient information to determine the degree of permeability.

7.8 OCPB FILING MEMO

7.8.1 Issues and Comments
7.8.1.1 Comments to be sent to firm:

e Please provide new electronic and hard copies of the proposed labeling that indicates all changes
from the current approved text with strikeouts and insertion marks. Additional electronic and
hardcopies with editing marks (insertions & deletions) in agide-by-side 3-column format, (Current,
Proposed, Annotations), would also be appreciated as it tends to speed review.

e For study ANO21-101 please provide or adequately cross—eference, as appropriate, the missing
sections of the analytic report (Vol. 1.33). The submitted information begins with Appendix F.

e For the Cognitive Drug Research Report (Vol. 1.32 pg 151 and Vol. 1.37 pg 331) please provide
legible copies of the literature articles cited.

¢ Please provide the raw data & computer code for the Cognitive Drug Research Report (Vol. 1.37 pg
331) in electronic format (single precision for numeric data).

7.8.12 QBR questions (key issues to be considered)

» s the 4 mg capsule formulation bicequivalent to the highest approved strength of the tablet (4 mg)?
¢ Is the 6 mg capsule bioequivalent to a similar dose of the tablet formulation (4 mg & 2 mg tablets)?
& - e Is a biowaiver acceptable for the 2 mg capsule?

e |s there a food by formulation effect?

* s the food by formulation effect clinically significant?

» Are the dissolution method and acceptance criteria acceptable?

7.8.1.3 Other comments or information not included above

AE of hypotension could be of additional cfinical importance in patients with spasticity. Differences in food
effect by formulation could result in differences in incidence or severity of first dose effect. interest is in
both prescribability and switchability. Differences would only be seen if dose is on ascending portion of
concentration effect curve. In addition, the maximum difference would only be seen if dose is on the
uppe- portion of the ascending portion of the curve. Consequently, must determine if dose used is on that
portion of C vs. E curve for PK/PD study to show maximum potential clinical difference due to food?

7
[

.
-
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21-447 ' OCPB NDA Review Elan Pharmaceuticals
Tizanidine Capsules; 2, 4, 6 mg (Zanaflex™) : Submitted: October 31, 2001

k . 7.8.2 Table of Studies

Table 24 List of Studies Included in NDA 21-447

Protocol # | Protocol Title™ -

Bioequivalence Studies - Fasted

0300003 A Single-Dose Study in Healthy Subjects to Evaluate the Bioequivalence of a Tizanidine
4 mg IR Capsule Formulation Relative to Zanaflex® 4 mg IR Tablet

A Study in Healthy Volunteers to Evaluate the Bioequivalence of a Tizanidine 6 mg IR
0600002 Capsule Formulation Relative to Zanaflex® 6 mg (Administered as 4 mg and 2 mg IR
Tablets)

Bioequivalence when Administered by Sgrinkling on Applesauce

0400002 A Study in Healthy Volunteers to Evaluate the Relative Bioavailability of a Tizanidine IR
Formulation when Administered in a Capsule and a Sprinkle Form

Bioequivalence - Food Effect Studies

0400001 A Study in Healthy Volunteers to Assess the Effect of Food on the Bioavailability of a
Tizanidine 4 mg IR Capsule Relative to Zanaflex® 4 mg IR Tablet

Single Dose Pharmacokinetic, Pharmacodynamic, and Safety Study of Zanaflex®
AND021-101 (Tizanidine Hydrochloride) Tablets 8 mg (2 x 4 mg) and Capsules 8 mg (2 x 4 mg)
Administered with and without Food in Healthy Subjects.

-

. (-
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