NONPRESCRIPTION DRUGS
ADVISORY COMMITTEE AND
ARTHRITIS ADVISORY
COMMITTEE

JULY 20, 1999

NDA 21070 FLEXERIL OTC
SWITCH

PHARMACOKINETICS REVIEW
(CLINICAL PHARMACOLOGY/
BIOPHARMACEUTICS REVIEW)




CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW

NDA: 21-070 - SUBMISSION DATE: 12/18/98
PRODUCT: Flexeril 5 mg Tablets (cyclobenzaprine HCI) 01/18/99, 5/10/99, 06/09/99
SPONSOR: Merck & Co. _ :

Sumneytown Pike, P.O. Box 4, BLA-33

West Point, PA 19486
TYPE OF SUBMISSION: Original Submission REVIEWER: Sue-Chih Lee, Ph.D.

SYNOPSIS

Flexeril MR 5 mg Tablets are intended to be an OTC product for the treatment of acute painful
muscle spasm or strain of the back or neck. The higher strength (10 mg) tablet was approved for
use by the Agency in 1977 as a prescription-only product (NDA 17-821) for similar indications.
To support this NDA, the sponsor conducted four new pharmacokinetic studies (single- and
multiple-dose pharmacokinetics and dose proportionality; PK in hepatic impairment patients; PK
in elderly subjects and a bioavailability/bioequivalence study). In addition, more than 20
literature articles and study reports were provided, of which the studies related to
cyclobenzaprine metabolism and drug-drug interactions are considered most relevant. Food
effect study will be conducted as Phase IV. It should be noted that clinical efficacy and safety
studies were conducted without regard to the timing of meals.

NOTE TO THE ADVISORY COMMITTEE

The sponsor has not fully responded to our most recent comments, the new information when
submitted will be evaluated and may affect some sections of this review.

COMMENTS

1. Re: Study 010 (Elderly subjects)
a. There are errors in the data (Tables 3, 4, 5 & 6; Volume 1.8, pp. 464-467), most likely
due to errors in data for healthy subjects. The sponsor should revise and submit the corrected
analysis. The comparison both including and excluding the 2 elderly subjects who fell ill
during the study should be provided.
b. Two elderly patients who fell ill had unusually high plasma cyclobenzaprine
concentrations. The sponsor claimed that the high concentrations found in these 2 subjects
were due to binding of cyclobenzaprine to a,-acid glycoprotein. Data on plasma a,-acid
glycoprotein levels for several elderly subjects were provided to support this speculation.
However, it is unclear that the sponsor has data to show that cyclobenzaprine does bind to «,-
acid glycoprotein.
¢. Mean plasma concentrations in healthy elderly subjects were in the same range as those
previously observed in young subjects receiving the prescription dose of 10 mg every 8
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hours. This would mean that a reduced dose may be more appropriate for the elderly
patients. ‘ C

'd. The mean body weight of elderly subjects in this study is higher than that of healthy
subjects in Study 005. If the body weight were the same, the difference in plasma
concentrations between elderly and young subjects may be even greater.

2. Re: Study 007 (Hepatic impairment patients)

a. Subjects were matched for age but not smoking. Since CYP1A2 may be involved in the
metabolism of cyclobenzaprine, smoking may be a confounding factor.

b. Because only one patient in this study had moderate hepatic impairment, this is basically a
study in mild hepatic impairment patients. Based on the current analysis, it would be more
appropriate to reduce dose in this patient group. There is little or no PK information in
patients with moderate or severe hepatic impairment.

3. Re: Effect of gender

Studies 005 and 011 suggested there were gender differences in cyclobenzaprine AUC and Cmax
that could not be accounted for by body weight differences. Based on across-study analysis of
three multiple dose studies (#005, 010 and 007), the sponsor concludes that the magnitude of any
difference in cyclobenzaprine pharmacokinetics between males and females is small relative to
intersubject variability. However, the variability may be partly attributed to body weight
differences. The sponsor should reanalyze the data of studies 005 and 011 using both gender and
weight as covariates, and provide a scatter plot (along with a data table) for studies 005, 010 and
007 using body weight normalized parameters. This will provide a better picture to see if female
subjects with low body weight will have significantly higher plasma cyclobenzaprine
concentrations.

4. Re: Metabolism of cyclobenzaprine
a. The sponsor conducted in vitro studies and concluded that N-demethylation of
cyclobenzaprine is mediated primarily via CYP3A4 and 1A2, with CYP2D6 playing only a
minor role. Therefore, genetic polymorphism should not be a concern for this drug. These
studies were carried out at a cyclobenzaprine concentration of 100 M (or 31.2 ug/mL; near
the Km value for N-demethylation), which is more than 2000-fold of the peak plasma
concentrations of cyclobenzaprine at steady state. (Mean steady state Cmax after 5 mg tid
dosing was <15 ng/mL.) Therefore, the conclusion may not be applicable at clinically
relevant concentrations. Other studies such as in vivo drug interaction studies with specific
inhibitors of CYP isozymes may be needed to provide conclusive evidence of the importance
of specific isozymes.
b. From the literature provided, it is unclear whether the major metabolic pathway is
through N-demethylation. It is noted that the recovery of total (urine + feces) radioactivity in
a mass balance study was low (~64% of dose) and a major urinary metabolite was not
identified. Thus, the information submitted does not provide a clear picture of metabolite
profiles of cyclobenzaprine.




5. Re: Drug-drug interaction
a. The sponsor conducted in vitro studies and concluded that cyclobenzaprine has a low
potential to inhibit metabolism of other drugs because of the high Ki values observed.
However, the study report as provided in the NDA submission is too brief to afford a
thorough review. The sponsor has been requested to provide a detailed study report.
b. Since it is unclear which isozyme actually plays a major role in the metabolism of
cyclobenzaprine at the clinically relevant concentrations, it is not possible to predict drug-
drug interaction potentials.

6. Re: Dissolution
Based on the dissolution profiles provided of three batches, the dissolution specification
should be tightened. This issue will be discussed with the Chemist before it is conveyed to
the sponsor.

7. The sponsor contended that while plasma levels increased in the first four days before steady
state was reached, somnolence generally occurred in the first few days after treatment began,
was mild, and resolved despite continued treatment. This statement should be evaluated by
the Medical Officer.

RECOMMENDATION

From the standpoint of clinical pharmacology and biopharmaceutics, the submission is
acceptable provided that the above issues are addressed satisfactorily. Please convey Comment
#7 to the Medical Officer. Comments #1-6 should be communicated to the sponsor.

Sue-Chih Lee, Ph.D.
Division of Pharmaceutical Evaluation 111

RD/FT Initialed by Dennis Bashaw, Pharm.D.

CC: :
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I. BACKGROUND

Cyclobenzaprine hydrochloride is structurally related to several tricyclic antidepressants. Itisa
centrally acting muscle relaxant that relieves skeletal muscle spasm of local origin without
interfering with muscle function. It has been hypothesized that cyclobenzaprine provides relief
by interrupting a self-reinforcing pathway of muscle spasm and local pain. The main side effect
of the prescription strength is sedation. Cyclobenzaprine hydrochloride is freely soluble in water
with a pKa of 8.47. Itis highly (93%) plasma protein bound over a concentration range of 0.1 to
1.0 ug/mL. Previous studies indicate that cyclobenzaprine is subject to enterohepatic circulation.

I1. FORMULATION

The formulation of Flexeril MR tablets is given below. The proposed dosage regimen is one
tablet every 6-8 hours but not to exceed 3 tablets every 24 hours and for no more than 10 days.




Ingredient . | Mg/Tablet
Tablet Core
Cyciobenzaprine Hydrochloride USP 5.0
Lactose-Monohydrate NF 112.0
Pregelatinized Starch NF 25.0
Yellow Ferric Oxide NF 0.15
Starch NF, Com 7.0
Magnesium Stearate NF ' 1.0
Tablet Coat
Titanium Dioxide USP 0.43
Hydroxypropyl Cellulose USP (w/0.3% silica) 1.20
Hydroxypropy! Methylcellulose USP 1.20
Hydroxypropy! Cellulose NF 1.20
Yellow D&C #10 Aluminum Lake HT 0.012
Yellow FD&C #6 Aluminum Lake 0.048
Carnuba Wax NF : 0.037 to 0.068
Total Tablet Weight (mg) 153

HI. ANALYTICAL METHODS
HPLC-MS-MS method was used for the assay of cyclobenzaprine in plasma and urine.

Plasma samples — assay of cyclobenzaprine: After addition of 100 uL of internal standard
(trimipramine) solution and 100 uL of methanol to plasma (1 mL), the mixture was basified with
carbonate buffer (0.2M pH 9.8, 1 mL), and cyclobenzaprine was extracted with 7 mL of hexane.
The organic layer was removed and evaporated to dryness. The residue was reconstituted in 400
uL of a mixture (50:50, v/v) of acetonitrile:water containing 0.1% formic acid. After
centrifugation, the aliquot was injected into the HPLC-MS-MS system. C-18 analytical column
with a C-18 guard column was used for the analysis. The mobile phase was a mixture of
acetonitrile:water (90:10, v/v) containing 0.1% formic acid and 10 mM ammonium acetate
delivered at a flow rate of 1 mL/min. Peak area ratios obtained from multiple-reaction
monitoring of analyte (m/z 276 —215)/(m/z 295 —208) were utilized for the determination of
concentrations.

Urine samples — assay of cyclobenzaprine and its glucuronide conjugate: Urine samples (1 mL)
were spiked with 100 uL methanol, and incubated with B-glucuronidase (in 0.1 M pH 6.5
phosphate buffer). The mixture was incubated at 37°C for 24 hours, and the internal standard
solution (100 uL) was added, followed by 10 N sodium hydroxide (100 uL) and hexane (5 mL).
The organic layer was removed by centrifugation and evaporated to dryness. The residue was
reconstituted in 1 mL of a mixture (50:50, v/v) of acetonitrile:water containing 0.1% formic acid
and an aliquot was injected into the HPLC-MS-MS system. The validation results are
acceptable.

Plasma Urine
Precision (%CV): 1.8-5.9 2.1-7.1 (Intraday)
7.2-79 3.2-8.0 (Interday)




Accuracy (%): 92.0-104.1 92.0-103.4  (Intraday)

RS . 96.0-98.0 92.0-97.0 (Interday)
R Limit of quantification: 0.1 ng/mL 10 ng/mL

Specificity: confirmed by assaying blank human plasma samples
Stability (Storage at -20°C for more than 18 months): Acceptable

IV. OVERALL SUMMARY OF BIO/PK/PD CHARACTERISTICS
Absorption and Bioavailability

After a single dose administration of the 5 mg tablets in healthy young subjects, peak plasma
cyclobenzaprine concentration (4.3x1.6 ng/mL) was reached 4 to 5 hours postdose. The absolute
bioavailability of cyclobenzaprine hydrochloride 5-mg tablets was 0.55. The clinical trial
formulation and the market image were bioequivalent. Both AUC and Cmax were
approximately dose proportional over the dose range of 2.5 to 10 mg. Multiple dose
pharmacokinetics can generally be predicted from single dose pharmacokinetics.

Food effect study will be conducted as Phase IV. It should be noted that clinical efficacy and
safety studies were conducted without regard to the timing of meals.

Distribution

Cyclobenzaprine is highly (~93%) plasma protein bound over a concentration range of 0.1 to 1.0
wug/mL. (There is no information on binding to specific plasma proteins.)

Metabolism

At least 50% of an orally administered dose is metabolized. Several urinary metabolites of
cyclobenzaprine have been identified (see Excretion).

Based on in vitro studies, the sponsor concluded that the N-demethylation réaction of
cyclobenzaprine was mediated primarily via cytochrome P-450s 3A4 and 1A2, while cytochrome
P-450 2D6 played a minor role. As a result, the sponsor concluded that genetic polymorphism
was not a concern for this drug. However, these studies were conducted at a high concentration
of cyclobenzaprine (100 uM) which was more than 2000-fold of the peak plasma
cyclobenzaprine concentration at steady state. Thus, the studies are not considered definitive
regarding which isozyme actually plays a major role in the metabolism of cyclobenzaprine at the
clinically relevant concentrations. In addition, the information as submitted by the sponsor did
not indicate that N-demethylation is the predominant metabolic pathway (see Excretion).




Elimination of cyclobenzaprine

Cyclobenzaprine is primarily eliminated through metabolism and is subject to enterohepatic
circulation. Very little unchanged drug (~1% of dose) was recovered in the urine. One study
estimated that at least 8% (actual percentage unknown) of the dose was recovered in the feces as
the parent compound, however, it is unclear how much was attributed to biliary secretion or
unabsorbed drug. In healthy young volunteers, plasma clearance of cyclobenzaprine was found
to be 689 (+216) mL/min and the effective half-life of cyclobenzaprine was approximately 18
hours.

Excretion of cyclobenzaprine and its metabolites

A radiolabeled study (using the 10 mg tablets) suggests that 120 hours after oral administration,
50.8% of dose was recovered in urine and 13.5% in feces. (Similar recovery was observed after
IV administration: 48.8% of dose in urine and 20.6% in feces).

Urine: The primary metabolites in urine were cyclobenzaprine glucuronide (11-22% of urinary
radioactivity, UR) and 9,10-dihydroxynortriptyline (6-7% of UR). Other metabolites were
cyclobenzaprine N-oxide (2-3% of UR), N-demethylated cyclobenzaprine (3% of UR) and 3-OH
cyclobenzaprine (3-6% of UR). A major metabolite (7-14% of UR) was unidentified.

Feces: The major compound (60% of fecal radioactivity) excreted in feces was the parent
compound. No information on metabolites was given.

It is noted that the recovery of total (urine + feces) radioactivity was low in this study (~64% of
dose) and a major urinary metabolite was not identified. Because of this, the study does not
provide a clear picture of metabolic profiles of cyclobenzaprine.

Special populations

a. Elderly .

Steady-state plasma concentrations of cyclobenzaprine were 70-80% higher in the elderly due to
longer effective half-life (33 hrs in elderly vs. 18 hrs in young volunteers). As a result, steady-
state concentrations in elderly subjects receiving 5 mg every 8 hours were in the same range as
those previously observed in young subjects receiving the prescription dose of 10 mg every 8
hours.

b. Hepatic impairment patients

The sponsor conducted a multiple dose study comparing 16 mild-to-moderate hepatic
impairment patients (11 males & 5 females) to 8 age-matched healthy subjects (5 males & 3
females). Only one patient had moderate hepatic impairment based on the Child-Pugh
classification and, therefore, this is basically a study in mild hepatic impairment patients.




The effect of hepatic impairment was different in males compared to females. Cyclobenzaprine
plasma concentrations after multiple dosing were significantly higher for males with hepatic
impairment compared with male controls (Geometric mean ratio: 2.18 for AUC and 2.24 for
Cmax). No such differences were observed in females (GMR: 0.92 for AUC and 1.01 for
Cmax). However, healthy females in this study had much higher drug concentrations at steady
state than previously observed in healthy young females. Steady-state plasma concentrations in
both healthy and hepatically impaired females were comparable to hepatically impaired males.
Plasma concentrations for hepatically impaired subjects receiving 5 mg every 8 hours are in the
same range as healthy young subjects receiving the prescription dose of 10 mg every 8 hours.
These patients of either gender showed about 8-fold accumulation of cyclobenzaprine in plasma
over the course of the study. Mean effective half-life, calculated by fitting a monoexponential to
trough plasma concentrations, was 46.2 hours (range: 22.4-188 hours) in hepatically impaired
subjects and 23.1 hours (range: 10.7-51.2 hours) in control subjects. Many of the patients with
hepatic insufficiency had not reached 90% of steady state by the end of the study, while all of the
healthy subjects had. As a result, plasma concentrations and the degree of accumulation at
steady state would be expected to be greater than was measured on Day 8 in this study for
patients with mild hepatic insufficiency.

There is little or no information on cyclobenzaprine pharmacokinetics in moderate or severe
hepatic impairment patients.

c. Gender

The effect of gender on cyclobenzaprine pharmacokinetics was not formally studied. A cross-
study comparison of the effect of gender and age on AUC(0-8 hr) in healthy subjects is shown in
the figure below. This graph suggests that the magnitude of any difference in pharmacokinetics
between males and females is small relative to intersubject variability. However, it is noted that
the sponsor did not attempt to examine the effect of body weight on cyclobenzaprine
pharmacokinetics, which may contribute to the large intersubject variabilities observed. It is
considered important to separate the effect of gender from the effect of body weight. This will
provide a better picture to see if female subjects with low body weight will have significantly
higher plasma cyclobenzaprine concentrations. ‘

Drug-Drug Interaction

In vitro studies:

a. As stated above, in vitro studies appear to indicate that cyclobenzaprine has little potential for
inhibition of cytochrome P-450-mediated reactions at clinically relevant concentrations in
view of the relatively high Ki values obtained for human liver microsomes. However, the
study report as submitted in the NDA was too brief to allow a thorough evaluation of the data
and the sponsor was requested to submit a detailed report.

b. Itis unclear what cytochrome P450 isozyme is the primary enzyme for the metabolism of
cyclobenzaprine. Thus, it is not possible to predict which drug may potentially inhibit
cyclobenzaprine metabolism.




In vivo studies:

The current Flexeril Rx label states that no significant effect on plasma levels of Flexeril or
aspirin was noted when single or multiple doses of the two drugs were administered
concomitantly. Conflicting results were found in drug interaction with diflunisal and no
information regarding coadministration of Flexeril and diflunisal is included in the current
Flexeril Rx label. The sponsor did not conduct any other in vivo drug-drug interaction studies.

Report of adverse event:

Reported in an article' was a case of QT prolongation associated with concomitant
cyclobenzaprine and fluoxetine administration (among several other medications) followed by
torsade de pointes potentiated by droperidol. The author considered that combination of
fluoxetine and cyclobenzaprine resulted in significant QT prolongation in this patient due to
inhibition of cyclobenzaprine metabolism by fluoxetine. (This QT prolongation progressed to
torsade de pointes following the administration of droperidol, an agent known to prolong the QT
interval.) However, no pharmacokinetic data was available to confirm the interaction. Because
of this confounding third agent, the significance of this finding is unknown.

' Ann Pharmacother 1998: 32(7-8):761-5: Torsade de pointes fesulting from the addition of
droperidol to an existing cytochrome P450 drug interaction

V. SUMMARY OF INDIVIDUAL STUDIES
SINGLE DOSE/MULTIPLE DOSE PHARMACOKINETICS AND DOSE PROPORTIONALITY

Study 005: An open-label, randomized, three-period crossover study in healthy volunteers to
investigate single- and multiple-dose pharmacokinetics and dose proportionality of
cyclobenzaprine HC] tablets

Study design: This study was designed to investigate the pharmacokinetics and dose
proportionality of cyclobenzaprine after oral single and multiple doses of 2.5, 5, and 10 mg in 18
healthy subjects. In each study period, a single oral dose was administered on Day 1, followed by
multiple doses given every 8 hours from Days 8 through 14 and a final dose on the morning of
Day 15. The subjects fasted overnight prior to the morning doses on Days 1 and 8 through 15,
and otherwise consumed a normal diet. Blood samples were taken for drug assay at specified
intervals for 168 hours following the first dose and for 8 hours following the final dose, as well
as prior to each morning dose on Days 8 through 14. Urinary excretion of total (free and
conjugated) cyclobenzaprine was measured for 8 hours after the first and final doses of each
study period.

Results:
Mean plasma concentration profiles after a single oral dose of cyclobenzaprine are shown for

each dose level in Figure 1. Mean plasma concentrations over an 8-hour dosing interval after the
first and last dose are shown in Figure 2. A summary of mean pharmacokinetic parameters is
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given in Table 1. Following multiple dosing, steady state was attained within approximately 4
days after administration of cyclobenzaprine every 8 hours. For each dose level, Cmax at steady
state increased to 3- to 3.5-fold when compared to that after single dose. Mean Tmax was
approximately 4 hours postdose after either single dose or multiple doses. Effective half-life at
each dose level, calculated by fitting a monoexponential function to trough plasma
concentrations, was about 18 hours, which is consistent with the degree of accumulation
observed after dosing every 8 hours.

Figure | Figurs 2
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Table 1: Arithmetic Mean PK Parameters After Single Doses (Day 1) and After Dosing Every 8 Hours for 7 Days (Day 15)

Parameter 2.5-mg Dose 5-mg Dose 10-mg Dose
(n=18) Day 1 Day 15 Day 1 Day 15 Day 1 Day 15
Cmax, ng/mL 2.1 7.1 43 14.9 85 25.9
(SD) (0.7) (3.4) (1.6) (6.5) (4.0) (11.2)
Tmax, hr 39 38 39 4.0 3.8 39
(SD) (1.3) (1.4) (1.3) (1.4) (1.2) (1.8)
AUC (0-8), ng*hr/mL 11.1 474 23.0 101.4 459 176.5
(SD) (4.2) (22.6) (8.6) (44.8) (21.3) (78.4)
AUC (0«), nge hr/mL 442 - 89.5 - 178.2 -
(SD) (19.9) (45.8) (78.8)
Accumulation Ratio* - 4.0 - 4.3 - 3.9
(Range) (2.4-6.5) (2.6-7.0) (1.7-7.7)
Effective Half-Life, hr* - 18.4 - 18.4 - 18.0
(Range) (9.7-47.3) (9.3-41.3) (8.3-36.5)
Amount Recovered in 53.2 146.1 123.7 320.7 194.5 4823
Urine?, pg  (SD) (24.9) (94.3) (119.7) (238.4) (91.8) (316.6)
Clr, L/hr 5.2 4.1 6.6 34 5.3 35
(SD) (3.2) 3.7) (6.5) (2.4) 3.7 2.9)

a Ratio of Day 8/Day | AUC (0-8 hr) ; Geometric Mean.

b Based on monoexponential fit of trough plasma concentrations to obtain accumulation rate constant.
c Harmonic mean.

d Free and conjugated cyclobenzaprine
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Dose Proportionality: .

The sponsor assessed dose proportionality by determining the geometric mean ratio (and 90%
CI) of dose-adjusted geometric mean AUC and Cmax between doses. After single dose (Day 1),
the ratios ranged from 0.94 to 0.99 for AUC,_,, and from 0.95 to 1.01 for Cmax (see Table 2). At
steady state (Day 15), the ratios ranged from 0.91 to 1.10 for AUC, g, and 0.92 to 1.10 for Cmax.
Based on these data, the sponsor concluded that dose proportionality was established.

Table 2: Dose-Normalized PK Parameters After Single Dose And At Steady State

Dose Normalized* Geometric Mean Geometric Mean Ratio (90% CI)
Dose [ AUC | Cmax | Comparison [ AUC | Cmax
Single Dose
2.5mg 15.59 0.76 2.5 mg vs.5 mg 0.99 (0.87-1.13) 0.95 (0.83-1.10)
5 mg 15.74 0.80 2.5mgvs. 10 mg 0.94 (0.83-1.08) 0.96 (0.84-1.11)
10 mg 16.55 0.79 5 mgvs. 10 mg 0.95 (0.83-1.09) 1.01 (0.88-1.16)
. Steady State
2.5mg 16.53 2.47 2.5 mg vs.5 mg 0.91 (0.83-0.99) 0.92 (0.84-1.01)
5 mg 18.15 2.69 2.5mgvs. 10 mg 1.00 (0.92-1.09) - 1.01 (0.92-1.12)
10 mg 16.50 2.4 Smgvs. 10 mg 1.10 (1.01-1.20) [ 1.10 (1.00-1.22)

*Normalized to 1 mg dose

Since the above calculations were based on pairwise comparisons of log-transformed values, this
reviewer examined the arithmetic mean data as given in Table 1. Based on dose-normalized
values, dose proportionality was apparent for both AUC and Cmax after single dose. At steady
state, both AUC and Cmax were approximately dose proportional.

Linearity within dose:

The dose-adjusted geometric mean ratios for the single-dose AUC(0-») versus the last dose AUCo-
s hr) were computed for each dose level to determine linearity within dose and the results are
given in Table 3. (If linear pharmacokinetics hold, the ratio should be unity.) The geometric
mean ratio for the 5-mg dose was significantly different from unity (p=0.006). However, the
clinical significance of this observation is minimal in view of the following: (a) dose
proportionality across doses as established above, (b) the absence of such deviation from
linearity for the other doses above and below the 5-mg dose (10-mg, 2.5-mg dose), and (c) the
small mean deviations from linearity that were observed (~13%).

Table 3: Ratio of Dose-Adjusted Geometric Mean AUC,_, (First Dose/Last Dose)

Dose-Adjusted
Geometric Mean
(ng-hr/mL-mg) Geometric Mean Ratio
Dose First Dose | Last Dose |- (90% Confidence Interval)
2.5mg 15.59 16.53 0.95
(0.857, 1.037)
Smg 15.74 18.15 0.87
(0.788. 0.954)
10mg 16.55 16.50 1.00
(0.912.1.103)
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Accumulation:

The dose-adjusted geometric mean ratios for AUC(0-8 hr) of the last dose versus the first dose
were 4.03, 4.26, and 3.85 for the 2.5-, 5-, and 10-mg doses, respectively (Table 1). Therefore,
there is approximately fourfold accumulation from single dose to steady state.

Variability:

The intrasubject variability in AUC was small (5-7%; after single dose and at steady state) but
greater in Cmax (86.4% after single dose; 16.0% after multiple doses). (Reviewer’s note: These
estimates were obtained assuming perfect dose proportionality.)

Renal clearance:

The renal clearance of the unchanged drug and the glucuronide metabolite was analyzed (Table
1). The geometric means were 4.15, 4.28 and 3.98 L/hr after single dose and 2.81, 2.43 and 2.34
L/hr at steady state for the 2.5, 5 and 10 mg-doses, respectively. There was no significant
differences between the three treatment groups but there was a significant difference between the
two periods. Renal clearance was lower at steady state than after the first dose. The sponsor did
not explain why, however, this occurred across all three dose groups.

Gender Analysis:

A by-gender analysis was performed on pharmacokinetic parameters (AUC, Cmax, Tmax, renal
clearance and accumulation rate constant) (Tables 4A & 4B). After single dose, there were no
statistically significant differences between genders for any parameters tested but the geometric
mean AUC was 34% higher in females than in males. At steady state, AUC, Cmax and
accumulation rate constant were marginally significant, with females having greater
accumulation and (~45%) higher plasma cyclobenzaprine concentrations (dose-normalized
AUC,4: 20.2 vs. 13.8 ng.h/mL; Cmax: 3.0 vs. 2.1 ng/mL).

Table 4A: Dose-Normalized Geometric Mean Parameters (AUC, Cmax & Renal Clearance) In Males and Females

Geometric M
First Dose Last Dose
Par Mate | Female | p-value | Male | Female | p-value
AUCqsm 3.80 4.59 0.29 13.75 | 20.22 0.08
ng-hr/mL
AUCq, 13.56 18.16 0.19 - -
ng-he/mL
Cmax 0.72 0.84 0.40 2.06 298 0.09
ng/mL
Renal clearance 5.13 348 0.32 2.76 2.18 0.40

Table 4B: Arithmetic Mean Parameter (Accumulation Rate Constant and Tmax) Values Between Genders

Arithmetic Means
First Dose Last Dose
Parameter Male | Female | p-value | Male | Female | p-value
Accumulation Rate Constant - - 005 | 0.035 | 0.08
T 375 4012{ o051 371 | 407 | 044




Adverse events:
There were no serious adverse events. One subject (Subject 008) exhibited an abnormal ECG at
the post-study physical (off drug) that was considered to be possibly related to study drug.

Conclusion:

o Plasma concentration increases proportionally to dose and cyclobenzaprine pharmacokinetics
are linear over the dose range of 2.5 to 10 mg.

¢ The effective half-life was approximately 18 hours, independent of the dose. Steady state
was reached in approximately 4 days.

o There was an approximately 4-fold accumulation of cyclobenzprine in plasma when dosed
every 8 hours.

o In healthy young volunteers, females tended to have higher cyclobenzaprine plasma
concentrations than males (~45% higher at steady state). (The sponsor indicated that gender
analysis was performed in other safety and efficacy studies to further investigate its clinical
significance.)

Comment:

In this study, female subjects had an approximatety 20% lower body weight which may partially
explain the higher (45% at steady state) plasma cyclobenzaprine concentrations observed in
female subjects. The sponsor should reanalyze the data using gender and weight as covariates.

BIOAVAILABILITY/BIOEQUIVALENCE

Study 011: An Open-Label, Three-Period Crossover Study to Determine the
Bioequivalence/Bioavailability of FLEXERIL Tablets 5 mg (Planetary Process) and FLEXERIL
Tablets 5 mg (High-Shear Process)

Study Design

This study determined the absolute oral bioavailability and bioequivalence of two tablet
formulations manufactured using two different mixing processes (planetary process for clinical
trial tablets and high-shear process for the proposed market image). It was a three-period, single-
dose, crossover study under fasted conditions with 7-day washout between doses. In addition to
the two tablet formulations, subjects also received a bioavailability reference dose of 1.25 mg
cyclobenzaprine hydrochloride administered intravenously (as a bolus of 0.25 mL of

5 mg/mL cyclobenzaprine hydrochloride solution). Twenty-four subjects participated and 21
completed the study. Blood samples were collected for up to 168 hours postdose. (Subjects 007
and 011 discontinued due to personal reasons and Subject 012 was discontinued because of a
positive drug screen. These subjects were not replaced.)

Results
As shown in Figure 1, plasma concentration profiles for the 2 tablet formulations were similar.
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Plasma Concentrations After an Oral Dose of 5 mg Flexeril Tablet

4

3 O FLEXERIL 6-mg High-Shear Process Tablet
8 FLEXERLL 5-mg Planetary Process Tublels

Concentration, ng/mL

Time, hr

Bioequivalence:

The dose normalized pharmacokinetic parameters for the two tablet formulations are provided in
Table 1. The geometric mean ratios (and 90% CI) of high-shear process tablets (i.e., market
image) vs. planetary process tablets were 1.00 (0.92, 1.08) for AUC0-c0 and 1.00 (0.92, 1.10) for
Cmax, indicating the two tablet formulations were bioequivalent. Mean Tmax was similar for
both tablets (~ 4.7 hrs).

Table 1: Summary of PK Parameters for Flexeril High Sheer Tablets vs. Planetary Tablets

Least Squares Geometric
Ratio Analyses Geometric Means Mean Ratio 90% C.1. p-Values
Variables HS PL HS/PL HS/PL Treatment Period
AUCy., 62.41 62.72 1.00 (0.92, 1.08) 0922 0.850
Conax 3.14 3.13 1.00 (0.92. 1.10) 0.960 0.158
Least Squares ANOVA p-Values
Difference Analyses Means Difference 90% C.1. HS versus PL
Variable HS PL HS - PL HS - PL Treatment Period
Toe 4.68 4.75 -0.07 (-0.53, 0.38) 0.789 0.642
NOTE: There is no significant carryover effect for AUC (p-value = 0.442). Carryover effect could not be tested
for C g and Ty,
H&lﬂjl-shear tablets, PL=Planetary tablets.

Absolute bioavailability:

For the IV dose, the arithmetic mean AUC was 29.2+8.4 ng.h/mL. Mean systemic
bioavailabilities (90% CI) of the high-shear process tablets and the planetary process tablets were
both 0.55 (0.51, 0.60). (In 2 previous studies, the bioavailability of cyclobenzaprine
hydrochloride 10-mg tablets was estimated to be 0.52 and 0.33. These earlier results were from a
smaller number of patients.)

Plasma clearance:
In most subjects, plasma concentrations after I.V. administration increased initially, peaking as
much as 4 hours postdose, and then declined slowly. This unusual plasma concentration profile
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after 1.V. administration has previously been observed for cyclobenzaprine in man as well as for
total radioactivity in plasma after administration of radiolabeled cyclobenzaprine hydrochloride
in rat, dog, monkey, and man. It is most likely attributable to rapid and extensive uptake of
cyclobenzaprine by tissue with re-distribution into the plasma compartment. Assuming this
phenomenon is distributional in nature, plasma clearance and bioavailability calculations should
be reliable since these parameters are independent of distribution. Mean (+SD) plasma clearance
was determined to be 688.6 (+215.6) mL/min (range: 422-1091 mL/min).

Conclusion:
« The clinical trial formulation and the market image were bioequivalent.
« The absolute bioavailabilities for the two formulations were the same (0.55).

Reviewer’s comments:

1. Both Cmax and AUC after a single dose were ~30% lower in this study than in Study 005. It
is noted that this study had a higher male/female ratio and thus had a (~20%) greater mean body
weight. Therefore, body weight could explain the most part of the differences observed between
the 2 studies.

2. In this study, (young) females had a 8% lower mean body weight and ~30% higher mean
AUC than (young) males. It appears that there is a gender difference in AUC unexplained by
body weight, which is consistent with the results seen in Study 005.

PHARMACOKINETICS IN DIFFERENT SUBPOPULATIONS
Effect of Age (Elderly vs. Young Subjects)

Study 010: An Open-Label, Multiple-Dose Study to Investigate the Pharmacokinetics of MK~
0130 in Elderly (265 Years) Subjects

Study Design: The pharmacokinetics of cyclobenzaprine in elderly subjects were investigated in
a multiple-dose study in 12 elderly subjects (mean age: 71.3 years; range: 65 to 79 years; 6
males, 6 females). Each subject received oral doses of 5-mg cyclobenzaprine hydrochloride
tablets t.i.d. for 7 days and a final dose on the eighth day. Cyclobenzaprine plasma concentration
profiles were obtained after the first and last doses which were administered under fasted
conditions. The results from this study were compared to those in healthy young subjects (mean
age: 28.7 yrs; range: 22-40 yrs; 8 M & 10 F) receiving the same dosing regimen in a separate
study (Protocol #005). The ANOVA model used included variables representing population,
gender and gender-by-population interaction.

Results:

Unusual increases in trough plasma concentration were observed in 2 subjects who became ill
with flu-like symptoms during the study. These increases corresponded with increases that were
observed in plasma a,-acid glycoprotein concentrations (which occur as part of an acute-phase
reaction to illness). The sponsor contends that this observation is unlikely to have clinical

15




significance since the increase in total plasma concentration reflects an increase in drug bound to
plasma protein. These 2 subjects were excluded from the primary statistical analysis. (The
results from the analysis with all subjects are provided in the Appendix.)

Mean plasma concentration profiles after the first and last doses in elderly and young subjects are
shown in the figure below.

Figure 1: Mean Plasma Concentration of Cyclobenzaprine After the First and Last Doses

First dose Last dase
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A. Day 1 Data

The statistical test did not detect any significant differences between population or genders and
there was no significant population-by-gender interaction. The AUC,,, on Day 1 was similar in
healthy elderly and young subjects (Table 1A). The geometric mean ratio was close to 1. Within
male subjects, the elderly had a 24% higher AUC,,, than the young. Within females subjects,
the elderly had a 21% lower AUC,g, Within elderly group, mean AUC,,, was ~20% higher in
males than in females but the reverse was true in young subjects. Similar resuits were observed
for Cmax (Table 1B). Tmax was longer in the elderly group (5.5 vs. 3.9 hrs). (Note: A mean
Tmax of 4.8 hrs was observed in young subjects in Study 010).

Table 1A: Summary Statistics for Day 1 AUC,,, (Excluding Subjects 005 & 012)

Population Geometric Means Geometric Mean Ratio (E/Y)*

Elderly Young Overall GMR 90% C.1 p-Value
Overall 20.8 211 21.2 099 (0.77.1.27) 0.936
Male 229 18.5 206 1.24 (0.87.1.78) 0312
Female 19.0 24.1 214 0.79 (0.56.1.11) 0.246
GMR (M/F) 1.21 0.77 0.96
90% C.1. (0.81.1.80) | (0.57,1.03) | (0.75,1.23)
NOTE: There is no significant gender effect or population-by-gender interaction.
* E/Y = Elderly/Young




Table 1B: Summary Statistics for Day 1 Cmax (Excluding Subjects 005 & 012)

Population Geometric M Geometric Mean Ratio (E/Y)*

Elderly Young Overal! GMR | 90%C.L p-Value
Overall 4.04 3.96 4.02 1.02 |(0.81.1.29) 0.884
Male 4.36 3.56 3.94 1.22 1 (0.88.1.71) 0.308
Female 375 441 4.06 0.85 | (0.62,1.17) 0.393
GMR (M/F) 1.16 - 0.81 0.97
90% C.I. (0.80. 1.68) | 10.61,1.06) | (0.77, 1.22)
NOTE: There is no significant gender effect or population-by-gender interuction.
*E/Y = Elderly/Young

B. Day 8 (steady state) Data

The statistical analysis of Day 8 data indicated that there were no significant gender or
population-by-gender effects. However, there was a significant population (elderly vs. young)
effect, i.e., elderly had a significantly higher AUC and Cmax than young subjects. As observed
on Day 1, mean Tmax was somewhat longer in the elderly group (5.0 vs. 4.0 hrs) on Day 8 as
well. Comparisons of AUC(0-8 hr) and Cmax at steady state between elderly and young subjects
and between male and female subjects is presented in Table 2. These comparisons are described
below. Note that values in the parenthesis denotes those including the 2 elderly subjects who
became ill. (Reviewer’s note: There are errors in the data for healthy young subjects. The
sponsor should revise and submit the corrected analysis.)

Elderly vs. Young:
Overall (male + female): elderly - AUC: 79% (89%) T, Cmax: 2% (84%) 7T
Within male subjects: elderly - AUC: 93%-(108%) 1 Cmax: 37%%-357%) T
Within female subjects: elderly — AUC: 65%-(H%) 1 . Cmax: 26%—313%6) T

Males vs. Females:

Within elderly group: males — AUC: 41% (49%) T ; Cmax: 42% (47%) T
Within young subjects: males — AUC: 32% 4 ; Cmax: 31% ¢
Table 2: Comparison of Steady-State AUC(0-8 hr) and Cmax in Elderly* and Young Subjects
Population Geometric Means
AUC (ngehr/mL) Cmax (ng/mL)
Elderly 1 Young Elderly Young
Overall 1645 (n=12) { 92.1 (n=18) [ 229 (n=12) | 133 (n=18)
Male 1956 (n=6) | 1B+2—r=%) 272 (n=6) | HS5—m=9%)
Female 1383 (n=6) | -83F~+n=10 192 (n=6) | +53—n=16)
Population AUC Cmax
GMR 90% CI GMR 90% CI
Overall: Elderly/Young 1.79 1.33-2.40 1.72 1.30-2.28
Male: Elderly/Young +53 126256 237 +58—3-55
Female: Elderly/Young 465 +H0—249 +26 0-85—1-85
Elderly: Male/Female 1.41 0.88 -2.27 1.42 0.90-2.22
Young: Male/Female 0.68** 0-85—+4-32-7 0.69** 0-54—105 7
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*Two elderly subjects (Subject 005 and 012) were excluded from the analysis. AnalyS|s including
these 2 subjects are provided in the Appendix.
** Values based on this reviewer’s calculations

C. Accumulation

After the first dose, plasma concentration profiles up to 8 hours postdose were similar in elderly
and young subjects. Therefore, differences at steady state may be attributed to changes in
effective half-life of cyclobenzaprine. The accumulation ratio as determined from geometric
mean ratios of AUC(0-8 hr) on Day 8 to AUC(0-8 hr) on Day 1 were 7.9 (90% CI: 7.4-8.4) for
elderly subjects and 4.3 (90% CI: 4.0-4.6) for young subjects.

Mean effective half-life, calculated by fitting a monoexponential to trough plasma
concentrations, was 33.4 hours (range: 20.0 - 53.4 hrs) in elderly subjects and 18.4 hours (range:
9.3 to 41.3 hours) in young subjects. These results are consistent with the differences in
accumulation observed between elderly and young subjects. The basis for the differences in
steady-state plasma concentrations of cyclobenzaprine between young and elderly is not known.
One possible explanation for the increased accumulation in the elderly is reduced hepatic mass
resulting in reduced metabolic clearance. The difference is not considered to be due to changes in
renal function since these elderly subjects had normal renal functions (creatinine clearance: 67 -
101 mL/min) and subjects at the low end of this range did not show higher plasma levels of
cyclobenzaprine. (Reviewer’s note: Renal excretion of unchanged drug is a2 minor pathway in
the elimination of cyclobenzaprine and, thereofore, is not expected to be a factor here.)

As a result of increased accumulation, steady-state concentrations in elderly subjects receiving 5
mg every 8 hours were in the same range as those previously observed in young subjects
receiving the prescription dose of 10 mg every 8 hours. The proposed nonprescription label states
that subjects 65 years of age or older should ask their doctor before using cyclobenzaprine.
(Reviewer’s note: A lower dose such as 5 mg bid should also be considered.)

Adverse events:
No serious adverse events were observed and no one discontinued due to an adverse experience.

Sponsor’s conclusion:

. Mean steady state plasma cyclobenzaprine concentrations in elderly subjects after 5 mg tid
dosing were similar to those observed in healthy young subjects following 10 mg tid dosing.
« On average, elderly subjects had a 79% higher AUC and 72% higher Cmax than young
subjects.

« Accumulation was approximately 8-fold in elderly and 4-fold in young subjects.

Reviewer’s comments:

1. There are errors in the data for healthy young subjects. The sponsor should revise and submit
the corrected analysis. The comparison both including and excluding the 2 elderly subjects
who fell ill during the study should be provided.
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2. Two elderly patients who fell ill had unusually high plasma cyclobenzaprine concentrations.
The sponsor-claimed that the high concentrations were due to binding of cyclobenzaprine to
a,-acid glycoprotein. Data on plasma a,-acid glycoprotein levels for several elderly subjects
were provided to support this speculation. However, it is unclear that the sponsor has data to
show that cyclobenzaprine does bind to a,-acid glycoprotein. (Binding at elevated body
temperatures may need to be considered as well.)

3. Mean plasma concentrations in healthy elderly subjects were in the same range as those
previously observed in young subjects receiving the prescription dose of 10 mg every 8
hours. This would mean that a reduced dose such as 5 mg bid may be more appropriate for
the elderly patients.

4. The mean body weight in this study in elderly subjects is higher than that in Study 005 for
healthy young volunteers. If the body weight were the same, the difference in plasma
concentrations between elderly and young subjects is believed to be even greater.

Effect of Hepatic Insufficiency

Study 007: An Open-Label, Multiple-Dose, Parallel Study to Determine the Influence of
Hepatic Insufficiency on the Pharmacokinetics MK—-0130

Study Design:

The effect of hepatic insufficiency on cyclobenzaprine pharmacokinetics was assessed in a
parallel, multiple-dose study comparing 16 patients with mild-to-moderate hepatic insufficiency
(11 males, 5 females) and 8 age-matched healthy subjects (5 males, 3 females). Hepatically
impaired subjects in this study had a clinical diagnosis of hepatic insufficiency due to alcoholic
liver disease. The severity of impairment was based on Child-Pugh classification. Serum
creatinine and BUN were required to be within 150% of normal range and creatinine clearance
was required to be greater than 65 mL/min/1.73 M* . Each subject received oral doses of 5-mg
cyclobenzaprine hydrochloride tablets t.i.d. for 7 days and a final dose on the eighth day.
Cyclobenzaprine plasma concentration profiles were obtained after the first and last doses. For
the first and last doses, subjects fasted from midnight until consuming a standard lunch 4 hours
postdose. Otherwise, subjects followed their normal diet and took their doses without regard to
food.

Results:
A. Day 1 data:
The mean plasma concentration profile of cyclobenzaprine after the first (Day 1) and last (Day 8)

doses are shown in Figure 1.
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Figure 1: Mean Plasma Concentration-Time Profiles (0-8 hrs) in Hepatic Insufficiency Patients and Healthy
Subjects After Single Dose and At Steady State

Dey 1 Day 8
—E' 30 4 /o\/o
~
af
=]
:“ O Patients v/hapalis lasutioiency. n=1¢ V)—O‘M
s zo"v...-.n»alﬂﬂh?-")-ﬁl" {
pe] L
o]
3]
-~
g
o 10
=4
[o]
o
0 4 } —t — ——
¢ 2 4 8 80 2 4 8 8

Time postdose, hr

1) AUC(0-8 h) on Day 1:
Mean pharmacokinetic parameters are presented in Table 1.

Hepatic impairment patients vs. Control subjects:

« Overall (male+females): Analysis of variance indicated there was no, significant population
effect or population-by-gender interaction. The AUC, 4, was similar between hepatically
impaired patients and controls (GMR: 1.06; 90% CI: 0.80-1.40). _

« By-gender analysis: Although there was no significant population-by-gender interaction, by
gender analysis was carried out. (This was mostly driven by the fact that population-by-gender
interaction was tested significant for both AUC and Cmax at steady state.) Male patients had a
37% higher AUC than their control subjects while female patients had a 19% lower AUC than
their controls.

Male vs. female subjects:

. The ANOVA of AUC(0-8 h) on Day 1 indicated a significant gender effect (p=0.011). Male
subjects had a 36% lower AUC compared to females (GMR: 0.64; 90% CI: 0.48-0.84).

. In the hepaticaily impaired group, male patients had a 17% lower AUC than female patients.
For the control group, male subjects had a 51% lower AUC than females.

Table 1: Summary Statistics of AUC, y, (ng-hr/mL) on Day 1

Population Geometric Means Geometric Mean Ratio (H/C)

Hepatic Control Overall GMR | 90% C.l. | p-Value
Overall 26.3 24.9 245 1.06 | (0.80.1.40) 0.734
Male 239 17.4 204 1.37 | (0.99.1.91) 0.115
Female 28.9 355 320 081 |(0.52,1.28) 0.441
GMR (M/F) 0.83 0.49 0.64
9% C.1 (0.59,1.15) 1¢0.31.0.77) | (0.48.0.84)
NOTE: There is a significant gender effect (p=0.011).  Population-by-gender

interaction was not sigiﬁcanl.
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2) Cmaxon Day 1

The results on Cmax were parallel to those for AUC, . The ANOVA indicated a significant
gender effect (p=0.012) but no significant difference between populations or population-by-
gender interaction. The results on Cmax were parallel to those for AUC,,, and were summarized
in Table 2. Male patients had a 34% higher Cmax than control subjects while female patients
had a 22% lower Cmax than their controls.

Table 2: Summary Statistics of Cmax on Day 1

Population Geometric Means Geometric Mean Ratio (H/C)
Hepalic Control Overall GMR 90% C.L p-Value
Overall 4.66 4.56 442 1.02 (0.79,1.31) 0.890
Male 437 3.25 3.77 134 (1.00.1.81) 0.106
Female 497 6.40 5.64 0.78 (0.52,1.17) 0.294
GMR (M/F) 0.88 0.51 0.67
90% C.L (0.65,1.19) | (0.34,0.76) | (0.52,0.86)

NOTE: There is a significant gender effect (p=0.012). The population-by-gender interaction is
not significant.

B. Day 8 Results:

Analysis of variance performed on AUC(0-8 hr) and Cmax on Day 8 indicated a significant
population (hepatic versus healthy)-by-gender interaction. This means that the effect of hepatic
impairment was different in males compared to females in this study. Therefore, results are
presented separately for males and females in Table 3.

Hepatic impairment patients vs. Control subjects:

Cyclobenzaprine plasma concentrations after multiple dosing, were significantly higher for males
with hepatic impairment compared with male controls (GMR: 2.18 for AUC and 2.24 for Cmax).
No such differences were observed in females (GMR: 0.92 for AUC and 1.01 “for Cmax).
However, healthy females in this study had much higher drug concentrations at steady state than
previously observed in healthy young females. Increases in steady-state plasma concentrations in
both healthy and hepatically impaired females were comparable to increases in hepatically
impaired males. Plasma concentrations for hepatically impaired subjects receiving 5 mg every 8
hours are in the same range as healthy young subjects receiving the prescription dose of 10 mg
every 8 hours. It is noted that mean Tmax in hepatic impairment patients remained to be about 4
to 5 hours.

Table 3: Comparison of Steady-State AUC,,,, and Cmax in Hepatic Impairment Patients and Healthy Subjects

Population Geometric Means
AUC (ngehr/mL) Cmax (ng/mL)
Hepatic Control Hepatic Control
Male 190.6 (n=11) 87.6 (n=5) 274 (n=11) 12.2 (n=5)
Female 242.3 (n=5) 263.2 (n=3) 35.9 (n=5) 35.7 (n=3)
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Population AUC Cmax

GMR 90% CI GMR 90% CI
Hepatic (male)/Control (male) 2.18 1.47-3.22 224 1.54-3.24
Hepatic (female)/Control (female) 0.92 0.54 - 1.56 1.01 0.61 - 1.66
Hepatic (male)/Hepatic (female) 0.79 043 -1.16 0.76 0.53-1.11
Control (male)/Control (female) 0.33 0.20 - 0.57 0.34 0.21-0.57

Accumulation:

Hepatically impaired subjects of both genders showed about 8-fold accumulation of
cyclobenzaprine in plasma over the course of the study as shown by geometric mean
accumulation ratios (Day 8 AUC(0-8 hr) / Day 1 AUC(0-8 hr) ) of 8.0 and 8.4 for hepatically
impaired males and females, respectively (Table 4). Corresponding accumulation ratios for the
age-matched control group of healthy males and females were 5.0 and 7.4, respectively. In an
earlier study of healthy young subjects, there was approximately 4-fold accumulation after
dosing every 8 hours in both males and females. Mean effective half-life, calculated by fitting a
monoexponential to trough plasma concentrations, was 46.2 hours (range: 22.4-188 hours) in
hepatically impaired subjects and 23.1 hours (range: 10.7-51.2 hours) in control subjects. Based
on the monoexponential fit of trough concentrations, many of the patients with hepatic
insufficiency had not reached 90% of steady state by the end of the study, while all of the healthy
subjects had. As a result, plasma concentrations and the degree of accumulation at steady state
would be expected to be greater than was measured on Day 8 in this study for patients with
hepatic insufficiency.

Table 4: Accumulation Ratios by Group

Hepatic Control
Male (n=11) | Female (n=5) Male (n=5) Female (n=3)
AUC Day 8: Mean 213.7 251.0 91.0 265.4
AUC Day |: Mean 25.5 29.5 18.7 37.1
GMR (AUC 8/AUC 1) 8.0 8.4 5.0 74
90% C.1. (7.5.84) (7.8.9.0) (4.2, 6.0) (5.5,10.1)
p-Value <0.001 <0.001 <0.001 0.008

A comparison of accumulation between studies suggests that the population-by-gender
interaction in the hepatic interaction study may be largely attributable to the higher accumulation
observed in the healthy female control group. Age is a likely explanation for this higher
accumulation. The female controls were 10 years older, on average, than the male controis (mean
ages 58.7 years in females versus 48.8 years in males) and were approaching the age of the
subjects in the elderly study where higher accumulation was also observed. The small size of the
female control group (n=3) may also have been a factor.

Adverse events: ,

The percent of subjects having a clinical adverse experience in the control group (87.5%) is
similar to that in the hepatically impaired subjects (81.3). There were no serious adverse
experiences and no one discontinued due to an adverse experience. The most commonly reported
adverse experiences were somnolence and headache.
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Sponsor's conclusion:

While no definite conclusions regarding the effect of hepatic impairment can be drawn because
of the confounding effects of age and gender, it appears that hepatic impairment increased
steady-state plasma concentrations of cyclobenzaprine as the result of increased effective half-
life, at least in males.

The sponsor stated that since the prescription dose is accepted as safe, the increased
accumulation with 5 mg every 8 hours in older, hepatically impaired male subjects is not
considered to be clinically significant. The (sponsor’s) proposed nonprescription label states that
subjects with liver disease should ask their doctor before using cyclobenzaprine.

Further, the sponsor contended that somnolence generally occurred in the first few days after
treatment began, was mild, and resolved despite continued treatment. The absence of an apparent
relationship between adverse experiences and plasma concentrations supports the contention that
the changes in clearance are not clinically meaningful. The sponsor concluded that reductions in
dose below 5 mg every 8 hours do not appear necessary for patients with mild-to-moderate
hepatic impairment. ) '

Reviewer’s Comments:

1. Subjects were matched for age but not smoking. Since CYP1A2 may be involved in the
metabolism of cyclobenzaprine, smoking may be a confounding factor.

2.. This reviewer requested that the sponsor provide Child-Pugh scores for individual patients
and analyze data separately for mild and moderate impairment patients as these two groups of
patients may differ substantially. The sponsor responded that only one subject had moderate
impairment and, hence, could not analyze data separately. In view of this, this study is
basically a study in mild hepatic impairment patients and there is little information on
moderate hepatic impairment. Based on the current analysis, it would be more appropriate to
reduce dose in mild hepatic impairment patients and restrict use in moderate or severe hepatic
impairment patients.

3. The sponsor contended that somnolence generally occurred in the first few days after
treatment began, was mild, and resolved despite continued treatment. This statement should
be verified by the Medical Officer.

Effect of Gender

The effect of gender on cyclobenzaprine pharmacokinetics was not formally studied, but was
included in the statistical analysis of the three multiple-dose pharmacokinetics studies. The effect
of gender on cyclobenzaprine pharmacokinetics in healthy subjects in each of these studies is
summarized in this section.

In the single-/multiple-dose pharmacokinetics study, a subgroup analysis, by gender, was
performed and there were no statistically significant differences between males and females for
23




LB

any of the pharmacokinetic parameters analyzed. However, AUC(0-8 hr) and Cmax after the last
dose (as well as accumulation rate constant) were marginally significantly different between
genders. These results suggest that there may have been more accumulation in females; however,
this study was not powered to detect a difference. Based on this study AUC and Cmax was
approximately 45% higher in females.

In the elderly, mean pharmacokinetic parameters at steady state were not significantly different
in men and women, but there was an overall trend towards higher (40%71) concentrations in men.
The trend in the elderly was opposite to that observed in young subjects.

In the healthy control panel of the hepatic impairment study, steady-state plasma concentrations
of cyclobenzaprine were significantly lower (65-70%9) in males than females. However, age
may contribute at least partly to these results since, on average, the females were 10 years older
than the males.

A cross-study comparison of the effect of gender and age on AUC(0-8 hr) in healthy subjects
using data from the above three studies is shown in Figure 1. This graph suggests that the
magnitude of any difference in pharmacokinetics between males and females is small relative to
intersubject variability.

Taken together, results of the three multiple-dose pharmacokinetics studies suggest that steady-
state plasma concentrations of cyclobenzaprine may be different in males and females; however,
the magnitude of any difference appears to be relatively small.
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Comment:

The sponsor indicates that the above graph suggests the magnitude of any difference in
pharmacokinetics between males and females is small relative to intersubject variability.
However, the variability may be partly due to body weight differences. It is important to
separate the effect of gender from the effect of body weight. (The sponsor should provide the
graph using body weight normalized parameters as well.) This will help identify whether female
subjects with low body weight may have significantly higher plasma cyclobenzaprine
concentrations.
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REVIEW OF LITERATURE ARTICLES AND STUDY REPORTS
In Vitro Metabolism
Metabolism of cyclobenzaprine

Article: R. W. Wang, L. Liu, and H. Cheng: Identification of human liver cytochrome P450
isoforms involved in the in vitro metabolism of cyclobenzaprine. Drug Metab. Dispos. 24, 786-
791 (1996)

a. Effect of cytochrome P450 inhibitors and antibodies:

Cyclobenzaprine is structurally related to several tricyclic antidepressants that have been
identified as substrates for CYP 2D6. Drugs that are metabolized predominantly via CYP 2D6
raise potential clinical concerns due to genetic polymorphism in CYP 2D6. The role of CYP 2D6
and various cytochrome P-450s in cyclobenzaprine metabolism in vitro was studied using human
liver microsomes and a panel of selective cytochrome P-450 inhibitors and antibodies.

Table 1: Percent Inhibition of Cyclobenzaprine Metabolism by Various Inhibitors

CYP Isoform 1A 2C9 2D6 2E1 3A4
Inhibitor «7,8-benzoflavone | Sulfaphenozole Qunidine DDC + Troleandomycin
« furafylline - Gestodene
(0.5-1.0 uM) « Ketoconazole
%Inhibition* 20-40% <20% <20% <20% 40-60%

*Refer to inhibitor concentration of 20 M unless otherwise specified.

Table 2: Effect of Antibody on the Formation of Desmethylcyclobenzaprine

Antibody Added Metabolite Formed (% of control)
HLUMS517 HL20309 HL3926
Preimmune IgG 100 100 100
Anti-rat P450 1A1/2 43 13 50
Anti-human P4502C9 114 108 128
Anti-human P4502C19 90 87 106
Anti-human P4502E1 93 100 112
Anti-human P4503A4 44 24 33

The resuits from selective CYP inhibitors (Table 1) and antibodies (Table 2) showed that CYPs
3A4 and 1A2 are primarily responsible for cyclobenzaprine N-demethylation. CYP 2D6 plays
only a minor role in cyclobenzaprine metabolism despite its structural similarity to other tricyclic
compounds.

b. Metabolism by microsomes from cells containing recombinant human cytochrome P450:
The N-demethylation rates of cyclobenzaprine catalyzed by various CYP isoforms are shown in

Figure 1. Only microsomes from cells expressing CYP1A2, CYP2D6 and CYP3A4 catalyzed
the N-demethylation reaction.
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Figure 1: Cyclobenzaprine N-demethylation in microsomes from cells containing human cytochrome P450
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c. Correlation of Cyclobenzaprine N-demethylation with cytochrome P450 enzyme activities:

Human liver microsomes from 10 humans were used in the study. As presented in Table 3,
cyclobenzaprine N-demethylation was strongly correlated with the CYP3A4-mediated
testosterone 6f-hydroxylation (r=0.74), CYP1A2-mediated caffeine 3- demethylation (r=0.75),
and total cytochrome P450 content (r=0.78).  Poor correlation was observed between N-
demethylation of cyclobenzaprine and dextromethorphan O-demethylation (CYP2D6).

Table 3: Correlation of Cyclobenzaprine N-Demethylation and P450 Enzyme Activities in Humnan Liver Microsomes

P450 Enzyme Activity Correlation Coefficient
P450 Content 0.78
Caffeine 3-demethylation (1A2) 0.75
Tolbutamide methyl-hydroxylation (2C9/10) 0.40
S-Mephenytoin 4’-hydroxylation (2C19) 0.14
Dextromethorphan O-demethylation (2D6) 0.03
Chlorzoxazone 6-hydroxylation (2E1) 0.11
Testosterone 6P-hydroxylation (3A4) 0.74

Sponsor’s conclusion:

Metabolism of cyclobenzaprine is mediated primarily via CYP 1A2 and 3A4 while CYP2D6
plays only a minor role, so the genetic polymorphism of CYP2D6 should not be a concern in the
clinical use of cyclobenzaprine

Reviewer’s comments:
1. The km value for N-demethylation of cyclobenzaprine was determined using microsomes
_from three organ donors. The km value so determined may not represent the population
(only 3 individuals: one child aged 8 yrs, and 2 adults with history of alcohol and/or drug
use) although the values appeared to be close (110-139 4M) among the 3 subjects.
2. The above studies were carried out at a cyclobenzaprine concentration of 100 uM (or
31.2 ug/mL ) which was close to its Km value for N-demethylation. However, this
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concentration is more than 2000-fold of the peak plasma concentrations at steady state.
(The Cmax after 5 mg tid dosing was only 15 ng/mL.) Because of this, the conclusion
may not be applicable to the clinically relevant concentrations.

3. From the literature provided, it is unclear whether the major metabolic pathway is
through N-demethylation.

Inhibition of drug metabolism by cyclobenzaprine

Article: Memo (or letter) to Chiu S-H, L. from Wang R: In vitro interaction studies with
cyclobenzaprine, 29-May-1998

The potential for cyclobenzaprine to inhibit six cytochrome P-450-mediated reactions was
investigated using human liver microsomes. The results indicate that the inhibition of phenacetin
O-deethylation (CYP 1A2) and bufuralol 1’-hydroxylation (CYP 2D6) were competitive, while
the inhibition of testosterone 6B-hydroxylation (CYP 3A4), midazolam 1’-hydroxylation (CYP
3A4/5), tolbutamide methyl-hydroxylation (CYP 2C), and chlorzoxazone 6-hydroxylation (CYP
2E1) were noncompetitive or uncompetitive.

The Ki values for cyclobenzaprine on cytochrome P-450-mediated reactions were calculated
according to the type of inhibition associated with each metabolic reaction. The Ki values were
over 150 uM except for CYP 2D6 where the Ki value was 43 pM (or 13.4 ug/mL). The values
obtained are much higher than cyclobenzaprine concentrations observed in human plasma at
therapeutic doses (mean peak concentration at steady state following the prescription dose of 10
mg every 8 hours was 25.9 ng/mL (0.083 uM)). Based on this, cyclobenzaprine has very little
potential for inhibition of cytochrome P-450-mediated reactions at therapeutic doses.

CYP Isoforms Reaction Ki, uyM
CYP3A4 Testosterone 6B-Hydroxylation 271
CYP3A4/5 |Midazolam 1’-Hydroxylation 165
CYP1A2 Phenacetin O-Deethylation 370
CYP2D6 Bufuralol 1’-Hydroxylation 43
CYP2C Tolbutamide Methyl-Hydroxylation 325
CYP2EI iChlorzoxazone 6-Hydroxylation 300

Reviewer’s comment:
The study report as provided in the NDA submission is too brief to afford a thorough review.

The sponsor has been requested to provide a detailed study report.
Drug-Drug Interactions

In vitro studies:
a. As stated above, in vitro studies appear to indicate that cyclobenzaprine has little potential for
inhibition of cytochrome P-450-mediated reactions at clinically relevant concentrations in
view of the relatively high Ki values obtained for human liver microsomes. However, the
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study report as submitted in the NDA was too brief to allow a thorough evaluation of the data
and the sponsor was requested to submit a detailed report.

b. It is unclear what cytochrome P450 isozyme is the primary enzyme for the metabolism of
cyclobenzaprine. Thus, it is not possible to predict which drug may potentially inhibit
cyclobenzaprine metabolism.

In vivo studies:

The current Flexeril Rx label states that no significant effect on plasma levels of Flexeril or
aspirin was noted when single or multiple doses of the two drugs were administered
concomitantly. Conflicting results were found in drug interaction with diflunisal and no
information regarding coadministration of Flexeril and diflunisal is included in the current
Flexeril Rx label. The sponsor did not conduct any other in vivo drug-drug interaction studies.

Report of adverse event:

Reported in an article' was a case of QT prolongation associated with concomitant
cyclobenzaprine and fluoxetine administration (among several other medications) followed by
torsade de pointes potentiated by droperidol. The author considered that combination of
fluoxetine and cyclobenzaprine resulted in significant QT prolongation in this patient due to
inhibition of cyclobenzaprine metabolism by fluoxetine. (This QT prolongation progressed to
torsade de pointes following the administration of droperidol, an agent known to prolong the QT
interval.) However, no pharmacokinetic data was available to confirm the interaction. Because
of this confounding third agent, the significance of this finding is unknown.

_ 'Ann Pharmacother 1998: 32(7-8):761-5: Torsade de pointes resulting from the addition of
droperidol to an existing cytochrome P450 drug interaction

Sponsor's conclusion:

Cyclobenzaprine is subject to both oxidation and conjugation, forming numerous metabolites.
Oxidation to form N-desmethyl cyclobenzaprine was shown to be mediated primarily by
cytochrome P-450s 3A4 and 1A2 with 2D6 having a minor role. This multiplicity of metabolites
and pathways indicates that cyclobenzaprine pharmacokinetics are not likely to be affected by
drugs that specifically inhibit individual cytochrome P-450 enzymes. In vitro studies have also
shown that cyclobenzaprine at clinically relevant concentrations has little potential to inhibit the
cytochrome P-450 system and, therefore, the pharmacokinetics of other drugs.

Pharmacokinetic drug-drug interaction studies conducted to support previous applications have
shown no clinically significant interaction between cyclobenzaprine and either aspirin or
diflunisal. Anecdotal data from the hepatic impairment and elderly studies suggest that
acetaminophen does not substantially alter cyclobenzaprine pharmacokinetics.

No reports of pharmacokinetic drug-drug interactions involving cyclobenzaprine have been
identified in the literature despite extensive market experience at the prescription strength of 10
mg.
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Based on these observations, cyclobenzaprine has little potential for clinically significant
pharmacokinetic drug-drug interactions. No new pharmacokinetic drug-drug interaction studies
were conducted in support of this application.

Several potential pharmacodynamic interactions are identified in the product circular for
cyclobenzaprine hydrochloride 10-mg tablets. Cyclobenzaprine may interact with MAO
inhibitors. Hyperpyretic crisis, severe convulsions, and deaths have occurred in patients receiving
tricyclic antidepressants and MAO inhibitor drugs. Cyclobenzaprine may enhance the effects of
alcohol, barbiturates, and other CNS depressants. Tricyclic antidepressants may block the
antihypertensive action of guanethidine and similarly acting compounds. These effects may also
occur with cyclobenzaprine, which is structurally similar to tricyclic antidepressants.

It also has been reported that the risk of seizures in patients taking the analgesic tramadol is
increased with concomitant administration of tricyclic antidepressants. This pharmacodynamic
interaction likely reflects a reduction of the seizure threshold by the tricyclic compound. A
published report indicates that seizures have been reported in 4 patients who took
cyclobenzaprine and tramadol concomitantly. Based on this information, it would seem to be
prudent to avoid concomitant use of cyclobenzaprine and tramadol.

Reviewer’s comments:

1. It is noted that the recovery of total (urine + feces) radioactivity was low (~64% of dose)
in a mass balance study and a major urinary metabolite was not identified. Because of this, the
study does not provide a clear picture of metabolite profiles of cyclobenzaprine.

2. The sponsor concluded that the N-demethylation reaction of cyclobenzaprine was
mediated primarily via cytochrome P-450s 3A4 and 1A2, while cytochrome P-450 2D6 played a
minor role. As a result, the sponsor concluded that genetic polymorphism was not a concern for
this drug. However, these studies were conducted at a high concentration of cyclobenzaprine
(100 uM) which was more than 2000-fold of the peak plasma cyclobenzaprine concentration at
steady state. Thus, the studies are not considered definitive and it is unclear which isozyme
actually plays a major role in the metabolism of cyclobenzaprine at the clinically relevant
concentrations. In addition, the information as submitted by the sponsor did not indicate that N-
demethylation is the predominant metabolic pathway since other metabolites such as N-oxide
and hydroxylated compounds of cyclobenzaprine and other unidentified compounds were also
excreted in the urine. '

IN VITRO DISSOLUTION

The dissolution test method and specification for cyclobenzaprine hydrochloride 5-mg Tablets
are described below:

Apparatus: USP Apparatus I (baskets), 50 rpm
Medium: 900 mL of 0.1 N HCl at 37°C £ 0.5°C
Sampling time: 30 minutes

Analytical method: UV with absorbance at 225 nm
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Specification: Q= 75% at 30 minutes
(For a dissolution profile, samples are withdrawn after 10, 15, 20, and 30 minutes.)

Dissolution test restilts for cyclobenzaprine hydrochloride 5-mg tablets used in the clinical
studies are provided.

Reviewer's comment. )

Based on the dissolution profiles of three batches, the dissolution specification should be
tightened at least to Q=80% at 20 minutes.
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APPENDIX I

Individual Data
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Clinical Pharmacotogy / Biopharmaceutics Study Summary Sheet |

NDA/IND# | 21-070 | Suppl. Submission 12/18/1998 | Volume | 1.7
Amend date
Study Type | PK Study # 005
Study Title | An Open-Label, randomized, Thrae-Period Crossover Study in Healthy
Volunteers to Investigate Single- and Multiple Dose Pharmacokinetics and
Dose Proportionality of Cyclobenzaprine HCI Tablets
Clinical investigator Guy Floring, MD Analytical investigator
Site L.A.B.. Inc. Site Merck Research
‘ B Laboratories
700 Grand Ave PO Box 4
Ridgefield, NJ 07657 Wast Point, PA 19486
Singte dose X Multiple dose | X Washout period 14 days
- Cross-over X Parallel Other Design
—~— -
Subject
breakdown
Normal X | Patients Young | X | Elderly Renal Hepatic
Subject | Normal, Group N= M= F=
type youn
Weight | Mean 59.8 | Range | 53 | 88 | Group N= M= F=
(kq)
Age Mean 28.7 | Range | 22 | 40 | Group | Xover N= |1B8{M= {8 |F= 110
Treatment group Dose Dosage Form__| Strength Lot# Lot size
1 SDb/MD FCT 2.5mg 0130FCT003 | 30,0600
D001
2 SDMD FCT 5mg 0130FCT003 | 30,000
: B001 .
3 SD/MD FCT 10 mg CO130FCT00 | 4.8 million
~ 3A010
| Sampling Times '
Plasma Day 1: Predose, 1,2, 3, 4, 6, 8, 12, 24, 35, 48, 60, 72, 96, 120, 144,
and 168 hrs; Days 8-14: prior to dose 2, 5, 8, 11, 14, 17, and 20; Day
. | 15: predose, 1,2,3, 4,6, and B hrs.
Urine 1.5-nr timed collection prior to dosa and 0-8 hrs postdose after the first
and final doses.
Feces NA -
Assay method HPLC-tandem mass spectrometric detection
Assay Sensitivity 0.10 and 10 ng of cyciobenzaprine per mL of plasma and urine,
respectively
Assay Accuracy Plasma: 92.0-104.1% over the concantration range 0.10-50.00 ng/mL
Urine: 92.0-103.4% over the concentration range 10.00-1000.0 ng/mL |

{Labeling claims from study | Not applicable j
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Cyclobenzaprine Oral Pharmacokinetics Study

D.M. #1044, M.A. #005-00~ M\c./fn..nk\au dese

Table L

PK

Demographics of Study Subjects

Subject Sex Age Race Weight  Height
(kg) {cm)
1 M 32 Caucasian 71.0 170
2 M 29 Hispanic 76.5 174
3 M 29 Hispanic 66.0 170
4 F 29 Caucasian 60.0 158
5 M 29 Caucasian 82.0 167
6 F 22 Caucasian 62.0 170
7 F 37 Caucasian 57.0 168
8 F 40 Caucasian 79.0 166
9 M 3 Caucasian £8.0 187
10 M 25 Caucasian 76.0 176
1 F 25 Hispanic 63.5 153
12 F 36 Caucasian 62.0 158
13 F 32 Caucasian 68.0 161
14 F 29 Caucasian 53.0 160
15 M 26 Black 80.0 179
16 M 25 Hispanic 61.0 165
17 F 22 Hispanic 51.0 162
18 F 2 Black 61.0 172
285> b1.b%
b bJ\’ wt
»
2 M + 7 r e (1.¥>X )
. (od3 %)
o F - AR "{ 1T .

Page 6
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MK-0130, Prot. 005, Appendix 2.1 (Cont.)

Page 15

Cyclobenazprine Oral Pharmacokinetics Study

D.M. #1044, M.A. #005-00
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cydobamoﬁne Oral Pharmacokinetics Study Page 16
D.M. #1044, M_A. #005-00
| Table 11 -
..... Plasma Area Under the Concentration-Time Curve (og-ht/mL) of Cyclobeazaprine
2.5-mg Dase S-mg Dose 10-mg Dose
AUG,, AUC,, AUGC,, AUG,,  AUC, AUC,
Subiect Davl Dayls Davi  Dayl Deyls Davl  Bavl Dayls Davl
t 75 300 242 207 573 702 261 1182 1164
2 114 519 es4 163 140 755 419 1453 1994
3 1.0 275 40.4 15.1 7.6 423 383 1283 1112
4 163 923 672 vz 1829 13L9 63.1 2670 2384
5 90 313 256 193 9.1 683 380 1408 1342
6 42 167 118 vi09 v361 381 263 978 7.8
7 94 608 435 v226 266 908 431 2930 2020
8 86 317 374 v1SS V640 437 397 1471 1612
9 81 423 409 231 985 1115 431 1467 190.1
10 65 155 182 113 4Ll 337 208 800 601
1 160 782 8890 371 1582 2068 436 3185 2308
12 92 47 318 %2 897 617 309 1170 1307
13- 151 526 532 317 J221 1253 411 1455 1582
14 103 413 412 153 VvB11 646 214 1640 1169
15 78 236 325 161 418 634 547 921 1782
16 172 64.7 58.9 326 1425 1001 734 2501 2238
17 194 731 666 332 V716 1548 806 2116 2978
18 139 731 697 321 1199 1227 1000 3143 380.)
Mean 11 474 442 230 1014 895 460 1765 1782
sD. 42 226 199 86 448 453 213 784 788
hed.8
F: II;‘?
’ M- #3.3
AR E S
F/h' 13 7
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Cyclobenzaprioe Oral Pharmacokinetics Study Page 20
#005-00

D.M. #1044, M.A.

.- TIableld

Urinary Excretion of Total Cyclobeuzafrine (Free + Conjugates) Over Eight Hours
After a Single Dose (Day 1) and at Steady State (Day 15)

Amount Excreted (pg) in Urine
2.5-mg Dose S-mg Dose 10-mg Dose
Suhject Dayl Dayld Dayl Day 13 Day]l DaylS
1 754 241.8 1440 "99.2 1122 4694
2 592 125.8 116.4 118.6 105.9 115.8
3 50.6 26.6 934 102.7 181.9 4548
4 317 95.6 845 292.8 88.2 171.7
5 5712 394 5513 390.8 2052 416.1
6 22.1 2440 148.6 154.3 196.8 647.0
7 51.0 2879 529 6855 1794 2534
8 102.4 1129 679 438.3 2714 1185.7
9 51.0 3845 208.2 637.5 2621 546.9
10 24.8 124.0 106.2 1579 3318 894.8
11 553 415 108.8 3025 169.7 938.8
12 103.1 199.8 2055 126.9 2234 4042
13 328 119.2 352 665.4 3793 129.2
14 52.0 108.9 109.3 783.2 1823 574.1
15 274 1112 1005 91.0 129.1 4372
16 40.6 74.6 18.6 380.5 1435 8052
17 : 68.5 1852 433 331.1 316.8 148.5
18 BLOQ 106.4 31.1 13.7 21.5 £9.2
Mean 532 146.1 123.7 320.7 194.5 482.3
S.D. 240 = 943 119.7 238.4 91.8 316.6

BLQ = Below limit of quantification
Notebook/Page: 13101/225-236




Clinical Pharmacology / Biopharmaceutics Study Summary Sheet

NDA/IND# | 21-070 | Suppl.Amend Submission date | 12/18/1998 | Volume | 1.7

Study Type | PK Study # 011

Study Tile | An open, three-period crossever study to determine the. = =~
broequwalencelbroavarlabllﬂy of FLEXERIL tablets 5 mg (planetary process) and
FLEXEHIL tab!ets mg {high-s hear process)

Clinical investigator | James Kisickl. MD Analytical mvesugato
Site ~ | Hartis uboratones Slte Merck Rasearch
Laboratories
- 624 Peach St ~ -1 PO Box 4
Lincoin, NE 68502 Waest Point, PA
19486
Single dose X Multiple dose Washout period | 7 days
Cross-over X Paralle! Other Design __
Subject , )
breakdown ' e el R
Narmal X | Patients 1'Young | X | Eidedy Renal Hepatic
Subject | Normal Young Group N= M= F=
type h . |
Waeight | Mean 177.5 | Range | 116 | 229 | Group N= | 24 M= |[16|F= |8
(ib) :
Age Mean 25.5 Range | 19 39 Group N= M= F=
Treatment group Dose Dosage Form Strength Lot# Lot size
A High FCT 5mg 0130FCT007 | 3.2 million
shear 8003
B Planet | FCT 5mg 0130FCT003 | 150,000
ary B002
C v Injection 1.25mg 0130HSS002 | 100 mL
: - : AQ01
Sampling Times
Plasma Predose, 1, 2, 3, 4, 6, 8, 12, 24, 36, 48, 60, 72, 96, 120, 144, 168 hrs
postdose for all treatments and additionally, 5, 15, 30, 45, and 90 min
postdose for the |V dose
Urine NA
Feces NA
Assay methbd HPLC with tandem mass spectrometric detection
Assay Sensitivity 0.10 ng of obenzaprine per mL of plasma
Assay Accuracy Ranged from 94.7 to 106.0% over the standard curve from 0.10 ng/mL
- - to 50.00 ng/mL

[ Labeling claims from study | NA

1
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Study Protocol #011  BA/BE
Swudy Demographics
L Hi We.
_ Subject _ Gender _Age  (in) @b.) Race B

1 M 27 72 162 Caucasian
2 M 25 16 194  Cascasian
3 M 3 68 197  Caocasian
4 F 23 63 157  Coucasimn
5 M 21 12 t97 Hispanic
6 M 23 68 175 Caucasian
] M 20 66 196  Caucasian
9 M 23 N 150  Caucasian
10 F 29 66 w167  Caucasian
13 M 23 7N 218 Black
14 M 28 72 183 Caucasian
15 F 20 70 v207  Cacasin
6 - M 23 76 169  Caucssian
17 F 7 63 116  Cencesian
18 M 2 73 229  Cacaslan
19 F 8 61 193 Black
20 M 23 143 Caucasian
21 M 23 n 167 Hispanic
2 F 2 1 VI8 Caocesian
3 M 39 70 17  Caucasisn
24 F 38 64 151 Hispanic

Man A 258 696 1115 otk 1)

sp. TF 53 37 26.7

Frb2 £k (g ear 1" 183% ¥l
m: 28 M- 1£1.6 (5,,.:?
£ ;
Summary of Characteristics for Subjects Completing All Three Periods

Total
Sample Size 21
Age (yrs) Mean (SD) 258%53
Race Caucasian _ 16 (76 2%)
Hispanic 3 (14.3%)
Black 2 (9.5%)
| Sex Female 7 (33.3%)
Male 14 (67.7%)

A




Cyclobenzaprine Pharmacokinetic Parametzrs After Oral Administration of
FLEXERIL 5-mg Hi Process Teblets and FLEXERIL S-mg Planetary Process Tablews
AUC, optoml  AUC  _ Cauogml | Com Lo
Subject HS Rati HS PL Ratio HS PL
1 576 s01  L1s— - 360 - 284 .27 4 4
2 447 500 089 . 242 302 0.80 4 4
3 53.6 520 103 330" 156 093 6 3
-4 ve6.7 1168 0.74 4.05 540 0.7§ 4 4 -
o 5 76.7 72.6 1.06 332 289 1.15 6 8
6 5.3 S1.6 145 326 306 1.06 4 4
8 526 434 1.09 263 222 .19 4 4
9 84.1 76.8 10 . 306 - 305 . 100 6 4
10 v51.6 768 0.75 - 351 420 0.85 4 6
13 1106 1160 0.95 4.90 454 1.08 6 6
14 317 329 1.14 232 229 1.01 4 4
15 2.7 832 098 317 - 315 1.01 6 6
16 354 415 0.4 213 276 on 6 6
17 913 719 1.25 501 376 1.35 4 6
18 86.3 69.7 1.4 35§ 332 1.07 3 4
19 v95.4 1058 0.90 308 38l Q.81 4 4
20 n4e 363 0.62 154 325 0.47 . 3 3
. 21 720 566 127 28 229 125 6 6
T 2 V356 406 0.88 202 192 1.08 6 6
' 22 61.9 6L6 0.99 252 262 0.96 5 4
24 vi8.4 60.2 130 49 327 152 4 4
Mean 66.1 65.9 1L.o00 32l 320 1.00* 4.7 48
S.D. 23.6 242 (0.92,1.08) 0.96 082 (0.92.1.100" 1.1 1.3
T Geometnc mead

* . 90% confidence interval

(AR '
Geometric mnuﬂ%%wnﬁdminmdumiummhmdusinganﬂysisofvmw
DepamxcnlofBiosmﬁsﬁuande:thmSys:m

HS - High-shear process teblet !
PL-Pla%cnryproms tablet

Study 011
Al WS rL
F: 7b2t For*
M- K ;S.z’ A

(B 19% t)  (F34RT

A-&




Study 011
Arca Ueder the Plasma. Conceagation-Time Curve (AU , and Plusraa Clearance (&)
Foﬂowmg Intravenous Bolus Administration of 125 mg yclobeunpnne Hyd
AUC,. q,
’ _Subject . ngi
13 16.9 1091
2 29 806
3 18.1 1019 -
4 3.1 556
5 4.7 532
6 215 672
| 300 614
9 394 468
10 364 507
13 434 425
14 175 1053
15 43.7 a2
16 19.5 946
17 349 528
18 29.8 618
19 318 438
20 18.6 . 991
2t 2993 623
2 239 mh
23 290 635
24 26.6 693
Mcan 29.2 688.6
S.D. ___ B¢ 2156

) Bioavailability of Cyclobeazspriac Afer Oral Administration of
FLEXERIL 5-mg High-Shear Process Tablets and FLEXERIL 5-mg Phnctary Process Tablets




Clinical Pharmacology I_Biophannaceutlcs Study Summary Sheet

NDA/iNDlﬁt' 21-070 | Suppl.Amend Submission date | 12/18/1998 | Volume 1.7
Study Type | PK Study # 010
Study Title | An open-label. multiple-dose study to investigate the pharmacokinetics of MK-0130
in eldedy (265 years) subjects
. Clinical investigator Kenneth C. Lasseter. MD Analytical investigator
: Site Clinical Pharmacology Slte Merck Ressarch
Associates Laboratories
2060 North West 22" Ave. PO Box 4
Miami, FL 33142 West Point, PA
19486
Single dose Multiple dose | X | Washaut period
Cross-over Parallel X | Other Design X-historical controls were used
from Study 005
Subject
breakdown
Normal X | Patients Young Eldedy | X Renal Hepatic
Subject | Elderly Group N= M= F=
type :
Weight | Mean 162.5 | Range | 132 | 207 | Group N= |12 M= {6 |F= |6
{Ib) :
Age Mean 713 Range | 65 79 Group N= M= F=
Treatment group Dose | Dosage Form Strength Lot# Lot size
Elderly tid FCT 5mg 0130FCT003 | 150,000
B002
Sampling Times - .
Plasma With respect to the moming dose: predose, 1, 2, 3, 4, 6, and 8 hours
postdose on Days 1 and 8; predose an Days2to 7
Urine NA
Feces NA
Assay method HPLC with tandem mass spectrometric detection
Assay Sensitivity 0.10 nq of cyciobenzaprine per mbL of plasma
Assay Accuracy Ranged from 96.8 to 112.0% over the standard curve from 0.10 ng/mL
10 50.00 ng/mL
Labeling claims from study Consult your doctor before taking this product if you are 265
years oid. )

A-l0




Study 010: Elderly vs. Young
Stedy Demoygraphics
Ht we
Subjcct  Gender Agp  (in) ®.) Race -
1 P 65 65 (m"f * Hispanic
2 F., 570 66 154 Caucasian
3 F°ﬂ 65 66 {,1 168 Caucasian
4 E - )74 65' 1142 Caucasian
s F 70 69 - 133 - Caucasian
6 F (74 65 113  Cmcadm
7 M 65 68 132 Black
3 M 70 n 207 Caucasian
9 M oy 79 67 \181  Cancesimn
10 My 2 671 VP66 Hisparic
11 M ( 15 64 181 Hispamic
12 M \7T7 68 169 Hispanic
Mean 713 668 1625
SD. 47 20 B0 e
‘11;7 LN
Youog subjects, n=18 (Study #005) -
Mean 10F 299 660 1487  5Hispanic
1
sD. &M 52 323 233 Cancasian
Min 23 602 1122 2Blck
Max 4l 76 1936
Summary of Subject Characteristics
Elderly Young Total
| samplc Size 12 18 30
Age (Years) Mean (SD) 713147 287452 465
Race Caucasian 7(583%) 11 (61.1%) 18 (60%)
Hispanic 4(333%) 5(218%) 9 (30%)
Black | (8.3%) 2(11.1%) 3 (10%)
Sex Femnale 6 (50%) 10 (55.6%) 16 (53.3%)
Male 6 (S0%) 8 (44.4%) | 14 (46.7%)
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Summery «f AUCeq Dey |

B S All Treaed Subjects

P ion Gegmetric Means Geomerric Ivizan Ratio (B/Y)

Blerdy Young Overall GMR 950%CJ | P-value
Overall 20.1 21.1 20.9 0.95 {0.76,1.20) | 0.727 -
Male 22.1 18.5 202 - |120 (0.86,).67) | 0353
Female 18.3 24.1 2).0 0.76 (0.55,1.04) | D.146
GMROWE | 1.21 0.77 0.96
90% C.1 {0.35.1.72) | (0.57,1.02) | (0.77,1 21)

Summary of Cas Day 1
Al Treated Subjecss

Population Geometrio Means Geometric Mean Ratio (E/Y)

Elderly Y Overell GMR 90%C.l | P-value
Overall 3.85 3.96 3.95 097 (0.79,1.21) | 0.832
Male 412 . ]3.56 383 1.16 {0.85.1.58) | 0.428
Female 361 4.4) 3.99 — 0,82 -1 (0.61,1,10) [D.260
GMR (M/F) | 1.14 0.8 0.96 )
90% C.L (0.82,1.59) | (0.62.1.06) (0.77.1.19)

Surwmary of AUCes Day 8
All Treated Subjects
Mﬁ@: Means Geometric Mean Ratio (E7Y)

Elderly Young | Ovenall GMR 50%CJ._ | P-value
Overall 1723.4 92.1 118.1 1.89 (1.44.2.49) | <0.001
Male 212.8 1012 146.3 2.10 (1.41,3.13) | 0.004
Female 1429 83.7 109.4 1.7t (1.17,2.49) [ 0.024
GMR (M/F) | 149 .21 1.34
90% C.1 (0.97228) | (0.851.7) | (1.02,1.77)

Sumnary of Cus Day 3
All Trexted Sabjects
 Population Geometric Mean Geometic Mean Ratio (E/Y)

Elderly Yomg | Overali = aMR 90% C.L. | P-vakde
Overall | 24.0 13.3 17.1 1.84 (1.41,239) | <0.001
Male 29.6 115 18.4 2.57 (1.76,3.76) | <0.00]
Female 20.1 183 176 — 1.31 0.91, 1.89) [ 0.211
GMR (M) | 1.47 0.7§ 1.05
0% CIL (0.982.20) | (0.54,1.09) | (0.8 1,137)
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Clinical Pharmacology / Biopharmaceutics Study Summary Sheet

NDA/IND# | 21-070 | Suppl. Submission | 12/18/1898 | Volume | 1.7
Amend date
Study Type | PK Study # 007
Study Title | An Open-Label, multiple-dose, paraliel study to determine the influence of
hepatic insufficiency on the phamacokinetics of MK-0130 ' -

Clinical investigator | Kenneth C. Lasseter, MD | Analytical
investigator
Site Clinical Pharmacolocgy Site Marck Research
Associatas Laboratories
2060 Northwest 22 Ave. PO Box 4 ,
Miami, FL 33142 West Point, PA 19486

Single dose Multiple dose | X Washout period

Cross-over Parallel X Other Design

Subject

breakdown

Normal X | Patients Young Elderly Renal Hepatic | X
Subject | Normals Group N= M= F=
type ‘ :

Weight | Mean 160.6 | Range | 139 | 188 | Group N= |8 M= {5 F= |3

{ib)

Age Mean 52.5 | Range | 40 65 Group = M= F=
Subject | Hepatic Group N= M= =
type

Weight | Mean 180.3 | Range | 146 | 238 | Group N= |16 [M= |11 | F= |5

(Ib)

Age Mean 58.2 | Range | 41 67 Group N= M= F=

Treatment group Dose | Dosage Form Strength | Lot# Lot size
Normal ‘ tid FCT Smg 0130FCT003 | 30,000
8001
Hepatic tid FCT 5mg 0130FCT003 | 30.000
BCO1
Sampling Times
Plasma With respect to moming dose: predose, 1, 2. 3, 4, 8, and 8 hours on
Days 1 and 8, predase on Days 2 and 7
Urine NA '
Feces NA
Assay method . HPLC with tandem mass spectrometric detection
Assay Sensitivity 0.10 ng of cyclobenzaprine per mL of plasma
Assay Accuracy Rangad from 98.0 - 106.0% over the concentration range of 0.10-
50.00 ng/mL

[ Labeling claims from study T See a doctor before using this product. |
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lo ine Hepatic Insufficieacy Study Pape 8
SL¥1108, MA. #007-00 | age

Tabled
Study Demographics i
Ht W Aceaminophen
Subj Gender A in. b.) Race Administration

1 F 67 61 174 Caucesian None
2 F 60 63 172 Caucasian None
3 F 65 63 167 Hispanic Noae
4 F 41 65 200  Black © None
5 F 52 63 146 Black None
9 M 82 61 175  Hispanic None
1 M 59 69 195 Black None
12 M 55 67 166 Hispanic None
13 M 48 65 161 Caucasian None
14 . M 52 72 195 Caucasian None
15 M 54 64 152  Caocasian 325 mg Day 1 and 500 mg Day 7
16 M 52 72 225 Cancasian 325 mg Day 1 and Day 6
17 M 60 65 159  Hispanic None
18 M 41 72 238 Caucasian None
19 M S4 71 184 Hispanic 500 mg Day 5 and Day 6
24 M 60 70 175 Caucasian 2x325 mg Day 1 and 325 mg Day 2
Mean 543 66.8 180.3
SD. 1.5 37 252
__ Agemachedhealthysubjests
6 F 46 64 149"  Hispanic None -
7 F 65 62 139 Caucasian None
8 F 65 62 168 Caucasian Noge
10 M 40 67 155 Hispanic None
20 M 4 10 153 Caucasian Nonc
21 M s6 T2 174.  Hispanic None
22 M 43 n 159 Hispanic | Nooe
23 M 59 T2 188 Caucasian 325 mg Day 7
Mean - 525 616 160.6

10045 1SS
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Cyclobenzaprine ic Insufficiency Study Page 11
D.M. #1105, MA. 00

Table7

Peak Plasma Concéntraiop and Time to Peak Plasma Concentration of
Cyclobenzaprine After the First and Last Dose

e ———

oy Te-h
Subject Day 1 Day 8 Day | Day 8
Pas ith hegatic insuffii
1 57 347 6 4
2 s.2 412 4 3
3 35 21.2 6 T 6
4 52 414 2 3
5 5.6 474 4 (]
9 57 495 4 4
1 8.0 56.3 6 1
12 43 214 8 8
13 70 “9 3 3
14 42 2.1 4 2
15 55 270 4 2
16 29 1.1 3 3
17 32 28.0 8 4
18 i 7.7 8 3
19 30 153 3 3
24 32 24.0 4 2
Mean 48 32.5 48 3.6
$.D. . 13.0 1.9 1.8
Age-matched healthy subjects

6 8.t 315 3 4
v 72 “s 2 ]
H 45 32.2 8 4
10 32 11.1 3 4
20 2.8 29 4 3
21 2.7 143 y 6 6
2 6.0 18.0 4 3
.2 23 121 4 4
Mean 46 215 43 45
$D. 22 13,1 19 12
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obengpﬁne Hepatic Insufficieacy Study
gyjci #1105, M.A. #007-00

MK-0130, Prot. 007, Appendix 2.1 (Cont.) 308

Table 8

Area Under the Plasma Concentration-Time Curve of Cyclobenzaprine Over the
First and Last Dosing Interval and the Corresponding Accumulaton Ratio (R)

Page 12

s AUG, . nghr/ml
. ’ Subject Day 1 Day 8 R
Pati ith } ic inouffici
1 33.1 262.6 19
- 2 36.0 290.1 8.1
3 20.5 138.6 6.8
4 264 264.9 10.0
5 314 298.8 95
9 363 336.4 .+ 93
11 349 426.4 122
12 n3 206.4 9.3
13 439 306.2 1.0
14 264 1542 58
15 30.1 189.9 6.3
16 155 68.3 a4
17 147 197.1 134
18 209 198.4 9.5
19 16.6 1055 6.4
24 18.9 161.5 8.5
Mean 26.7 2253 8.2
S.D. 8.7 933 (44134

Agesmaiched healthy subjects
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Cyclobenzaprine Hepatic Insufficiency Study Page 13
DM. mog. M.A. #007-00 g

Iable9

Effective Half-Life, Predicted Steady-State Trough Concenuation C, (ss) and
Percent of Steady State (%SS) Achicved Based on Monoexponemm Fit of
Cyclobenzaprine Trough Concentrations

Subject _tah C..(SS), ng/ml %SS
Pxi i heostie ineafFc
1 893 4238 73
2 68.9 317 82 .
3 335 139 97
4 97.0 48.0 70
s 454 34.7 92
9 188.0 98.4 46
11 632 533 84
12 389 276 95
13 76.9 469 - 78
14 29.6 15.5 98
15 60.3 2.0 86
16 24 6.6 100
17 29.0 229 98
18 54.9 234 88
19 363 124 96
24 37.1 163 96
Mean 462 327 86
Range (22.4-188) (6.6-98.4)  (46-100)
Ace=matched healthy subjects
6 “s 259 93
7 496 378 91
s 512 289 90
10 26.5 .98 99
20 107 s2 100
21 26.9 .10 | 99
22 13.7 135 100
23 24.0 92 99
Mean 2.1 127 9
Range (10.7-51.2) (5.2-31.9) (90-100)
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Dissolution Results for Cyclobenzaprine Hydrochloride S-mg Tablets Used in
Clinical Studiee
Baich Number Time
(Butch Sizs) {min) % Labol Claim Dissolved
0130 FCT 003 800! 10
(30.000 wbicts) 1s
20
L 30 102,102,103 101,100 104 Ave=)02% ®RSD10%) |
0130 FCT 003 p002 10
(150,000 ablets) 15
20
30 __;100.103, 100, 101. 103, 102 Ave=i02% (RSD {.0%)
0130 FCT 007 B00) 10 [71.48,23. 99,51, 60 Avgwéd% (RSD 28.7%)
(3,200,000 tabless) 13
20 1102103,99,100, 103, 103  Avg=102% (RSD 1.7%)
30 ]103.104,98,100, 103,303 Avg=102% (RSD 2.3%)
60 1102,104.92. )00. 103.103  Avgz=10I% (RSD 4.4%
0130 FCT 007 BOO4 10 1101.92,97, 500,98, 87 Ave=96% (RSD 3.6%)
(330,000 tablets) 15
20 1107,101,100,97. 103. 102 Avg=a102% (RSD 33%)
30 1107, 101. 100, 97, 104, 102 Avymel(2% (RSD 3.4%)
0130 FCT 007 BOOS 10 [98,94,86 101, 101,95 Avgwdé® (RSD 5.9%)
(330,000 tabists) 15
20 98,102, 10, 102, 102, 100 Avgm101% (RSD 1.5%)
30 | 9% 102 103.102 101, 101 _Ave=101% (RSD ).7%)
RSD w Revidnl standand devistion.

A9

TOTAL P.21




