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1 EXECUTIVE SUMMARY

NDA 21-692 is a 505 (b)(2) application for a new extended- release formulatlon of tramadol
hydrochloride tablets, tramadol ER. The reference product is Ultram® (tramadol hydrochloride
tablets), which is currently marketed under approved NDA 20-281. Currently, there is not an
approved extended-release formulation of tramadol HCI. The original NDA was submitted on
Dec 3, 2003 and the Sponsor received an approvable letter on October 29, 2004. The major
deficiency cited in the approvable letter was a lack of efficacy of the proposed doses to support
the proposed indication. In this resubmission, the Sponsor provided additional analysis based on
the existing data and did not conduct new clinical studies. In addition, the Sponsor included a
new proposed indication for the management of moderate to moderately severe chronic pain.

- The intended doses and dosing interval are 100 and 200 mg once daily (not to exceed 300 mg
daily).

The major action items listed in the approvable letter related to Clinical Pharmacology and
Biopharamceutics are:

e Provide a statistical analysis of the results of Cmin testing, to include the calculation of
90% confidence intervals, in the studies where Cmin was available.

) Acceptance of the dissolution specifications is pending upon the review of in vitro-in
vivo correlation (IVIVC) results.

e Provide a more detailed explanation on how final conclusions regarding dosage reduction
in renal and hepatic impairment patients were reached in each condition.

e Further evaluate age effect and provide additional data on TRADENAME ER exposure-
response in elderly (65-75 yrs) and older elderly (>75 yrs) subjects.

On December 3, 2004, a post-action meeting was taken place. At this meeting the Sponsor
clarified the issues raised in the approvable letter and a path forward. With respect to Clinical
Pharmacology and Biopharmaceutics, in addition to the issues identified in the approvable letter
the following issues came from the Dec. 2004 meeting:

1. The lack of bioequivalence of TRADENAME ER to the Reference Listed Drug (RLD),
Ultram.

2. The plasma concentration versus time profile of TRADENAME ER did not appear to
show adequate coverage over 24 hours when compared to Ultram given g6h. Particular
attention was drawn to the first 5-6 hours and 18 to 24 hours after the TRADENAME ER
dose when the steady state mean plasma Tramadol concentrations of TRADENAME ER
are lower than those of Ultram. The FDA expressed concern that the lower plasma
concentrations achieved as a result of the lag time may result in lack of efficacy.

On March 7, 2005, the Sponsor submitted the complete response to the approvable letter and to
the issues raised in the Dec. 2004 meeting. In addition to these issues, a new analysis of the
IVIVC data was submitted on September 30, 2004 and was reviewed by Dr. Patrick Marroum
during this review cycle (see Appendix 3.2).
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At this point in time the Sponsor has not evaluated the pharmacokinetics (PK) of TRADENAME
ER in subjects older than 65 years. They submitted summary of adverse events in subjects who
are older than 65 years collected from the TRADENAME ER clinical trials and the data were
reviewed by Dr. Villalba. The rate of adverse events among the elderly (>65 years) and older
elderly (>75 years) were somewhat greater than among the < 65 year population, particularly for
the 300 and 400 mg doses. Please refer to Dr. Villalba’s safety review for details.

1.1 Recommendations

From a Clinical Pharmacology and Biopharmaceutics perspective, the application is acceptable
with the following comments.

1. A decision could not be made on the acceptability of the IVIVC (Level A) as there are
still outstanding data requests at this time. Without an IVIVC, the Sponsor should revise their
dissolution specifications as an interim specification as shown in the table below (based on the
mean dissolution profile obtained from the clinical/bioavailability lots-see previous OCPB
review in DFS), until such time that a final review of their IVIVC can be completed:

Time Applicant’s Proposed Agency’s Revised Proposed
Dissolution Limits (Dated Dissolution limits
8/16/2005)

2 hours

4 hours

8 hours ,

10 hours ' ' S—

16 hours

2. The labeling recommendation is in Section 2.

1.2 Phase 4 Commitments
None.

1.3 Review of Resubmission

Bioequivalence (BE) and C,.;,, Calculations:

In addition to Study B01-567Pk-TRAP03 where BE of TRADENAME ER were compared to
Ultram dosed every 6 hours after single- and multiple-doses, the Sponsor cited data from two
pilot BE studies with Ultram dosed as 100 mg TID (approximately 7 am, 12 pm and 6 pm)
(Study B99-424PK-TRAP03; 2282) or 50 mg QID (7 am, 12 pm, 6 pm and 10 pm) (Study B99-
416PK-TRAP03; 99103) after single- and multiple-doses to determine relative bioavailability
between TRADENAME ER and Ultram. The later two studies were viewed as supportxve
because the dose interval for Ultram is not well-controlled as every 6 hours.
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The BE of TRADENAME ER to Ultram was demonstrated after single daily dose in all the
studies based on Cmax and AUC of tramadol and M1.

However, the criteria for BE was not met for Cnax of tramadol when TRADENAME ER was
compared to Ultram dosed every 6 hours (Q6h) at steady-state (Table 1) (Crmax Was somewhat
lower after TRADENAME ER administration). In addition, Cpy, of tramadol was also lower
after TRADENAME ER administration in comparison to Ultram Q6h. Consistent with the
extended release nature, Tmax at steady-state is longer for TRADENAME ER than for Ultram
(mean Tmax 12 hour vs. 1.5 hr). The PK profile difference between TRADENAME ER and -
Ultram, i.e., low concentration in absorption phase (0-6 hr) and terminal phase (18-24 hr) was
observed. The clinical significance of these findings is unknown (Figure 1). This data alone is

insufficient to support the efficacy of TRADENAME ER.

Table 1. Steady-state tramadol point estimates, 90% C.L.’s & Degree of Fluctuation.

Study # & Type Comparison AUC: Cmax Chin Fluctuationt, %
B99-416PK- Steady-state, Day 5 107.9 103.8 117.1 70.19 + 16.98 (TRA)
TRAPO3 (99103) Test (2162) 2x100 102.8-113.4 96.4-111.8 | 94.6-—144.9
Pilot 2-Way Steady | mg vs Ultram®50
State Fasting Study | mg q.i.d 81.82 + 16.60 (ULT)
B99-424PK- Steady State Day 5 102 93 135 90.20 £29.14 (TRA)
TRAPO3 (2282) Test A (2162) 95 -109 84103 121- 150
Pilot 3-Way Steady | 3x100 mg vs
State Fasting Study | Ultram®2x50 mg 119.25 £ 25.65 (ULT)
t.i.d
BO1-567PK- Steady State Day 10 88.7 84.9 78.8 61.03 +£34.51 (TRA)
TRAPOQ3 (2551) Test 200 mg pivotal 84.0-93.8 78.6 -91.6 70.4—88.2
2-Way Single and batch vs Ultram®
Multiple Dose 50 mg q6h, 59.36 £20.77 (ULT)
Fasting Study )
TRA =TRADENAME ER; ULT = Ultram -
T Fluctuation = ((Cmax-Cmin)/( AUC+/1))*100; where 1 is the dosing interval of 24 h.
Appears This Way
On Original
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Figure 1. Mean Steady-State Tramadol Plasma Concentration-Time Profile.

Dosage recommendation for special populations:

Severe renal and hepatic impairment:

We do not agree with Sponsor’s dose recommendations for these patients based on the Ultram.
labeling to reduce dose and increase dose interval. Because of the limited dose strengths of
TRADENAME ER, starting TRADENAME ER doses lower than 100 mg for these patients is
not possible. Nor has the sponsor studied alternative dosing regimens in this population, i.e.,
q36hr or g48hr dosing. The use of TRADENAME ER in patients with either severe renal
impairment and/or severe hepatic impairment is not recommended. ‘

Elderly:

The effect of age on the absorption of TRADENAME ER in subjects older than 65 years has not
been studied and is unknown. From the Ultram Labeling, exposure and elimination half-life of
tramadol after Ultram administration are similar in healthy subjects 65-75 years compared to
healthy subjects younger than 65 years. Exposure of tramadol is higher in subjects older than 75 -
years compared to subjects 65-75 years. In general, dosing of an elderly patient (over 65 years
-of age) should be initiated cautiously, usually starting at the low end of the dosing range,
reflecting the greater frequency of decreased hepatic, renal or cardiac function and of
concomitant disease or other drug therapy. TRADENAME ER should be administered with even
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greater caution in patients over 75 years, due to the greater frequency of adverse events seen in
this population.

Lei Zhang, Ph.D.
Clinical Pharmacology Reviewer
Division of Pharmaceutical Evaluation I1I

Concurrence:

E. Dennis Bashaw, Pharm.D.

Clinical Pharmacology Team Leader

Division of Pharmaceutical Evaluation III

Office of Clinical Pharmacology and Biopharmaceutics

John Lazor, Pharm.D.

Division Director

Division of Pharmaceutical Evaluation 111

Office of Clinical Pharmacology and Biopharmaceutics

2  DETAILED LABELING RECOMMENDATIONS
The labeling recommendations that are related to Clinical Pharmacology are shown below.
Please refer to the approval letter for the final labeling.

CLINICAL PHARMACOLOGY

Mechanism of Action

TRADENAME ER is a centrally acting synthetic opioid analgesic. Although its mode of action
is not completely understood, from animal tests, at least two complementary mechanisms appear
applicable: binding of parent and M1 metabolite to p-opioid receptors and weak inhibition of
reuptake of norepinephrine and serotonin.

Opioid activity is due to both low affinity binding of the parent compound and higher affinity
binding of the O-demethylated metabolite M1 to p-opioid receptors. In animal models, M1 is up
to 6 times more potent than tramadol in producing analgesia and 200 times more potent in
p-opioid binding. Tramadol-induced analgesia is only partially antagonized by the opiate
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antagonist naloxone in several animal tests. The relative contribution of both tramadol and M1 to
human analgesna is dependent upon the plasma concentrations of each compound.

Tramadol has been shown to inhibit reuptake of norepinephrine and serotonin in vitro, as have
some other opioid analgesics. These mechanisms may contribute independently to the overall
analgesic profile of tramadol. The relationship between exposure of tramadol and M1 and
efficacy has not been evaluated in the TRADENAME ER clinical studies..

Apart from analgesia, tramadol administration may produce a constellation of symptoms
(including dizziness, somnolence, nausea, constipation, sweating and pruritus) similar to that of
other opioids. In contrast to morphine, tramadol has not been shown to cause histamine release.
At therapeutic doses, tramadol has no effect on heart rate, left-ventricular function or cardiac
index. Orthostatic hypotension has been observed.

Pharmacokinetics

The analgesic activity of tramadol is due to both parent drug and the M1 metabolite.
TRADENAME ER is administered as a racemate and both the [-] and [+] forms of both tramadol
and M1 are detected in the circulation.

The pharmacokinetics of TRADENAME ER are approximately dose-proportional over a :
100-400 mg dose range in healthy subjects. The observed tramadol AUC values for the 400-mg
dose were 26% higher than predicted based on the AUC values for the 200-mg dose. '

Absorption

In healthy subjects, the bioavailability of a TRADENAME ER 200 mg tablet relative to a 50 mg
every six hours dosing regimen of the immediate-release dosage form (ULTRAM) was
approximately 85-90%. Consistent with the extended-release nature of the formulation, there is
a lag time in drug absorption following TRADENAME ER administration. The mean peak
plasma concentrations of tramadol and M1 after administration of TRADENAME ER tablets to
healthy volunteers are attained at about 12 h and 15 h, respectively, after dosing (See Table 1 and
Figure 2). Following administration of the TRADENAME ER, steady-state plasma
concentrations of both tramadol and M1 are achieved within four days with once daily dosing.

The mean (%CV) pharmacokinetic parameter values for TRADENAME ER 200 mg
administered once daily and tramadol HCl immediate-release (ULTRAM) 50 mg administered
‘every six hours are provided in Table 1.
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Table 1. Mean (%CYV) Steady-State Pharmacokinetic Parameter Values (n=32)

Tramadol M1 Metabolite
Pharmacokinetic = TRADENAME ULTRAM 50-mg TRADENAME  ULTRAM 50-mg
Parameter ER 200-mg Tablet Every 6 ER 200-mg Tablet Every 6
Tablet Once- Hours Tablet Once- Hours
Daily Daily '

AUCo.24 5975 (34) 6613 (27) 1890 (25) 2095 (26)
. (ngh/mL)

Crnax (ng/mL) 335 (35) 383 (21) 95 (24) 104 (24)

Cein (ng/mL) 187 (37) 228 (32) 69 (30) 82 (27)

Tenax (h) 12 (27) 1.5 (42) 15 (27) 1.9(57)

% Fluctuation 61 (57) 59 (35) 34 (72) . 26 (47)

AUC.4: Area Under the Curve in a 24-hour dose interval; C,,,,: Peak Concentration in a 24-hour dose interval,
Conin: Trough Concentration in a 24-hour dose interval; Tnax: Time to Peak Concentration

Figure 2: Mean Steady-State Tramadol (a) énd M1 (b) Plasma Concentrations on Day 8
Post Dose after Administration of 200 mg TRADENAME ER Once-Daily and 50 mg
ULTRAM Every 6 Hours.
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Food Effects

After a single dose administration of 200-mg TRADENAME ER tablet with a high fat meal, the
Cinax and AUCo_, of tramadol decreased 28% and 16%, respectively, compared to fasting
conditions. Mean Tpax Was increased by 3 hr (from 14 hr under fasting conditions to 17 hr under
fed conditions). While TRADENAME ER may be taken without regard to food, it is
recommended that it be taken in a consistent manner.
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Distribution

The volume of distribution of tramadol was 2.6 and 2.9 liters/kg in male and female subjects,’
respectively, following a 100-mg intravenous dose. The binding of tramadol to human plasma
proteins is approximately 20% and binding also appears to be independent of concentration up to
10 pg/mL. Saturation of plasma protein binding occurs only at concentrations outside the
clinically relevant range.

Metabolism

Tramadol is extensively metabolized after oral administration. The major metabolic pathways
appear to be N — (mediated by CYP3A4 and. CYP2B6) and O — (mediated by CYP2D6)
demethylation and glucuronidation or sulfation in the liver. One metabolite (O-desmethyl
tramadol, denoted M1) is pharmacologically active in animal models. Formation of M1 is
dependent on CYP2D6 and is subject to inhibition, which may affect the therapeutic response
(see CLINICAL PHARMACOLOGY-Drug Interactions and PRECAUTIONS - Drug
Interactions).

Approximately 7% of the population has reduced activity of the CYP2D6 isoenzyme of
cytochrome P-450. Based on a population PK analysis of Phase I studies with immediate-release
tablets in healthy subjects, concentrations of tramadol were approximately 20% higher in "poor
metabolizers" versus "extensive metabolizers," while M1 concentrations were 40% lower.

Elimination .
Tramadol is eliminated primarily through metabolism by the liver and the metabolites are
eliminated primarily by the kidneys. Approximately 30% of the dose is excreted in the urine as
unchanged drug, whereas 60% of the dose is excreted as metabolites. The remainder is excreted
either as unidentified or as unextractable metabolites. The mean terminal plasma elimination
half-lives of racemic tramadol and racemic M1 after administration of TRADENAME ER are
approximately 7.9 and 8.8 hours, respectively. '

Special Populations

Renal ‘

Impaired renal function results in a decreased rate and extent of excretion of tramadol and its
active metabolite, M1. The pharmacokinetics of tramadol were studied in patients with mild or
moderate renal impairment after receiving multiple doses of TRADENAME ER 100 mg. There
is no consistent trend observed for tramadol exposure related to renal function in patients with
mild (CLer: 50-80 mL/min) and moderate (CLcr: 30-50 mL/min) renal impairment in
comparison to patients with normal renal function. However, exposure of M1 increased 20-40%
with increased severity of the renal impairment (from normal to mild and moderate).

" TRADENAME ER has not been studied in patients with severe renal impairment (CLcr <30
mL/min). The limited availability of dose strengths of TRADENAME ER does not permit the
dosing flexibility required for safe use in patients with severe renal impairment. Therefore,
TRADENAME ER should not be used in patients with severe renal impairment (see
WARNINGS, Use in Renal and Hepatic Disease and DOSAGE AND ADMINISTRATION).
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The total amount of tramadol and M1 removed during a 4-hour dialysis period is less than 7% of
the administered dose.

Hepatic

Pharmacokinetics of tramadol was studied in patients with mild or moderate hepatic impairment
after receiving multiple doses of TRADENAME ER 100 mg. The exposure of (+)- and (-)-
tramadol was similar in mild and moderate hepatic impairment paticnfs in comparison to patients
with normal hepatic function. However, exposure of (+)- and (-)-M1 decreased ~50% with
increased severity of the hepatic impairment (from normal to mild and moderate). The
pharmacokinetics of tramadol after the administration of TRADENAME ER has not been
studied in patients with severe hepatic impairment. After the administration of tramadol
immediate-release tablets to patients with advanced cirrhosis of the liver, tramadol area under the
plasma concentration time curve was larger and the tramadol and M1 half-lives were longer than
subjects with normal hepatic function. The limited availability of dose strengths of
TRADENAME ER does not permit the dosing flexibility required for safe use in patients with
severe hepatic impairment. Therefore, TRADENAME ER should not be used in patients with
severe hepatic impairmen‘t (see WARNINGS, Use in Renal and Hepatic Disease and
DOSAGE AND ADMINISTRATION). '

Ger;iatric , ‘

~ The effect of age on the absorption of tramadol from TRADENAME ER in patients over the age
of 65 years has not been studied and is unknown (see PRECAUTIONS and DOSAGE AND
ADMINISTRATION).

Gender

Based on pooled multiple-dose pharmacokinetics studies for TRADENAME ER in 166 healthy
subjects (111 males and 55 females), the dose-normalized AUC values for tramadol were
somewhat higher in females than in males. There was a considerable degree of overlap in values
between male and female groups. Dosage adjustment based on gender is not recommended.

Drug Interactions

The formation of the active metabolite, M1, is mediated by CYP2D6. Concomitant therapy with
inhibitors of CYP2D6 such as fluoxetine, paroxetine and quinidine could result in significant
drug interactions. In vitro drug interaction studies in human liver microsomes indicate that
inhibitors of CYP2D6 (fluoxetine, norfluoxetine, amitriptyline, and quinidine) inhibit the
metabolism of tramadol to various degrees, suggesting that concomitant administration of these
compounds could result in increases in tramadol concentrations and decreased concentrations of
M1. The full pharmacological impact of these alterations in terms of either efficacy or safety is
unknown. :
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Tramadol is also metabolized by CYP3A4. Administration of CYP3A4 inhibitors, such as
ketoconazole and clarithromycin, or inducers, such as rifampin and St. John’s Wort, with
TRADENAME ER may affect the metabolism of tramadol leading to altered tramadol exposure
(see PRECAUTIONS, drug interactions).

Quinidine .

Tramadol is metabolized to M1 by CYP2D6. A study was conducted to éxamine the effect of
quinidine, a selective inhibitor of CYP2D6, on the pharmacokinetics of tramadol by
administering 200 mg quinidine two hours before the administration of TRADENAME ER 100
mg. The results demonstrated that the exposure of tramadol increased 50-60% and the exposure
of M1 decreased 50-60% (see PRECAUTIONS, drug interactions). In vitro drug interaction
studies in human liver microsomes indicate that tramadol has no effect on quinidine metabolism.

Carbamazepine

Carbamazepine, a CYP3A4 inducer, increases tramadol metabolism. Patients taking
carbamazepine may have a significantly reduced analgesic effect of tramadol. Because of the
seizure risk associated with tramadol, concomitant administration of TRADENAME ER and
carbamazepine is not recommended (see PRECAUTIONS, drug interactions).

Cimetidine

Concomitant administration of tramadol immediate-release tablets with cimetidine does not
result in clinically significant changes in tramadol pharmacokinetics. No alteration of the
TRADENAME ER dosage regimen with cimetidine is recommended.

WARNINGS
Use in Renal and Hepatic Disease

Impaired renal function results in a decreased rate and extent of excretion of tramadol and its
active metabolite, M1. TRADENAME ER has not been studied in patients with severe renal
impairment (CLcr < 30 mL/min). The limited availability of dose strengths of TRADENAME
ER does not permit the dosing flexibility required for safe use in patients with severe renal
impairment. Therefore, TRADENAME ER should not be used in patients with severe renal
impairment (see CLINICAL PHARMACOLOGY and DOSAGE AND
ADMINISTRATION). Metabolism of tramadol and M1 is reduced in patients with advanced
cirrhosis of the liver. The pharmacokinetics of TRADENAME ER has not been studied in
patients with severe hepatic impairment. The limited availability of dose strengths of
TRADENAME ER does not permit the dosing flexibility required for safe use in patients with
severe hepatic impairment. Therefore, TRADENAME ER should not be used in patients with
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severe hepatic impairment (see CLINICAL PHARMACOLOGY and DOSAGE AND
ADMINISTRATION).

PRECAUTIONS

Drug Interactions

. Use With Carbamazepine
Patients taking carbamazepine, a CYP3A4 inducer, may have a significantly reduced analgesic

effect of tramadol. Because carbamazepine increases tramadol metabolism and because of the
seizure risk associated with tramadol, concomitant administration of TRADENAME ER and
carbamazepine is not recommended.

Use With Quinidine

Coadministration of quinidine with TRADENAME ER resulted in a 50-60% increase in
tramadol exposure and a 50-60% decrease in M1 exposure(see CLINICAL
PHARMACOLOGY-drug interactions). The clinical consequences of these findings are
unknown.

Use With MAO Inhibitors

Interactions with. MA O Inhibitors, due to interference with detoxification mechanisms, have
been reported for some centrally acting drugs (see WARNINGS, Use With MAO Inhibitors
and Serotonin Re-uptake Inhibitors)

Use With Digoxin and Warfarin

Post-marketing surveillance of tramadol has revealed rare reports of digoxin toxicity and
alteration of warfarin effect, including elevation of prothrombin times.

Potential for Other Drugs to Affect Tramadol

In vitro drug interaction studies in human liver microsomes indicate that concomitant
administration with inhibitors of CYP2D6 such as fluoxetine, paroxetine, and amitriptyline could
result in some inhibition of the metabolism of tramadol.

Administration of CYP3A4 inhibitors, such as ketoconazole and clarithromycin, or inducers,
such as rifampin and St. John’s Wort, with TRADENAME ER may affect the metabolism of
tramadol leading to altered tramadol exposure.

Potential for Tramadol to Affect Other Drugs

In vitro drug interaction studies in human liver microsomes 1ndlcate that tramadol has no effect
on quinidine metabolism. In vitro studies indicate that tramadol is unlikely to inhibit the
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CYP3A4-mediated metabolism of other drugs when administered concomitantly at therapeutic
doses. Tramadol is a mild inducer of selected drug metabolism pathways measured in animals.

DOSAGE AND ADMINISTRATION
TRADENAME ER should not be used in patients with:
e creatinine clearance less than 30 mL/min,

e severe hepatic impairment (Child-Pugh Class C)

(See WARNINGS, Use in Renal and Hepatic Disezise).

Adults (17 years of age and over)

TRADENAME ER should be initiated at a dose of 100 mg once dally and titrated up as
necessary by 100-mg increments every five days to relief of pain and depending upon
tolerability. TRADENAME ER should not be administered at a dose exceeding 300 mg per
day.

Individualization of Dose

Good pain management practice dictates that the dose be individualized according to patient
need using the lowest beneficial dose. Start at the lowest possible dose and titrate upward as
tolerated to achieve an adequate effect. Clinical studies of TRADENAME ER have not
demonstrated a clinical benefit at a total daily dose exceeding 300 mg.

In general, dosing of an elderly patient (over 65 years of age) should be initiated cautiously,
usually starting at the low end of the dosing range, reflecting the greater frequency of decreased
~ hepatic, renal or cardiac function and of concomitant disease or other drug therapy.
TRADENAME ER should be administered with even greater caution in patients over 75 years,
due to the greater frequency of adverse events seen in this population. '
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW

NDA: 21-692 Submission date: September 29, 2004
Tramadol extended release tablets

Biovail Corporation

Reviewer: Patrick J Marroum.

Type of submission: Validation of the In Vivo/In Vitro Correlation.

Background:

Biovail Corporation has developed an extended release tablet formulation of tramadol. During the
review of the initial submission, the proposed IVIVC model was not accepted due to the fact that the
model did not account for differences in bioavailability for the three formulations with different
release rates. A conference call was held with the sponsor on September 1% 2004 to discuss the
acceptability of the IVIVC. In this submission, the sponsor reanalyzed the data using a model that
takes into consideration the time scale difference as well as the difference in bioavailability among
these formulations.

Study Design:

The data used in this analysis was obtained from a crossover study with 16 subjects each taking 100
mg tramadol ER formulations with different levels of rate controlling coat. Additionally, 2x 50 mg
immediate release tablets of tramadol were given to each subject as a reference.

The dissolution profiles were obtained using USP apparatus 1 at a speed of — c—meieme. ~ HCI.

Development of the IVIVC model:

1-A unit impulse function for each subject was determined from the IR reference formulation. -

2-The amount of drug released in vivo for each subject was determined by deconvolution (the
procedure used is deconvolution by convolution which involves nonlinear regression analysis of the
convolution integral) of the individual plasma concentration time profiles.

3-The average amount of drug released for each of the formulation was plotted against the mean in
vitro dissolution data to obtain the IVIVC relationship. :

The fitting of the IR concentration time data as well as the deconvolution and convolution was
performed using PDx-IVIVC version 1. The exploration of time scaling was conducted in SPius 2000
Professional Release 3. ' '



Results:

Figure 1 shows the average dissolution profile for the 3 formulations while Figure 2 shows the
corresponding mean plasma concentration time profiles. Figure 3 shows the % dissolved as well as
the % absorbed vs time. Figure 4 shows the time course of both in vitro and in vivo release vs time
and fitted quadratic.equation. Figure 5 shows the relationship between the % released in vitro vs the
% released in vivo. Figure 6 shows the time scaled % in vitro release vs % in vivo

Release while Figure 7 shows the relationship between in vitro and in vivo release after time scaling.
Figures 8 and 9 show the observed and predicted plasma concentrations for all 3 formulations using
both the linear and extended IVIVC model. Figure 10 shows the observed vs predicted plasma
concentration for the target formulation in Study 2553 (external predictability).

Figures 11 and 12 shows the plasma concentration time profiles corresponding to the upper and lower
limit of the dissolution specifications respectively. Table 1 shows the statistics for the internal
validation for the linear model while Table 2 shows the statistics for the internal validation for the
extended model. Table 3 shows the statistics for the external validation for the extended model. Table
4 shows the predicted PK parameters that correspond to the upper and lower limit of the dissolution
specifications. Table 5 and 6 show the mean parameters of the mean unit impulse response function
for Ultram for both studies 2553 and 2677.

Discussion and Comments:

1-For the linear model, the intercept and slope were estimated to be -1.27 and 0.946 indicated that the
time scaled in vitro in vivo relationship was 1 to 1. This linear model fails to predict the lower -
bioavailability of the slower formulation of tramadol. This why the sponsor opted to use an extended
model which was developed by Dr. Gillespie which incorporates a time dependent extent of
- absorption. Drug released after a certain time is not absorbed. The slope and intercept were estimated
to be 0.985 and -2.7 respectively. The time at which no further absorption takes place was estimated
to be 23 hours.

2-The spvonsor did not provide either the mathematical models or the control files that they used for
their calculations. The sponsor is requested to provide all the control files as well as the equations for
all the models they used to develop the models as well as predicting the plasma concentration time
profiles.

3-The sponsor only predicted the target formulation from study 2553 for their external validation
even though the study included 3 formulations with different release rates. In-order to validate their
time dependent model, the sponsor is requested to predict the plasma concentration time profiles for
both the fast and slow formulations in study 2553. :

It is important to show that the extended model proposed by the sponsor is able to show that indeed it
is predictive of slower formulation since the linear model had difficulty predicting the slower
formulation. Moreover, the premise that this model which accounts for the non absorption of drug
after a certain time in the body could only be validated with slower formulations.

N



4-The sponsor is proposing the following dissolution specifications:

2hours: .
4 hours:

8 hours: S

10 hours

16 hours o

Assuming that the proposed IVIVC extended model is acceptable, the predicted plasma concentration
time profiles corresponding to the upper and lower limit of the dissolution specifications result in
more than .——s difference (25 % difference for Cmax and 23.35 % for AUC). The sponsor is
requested to tighten the specifications in such a way that the maximum difference in the predicted
Cmax and AUC between the upper and lower limit is no more than — .

Recommendations:
Before a decision can be made on the acceptability of the IVIVC, the sponsor should addréss the
above comments and submit all the requested information. However, ifthe application is approved the

sponsor should tighten the dissolution specifications in a such a way as recommended in the IVIVC
guidance.

Patrick J Marroum Ph.D.

RD/FT initialed by Mehul Mehta Ph.D.

cc: NDA 21-692, HFD 550, HFD 860 (Marroum, Mehta, Rahman, Zeng)
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Table 22. The internal validation statistics for the linear [VIVC model for Tramadol ER formulations in Study 2677.

Cian ARC
Treaumeny (ng/miy (og¥hriml)
(S5 Pred. Ratio | 1%IPES Obs. I'ved. Ratio ; %L}
| TUTTRGR0T T 132 0909 1 905 FRo0 T Ess R T 06y T 3552
Taradt TSRS 06T TSRS T IG5l 495
A <. N 1030 3.0 (RO 1.92 23000 23101 1.091 9,13
-“«\—-1\ [HEH i 495 S8

Table 1

Table25.  The internal validation statistics for the extended IVIVC model for Tramadol ER formulations in Study 2677,

Cina ALC
Treatment {ng/mL) tug*ht/ml)
Obs Pred. | Ratio | [%PE| Obs. Pred. | Ratie
— 1680 11389 | 0946 1 34l 23869 127624 | 0.99]
Tareet 1295 0 1275 | 1000 o D2 276 [ 23603 ¢ Q9 | 3T
— 1030 1077 | 1046 0 456 3009 (282G LBO8 | 073
MAPPE 333 246
Table2
Table 27. The external validation statistics for the extended 1VIVC model for Tramadol ER Target formulation in Study
2553. )
Conas AUC
Treatment {ngml} . (ngtherml)
Obs. Pred, Ratio | [%PE] Obs. Pred. Ratio | {%PE:
Target 1350 T TS0 1081 | 807§ 276 | 27042 | 0985 | L34
MAPPL 8.07 1.34
Table 3
Table 28. Predicted pharmacekinetic parameters for proposed dissolution specifications and Tramadol ER Target

formuflation (Lot # 02H218).
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Table 15.

Table 14.

Parameters of the mean unit

impulse response function for Ulfram in Study

2553.
Study Coefficient Exponent Lag-time
(ng/ml) K" {hr)
2553 3.42649 0.10867 043122
-3.42649 1.56419 0.43122
Table 5

Parameters of the mean unit impulse response function for Ultram in Study

2677.
Study Coefficient Exponent Lag-time
(ng/ml.) (h'l) {hr)
2677 316650 0.10929 0.430064
-3.16630 3.60421 0.430064

Figure 1.
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Table 6

Figure 1

I

Mean in vitrs dissolution profiles for Tramadol ER formulations,




Figure 8. Mean tramadol hydrochloride concentration-time profifes for Tramadol ER
and Ultran formualations (Study 2677 and 2553).
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. The % released in vitro and % sbsorbed in vivo plotted against time ( Figure 16,

Tramadol ER formulations in Study 2677,

¢ Aleanty
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Absorption vs, Dissolution with Regression Line

Figure 4

Figure 18, The % released in vitro and % absorbed in vive plotted agains

Tramadol LR formulations in Study 2677 after timye-sealing,

Absorption and Dissofution vs. Time
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Figure 20, The Y eckrasedt in vive platted againet % releised by vitro with regression
line for Teamradot ER fornuabations in Stedy 2677 alter time-scaling,

Figure 7
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1 EXECUTIVE SUMMARY

This NDA is a 505 (b)(2) application for a new extended-release product of tramadol

hydrochloride tablets, Ralivia ER™. The reference product is Ultram® (tramadol hydrochloride

tablets), which is currently marketed under approved NDA 20-281. Currently, there is no

approved extended-release formulation of tramadol HCI. The Sponsor is seeking the same

indication as Ultram® for Ralivia ER™, i.e., for the management of moderate to moderately

severe pain. There are three dosage forms for Ralivia ER, 100, 200 and 300 mg tablets. —~
——— e

To support human PK and biopharmaceutics requirement, Ralivia ER was studied in a total of 17
in vivo PK studies. The in vitro and in vivo correlation has been investigated. Dissolution method
and specification were proposed. Among these studies, 8 studies were considered pivotal and
were reviewed in detail. These studies included the assessment of bioequivalence of Ralivia ER
compared to Ultram after single and multiple doses, dose proportionality, dosage form
equivalence, food effect, morning dosing vs. evening dosing, the potential for a drug interaction
with quinidine in healthy subjects and studies in patients with renal and hepatic impairments.

Because this NDA submission is for a change in formulation from the currently marketed
immediate release (IR) to extended release (ER) formulation, and consequently administration of
dose from QID to QD regimen, the primary focus of the Clinical Pharmacology and
Biopharmaceutics (CPB) review was to determine whether the following aspects were studied:

(1) The drug product meets the extended release claims made for it.

(2) The bioavailability profile established for the drug product rules out the occurrence of
any dose »

(3) Dose proportionality

(4) The drug product’s steady-state performance relative to a currently marketed IR product”

(5) PK parameters in special populations (for labeling purpose)

(6) In Vitro-In Vivo Correlation (not a requirement, but an important issue)

While the sponsor has undertaken an extensive PK program, they have not evaluated Ralivia ER
in subjects older than 65 years. Because of the effect of age on gastrointestinal systems, e. g,
permeability, pH and transit time change, there may be a significant age effect on the PK of
Ralivia ER. In addition, the Sponsor did not conduct exposure-response studies with Ralivia ER.
Because of the PK profile difference between Ralivia ER and Ultram, i.e., low concentrations in
absorption phase (0-6 hr) and terminal phase (18-24 hr) following ER QD dosing compared to
Ultram QID dosing, it is questionable whether Ralivia ER supports the same indication as
Ultram.

NDA 21-692 , 2
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- To support clinical efficacy and safety for Ralivia ER, four 12-week efficacy studies in patients

* with chronic moderate to severe painful conditions, one open-label one year safety study, and
one pilot dental pain study were included in the submission. From an efficacy standpoint, the
development program was lacking in that it did not include any comparison of efficacy to
Ultram. Three 12-week efficacy trials (Study 015, 021, and 023) were conducted in patients with
osteoarthritis (OA) of the knee/hip and the other one (Study 014) was conducted in patients with
chronic low back pain. The two pivotal trials (Study 021 and 023) in OA patients failed to
support an indication of —_— T , however, one of them (Study
023) succeeded in the primary analysis for a chronic pain claim. Addltlonal sensitivity analyses
conducted by the Statistical Reviewer for this study did not support the Sponsor's claim. Study
015 succeeded in demonstrating efficacy in pain score primary analysis but failed additional
analyses (BOCF [baseline observation carried forward]). Study 014 failed to demonstrate
efficacy. Based on information from the clinical studies, at best the application is “approvable”.
From an efficacy standpoint, additional efficacy studies will be required for this application to be
approved. Please refer to Dr. Lourdes Villalba (Medlcal Reviewer) and Dr. Yongman Kim
(Statistical Reviewer)’s reviews for details.

1.1 Recommendations

From a Clinical Pharmacology and Biopharmaceutics perspective, the Sponsor has adequately
characterized the pharmacokinetic performance of the new ER formulation.

Given the current status of the clinical efficacy database, the following studies would be useful in
determining both individual dose-response and the effect of special populations on the varlablllty
seen in dose-response in the clinical efficacy database for Ralivia ER.

Please convey the following comments to the Sponsor:

1. In order to better understand the role of Ralivia ER in chronic pain, you should consider
undertake a definitive exposure-response study, using an appropriate chronic pain model.
Ideally this trial should include Ultram as an active comparator agent. Such a study would
allow for a better understanding of results from chronic pain efficacy trials and how they
relate back to the Ultram database.

2. Study age effect on Ralivia ER exposure-response in elderly (65-75 yrs) and older elderly
(>75 yrs) subjects.

General Comments:

3. In your re-submission you should provide a statistical analysis of the results of Cy;, testing,
to include the calculation of 90% confidence intervals, in the studies where Cy,;, was
available.

4. Acceptance of the dissolution specifications is pending upon the review of in vitro-in vivo
correlation (IVIVC) results.

Labeling:
The labeling recommendation is-deferred pending the completion of a successful clinical »
development program. The following feedback on the special populations section of the label is

NDA 21-692 : 3
Ralivia ER™ (Tramadol HCIy
Original NDA Review



being provided to the sponsor so that they can better address the labeling in their next
submission:

5. For patients with renal or hepatic impairment, you relied on Ultram labeling along with your
studies to develop dosing recommendations. Please provide a more detailed explanation on
how final conclusions regarding dosage reduction in these patients were reached in each
condition. '

1.2 Phase 4 Commitments
None. (Not Applicable.)

1.3 Summary of Important Clinical Pharmacology and Biopharmaceutics (CPB) Findings

This application consists of 17 in vivo PK studies. Among these studies, 8 studies were
considered pivotal and were reviewed in detail (See Appendix 4.2 for individual study reviews).
The synopses of those studies conducted with the to-be-marketed formulation that were not
reviewed are included in Section 4.3 for reference.

Relative Bioavailability to Ultram (IR product) (Study 567PK)

Single Dose:

After a single daily dose of Tramadol HC1 200 mg Extended Release Tablets and Ultram® 50
mg Tablets (Q6h) under fasting conditions, the 90% confidence intervals (CIs) of geometric
mean ratio (GMR) (Ralivia ER/Ultram) of AUC.ins and Cpax for tramadol and its active
metabolite, M1, were within the 80.00% to 125.00% boundary for bioequivalence. Consistent
with its extended release nature, Trax is longer for Ralivia ER than for Ultram (Mean Tyax 13.6
hr vs. 2.2 hr) (Figure 1).

Multiple Doses:

At steady state, the 90% Cls of the geometric mean ratio (GMR) (Ralivia ER/Ultram) of AUC,

for tramadol and 90% Cls of GMR of AUC: and Cpax for M1 were within the = .iioe.
aw=s=— boundary for bioequivalence. However, the lower limit of 90% CI of GMR of Cyax for

tramadol is slightly lower than 80% t====+~"- The clinical significance of this finding is

unknown. Consistent with extended release nature, Tray at steady state is also longer for Ralivia

ER than for Ultram (Mean Tmax 11.9 hr vs. 1.5 hr) (Figure 1).
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Figure 1.
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For Cmin, the statistical results indicate that the values were not equivalent between ER and IR
products and lower trough concentrations were achieved with 200-mg Tramadol HCI ER tablets
QD compared with 50-mg Ultram® tablets Q6h. Consequently, greater fluctuations were
observed over 24 hours with the ER regimen than with the corresponding Ultram® regimen.

Low concentrations of tramadol and M1 were observed in absorption phase (0-6 hr) and terminal
phase (18-24 hr) following ER QD dosing compared to Ultram QID dosing, making it
questionable as to whether or not Ralivia ER would support the same indication as Ultram.

_/

- - -

Food Effect (Study 568PK)

Food effect was studied in two studies: one is 200 mg single dose (Study 568PK) and the other is
300 mg multiple dose (Study 629PK). Only the first study was reviewed in detail because a
single dose study is considered the more sensitive testing condition.

Results from Study 2550 suggest that food (a high fat meal) decreases both the rate and extent of
absorption of tramadol after a single dose of Ralivia ER (200 mg). The Cpax and AUCq s of
tramadol decreased 28% and 16%, respectively in the presence of food (based on geometric
mean ratio of fed vs. fasting). Mean Ty increased by 3 hours (from 14 hr fasting to 17 hr fed).
Similar results were observed for M1. Therefore, there was a food-effect on the rate and extent
‘of the absorption of tramadol from this extended release product. The clinical significance of the
food effect is unknown.
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Dosage Form Bioequivalence (Study 623PK)

The active and inactive components for the tablet core are proportional similar for 100, 200 and

300 mg tablets. 100 mg tablets were used in all the clinical trials. 100 mg and 300 mg Tramadol
HCI ER tablets are dosage strength equivalent. 100 and 200 mg tablets are also dosage strength

equivalent (Study 570PK). :

Morning (AM) Dosing vs. Evening (PM) Dosing (Study 426PK)

Evening administration of the ER formulation resulted in a significant reduction and delay in the
rate of drug absorption but did not reduce the total amount absorbed (Figure 2). Compared to
morning dosing, Cmax and AUCo-inf of tramadol decreased 29% and 6%, respectively after
evening administration of the tablet. Tmax increased by 5 hr (15 hr PM vs. 10 hr AM). The
differences in the profiles may be related to a slowing in gastrointestinal transit during the night
compared with the daytime. This diurnal effect in drug PK may have implications in the
pharmacodynamic effect of the drug and should be included in the labeling.

Figure 2.

A AM Dosing

° pM Dosing

Time (hea}
¢ THEATMENT A (LOT # 000103} S~ TREATMENT C (LOT ¢ 20010%)

Tramadol (AM vs. PM)

Renal Impairment (Study 589PK) :

Impaired renal function resulted in a decreased renal clearance of tramadol and its metabolites,
MI and M5. An increase in systemic exposure (up to ~ 40%) and about a 50% reduction in renal
clearance was observed for the metabolites in patients with mild and moderate renal impairment.
The effect on the systemic exposure of tramadol in this population was not consistent. The data
suggests that dosage adjustment may be needed in patients with mild and moderate renal
impairment. ' : '

Liver Impairment (Study 590PK)

In the patients with hepatic impairment, systemic exposure of the (+) and (-) enantiomers for the
parent drug were similar in patients with mild or moderate hepatic impairment when compared to
the healthy volunteers. By contrast, systemic exposure of the (+) and (-) enantiomers for the M1
metabolite in both groups of hepatically-impaired patients were ~50% less than those observed

in the healthy volunteers, indicating lower formation of the metabolite in the patients with
hepatic impairment. The (+)/ (-) enantiomeric ratios for tramadol and M1 were similar in all 3
groups, indicating that stereoselective metabolism was not affected in hepatic impairment. Due
to the observed reduction of M1 formation in patients with mild or moderate hepatic impairment.
dosage adjustment may be required to maintain adequate analgesic effect.
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- Interaction with Quinidine (Study 591PK)
The metabolism of tramadol to its active metabolite, M1, is mediated by CYP2D6. An evaluation
of the effect of quinidine on the exposure of tramadol and its metabolites (M1 andM35)
demonstrated that quinidine inhibits the metabolism of tramadol resulting in a higher systemic
exposure of the parent tramadol and lower systemic exposure of the M1 metabolite.

In Vitro-In Vivo Correlation (IVIVC, Study 619PK)
The study report for IVIVC (Report 2003-14) was consulted to Dr. Patrick Marroum. His review -
of the report indicates that the analysis method was not acceptable because the scaling factor
used in the Report 2003-14 was formulation dependent. Therefore, the Level A in-vitro/in-vivo
correlation that was obtained for Ralivia ER Tablets in the study report was not acceptable.
Subsequently, a teleconference was held between the Agency and the Sponsor. Dr. Marroum
recommended that the Sponsor should re-do the computations using the method of Gillespie
(Adv Exp Med Biol. 1997;423:53-65) to correct for differences between in-vitro and in-vivo
release profiles. The Sponsor submitted a new IVIVC analysis report (Report RA612005) on Oct
1,2004. This report will be reviewed at the next review cycle. The conclusion of IVIVC is
pending.

Dissolution
The proposed dissolution method is acceptable. The dissolution specifications may need to be
revised based on the review of IVIVC results.

Abimbola O. Adebowale, Ph.D.
Clinical Pharmacology Reviewer
Division of Pharmaceutical Evaluation III

Lei Zhang, Ph.D.
Clinical Pharmacology Reviewer
Division of Pharmaceutical Evaluation III

Concurrence:

E. Dennis Bashaw, Pharm.D.

Clinical Pharmacology Team Leader

Division of Pharmaceutical Evaluation I1I

Office of Clinical Pharmacology and Biopharmaceutics

An OCPB briefing (Required Inter-Divisional Level) was held on October 18, 2004.
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2 QUESTION BASED REVIEW

2.1 General Attributes

2.1.1 What are the highlights of the chemistry and physico-chemical properties of the drug
substance, and the formulation of the drug product?

Table 2.1.1.1. Physical-Chemical Properties of Tramadol HCI.

Drug Name Tramadol Hydrochloride :
Chemical Name (%) cis-2-[(dimethylamino)methyl}-1-(3-methoxyphenyl)
cyclohexanol hydrochloride

CH30

Structure and
Molecular Formula

CHs

< HCI
CHy — N

@ ™~ CHs

C1g Ha5 NO, - HCI

Molecular Weight 299.8

pKa 9.41
Appearance White, bitter, crystalline and odorless powder
Solubility . Readily soluble in water and ethanol

Tramadol Hydrochloride Extended-Release Tablets, 100 mg, 200 mg and 300 mg are diffusion -
controlled tablets consisting of a tablet core surrounded by a semi-permeable coating. This
coating forms a membrane that is responsible for controlling the release of tramadol
hydrochloride in vivo. The active and inactive components for the tablet core are proportionally
similar for 100, 200 and 300 mg tablets (See Section 2.5.1).

2,12 What is the proposed mechanism of drug action and therapeutic indications?

Tramadol HCl is a centrally acting synthetic analgesic. Although its mode of action is not
completely understood, from animal tests, at least two complementary mechanisms appear
applicable: binding of parent and M1 metabolite to p-opioid receptors and weak inhibition of
reuptake of norepinephrine and serotonin. Opioid activity is due to both low affinity binding of
the parent compound and higher affinity binding of the O-demethylated metabolite (M1) to p-
opioid receptors. Tramadol-induced analgesia is only partially antagonized by the opiate
antagonist naloxone in several animal tests. The relative contribution of both tramadol and M1
to human analgesia is dependent upon the plasma concentrations of each compound.

In this application, the Sponsor is seeking the same indication as for Ultram (tramadol IR
product), i.e., indicated for the management of moderate to moderately severe pain in adults.
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2.1.3  What are the proposed dosage recommendations and route of administration of Ralivia
ER for the proposed zndzcatzon?

Ralivia ER™ is taken orally.

Ralivia ER ‘is proposed for patients with moderate to moderately severe chronic pain not
requiring rapid onset of analgesic effect. Ralivia ER is started at a dose of 100 mg QD and
titrated up if required by 100 mg increments every 5 days as necessary for pain relief and
depending on tolerability. Ralivia ER is administered for pain relief at a dose not to exceed ~—
mg/day. Dose is reduced in patients with renal impairment, liver impairment and who are over
65 years.

v 11

- . - . e’ = e g

The proposed dosage recommendations will be reviewed pending the completion of a successful
clinical development program.

2.2 General Clinical Pharmacology

2.2.1 What are the clinical pharmacology and clinical studies used to support dosing or
claims?

To support human PK and biopharmaceutics requirement, Ralivia ER was studied in a total of 17
in vivo PK studies involving about 350 subjects. These studies included the assessment of
bioequivalence of Ralivia ER compared to Ultram after single and multiple doses, dose
proportionality, dosage form equivalence, food effect, morning dosing vs. evening dosing, and
potential drug interaction with quinidine in healthy subjects, and studies in patients with renal
and hepatic impairments.

To support clinical efficacy and safety for Ralivia ER, four 12-week efficacy studies in patients
with chronic moderate to severe painful conditions, one open-label one year safety study, and
one pilot dental pain study were included in the submission (Table 2.2.1.1). There are about
3000 patients received Tramadol ER in these studies.

Three 12-week efficacy trials (Study 015, 021, and 023) were conducted in patients with
osteoarthritis (OA) of the knee/hip and the other one (Study 014) was conducted in patients with
chronic low back pain. Study 021 and Study 023 that were considered pivotal for an OA
indication. Study 021 is a placebo- and active-controlled study, and Study 023 is a placebo-
controlled study. Celecoxib (200 mg QD) was the active control. The dose range for Ralivia ER
was 100 to 300 mg QD in Study 021, and 100 to 400 mg QD in Study 023.

NDA 21-692 ' 9
Ralivia ER™ (Tramadol HCI) :
Original NDA Review




The pain intensity visual analog scale (VAS) admission criteria were the same for the three
studies conducted in patients with OA and the one study conducted in patients with chronic low
back pain.

Table 2.2.1.1. List of Clinical Studies

Study Type . Population Study Number
Chronic Pain
12-Week Studies Chronic low back pain B00.CT3.014.TRA P03
Qsteoarthritis (OA) pain B00.CT3.015. TRA P03
B02.CT3.021.TRA P03
B02.CT3.023.TRA P03
Long-Term Safety Study Chronic low back pain, B00.CTOL.003.TRA P03

osteoarthritis, and other patients
with chronic, non-malignant pain

Pre-emptive Treatment Acute dental pain B00.CT2PC.009. TRA
of . P03
Acute Dental Pain

2.2.2 What were the clinical endpoints used to assess efficacy in the pivotal clinical efficacy
studies? What was the clinical outcome?

Studies 021 and 023 used Western Ontario and McMaster Universities (WOMAC) pain,
WOMAC function and patient global pain assessment as co-primary endpoints. VAS scores are
the secondary endpoints. Pain VAS scores are primary endpoints for Study 014 and 015.

The two. p1votal trials (Study 021 and 023) in patients with OA of the knec/hlp conducted by the
Sponsor failed to support an indication of -— however,
one of them (Study 023) succeeded in the primary analysis for a chronic pain claim. Additional
sensitivity analyses conducted by the Statistical Reviewer for this study did not support the
Sponsor's claim. Study 015 succeeded in demonstrating efficacy in pain score primary analysis
but failed additional analyses (BOCF). Study 014 failed to demonstrate efficacy. From an
efficacy standpoint, additional efficacy studies will be required for this application to be
approved. Please refer to Dr. Lourdes Villalba (Medical Reviewer) and Dr. Yongman Kim
(Statistical Reviewer)’s reviews for details.

2.2.3 Were the active moieties in the plasma appropriately zdentzf ed and measured to assess
pharmacokinetic parameters?

Yes. Tramadol and its two metabolites, M1 (O-desmethyltramadol) and M5 (O, N-di-
desmethyltramadol), were measured in human plasma. Please refer to Section 2.6 Analysis for
analytical details. '
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Q2.4 What is exposure-response relationship of Ralivia ER in terms of efficacy and safety?

Exposure-response relationship of Ralivia ER in terms of efficacy and safety has not been
studied by the Sponsor.

The affinity of tramadol for the p-opioid receptor is weaker by a factor of approximately 6000
compared with that of morphine in the same system. However, the (+)-enantiomer of the M1
metabolite has an affinity for the p-opioid receptor that is about 220 times greater than that of
(+)-tramadol. In a direct comparison, (+)-M1 was only 4 times less potent than morphine. The
(-)-enantiomers of both tramadol and its O-desmethyl metabolite have much weaker affinity for
the p-opioid receptor. The effect of tramadol on the reuptake of norepinephrine and on the
release and reuptake of serotonin are mediated primarily by tramadol alone. Effects related to the
monoaminergic component are probably mediated by (+)- and (-)-tramadol, and the opioid
component is mediated by the (+)-enantiomer of the O-desmethyl metabolite.

In various experimental pain models using healthy subjects, tramadol appears to be a better
analgesic in extensive metabolizers (EMs) than in poor metabolizers (PMs) possibly due to the
higher concentrations of M1 in EMs than in PMs.

Per the Ultram labeling, analgesic activity of Ultram (IR form of tramadol) is attributed to
tramadol and its metabolite M1. Analgesia in humans after administration of Ultram begins
within approximately one hour after administration and reaches a peak in approximately two to
three hours. Apart from analgesia, tramadol administration may produce a constellation of
symptoms (including dizziness, somnolence, nausea, constipation, sweating and pruritus) similar
to that of opioids.

However, direct correlations between plasma drug and metabolite concentrations and relief of
pain have not been consistently demonstrated.

2.2.5 What are the PK characteristics of Ralivia ER?

2.2.5.1 What are single dose and multiple dose PK parameters of Ralivia ER?

In Study B01-567PK-TRAPO3, PK parameters for tramadol and M1 were studied in healthy
subjects after single and multiple dose of 200 mg Ralivia ER QD.

Siﬁgle Dose
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Table 2.2.5.1.1. Summary of PK Parameters (Mean + SD) for Tramadol and M1 after
Single Dose

Tramadol Ml

AUCq, (ng.hr/ml) _ 4792.17+2017.83 1856.01 £ 596.66
 AUCyy (ng.hr/mL) 4999.94 + 2139.00 198450 + 636.68

Coax (ng/mL) 23423 + 90.43 83422752

T ooy (hour) ‘ 13.57+376 1537%3.16

ty (hour) 7.66+1.76 8.95+2.20

K, (hour™) B 0.096 £ 0.024 ' 0.082 £ 0.022

MRT (hours) 222+ 1.47 » 391270

M/P Ratio - 0.4747+0.2121
Multiple Doses
Table 2.2.5.1.2. Summary of PK Parameters (Mean + SD) for Tramadol and M1 after
Multiple Doses

Tramadol M1

AUC, (ng.hr/mL) 5975.03 + 2027.42 1889.96 + 481 47

C pax (ng/mL) 33544+ 116.11 95.44 +23.09

Coin (ng/mL) 186.54 % 69.51 69.14 £ 20.70

T max (hour) ' 11.88+3.17 14.63 =392

Degree of Fluctuation (%)  61.03+3451 33.50+24.21

De Jgree of Swing (%) 103.76 + 103.14 45.56 £ 46.27

ave (1g/mL) 248.96 + 84.48 78.75 £ 20.06
M/P Ratio 0.3610 +0.1192

2.2:5.2  What are the ADME (absorption, distribution, metabolism and elimination)
characteristics of Ralivia ER?

Because Ralivia ER contains the same active moiety as the currently marketed immediate release
(IR) drug product. The drug substance itself has a similar distribution and metabolism profile as
tramadol IR products. The ER formulation has the most impact on absorption and elimination
profile of the drug product which is indicative of a rate controlled or extended release product.

Absorption
Consistent with extended releasc nature, there is a lag time in drug absorption. Tpax of tramadol

is longer for Ralivia ER than for Ultram (Mean Tyax 13.6 hr vs. 2.2 hr) after a singe dose. Timax at
steady state is also longer for Ralivia ER than for Ultram (Mean Tmax 11.9 hr vs. 1.5 hr).

Distribution (Cited from Ultram Labeling)

The volume of distribution of tramadol was 2.6 and 2.9 liters/kg in male and female subjects
respectively, following a 100 mg intravenous dose. The binding of tramadol to human plasma
proteins is approximately 20% and binding also appears to be independent of concentration up to
10 pg/mL. Saturation of plasma protein binding occurs only at concentrations outside the
clinically relevant range.
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Metablism (Literature)

Tramadol undergoes extensive hepatic metabolism through 2 main metabolic pathways involving
isoenzymes CYP2D6 and CYP3A4 to produce the primary metabolites, O-desmethyl-tramadol
(M1, via CYP2D6) and N-desmethyl-tramadol (M2, via CYP3A4), respectively (Figure
2.2.5.2.1). M1 is the major metabolite and possesses analgesic activity in animal and human
models for experimental pain. The 2 metabolites, M1 and M2, are further converted to secondary
metabolites, N, N-didesmethyltramadol (M3), N, N, O-tridesmethyltramadol (M4), and N, O-
didesmethyltramadol (M5). The formation of M5 from M2 is mediated by CYP2D6, while
formation of M5 from M1 and M3 from M2 is mediated by CYP2D6 and CYP3A4, respectively.
Both primary and secondary metabolites undergo additional Phase II reactnons to form
glucuronide and suifate conjugates.

GHNGHE

o |
T /} ~~~~ \
¢ e
\\‘. ....... 4 ;hgo/\\,.-wf
CYP206 CHG \YP3A4, CYP2B6
Tramacdol \

CHLBECH), b GRMIEDE

Figure 2.2.5.2.1. Main Metabolism Pathways for Tramadol.

Elimination
The mean terminal plasma elimination half-lives of racemic tramadol and racemic Ml after
administration of Ralivia ER are approximately 7.9 and 8.8 hours, respectively.

2.2.5.3  Based on PK parameters, what is the degree of linearity in the dose-concentration

Ralivia ER is intended to be administered at doses ranging from 100 mg to ——mg per day. Dose
proportionality was evaluated in a multiple-dose study (B01-569PK-TRAPO03) in which 100-mg,
200-mg, and 2 x 200-mg tablets were administered under steady-state conditions. PK parameters
for tramadol and M1 at different doses are listed in Tables 2.2.5.3.1 and 2.2.5.3.2. The Linear
regression analysis of the pharmacokinetic data as well as ANOVA of dose corrected
pharmacokinetic data indicated that AUC; and Cpay 0f tramadol and M1 increased proportionally
with dose within the investigated dose range (Figures 2.2.5.3.1 and 2.2.5.3.2, and Tables
2.2.5.3.3 and 2.2.5.3.4). '
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Table 2.2.5.3.1. Steady State Pharmacokinetic Parameters for Tramadol at Doses of 100,

200 and 400 mg.

) Tramadol HCI 160 mg Traraadol HCE 200 mg Tramadol HCt 200 mg
Pharmacokinetic Extended Release Tablets Extended Release Tablets Extended Release Tabiets
FParameter 1x 100 mg{A) 1 x 200 mg (B) 2 x 200 mg (C)
n=125 n=25 n=15
Mean £ 8D Menn £ SD Mean = SD
AUC, (ng-ht/mL) 277841 % 1141.24 6364.89 + 2755.19 15212.75 + 5754.59
Couax (ng/mL) 179.24 4 62.68 408.99 % 177.71 910,05 = 319,71
Cpuia (ng/mL) 73.84 £42.63 168.58 + 72.58 438.70£213.20
T ipasx (hours) 11.68+2.43 12.16 +2.23 12.00+238
(Do/"fm of Fluctuation 98.979 + 41,628 94.697 £ 36.879 81.785 4 38.392
hod .
e (0@/mL) 115.77 & 47.55 265.20 £ 114.80 633.86 + 239.77

Table 2.2.5.3.2. Steady State Pharmacokinetic Parameters for O-desmethyltramadol (M1)
at Doses of 100, 200 and 400 mg.

) Trataadel HCI 100 wig Tramadol HC 200 mp Tramadel HC1 200 mg
Pharmacokinetic Exteuded Releasz Tablets | Extended Release Tablets 1 Extended Release Tablets
Parameter 1 x 100 mg (A) X 200 mg (B) 2 x 200 mg (C)
=25 n=25 n=25
Mean + S Mean s SD Mean 4 SD
AUC, (ng-hr/mL) 846.73 £ 210.51 1640,53 % 574.72 3189.17 973,87
C sy (ng/0L) 4801+ 11.53 91.29+34.19 169.06 + 48.75
Coia (ng/ml) 26.95+ 10.71 53424 19.00 107.23 £ 39.88
T mae {(hours) 1232 £ 2.50 13.16 £ 2.70 14.00+2.83
gf;t”' ee of Fluctuation 62.399 % 32222 56.637 4 33.742 49.717 £ 26,325
70
C,ye (ng/mlL) 35.28 £ 8.77 68.36+ 23295 132.88 £40.58
. Tramadol Tramadol
1000
800
k-1 600
E
QO 400
200
0
0 100 200 300 400 500
. Dose (mg) .0 100 499&3 ("1}8? 400 500
a. AUCt b. Cmax

Figure 2.2.5.3.1. Relationship between Tramdol AUCt (a) and dose, and Cpay (b) and dose.
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Figure 2.2.5.3.2. Relationship between M1 AUCr (a) and dose, an

Table 2.2.5.3.3. P Value for Paired Comparison Among 100 (Trt A), 200 (Trt B) and 400

:mg (Trt C) for Tramadol.

d Cpax (b) and dose.

Parameter _TrtA-TrtB TrtA-TrtC TrtB-TrtC
Crnex 0.4532 0.0627 0.2597
AUC, 0.4675 0.0319 0.1491
Table 2.2.5.3.4. P Value for Paired Comparison Among 100 (Trt A), 200 (Trt B) and 400
mg (Trt C) for Ml.
__Parameter TrtA-TrtB Trt A-Trt C TrtB-TrtC
Crax 0.3011 0.1267 0.6162
AUC, 0.4490 0.4168 09560

2.2.5.4 __How do the PK parameters change with time following chronic dosing?
The accumulation index was quantified by the following formula:

Accumulation Index = AUC(0-24hr) (multiple dose)/ AUC(0-24hr) (single dose)

The results presented in Tabie'2.2.5.4.1 indicate that accumulation index of tramadol for
Tramadol ER (1.9) is somewhat higher than what is estimated from its apparent half life of 9 hr
(1.2) assuming one-compartment model.

Table 2.2.5.4.1. Accumulation Index Following Tramadol ER Dosing.

Tramadol ER
Tramadol 1.89+£0.48
M1 1.73 £0.59
NDA 21-692
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2.2.6 What is the relative bioavailability of Ralivia ER vs. Ultram Jollowing single and multiple
doses?

Single Dose -

" After a single daily dose of Tramadol HC1 200 mg Extended Release Tablets and Ultram® 50
mg Tablets (Q6h) under fasting conditions, the 90% confidence intervals (Cls) of geometric
mean ratio (GMR) (Ralivia ER/Ultram) of AUC.inr and Cpay for tramadol and its active
metabolite, M1, were within 80.00% to 125.00% boundary for bioequivalence (Table 2.2.6.1).

Table 2.2.6.1. Pharmacokinetic Parameter Values for Tramadol and its M1 Metabolite and
the Key Statistical Results for the Comparison of a Single Daily-Dose of 200-mg Tramadol
HCI ER Tablets QD and 50-mg Ultram® Tablets Q6h

Pharmacokinetic Tramadol HC! ER Ultram® 50-mg Ratio of Least 90%

Parameter 200-mg Tablets QD Tablets Q6h Square Means Confidence Interval

Tramadol
AUConr (ng'h/mL.) 4999.94 + 2139.00 5174.38 + 1687.68 91.01% 83.28% - 99.46%
Cmax (ng/mL) 234.23 £ 90.43 257.98 £ 69.04 91.01% 81.21% -~ 95.84%
Tmax (h) 13.57 £ 3.76 222+1.36 NR NR

M1 Metabolite
AUCo:int (ng'h/mL) 1984.59 + 636.68 2168.12 + 527.97 88.95% 80.03% - 98.87%
Cmax (ng/mL) 83.42 £ 27.52 88.79 £ 21.21 90.54% 83.50% - 98.17%
Tmax (h) - 15.57 £ 3.16 2.97+1.57 NR NR

NR = Not reported. .

Multiple Doses
At steady state, the 90% Cls of geometric mean ratio (GMR) (Ralivia ER/Ultram) of AUC; for

tramadol and 90% CIs of GMR of AUC; and Cay for M1 were within 80.00% to 125.00%
boundary for bioequivalence. However, the lower l_imit 0f 90% CI of GMR of Cpnay for tramadol
is slightly lower than 80% (78.6%) (Table 2.2.6.2). The clinical significance of this finding is
unknown.

NDA 21-692 16
Ralivia ER™ (Tramadol HCI)
Original NDA Review




Tablé 2.2.6.2. Pharmacokinetic Parameter Values for Tramadol and its M1 Metabolite and
the Key Statistical Results for the Comparison of Multiple Doses of 200-mg Tramadol HCI
ER Tablets QD and 50 rmg Ultram® Tablets Q6h

T PHATACORAGHE, ~Rafio oFLeast’ 0% Tondancs
Par o 00  Square Medus. . Jnterval,
Tramada!. .
AUGsas (NGHAL) 507508 £2027.43 661 2186 + 1790:04 B8.73% 83.97% - 93.75%
G ngiiny 33544 =161 362:49.£79.86° B468% 78,68%-01.63%
| G (gL 186,54 4 551 20788 7036 W NR
Tounc(1) 1488 £3.17 1404 163 NR R
AUGhas (g WLy 1680.06 £ 481,47 7005.37 £ 539.55 80.35% 86:18% - 95,85%
Cnc{ngiily 0544 +93:00 D435 24,57 KON E 85:05% - 07:75%
G iy BEA4L 3070 §1.98420.36 - SR

1463 2392 1.94:£1 40 K& NR

For Cnmin, the statistical results indicate that the values were not equivalent between ER and IR
products and lower trough concentrations were achieved with 200-mg Tramadol HCI ER tablets
QD compared with 50-mg Ultram® tablets Q6h. Consequently, greater fluctuations are observed
over 24 hours with the ER regimen than the corresponding Ultram® regimen. 90% Cls were not
calculated for Crin. Chin is considered an important parameter in maintaining the analgesic effect
of tramadol. The Sponsor is asked to provide this information during further development of
Ralivia ER.

PK profiles of tramadol following Ralivia ER vs. Ultram dosing are different (Figure 2.2.6.1).
Low concentrations of tramadol and M1 were observed in absorption phase (0-6 hr) and terminal
phase (18-24 hr) following ER QD dosing compared to Ultram QID dosing that makes it
-questionable as to whether Ralivia ER would support the same indication as Ultram. The clinical
significance of this exposure difference needs to be explored.
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2.2.7 What is comparison of PK for Ralivia after AM and PM dosing (Is there a diurnal
effect)?

Evening administration of the ER formulation resulted in a significant reduction and delay in the
- rate of drug absorption but did not reduce the total amount absorbed (Figure 2.2.7.1).

s )
oo 3 135!
s : 120
f o -
g 245 = % o
g 200 — s ( -
3 60— % 7 4 i
3 29— A ‘ Ch g )
o 7 . 30~ #
o s— [ ) .
o z 4 [ e - a T - o - o o |
'_, - w o zo — — su - - T - ° w 20 » 4 8¢
Tirws. en) mw
‘ THEATMENT & 0T 5 comey i TREATUENT © QT # st TREATIMENT A (LOT # 000103} Sttt TREATMENT C (LOT ¢ D001}
~a. Tramadol b. M1

Figure 2.2.7.1. Mean Plasma Tramadol (a) and M1 (b) Concentrations After Single Dosing
With 3 x 100-mg Tramadol HC] ER Tablets Dosing at AM (Treatment A) and PM
(Treatment C) Under Fasting Conditions. -

Compared to morning dosing, Cmax and AUCo-inf of tramadol decreased 29% and 6%,
respectively after evening administration of the tablet (Table 2.2.7.1). Tmax increased by 5 hr (15
hr PM vs. 10 hr AM). The differences in the profiles may be related to a slowing in
gastrointestinal transit during the night compared with the daytime. This diurnal effect in drug
PK may have implications in the pharmacodynamic effect of the drug and should be included in
the labeling.

Table 2.2.7.1. Relative Bioavailability Analysis (PM/AM) for Tramadol, M1, and M5
Following Tramadol HCI ER 1 x 300 mg Tablet (PM) versus Tramadol HCI ER 3 x 100 mg
Tablet (AM) Administration.

Tramadol
: AUC(0-9 “AUC (0 - infinity) Caur_
90% Geometric C.I* 84% - 96% 87% - 101% 65% - 71%
Ratio of Means® 90% 94 % 71%
ove 13.51% 13.79 % 16.85 %
Ml | |
_ AUC(0-1) AUC (0 - infinity) [
90% Geometric C.L¢ 82% - 2% 85% - 96% 63% - 74%
Ratio of Means® 87% 90 % . 69%
cve 11.76% 12.24 % i 15.38%
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2.3 Intrinsic Factors

. L2.3. 1 Whét intrinsic factors influence PK of Ralivia ER? 1

Tramadol is eliminated primarily through metabolism by liver and the metabolites are eliminated
primarily by the kidney. The Sponsor evaluated the effect of renal impairment and hepatic
impairment on exposure to tramadol and its metabolites M1 and M5 with this new formulation of
tramadol HCI. As described below both renal and hepatic impairment affected the exposure of
the M1 metabolite.

Renal Impairment

Impaired renal function resulted in a decreased renal clearance of tramadol and its metabolites,
Ml and M5. An increase in systemic exposure was observed for the metabolites in patients with
mild and moderate renal impairment. The effect on the systemic exposure of tramadol in this
population was not consistent.

Study B02-589PK-P03P1, a multiple dose study compared the pharmacokinetics of Tramadol
HCI ER tablets in healthy individuals and patients with mild and moderate renal failure. The
study population consisted of groups of 6 healthy controls, 6 patients with mild renal failure, and
6 patients with moderate renal failure. Subjects received a single dose of Tramadol HCI ER on 6
consecutive mornings after they had fasted for 10 hours overnight. The mean pharmacokinetic
parameter values for Tramadol and its metabolites in healthy subjects and patients with mild or
moderate renal impairment are reported in the table below:

Table 2.3.1.1. PK Parameters for Tramadol.

Table: A — Pldrmi acokincgé Paraneters for Franiqdol

Grong3
(MoRF
_Subjects)
Mean = 8D
N=6

| 2796.244: 120048

i) 736,02 4 15,58

*This is the median value

The results in Table 2.3.1.1 show that the effects of renal impairment on the systemic exposure
of tramadol were not consistent in the 2 groups of renally impaired patients when compared with
healthy volunteers. Patients with mild renal impairment (MiRF) had increased systemic
exposure while patients with moderate renal impairment (MoRF) had similar systemic exposure
when compared to the healthy volunteers. In addition, the renal clearance of tramadol decreased
in the MoRF patients while that of the MiRF patients was similar to that of healthy volunteers.

NDA 21-692 _ 19
Ralivia ER™ (Tramadol HCI)
Original NDA Review



Table 2.3.1.2. PK Parameters for Ml and M5

Table 9B~ I’hnrmatokmam. Parameriors for ilipimadol (VL)

[’hurmamkmctle
P

iy
[Cmligiel)
l‘....ﬂ»)
C‘L{(ﬂﬁjﬂm;} 164223 2 18,39 839025693 | 60;
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By contrast, the systemic exposure for the M1 and M5 metabolites increased (~20-40%) with the
severity of the renal impairment. In addition, the metabolic ratio for both M1 and M5 increased
with the severity of renal disease. Systemic exposure did not significantly correlate with
creatinine clearance in the patient population for the M1 metabolite and M5 metabolite. The
renal clearance of the Mland M5 metabolites in patients with mild or moderate impairment was
decreased by about 50%, when compared to healthy volunteers. The renal clearance showed a
significant (p<0.002) correlation with creatinine clearance in the renally impaired patients for
both the M1 and M5 metabolites. The applicant concluded that despite the lack of significance
of these observations, dosage adjustment may be needed when administering Tramadol HC] ER
to renally-impaired patients.

However, in the proposed labeling, the applicant only recommended adjustment of the dosing
regimen of Tramadol ER in patients with creatinine clearances of less than 30 mL/min (i.e. those
‘with severe renal impairment). In all patients with creatinine clearance less than 30 mL/min, it
~was recommended that the maximum dally dose should not exceed 200 mg- -~ 7
. The Sponsor did not provide rationale for this dose

—

reduction recommendation.

The exposure-response relationship with regards to toxicity for tramadol and its metabolites is
not well deﬁned at this time so one cannot really use it for dosage adjustment. Thls reviewer
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believes that it might be difficult to recommend a dosage adjustment for tramadol in the mild and
moderate renally impaired patients due to the inconsistency observed with the data. However, if
one bases it on the data obtained for the metabolites especially M1, the active metabolite, where
an increase in systemic exposure (up to ~ 40%) and a 50% reduction in renal clearance was
observed, it could be recommended that the maximum daily dose should not exceed 200 mg in
patients with mild and moderate renal impairment.

-Hepatic Impairment

In the patients with hepatic impairment, systemic exposure of the (+) and (-) enantiomers for the
parent drug were similar in patients with mild or moderate hepatic impairment when compared to
the healthy volunteers. By contrast, systemic exposure of the (+) and (-) enantiomers for the M1
metabolite in both groups of hepatically-impaired patients were ~50% less than those observed
in the healthy volunteers, indicating lower formation of the metabolite in the patients with
hepatic impairment. The (+)/ (-) enantiomeric ratios for tramadol and M1 were similar in all 3
groups, indicating that stereoselective metabolism was not affected in hepatic impairment.

This was shown in Study B02-590PK-P03P1, a multiple dose study that-examined the
stereospecific pharmacokinetics of Tramadol HCI ER in patients with mild or moderate hepatic
impairment. The study population consisted of 3 groups of 6 healthy controls, 6 patients with
mild hepatic impairment, and 6 patients with moderate hepatic impairment. Subjects received a
single dose of Tramadol HC] ER on 6 consecutive mornings after they had fasted for 10 hours
overnight. The mean pharmacokinetic parameters for (+) tramadol, (-) tramadol, (+)-M1, and
(-)-M1 are reproduced in Table 2.3.1.3 below:

Table 2.3.1.3. Mean (% CV) Pharmacokinetic Parameters for Racemic Tramadol and M1
Metabolite in patients with Hepatic Impairment and Healthy Volunteers.

Population/ Dosage Parent Area Under the Peak Conc. Time to Peak
Regimen*® Drug/Metabolite | Curve (ng-mL/h) (ng/mL) (h)
Healthy Adults, 100 (+)Tramadol 1698 (27) 90.4 (26.0) 11.7 (31.5)
mg MD (-) Tramadol 1520 (33) 81.2 (30.0) 11.0 (34.0)
(+H)Mi 362 (38) . 18.4 (37.1) 12.0 (21.1)
()Ml 367 (29) 18.9 (28) 10.3 (31.0)
Hepatic Impairment, | (+) Tramadol (-) 1409 (31) 78.4 (19.2) 14.3 (35.0)
Mild, 100 mg Tramadol 1292 (35) 72.4(21.4) 14.3 (35.0)
racemate (50 mg of (+)yM1 ' - 195 (87) 10.5 (81.4) 15.6 (35.6)
each enantiomer) MD | (-) M1 217 (82) 11.8 (70.5) 15.0 (34.5)
Hepatic Impairment, | (+) Tramadol ; 1539 (34) 84.5 (30.6) 12.7 (30.7)
Moderate, 100 mg (-) Tramadol 1434 (40) 79.5 (34.8) 12.0 (25.8)
racemate (50 mg of (+) M1 156 (88) 7.8 (84.6) 13.2 (27.5)
each enantiomer) MD | (-) M1 184 (63) 9.5 (56.5) 14.3 (36.8)

As show in the table above, hepatic impairment resulted in a lower systemic exposure of M1, the
active metabolite, in patients with hepatic impairment. There was no statistically significant (p >
0.12) difference in the stereoselective systemic exposure of tramadol and M1 between the three
groups. The (+)/(-) enantiomeric ratios for tramadol and M1 were similar in all 3 groups,
indicating that stereoselective metabolism was not affected in hepatic impairment. Due to the
observed reduction of M-1 formation in patients with mild or moderate hepatic insufficiency
dosage adjustment may be required to maintain adequate analgesic effect.
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In the Ultram labeling, dose of Ultram for patients with cirrhosis is 50 mg every 12 hours. The
Sponsor proposed 100 mg Ralivia every 48 hours for patients with cirrhosis. The Sponsor did
not provide rationale for this dose reduction recommendation. As mentioned earlier, the
exposure-response relationship with regards to efficacy and toxicity for tramadol and its _
metabolites is not well defined at this time so one cannot really determine dose adjustment based
on exposure.

Age
According to the Ultram labeling, maximum serum concentration of tramadol increased (208 vs.
162 ng/mL) in subjects over 75 years compared to subjects 65 to 75 years.

In this application, the Sponsor has not evaluated Ralivia ER in subjects older than 65 years nor
in subjects over 75 years. Because of the effect of age on gastrointestinal systems, e.g.,
permeability, pH and transit time change, there may be a significant age effect on the PK of
Ralivia ER. The Sponsor will be asked to study age effect on Ralivia ER exposure-response in
elderly (65-75 yrs) and older elderly (>75 yrs) subjects.

Dose recommendations for special population patients (e.g., renal impairment, hepatic

impairment, over 65 years) will be determined after a successful completion of the clinical
program. '

2.4  Extrinsic Factors

2.4.1 What extrinsic factors influence PK of Ralivia ER?

Formation of the M1 metabolite is dependent on hepatic CYP2D6 that is expressed

' Approximately 7% to 10% of Caucasians and 1% of Asians are homozygous
for mutant CYP2D6 . - - - . These individuals
are classified "poor metabolizers". Based on a population PK analysis of Phase 1 studies in
healthy subjects (Ultram labeling), concentrations of tramadol were approximately 20% higher in
“poor metabolizers” vs. “extensive metabolizers”, while M1 concentrations were 40% lower.
Inhibitors for CYP2D6 would affect Ralivia ER PK.

.. The Sponsor conducted one drug interaction study with quinidine (a CYP2D6 inhibitor) to
evaluate its effect on the exposure of tramadol and its metabolites (M1 and MS5). It was found
that quinidine inhibited the metabolism of tramadol resulting in a higher systemic exposure of
tramadol and lower systemic exposure of the M1 metabolite.

Study B02-591PK-P03P1 examined the influence of CYP2D6 inhibition on the
pharmacokinetics of 100-mg Tramadol HCI ER tablets in 24 healthy non-smoking male and
female subjects. In this study, subjects were assigned to 1 of 2 treatments in 2 study periods
separated by a 1-week washout. With the first treatment, subjects were given a single dose of
100 mg of Tramadol HCI ER at 8:00 am after a 10-hour overnight fast. With the second
treatment, subjects were given a single dose of 200 mg of quinidine sulfate at 6:00 pm after a 2-
hour fast and at 6:00 am after an 8-hour overnight fast. Thereafter, a single dose of the 100-mg

NDA 21-692 : ' 22
" Ralivia ER™ (Tramadol HCl)
Ongmal NDA Review



ER formulation was given at 8:00 am after a 2-hour fast. The mean pharmacokinetic parameters
for tramadol and its M1 metabolite are.reproduced in the table below:

- Table 9D~ Pharmacokinetic Perameters for Tramedol

B Tramadol HCI 100 mg
. Tramadol HC! 100 mg ER Tablets with
Pharmacokinetic ER Tablets (A} Quinidine Sulfate
Parameter {n=19) Tablets 200mg (B)
{mean 150} (e=19)
‘ N __|meanaSD)
AUCq{nghriml) B0 : &@6‘ 93038+ 08811 Table 96 - Estimated 90% CI, Ratio of Means, and p-Values for Tramadl fellowing
AUCw(ighiml) | 257620101654 00242 125642 adwiisraton of Tramadol HCY 100 mg ER Tabes (4) o combination of
C,.c(ngiml) N8+0D 184,65+ 44,34 Tramadol HCY 100 g ER Tabletsand Quinidie Sulfte Tabets 200 g (8}
T,...(howrs) 13694385 13374200
{1 (hours) 165232 935104 Tramsdo
o e — - T T Paremeter - — -
K, fhour ) 976x 107 £257x 10" | 768k 107 £139x10 41, Rt of Meats Pvike
MRT (hours) i ETAE 086318 MG | DA% IR, i Q01
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Vi) T WAEHH T, NP | NE | 00

As shown in table 9D, co-administration of the 2 drugs produced about a 50% to 60% increase in
the plasma concentrations of tramadol as compared with the concentration achieved with
tramadol alone. This increase was associated with about a 41% decrease in the total plasma
clearance of tramadol and a prolongation of its mean terminal half-life from 7.6 to 9.3 hours.
This increased systemic exposure was also reflected in the 90% CI (table 9G)

Table 9E - Pharmacokinetic Parameters for O-Desmethyltramaidol (M1)

Table -t 0% C, Rt of Moo and Ve o 0-
deweltanadel (M) floing aiiiatn of el Y [0mg
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- . —— (oeiaS0)
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AUCsis(oghoml) | ] #8001=25561 W5H48038 - |
| Cos (oppmEy - CUMATEIR 12074355
ATweloty) - b 6 xR 1579312
o) $85 =27 11Adz275
Ko bow™). 850x107 =238 % 107 635 x 107131 x 107 |
- | MRT (imur) 238847 Yidbx46? -
1 (l fonin) _ 2UTS4E 60724 5313835205531
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MPRatln(AUCs) | - 03FL&017R 0.0907 £0.0290.

As shown in table 9E above, the increase in plasma tramadol concentrations was linked with a
corresponding decrease of 50% to 60% in the formation of the M1 metabolites. This decreased
systemic exposure of M1 was also reflected in the 90% CI (table 9H). :
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Becasue co-administration of quinidine with tramadol has opposite effects on plasma

concentrations of tramadol and its M1 metabolite, the clinical implications of the interaction are

difficult to predict because analgesic activity is probably dependent on the systemic exposure of

both moieties. However, the results indicate that potential interactions may occur with drugs that
- are metabolized by cytochrome CYP2D6 isoenzyme. '

l 2.4.2 What drug-drug interactions have been studied for Ultram?

CYP2D6 and CYP3 A4 are the two major P450s involved in the metabolism of tramadol.
Tramadol is unlikely an inhibitor and inducer of CYP3A4. In the Ultram labeling, potential
interactions with carbamazepine, quinidine, CYP2D6 inhibitors (such as fluoxetine, paroxetine),
cimetidine, MAQ inhibitors, digoxin and warfarin were described. Concomitant administration
of Ultram and carbamazepine (a known CYP3A4 inducer) is not recommended.

2.5 General Biopharmaceutics

2.5.1 What is formulation (quantitative composition) of Ralivia ER 100, 200 and 300 mg
tablets?

The extended-release formulation consists of the drug and inert excipients in a solid core that is
surrounded with a release-controlling coating comprising water soluble and water insoluble
polymers and a plasticizer. Drug release from the dosage form can be adjusted by changing the
porosity of the coating surrounding the core. The compositions of the drug products (100, 200
and 300 mg extended release tables) are listed in Tables 2.5.1.1 to 2.5.1.3.

Table 2.5.1.1. Quantitative Composition of 100 mg Ralivia ER Tablet.
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Table 2.5.1.2. Quantitative Composition of 200 mg Ralivia ER Tablet.
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I 2.5.2  What is the effect of food on the bioavailability of the drug from the dosage form?

Food effect was evaluated in Study B01-568PK-TRAP03 with 200 mg tablet, single dose. Food
(a high fat meal) decreased both rate and extent of absorption of tramadol. Cpax and AUCq. ;s of
tramadol decreased 28% and 16%, respectively in the presence of food (based on geometric

" mean ratio of fed vs. fasing). Mean Tn.y Was increased by 3 hours (from 14 hr fasting to 17 hr
fed). Similar results were observed for M1 and M5. Therefore, there was a food-effect on the

rate and extent of the absorption of tramadol from this extended release product. The clinical
significance of the food effect is unknown.

Table 2.5.2.1. Relative Bioavailability Analysis of Fed (Test) versus Fasing (Reference) for

. Tramadol and M1 Following 200 mg Tramadol ER Administration.

‘Parameter

O-v q.gsmethylf.famadol (MI) |

Parameter o Ratio of Intra-Subject
90% C'_I'_ } Means Ccv
AUC,., 63.59% - 94.84% | 77.66% 36.26%
AUCq.ins 73.68% - 114.40% | 91.81% 18.45%
C o 60.27% - 96.44% | 76.24% 42.65%

l 2.5.3  Dose three dose strength tablets demonstrate dosage form equivalence?

Yes. In Study B03-623PK-P03P1, 100 mg and 300 mg Tramadol HCI ER tablets are shown to

- be dosage strength equivalent (Table 2.5.3.1). The active and inactive components for the tablet

core are proportional similar for 100, 200 and 300 mg tablets. Therefore, 100 mg and 200 mg
Tramadol HCI ER tablets should also be dosage strength equivalent. Results form Study 570

PK proved this (Study was not reviewed).

Table 2.5.3.1. Relative Bioavailability Analysis for Tramadol, M1, and M5 Following
Tramadol HC1 ER 1 x 300 mg Tablet (A) versus Tramadol HCI ER 3 x 100 mg Tablet (B)

Admmlstratlon
Tramado]
L Parameters : - :
90% C.L Ratio of Means Intra-Subject GV

AUCe, 97.48% - 104.84% 101.10% 7.11%
AUCqir 99.18% - 106.93% 102 .98% TA3% »
Crnax 91.34% - 106.74% 98.74% 15.22%
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O-Desmethyltramadol Q-N-di-Desmethyltramadol
Paramefers 90% C.1. I;aiili:;f Intra,ggbject 90% C.L. I;it::n(;f Intxaggbject
AUC, TS | oss9% 765% e | 97.09% | s
AUCor ig;i’% 100.85% 8.97% S 97.48% R.10%
Cron ggfg;flgg’;‘ 92.72% ERCTINE B PRI 13.14%

| 2.5.4 _Has the Sponsor established in vitro-in vivo correlation (IVIVC) of Ralivia ER?

The Sponsor submitted a Study Report (2003-14) to claim a Level A IVIVC for Ralivia ER. We
did not agree with the conclusion. Specifically, we did not accept the computational approach
that used different scaling factors for different release rate formulations. A teleconference was
held between the Agency and the Sponsor. The Sponsor was asked to re-do the analysis using
the method of Gillespie (Adv Exp Med Biol. 1997;423:53-65) to correct for differences between
in-vitro and in-vivo release profiles. The Sponsor submitted a new IVIVC analysis report (Report
RA612005) on September 30, 2004. This report will be reviewed at the next review cycle. The
conclusion of IVIVC is pending. The dissolution method and specifications were reviewed
without consideration of IVIVC. '

2.5.5 Has the Sponsor developed an appropriate dissolution method and specifications that
will ensure in vivo performance and quality of the product?

Yes the applicant developed a dissolution method and specification. The method seems
appropriate however, the specifications are not acceptable. Drug Release Method proposed for
future commercial formulations of Tramadol HCI ER Tablets, 100 mg, 200 mg, and 300 mg are
reproduced in the Table below:

Drug Release Parameters Value -

Apparatus Automated USP Dissolution Apparatus #1
Dissolution medium r_\__,

Dissolution medium volume — .

Dissolution medium temperature | \; _

Rotation speed —_—

Sampling Time 2,4, 8 and 16 hours
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Effect of medium:

Figure 2.5.5.1. Representative Dissolution profiles for Tramadol HCL ER Tablets, 100 mg
(Lot 02C139) in Different Dissolution Media

AN
N
.

Figure 2.5.5.2. Representative Dissolution profiles for Tramadol HCL ER Tablets, 100 mg,
200 mg and 300 mg in \ T, (Proposed Commercial Formulations)

ing

Ralivia ER™ (Tramadol HCI)
Original NDA Review



s

Specifications

The applicant stated that based on the properties of the drug substance and its extended release

- formulation, as well as the robust Level A IVIVC, in vitro release specifications wider than the
traditional 10% range around the target formulation are justified. Since the level A IVIVC
correlation was not acceptable, it cannot be used to justify the proposed specifications.
Therefore the acceptance of the specifications will be based on the dissolution profiles obtained
for the clinical/bioavailability lots. These dissolution profiles show that the proposed wider than
10% deviation from the mean dissolution profile will not be acceptable for ensuring batch to
batch quality. Based on the data provided, this reviewer proposes a tightening of the
specifications as follows:

Time Applicant’s Proposed Dissolution ' Agency’s Revised Proposed
Limits Dissolution limits

2 hours '

4 hours

"~

8 hours )
10 hours
16 hours )

The dissolution specification may need to be further revised based on the review of IVIVC
results.

2.6  Analytical

2.6.1 Were z‘he analytical methods used to determine Tramadol and M-1 and M-5 in biological
Sfluids adequately validated?

Yes. Concentrations of tramadol and its metabolites, M1 and M5, (both bound and free) were
adequately measured in human plasma by validated LC/MS/MS assays and summarized in Table
2.6.1.1. The same basic assay was used throughout the development plan and consistent
performance was achieved from study to study. The assay is sensitive and selective for the
analytes. In this method, tramadol, M1, and M5 and the internal standard, metoprolol, are
extracted by -~ _————=—into an organic media from 0.50 mL of human plasma. An
aliquot of this extract is then injected into a high performance liquid chromatograph (HPLC)
with a tandem mass spectrometry (LC-MS/MS) detection system. The analytes are separated by
>~ --and the resulting chromatographlc peaks are quantlﬁed by mass

spectrometry. Typically, the limit of quantification for racemic tramadol assay was : in
plasma and. - . in urine. The limits for each of the individual tramadol enantiomers were

. after the second assay validation. For the M1 metabolite, the limits of quantification
were . for the racemic mixture and for the individual enantiomers. The limit of
quantlﬁcatlon for the racemic M1 metabolite in urine was, «——— .. The limits for racemic the
M5 metabolite were identical to those for racemic M1 metabolite in both plasma and urine.
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Except for the analysis of samples from Study B02-590PK-P03P1 that was performed by =
i - . all other assays were performed by Bioanalytical Laboratory, Biovail
Contract Research (Scarborough, Ontario, Canada).

Long-term stability of tramadol, M1 and M5 in frozen human plasma at -25°C was > 115 days.
All samples were analyzed within thel15 days of sample collection.

Table 2.6.1.1. Analytical Methods used for the Determinations of Tramadol, M1 and M5 in
Each Study (Listed as the biggest value of % CV in each experiment).

Studies Refer- Analytes LOQ Linear Range (ng/mi) Between Betwec_en QC Samples (ng/mL) other than
ence (ng/ml) Run Run Bias LOQ QC
Valida- Precision | (% |RE|)
tion % I o\' | )
Method .
567PK T11-04 Tramadol - <7 ) <64 3.023, 6.045, 193.452, 773.805
569PK Ml 1 <6.1 <80 1.664, 3.329, 106.519, 426.075
M5 | _ <74 <35 1.455,2.910,93.120,372.48
568PK T11-02 Tramadol |° ) <173 <73 3.002, 6.004,192.126, 768.503
M1 - <173 <89 1.501, 3.002, 96.065, 384.258
426PK T11-00 Tramadol <92 <84 3.00, 6.00, 159.96, 767.81
MI <109 <93 1.48,2.97,79.19, 380.14
M5 _ <159 <133 146, 2.91, 77.60, 372.48
623PK T11-08a Tramadol <54 <55 6.045, 193.452, 773.805
Ml <45 <30 3.00,95.991, 383.964
M5 _ <63 <54 2.91,93.12,372.48
591PK T11-06 Tramadol Please refer to individual study reviews (Section 4.2) for summary
Mi : of analytical methods for these studies
M5 _ B
590PK DCNI - Y()-
502-V1 Tramadol.
(Plasma) H/(-)-M1 _ _
DCN11i- H(-)-
502-V2 Tramadol
(Urine) (H(-)-M1 . B
589PK T20-00a Tramadol’ i
(Plasma) Ml
M5 B N
T-18-01a | Tramadol i
(Urine) M1 !
M5 ciren

3 DETAILED LABELING RECOMMENDATIONS
The labeling recommendation is deferred pending the completion of a successful clinical
development program.
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4.4 Individual Study Review

4.4.1  Study #2551 (B0I1-567PK-TRAP03): A Two-Way, Crossover, Open-Label, Fasting,
Single-Dose and Multiple-Dose Bioavailability Study of Tramadol Hydrochloride
Extended Release 200 mg Tablets (Once Daily) Versus Ultram 50 mg Tablets (Four
Times Daily) in Normal Healthy Non-Smoking Male and Female Subjects

Study Period: January 15, 2002 to February 19, 2002
Treatment I: January 16, 2002 to January 26, 2002 .
Treatment II: February 9, 2002 to Feburary 19, 2002

Sample Analysis Period:  March 2002 to April 2002

Principle Investigator: Paul Y. Tam, M.D., FR.C.P., F. A.C.P.

Study Center: Biovail Contract Research (BCR) — 460 Comstock Road, Toronto,
ON, M1L 4S54 Canada — 689 Warden Avenue, Units 1 & 2,
Toronto, ON, M1L 4R6 Canada

Analytical Site: Bioanalytical Lab of BCR

Objectives: To determine the relative bioavailability of Tramadol HCI 200 mg Extended
Release Tablets administered as a 200 mg dose (once daily) compared to Ultram® 50 mg Tablets
administered as 50 mg (four times daily) under single daily-dose and steady-state conditions, and
to investigate the extended release characteristics of the novel formulation.

Study Design: The study was performed as a randomized, open-label, analytically blinded,
single-dose and multiple-dose, two- way, crossover study in thirty-six (36) normal, healthy, non-
smoking male and female subjects under fasting conditions. Thirty-two (32) subjects (27 males
and 5 females) completed the study. Please refer to Tables Al and A2 in the Appendix for
demographic information.

Subjects were randomized to Sequence 1 or Sequence 2 (Table 1). There was a 14-day washout
period between Treatment A and B."
Table 1. Study Design.

Sequence 1 ‘ Treatment A Washout Treatment B
Sequence2 Treatment B : Washout Treatment A
Treatment A: '

Day 1 and Days 3-10: One (1) Tramadol HCI 200 mg Extended Release Tablet at 0 hr with 240
mL water following an overnight fast of at least 10 hrs. (Total daily dose = 200 mg).

Treatment B:

Day 1 and Days 3-10: One (1) Ultram® 50 mg Tablet at 0 hour with 240 mL of water following
an overnight fast of at least ten (10) hours. A second dose of one (1) Ultram® 50 mg Tablets given
at 6.0 hours with 240 mL of water after a fast of at least one (1) hour. A third dose of one (1)
Ultram® 50 mg Tablets given at 12.0 hours with 240 mL of water after a fast of at least one (1)
hour. A fourth dose of one (1) Ultram® 50 mg Tablets given at 18.0 hours with 240 mL of water
after a fast of at least one (1) hour. (Total daily dose = 200 mg).
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Test Articles:

Treatment A:
Tramadol HC1 200 mg Extended Release Tablets
Manufacturer: By: = For: Biovail Corporation

Lot#: ~—— 0010704; Manufacturing Date: 07/20/01

Treatment B:

Ultram® 50 mg Tablets

Manufacturer: Ortho-McNeil Pharmaceutical, Inc. OMP Division
Control# 91P0789E; Expiration Date: 6-03

Sample Collection and Handling:
Treatment A:
Days 1-3: 0 (pre-dose), 1.0, 2.0, 3.0, 4.0, 6.0, 8.0; 10.0, 12.0, 16.0, 20.0, 24.0 (Day
~2),36.0, 48.0 (Day 3) hours post-drug administration.
Days7.8.and 9:  -.0.0 (pre-dose)
Day 10: " 0.0 (pre-dose), 1.0, 2.0, 3.0, 4.0, 6.0, 8.0, 10.0, 12.0, 16.0, 20.0 and 24.0
(Day 11) hours post-drug administration.

Treatment B:

Days 1-3: _ 0.0 (pre-dose), 0.5, 1.0, 1.5, 2.0, 4.0, 6.0, 6.5, 7.0, 7.5, 8.0, 10.0, 12.0,
12.5, 13.0, 13.5, 14.0, 16.0, 18.0, 18.5, 19.0, 19.5, 20.0, 22.0, 24.0 (Day
2), 36.0 and 48.0 (Day 3) hours post-drug administration.

Days 7, 8, and 9: 0.0 (pre-dose). Pre-Dose samples were not required for 6.0, 12.0 and 18.0

’ drug administration.

Day 10: 0.0 (pre-dose), 0.5, 1.0, 1.5, 2.0, 4.0, 6.0, 6.5, 7.0, 7.5, 8.0, 10.0, 12.0,
12.5, 13.0, 13.5, 14.0, 16.0, 18.0, 18.5, 19.0, 19.5, 20.0, 22,0 and 24.0
(Day 11) hours post-drug administration.

Approximately 617.5 mL of blood was collected over the two (2) study periods, including the
amount for pre-study test, hemoglobin tests done prior to Day 8 for Period II, as well for post-
study clinical blood tests.

The blood samples were stored in an ice bath prior to centrifugation and were centrifuged as
'soon as possible under refrigerated conditions 2 . : The collected plasma
from each blood collection tube was aliquotted into labeled, duplicate, polypropylcne culture
tubes, and stored frozen at minus (-) 25°C + 10°C until assayed.

Sample Analysis: All plasma samples were delivered to the analytical facility (Bioanalytical
Lab of BCR) after the completion of the clinical portion of the study for the analysis of tramadol,
O-desmethyltramadol (M1) and O, N-di-desmethyltramadol (MS5), using a suitably validated and
sensitive assay method. Full validation of the method, including precision, accuracy and
-reproducibility is included in the final report (T11-04, Appendix 6), along with a statement
regarding the stability of the frozen samples The analytical facility was blinded regarding the

. dosage regimen.

Pharmacokinetic and Statistical Analysis: The arithmetic mean, standard deviation (SD) and
inter-subject CV were calculated for plasma tramadol, O-desmethyltramadol (Ml) and O, N-di-
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desmethyltramadol (MS5) concentrations for each sampling time and formulation and for the
following PK parameters:

Under single .dose: AUCO0-t, AUCO-inf, Tmax, Kel, t1/2, Cmax, MRT', M/P ratio, and r-value
(the correlation coefficient of.the most linear portion of the terminal elimination phase)

Under multiple-dose: AUCt, Cmax, Tmax, % fluctuation, % swing, Cmin, Cavg, and M/P ratio
and r-value (the correlation coefficient of the most linear portion of the terminal elimination
phase).

The Cmax for Q6h dosing of Ultram was calculated irrespective of the dose number. The
corresponding Tmax following Ultram dosing was determined by relating it to the time of the
last dose of Ultram when Cmax occurred and not relative to the first dose at time zero.

Individual ANOV As (with the following factors: treatment, period, sequence, and subject within
sequence) were performed on the log-transformed data AUCO-t, AUCO-inf, and Cmax for single-
dose administration, and AUCt, Cmax, Cmin, and Cavg for multiple-dose administration.
ANOVAs were performed with the SAS General Linear Models (GLM) Procedure. For all
analyses, effects were considered statistically significant if the probability associated with 'F' was
less than or equal to 0.050.

Bioavailability of the formulations was compared where treatment differences were estimated
and 90% confidence intervals (CIs) were estimated and presented for the logarithmically
transformed variables. The treatment differences tested were: Treatment A versus Treatment B.

Pharmacokinetic Results:

Reviewer’s Note: Although levels of M5 were measured for this study, because M5 is
pharmacologically less active than M1, only descriptive PK data are listed in the review. No
further analysis of the M5 data was presented.

Steady-State Assessment

Steady state was reached for both tramadol and M1 metabolite following either multiple
Tramadol ER (200 mg once-daily) or Ultram (50 mg Q6h) dosmg on Day 4 as predose levels
were stable from Days 4 to 7 (Tables 2 and 3).

Table 2. Predose Plasma Concentrations Following Tramadol ER (260 mg once-dally)
Dosing.

Day 4 Post Day 5 Post | Day 6 Post Day 7 Post
Dose Dose Dose Dose
Tramadol (ng/mL) 172 + 87 166 £ 90 179 + 70 181 +£76
M1 64 +24° 64 + 27 70 £ 21 67+21
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Table 3. Predose Plasma Concentrations Following Ultrém (50 mg Q6h) Dosing.

Day 4 Post Day S Post Day 6 Post Day 7 Post
Dose Dose Dose Dose
Tramadol (ng/mL) 222 +75 208 + 70 - 208+ 67 217+73
M1 81 +23 -80+22 8022 78 £22
PK Profiles

The mean plasma concentration-time profiles of the drug and M1 metabolite after single daily-
dosing are shown in Figure 1 (a and b). The mean steady state plasma concentration-time
profiles of the drug and M1 metabolite after multiple dosing are shown in Figure 2 (a and b).
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Figure 1. Mean Sinlge Daily-Dose Plasma Tramadol (a) and M1 (b) Concentrations on Day -
1 for 200-mg Tramadol HCI ER Tablets QD and 50-mg Ultram® Tablets Q6h.

M CSnoriition ity

Figure 2. Mean Steady State Plasma Tramadol (a) and M1 (b) Concentrations on Day 7
Post Dose for 200-mg Tramadol HCI ER Tablets QD and 50-mg Ultram® Tablets Q6h.

The mean pharmacokinetic parameters for tramadol, O-desmethyltramadol (M1), and O,N-di-

desmethyltramadol (M5) following single daily-dose and multiple dose results are summarized
in Tables 4-9. '
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Table 4. Pharmacokinetic Parameters for Tramadol After Single Daily-Dose
Administration of Tramadol ER (200 mg) and Ultram (50 mg Q6h). v

Note: The observed Tmax (T max relating to the first a’ose»‘ at time 0) for Tramadol following
Ultram Q6h dosing was 17.2 + 4.6 hr. ' .

Table 5. Pharmacokinetic Parameters for O-desmethyltramadol (M1) After One Daily-
Dose Administration of Tramadol ER (200 mg) and Ultram (50 mg Q6h).

Note: The observed Tmax (Tmax relaz;ing fo the first dose at time O) Jor M1 following Ultram
Q6h dosing was 19.7 + 3.8 hr.

Table 6. Pharmacokinetic Parameters for O, N-di-desmethyltramadol (M5) After One
Daily-Dose Administration of Tramadol ER (200 mg) and Ultram (50 mg Q6h).

Tramadel HCI 200 g

. PPN
Pharmacokinetic Extended Release Tablets Uitram 5‘0&;; Eablets
Parameter {A) " ” 32
n=32 e .

. ) Mean + S Mean 25D
AUC. (nghir/mkl) 684.84 & 244.04 765.01 2:239.00
AUC, e (ng.hr/mL) i 757.34 + 282 .87 804.97 4= 264.89
Crax (nghinl) 29.00 % 9.09 31.03£9.03
T oz (hour) 16.82+ 344 2.92+1.48
ty, (hour) 10.07 £ 2.48 §.243:2.07
Ko (hour™) 0.074 % 0.021 0.085 = 0.021
MRT (hours) 5534343 342249
M/P  ratic (based on e ’ . 1n
AUCs00 0.1901 £0.0771 0.1926% 0.0712
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_ Table 7. Pharmacokinetic Parameters for Tramadol After Multiple-Dose Administration of
Tramadol ER (200 mg) and Ultram (50 mg Q6h)

Note: The observed Tmax (Tmax relating to the first dose at time 0) for Tramadol following
Ultram Q6h dosing was 11.0 + 5.8 hr.

Table 8. Pharmacokinetic Parameters for O-desmethyltramadol (M1) After Multiple-Dose
Administration of Tramadol ER (200 mg) and Ultram (50 mg Q6h).

Note: The observed T max (Tmax relating to the first dose at time 0) for M1 following Ultram
Q6h dosing was 13.4 £ 7.2 hr.
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Table 9. Pharmacokinetic Parameters for O, N-di-desmethyltramadol (M5) After
Multiple-Dose Administration of Tramadol ER (200 mg) and Ultram (50 mg Q6h).

Tramadol HC1 200 mg ® _
Pharmacokinetic Extenided Release Tablet_g mmm“%im
Parameter {A) n=3
n=3
MeanxSD Mean 5D
AUC; (ng.ir/mL) 984.90 + 345.84 1078.57 £ 341.59
Crosx (ng/ml) 49.74+16.87 31.13x15.15
Cin (ng/mL) 38311732 43.58 = 15.86
| Timax (hour) 1665+ 3.50 289141

Degree of Fluctuation (%) 3043 +£21.23 18.40 £ 10.52
Degrece of Swing (%) 38.59 = 35,35 19.82 = 12.08
Cave (ng/mL) 41,04+ 14 41 4494+ 14,23
M/P ratio 0.1998 + 0.0758 0.1944 + 0.0708

Relative Bioavailability

The relative bioavailability analysis results for AUCO-t, AUCO-inf and Cmax (single daily-dose)
of tramadol and M1, transformed using the natural logarithm, are summarized in Table 10. The

relative bioavailability analysis results for AUCt, and Cmax (multiple-dose) of tramadol and

M1, transformed using the natural logarithm, are summarized in Table 11.

Table 10. Relative Bioavailability Analysis of Tramadol HCl 200 mg Extended Release

Tablets (A) versus Ultram 50 mg Tablets (B) for Tramadol After Single Daily-Dose

Administration.
_ TRAMADOL
Parameter
90% C.L Ratic of Means Intra-Subject CV.
AUCq, 82.69% - 98.46% 90.23% 20.56%
AUCqns 83.28% - 99.46% 91.01% 20.56%
Crizx 81.21% - 95.84% 88.23% 19.52%
, O-DESMETHYLTRAMADOL (M1)
Parameter _ T .
: 50% C.L Ratio of Means' Intra-Subject CV
AUC, 79.19% - 94,98% 86.73% 21.42%
AUCq0r 80.03% - 98.87% 88.95% 23.19%
Comx 83.50% - 98.17% 90.54% 19.07%
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Table 11. Relative Bioavailability Analysis of Tramadol HCI 200 mg Extended Release
Tablets (A) versus Ultram 50 mg Tablets (B) for Tramadol After Multiple Dose
Administration.

TRAMADOL
Pararneter : - —
90% C.L Ratio of Means Intra-Subject CV
AUC, 83.97% - 93.75% 88.73% 12.98%
Coax 78.63% - 91.63% 84.88% 18.02%
O-DESMETHYLTRAMADOL (M1}
Parameter .
90% C.L : Ratio of Means Intra-Subject CV
AUC, - 85.18% - 95.85% 90.35% 13.90%
Conas 85.05% ~ 97.75% 91.18% 16.40%
Accumulation Index

The accumulation index was quantified by the following formula:
Accumulation Index = AUC(0-24hr) (multiple dose)/ AUC(0-24hr) (single dose)

Accumulation index of tramadol for Tramadol ER (1.9) is higher than what is estimated from its
apparent half life of 9 hr (1.2).

Table 12. Accumulation Index Following Tramadol ER and Ultram Dosing.

. Tramadol ER Ultram
Tramadol ‘ 1.89+ 048 i 1.86+£0.35
‘M1 1.73+0.59 1.57+£0.25

Overall Conclusions:

The pharmacokinetics of tramadol and its metabolite O-desmethyltramadol (M) following
Tramadol ER and Ultram dosing were assessed under both single and multiple dose conditions.
The 90% confidence intervals (Cls) of geometric mean ratio (GMR) (Treatment A/Treatment B)
of AUCO-inf and Cmax for tramadol and M1 were within 80.00% to 125.00% after a single daily
dose of Tramadol HC1 200 mg Extended Release Tablets (Treatment A) and U ltram® 50 mg
Tablets (Q6h) (Treatment B) under fasting conditions. When Tramadol HC1 Extended Release
Tablets were compared to Ultram® 50 mg Tablets under the multiple dose regimen, 90% ClIs of
geometric mean ratio (GMR) (Treatment A/Treatment B) of AUCt for tramadol and 90% CTs of
GMR of AUCr and Cmax for M1 were within 80.00% to 125.00%. The lower limit of 90% CI of -
GMR of Cmax for tramdol is slightly lower than 80% (78.6%). The clinical significance of
lower Cmax for tramadol at steady state following Tramadol ER compared to Ultram dosing is
unknown. For all conditions, 100% was not included in 90% CI indicating that exposure of
tramadol and M1 after Tramadol ER dosmg is in general lower than that following Ultram
(tramadol IR formulation) dosing.
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Appendix for Study #2551. Demographic Information.
Table Al. Demographic Data for All Subjects.

s ' Height Weight
S“Nb‘:;“‘ Race Gender (y‘:ag;) | (nches) | (pounds) | Frame
01 Caucagian Male | 25 67 164 ~ Medium
02 Caucasian Female 31 - 03 13) Medium
03 Caucasian Male 38 70 1 177 Medium
04 Agian Female 20 63 119 Medium
05 Caucasian Male 45 69 192 Large
06 Caucasian Female 30 65 137 Mediuni
07 Caucasian Male 33 70 138 Medium
08 Black Female 25 64 164 Large
a9 Caucasian Male 25 - | 74 191 Medium
10 Caucasian Male 33 1 67 142 Medium
11 | Caucasian | Male 21 | 69 171 Medium _
12 CATISIAT Female 124 o4 ' 125 Wiedium
*13 —DBlaek— Piale R . ~—365r ediun
*44 Cacasian Fermate 24— 62 —13§ Mediom
15 Black Male 33 ] 71 184 . Medium
16 | Caucasian Male | 26 | 68 | 168 ~Small
17 Caucasian | Male 34 | 70 177 Lurpe
13 Black Fernale 34 66 170 Large
19 Caucasian Male 24 71 172 | Medium
20 Caucasian " Male 43 68 176 | Medium
2] Caucasian Male 34 73 173 Small
23 Caucasian- Male | 38 65 | 150 Small
23 " Caucasian Male | 44 69 174 Medium
24 Caucasian Male | 41 75 ~ 198 Medium
25 Caucasian | Male 50 | 74 203  Medium
26 Caucasian Male 25 74 134 Medium
27 Caucasian  Male 25 69 144 Medium
28 Caucasian Male . 27 A 173 Medinm
BT G T e T T 6 T 56 T Medom
30 Caucasian Male 37 72 160 Medium
31 Black Male 25 69 159 Medium
¥32 Caueastat Atade 28 et 186 Fetediarm
13 Caucasian Male 34 ) 190 Mediam
34 " Caucasign Male 37 66 132 Mediurn
35 Caucasiun Male 34 70 186 Medium
36 . Caucasian Male 38 70 176 Medinm
Mean (All subjects) 32 69 165
S.D. () 8.0 34 | 217
Mean (Conrpleting subjects®)| 33 69 167
S.D. (%) , 82 3.1 211

* Subjects #12, #13, #14 and #32 did not complete the study. Subject #12 was dismissed due to
an adverse event on Day 1, Period 1. Subject #13 was dismissed due to an adverse event on Day
2 (pre-Day 3 dosing), Period 2. Subject #14 was dismissed due to non-compliance during the
check-in of Period 2. Subject #32 withdrew prior to Period 2 check-in.
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Table A2. Demographic Characteristics for Subjects Who Completed the Study.
%

] éucasan )
African American
Asian 1
Male 27 84 .4
Female 5 15.6

4.4.2  Study #2552 (BOI-569PK-TRAP03): A Three-Treatment, Open-Label, Multiple-Dose,
Fasting, Dose-Escalation Study of Tramadol Hydrochloride Extended Release Tablets
(100 mg, 200 mg and 400 mg Doses) Given Once Daily in Normal Healthy Non-Smoking
Male and Female Subjects ’

Study Period: January 24, 2002 to February 12, 2002

Sample Analysis Period:  February 2002 to March 2002

Principle Investigator: Paul Y. Tam, M.D., FR.C.P.,, F.A.C.P.

Study Center: Biovail Contract Research (BCR) — 460 Comstock Road, Toronto,
ON, M1L 454 Canada — 689 Warden Avenue, Units 1 & 2,
Toronto, ON, M1L 4R6 Canada

Analytical Site: Bioanalytical Lab of BCR

Objectives: To investigate the dose-proportionality of tramadol over the 100 mg — 400 mg dose
range for Tramadol HC1 Extended Release Tablets (100 and 200 mg), given once daily (as either
100 mg, 200 mg or 2 x 200 mg) under multiple-dose, fasting conditions.

Study Design: The study was performed as an open-label, analytically blinded, multiple-dose,
three-treatment study in thirty (30) normal, healthy, non-smoking male and female subjects
under fasting conditions. Twenty-five (25) subjects (13 males and 12 females) completed the
study. Please refer to Tables Al and A2 in the Appendix for demographic information.

Subjects were dosed sequentially with 100 mg, 200 mg and 400 mg tramadol dose (Table 1).
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Table 1. Study Design.

Treatment A

Treatment B

Treatment C

(Days 1-6) - (Days 7-12) _(Days 13-18)
One (1) Trarnadol HCI One (1) Tramadol HCI Two (2) Tramadol HCI
Extended Release 100 mg Extended Release 200 mg Extended Release 200 mg

Tablet at 0.0 hour with 240
mL of ambient temperature
water following an
overnight fast of at least ten
(10) hours. (Totat Daily
Dose = 100 mg).

Tablet at 0.0 hour with 240
mL of ambient temperature
water following an overnight
fast of at least ten (10) hours.

(Total Daily Dose = 200 mg).

Tablets at 0.0 hour with 240 mL
of ambient temperature water
after an overnight fast of at least
ten (10) hours. The drug was
given one or two tablets at a
time, but both tablets must be
ingested within one (1) minute.
(Total Daily Dose = 400 mg).

Test Articles:
Treatment A:

Tramadol HC1 100 mg Extended Release Tablets

Manufacturer: By: .
Lot #:

Treatments B and C:

Tramadol HC1 200 mg Extended Release Tablets

Manufacturer: By:
Lot #:

—

Sample Collection and Handling:

Day 1: 0.0 hour (pre-dose)
Day 2: No blood samples

. For: Biovail Corporation
| =——— £ 010206; Manufacturing Date: 07/23/01

For: Biovail Corporation
010704; Manufacturmg Date: 07/20/01

Day 3. 4, 5: 0.0 hour (pre-dose)
Day 6: 0.0 (pre-dose), 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0, 14.0, 16.0 and 20.0 hours post-

0.0 hour drug administration

Day 7: 24.0 hours after 0.0-hour drug administration of Day 6

Day 8: No blood samples

Days 9, 10, 11: 0.0 hour (pre-dose) '

Day 12: 0.0 (pre-dose), 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0, 14.0, 160and200hourspost
0.0 hour drug administration

Day 13: 24.0 hours after 0.0-hour drug administration of Day 12

Day 14: No blood samples

Days 15, 16, 17: 0.0 hour (pre-dose;)

Day 18: 0.0 (pre-dose), 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0, 14.0, 160and200hourspost—
0.0 hour drug administration

Day 19: 24.0 hours after 0.0-hour drug administration of Day 18
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Approximately 549.5 mL of blood was collected over the entire study periods, including the
amount for pre-study test, hemoglobin tests done prior to dosing on Day 16 and post-study
clinical blood tests.

The blood samples were stored in an ice bath prior to centrifugation and were centrifuged as
soon as possible under refrigerated conditions at: . The collected plasma
from each blood collection tube was aliquotted into labeled, duplicate, polypropylene culture
tubes, and stored frozen at minus (-) 25°C & 10°C until assayed.

Sample Analysis: All plasma samples were delivered to the analytical facility (Bioanalytical
Lab of BCR) after the completion of the clinical portion of the study for the analysis of tramadol,
O-desmethyltramadol (MI) and O, N-di-desmethyltramadol (M5), using a suitably validated and
sensitive assay method. Full validation of the method, including precision, accuracy and
reproducibility is included in the final report (T11-04, Appendix 6), along with a statement
regarding the stability of the frozen samples. The analytical facility was blinded regarding the
dosage regimen.

Pharmacokinetic and Statistical Analysis: Descriptive statistics were performed on the plasma
‘concentrations of tramadol, and its metabolites O-desmethyltramadol (Ml) and O, N-di-
desmethyltramadol (MS) at each sampling and for all the PK parameters: AUCt, Cmax, Tmax,
% fluctuation, % swing, Cmin, Cavg, and M/P ratio.

Linear regression analysis was performed to define the functional relationship between the
pharmacokinetic parameters (AUCt and Cmax) and different doses of Tramadol HC1 using SAS
regression procedures.

ANOVA (a=0.05) was carried out on the dose-corrected pharmacokinetic parameters. The
analysis of variance model included treatment as a factor.

Pharmacokinetic Results: '

Reviewer’s Note: Although levels of M5 were measured for this study, because M5 is
pharmacologically less active than M1, only descriptive PK data are listed in the review. No
Sfurther analysis of the M5 data was presented.

Steady-State Assessment 7
Steady state was reached for both tramadol and M1 metabolite at every dose level on Day 4 as
predose levels were stable from Days 4 to 6 (Tables 2 and 3).

‘Table 2. Predose Tramadol Plasma Concentrations (Mean + SD) Following Tramadol ER
(100, 200, and 400 mg once-daily) Dosing.

Day 3 Post Day 4 Post | Day 5 Post Day 6 Post
Dose Dose Dose Dose
100 mg 64 + 46 76 £ 41 73 +42 74 + 37
200 mg 141 + 66 169 + 88 166 + 79 176 + 88
400 mg 396+ 176 438 + 188 478 +229 431 + 203
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Table 3. Predose M1 Plasma Concentrations (Mean + SD) Followmg Tramadol ER (100,

200, and 400 mg once-daily) Dosing.

Day 3 Post Day 4 Post Day S Post Day 6 Post
Dose Dose Dose Dose
100 mg 27+10 29+9 20+ 11 20+9
200 mg 53+ 18 57425 56 +21 58+£21
400 mg 116 + 38 116 £33 122 +41 113 £38
PK Profiles

The mean steady-state plasma concentration-time profiles of tramadol and its metabolite M1 at

100 mg, 200 mg and 400 mg (2 x 200 mg) are shown in Figures 1a and 1b.

T

Al Chmentivahion inalih),

a. Tramadol

The mean pharmacokinetic parameters for tramadol, O-desmethyltramadol (M1), and O,N-di-

Fad

desmethyitramadol (M5) are summarized in Tables 4-6.

Table 4. Pharmacokinetic Parameters for Tramadol.

_ b. Ml
Figure 1. Mean Steady-State Plasma Tramadol (a) and M1 (b) Concentratlons for 100-mg,
200-mg, and 2 x 200-mg (400-mg) Tramadol HCI ER Tablets.

L. Tramadol HCI'100 mg Tramadol HCI 200 g Tramadol HCI 200 g
PharmacoKinetic Extended Relerse Tablets | Extended Release Tablets |  Extended Release Tahlets |
Parameter 1x 100 my £A) 1 x 200 wg (B) 2 x 200 mg (C)
=15 n=28 n=125

) Mean£SD Mean & SD Mran £ SD )
AUC (nghrfmL) 2778.41 £ 1141.24 6364.89 £ 2755.19 15212.75  5754.59
C sy (/ML) 179.24: 62.68 408,99 +177.71 910.05 + 319.71
Comin (ng/mL) 73.84 % 42.63 168.58 +72.58 438.70 + 213.20
T ax (hours) 11.68 3 2.43 12.16+2.23 12.00 = 2.38
g/e?'“ of Fluctuation 98.979 + 41.628 94.697 £ 36.879 81.785 = 38,302

0 .
C,. fng/mil) 115.77 £ 47.55 265.20 £ 114.80 633.86  239.77
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Table 5. Pharmacokinetic Parameters for O-desmethyltramadol (M1).

. Tramadol HCI 108 mg Tramadol HC1 200 mg TFramadol HCI 200 myg
Pharmacokinetic Extended Releass Tablets | Esteuded Refease Tablets 1 Extended Release Tablets
Parameter 1 x 100 mg (A) x 200 mg (B) 2 % 200 mg (C)
n=25 n=25 u=2§
NMean £ S)> MeanSD Megg = SD
AUC, (ng-br/mL) 846.73 +210.51 1640.53 % 574.72 3189.17973.87
Cone (ng/L) 48,01 = 11.53 91.29+34.19 169.06 + 48.75
Cote (ng/maL) 2695 10.71 5342+ 1900 107.23 £ 39.88
T orsx (BOUES) 12.32£2.50 13.16+ 2.70 14.00 £2.83
g/"f’"e of Fluctuation 62399 % 32.222 56.637 +33.742 49717 £ 26325
() .

Cuve (ng/mL) 3528+ 8,77 68.36 % 23.95 132.88 + 40.58

Table 6. Pharmacokinetic Parameters-for O, N-di-desmethyltramadol (MS).

Dose Proportionality Analysis

. . Tramwadoet HC 100 myg Travwade! HCI 200 mg Tramadol HC1 200 mg
Pharmacokinetic Extended Reletse Tablets Extendded Release Fablets Extended Release Tablets
Paranieter 1 x 140 mg (A) 1 x 200 og (B) 2 x 200 mg(CH
n=23 a=25 n=25
Mean = SD Mean £ 8D Mean + 5D

AUC, (ng-hr/mL) | 388.96 £ 99.59 888.78 + 314.74 2022.09 + 589.81

Conr (ag/ml) 21,23 +5.30 47.19+ 1749 100.03 % 27,51

Crae (ng/mnL) 13.45+ 4.88 32.66+12.16 785222741

Tonax (HOULS) 13.36:+3.09 13.44+3.93 1536+ 2.81

2:’)9“"' of Fluctuation 49.959 3 30.658 40,952 % 29.437 28,403 + 20,472

7o, _ _ _ _ ]

Cove (ng/mL) 1621 £4.15 37.03+13.11 84.25 = 24.58

Both AUCt and Cmax of Tramdol and M1 exposure were dose-proportional to Tramadol ER
doses (100, 200 and 40 mg) at steady state (Figures 2 and 3) as evidenced by the linear
relationship between AUCT and dose, and Cmax and dose.

0 100

200

Tramadol

300 400 500 °

Dose (mg)

a. AUCt
Figure 2. Relationship between Tramdol AUCr (a) and dose, and Cmax (b) and dose.
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Figure 3. Relationship between M1 AUCx (a) and dose, and Cmax (b) and dose.
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The sponsor performed ANOVAs on dose-corrected log-transformed AUCr and Cmax. The
resulting p values of the t-test from the pair-wise comparisons among 100 (Trt A), 200 (Trt B)
and 400 mg (Trt C) were summarized in Tables 7 and 8. The p-values for tramadol were greater
than 0.05 except for AUCt of treatments A and C. Most p-values obtained from metabolite M1
were also greater than 0.05. Therefore the ANOVA results on the dose-corrected data indicated
that there was no significant differences in the pharmacokinetics among the dosing groups.

Table 7. P Value for Paired Comparison Among 100, 200 and 400 mg for Tramadol.

Parameter TrtA-TrtB Trt A-Trt C TriB-TrtC
Crax 0.4532 0.0627 0.2597
AUC, 0.4675 0.0319 0.1491

Table 8. P Value for Paired Comparison Among 100, 200 and 400 mg for M1.

Parameter TrtA-TrtB Trt A-Trt C TrtB-Trt C
Come 0.3011 0.1267 0.6162
AUC, 0.4490 0.4168 03560

Discussion and Conclusions:

Linear pharmacokinetics has been observed following multiple doses of 50 and 100 mg at steady
state for Ultram (PDR). Results from this study suggest that the mean values of Cmax and
AUCr of tramadol increased as the administered dose increased in the range of 100 to 400 mg.
Linear régression analysis of the pharmacokinetic data as well as ANOVA of dose corrected
pharmacokinetic data indicated that AUCt and Cmax increased proportlonally with dose within
the investigated dose range.
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Appendix for Study 2552. Demographic Information.

Table Al. Demographic Data for All Subjects.

* Subjects #11, #12, #18, #25, and #28 did not complete the study. Subject #11 was dismissed
pre-dose Day 3 due to adverse events. Subject #12 withdrew pre-dose Day 11 due to an adverse
event. Subject #18 was dismissed post-dose Day 6 due to administrative reasons. Subject #25
withdrew post-dose Day 8 due to personal reasons. Subject #28 was dismissed pre-dose Day 14

due to adverse events.
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Subject i Age Height ‘Weight
Njo ] Race Gender & eagrs) (inc}?e.s) (pour': ds) Frame
01 Black Female 28 68 174 Large
02 Cancasian Male 35 67 152 Small
03 Caucasian ! Female 30 62 138 Medium
04 Native Male 34 74 182 Medium
05 Caucasian Female 44 61 108 Small
06 Caucasian Male 36 69 180 Medium
07 Caucasian Male 28 65 144 Medium
08 Black Male 21 68 131 Medium
09 Black Female 46 64 158 Medium
10 Caucasian Male 39 66 141 Medium
et Cauenstan———Fenmie 154 7t 167 Tarpe— |
12 CATCASIAn B 29 b8 176 Mediam
13 Caucasian Fernale 49 68 153 Medium
14 Caucasian Male 39 69 170 Small
15 Caucasian | Female 29 65 119 Large
16 Caucasian Male 33 13 193 Medium
17 Caucasian Female 34 66 123 Medium
‘}g - Cauwaﬁ»au }v,{a"m ‘Af: ?1 191 }'{\.d: AIlT
19 Caucasian Female 32 67 143 Medium
20 Black Male 35 67 . 148 Medium
21 Caucasian Female 37 68 182 Large
Subject Age Height Weight .
N g). Race , Gender (y_cfrs) (i»nc}i:s) (pomfds) Frame
22 Caucasian Male 48 69 147 Medium
23 Caucasian Female 27 63 140 Medium
24 Black - Male 30 74 190 Medium .
345 Cavcastan Female 24 62 167 %ﬁ‘h&'ﬂ—
26 Caucasian Male 27 63 140 Small
27 Caucasian Female 30 64 124 Medium
—*78 Cancasian Mate 30 g3 191 Mediom
29 Caucasian Female 37 65 147 Medium
30 Caucasian Male 36 71 185 Medium
Mean (All subjects) 33 68 155
5.D. (1 8 -4 26
Mean (Completing subjects*) 35 87 153
S0, (&) 7 3 244




Table A2. Demographic Characteristics for Subjects Who Completed the Study.

Ca;sian T 9 4 76
African American 5 20
NATIVE ] 4

Maie o 13 52
Female 12 48

423 Study #2550 (B01-568PK-TRAP03): A Two-Way, Crossover, Open-Label, Single-Dose,
Comparative Bioavailability Study of Tramadol HCI 200 mg Extended Release Tablets
under Fasting and Fed Conditions in Normal Healthy Nan-Smoking Male and Female
Subjects ‘ . ‘

Study Period: November 27, 2001 to December 7, 2001
Period I: November 28, 2001
Period II: December 5, 2001

Sample Analysis Period:  January 8; 2002 to January 17, 2002

Principle Investigator: Paul Y. Tam, M.D., FR.C.P,, F.A.CP.

Study Center: Biovail Contract Research (BCR) — 460 Comstock Road, Toronto,
ON, MI1L 454 Canada — 689 Warden Avenue, Units 1 & 2,
Toronto, ON, M1L 4R6 Canada

Analytical Site: : Bioanalytical Lab of BCR

Objectives: To investigate the effect of a high-fat meal on the bioavailability of Tramadol HC1
200 mg Extended Release Tablets given once daily under fasting and fed conditions.

Study Design: The study was performed as a randomized, open-label, analytically blinded,
single-dose, two-way, crossover study in twenty-four (24) normal, healthy, non-smoking male
and female subjects under fasting and fed conditions. Twenty-two (22) subjects (13 males and 9
females) completed the study. Please refer to Tables Al and A2 in the Appendix for
demographic information. Subjects# 12 and Subject#18 vomited during the dosing interval. PK
data from these two subjects were excluded in the analysis.

Subjects were randomized to Sequence 1 or Sequence 2 (Table 1). There was a 7-day washout
period between Treatment A and B.
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Table 1. Study Design.

Sequence 1 Treatment A Washout Treatment B
Sequence 2 Treatment B Washout : Treatment A
Treatment A:

Day 1: One (1) Tramadol HC1 200 mg Extended Release Tablet at 0.0 hour within five (5)
minutes following the complete ingestion of a high-fat content breakfast (Total dose = 200 mg).

The subjects fasted overnight for at least ten (10) hours prior to being served the high fat content
breakfast. The standard high-fat content breakfast consisted of the following: one (1) egg (fried),
one (1) buttered English muffin, one (1) slice of American cheese, one (1) slice of Canadian
bacon, one (1) serving of hash brown potatoes and eight (8) fluid ounces (240 mL) of whole milk.
(Reviewer’s Note: This high-fat breakfast is acceptable.)

Treatment B:
Day 1: One (1) Tramadol HC1 200 mg Extended Release Tablet at 0.0 hour with 240 mL of
ambient temperature water following an overnight fast of at least ten (10) hours (Total dose =200

mg).

Test Articles:

Tramadol HC1 200 mg Extended Release Tablets

Manufacturer: By: . For: Biovail Corporation
Lot#: _—— 010704; Manufacturing Date: 07/20/01

Sample Collection and Handling:
For each Study Perido: 0.0 hour (pre-dose), 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0, 14.0, 16.0,
20.0, 24.0, 36.0, and 48.0 hours post-0.0 hour drug administration

Approximately 251 mL of blood was collected over the two study periods, including the amount
for pre-study test and post-study clinical blood tests.

The blood samples were stored in an ice bath prior to centrifugation and were centrifuged as
soon as possible under refrigerated conditions at. ~————— . The collected plasma
from each blood collection tube was aliquotted into labeled, duplicate, polypropylene culture
tubes, and stored frozen at minus (-) 25°C + 10°C until assayed.

Sample Analysis: All plasma samples were delivered to the analytical facility (Bioanalytical

Lab of BCR) after the completion of the clinical portion of the study for the analysis of tramadol,
O-desmethyltramadol (Ml) and O, N-di-desmethyltramadol (MS5), using a suitably validated and
sensitive assay method. Full validation of the method, including precision, accuracy and
reproducibility is included in the final report, along with a statement regarding the stability of the
frozen samples (T11-02, Appendix 6 of the study report). The analytical facility was blinded '
regarding the dosage regimen.
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Pharmacokinetic and Statistical Analysis: Descriptive statistics were performed on the plasma
concentrations of tramadol, and its metabolites O-desmethyltramadol (Ml) and O, N-di-
desmethyltramadol (M5) at each sampling and for all the PK parameters outlined in the protocol.

Analysis of variance (ANOVA) was performed on the pharmacokinetic parameters and log-
transformed AUCO-t, AUCO-inf and Cmax. Based on the pair-wise comparisons of the log-
transformed AUCO-t, AUCO-inf and Cmax data, the intra-subject coefficient of variation (CV),
the relative ratios of the geometric means (fed/fast), and the 90% geometric confidence intervals
(CI) were determined.

Pharmacokinetic Results:

Reviewer's Note: Although levels of M5 were measured for this study, because M5 is
pharmacologically less active than M1, only descriptive PK data for M5 are listed in the review.
No further analysis of the M5 data was presented.

PK Profiles

The mean plasma concentration-time profiles of tramadol and its metabolite M1 following
Tramado! ER (200 mg) administration under fasting and fed conditions are shown in Figures la
and 1b. :
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Figure 1. Mean Plasma Tramadol (a) and M1 (b) Concentratlons After Single Dosing With
-~ Tramadol HC] ER Tablets (200 mg) Administered Under Fasting and Fed Conditions.

The mean pharmacokinetic parameters for tramadol, O;desmethyltraﬁladol (M1), and O, N-di-
desmethyltramadol (M5) without Subjects #12 and #18 (who vomited during dosing) are
summarized in Tables 2-4. '
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Table 2. Pharmacokinetic Parameters for Tramadol.

i Kineti Tramadol HCI 200 mg Tramadol HC1 200 mg
g:::get;re ¢ Extended Release Extended Release
(mean +SD) ‘Tablet (Fed) (A) TFablet (Fasting) (B)
7 __(n=20) _ {020}
AUC o (ng-hr/mL) 446895 £ 2046.52 5331.25 £ 1657.56
AUC ga (ng-hr/ml) 5154.17 £ 2426.50 567037+ 1927.20
Coas (ng/mL) 207.42 £ 130.14 25799 +£75.37
T oae (hours) 17.10+4.97 13.80 £2,50
tyn (hGHTS) 1044 £ 745 8.90+2.16
Ko (hour ) 0.083  0.031 0.082+ 0.020
MRT (hour) 25.61 £ 10.14 22.10 £ 3.13

Table 3. Pharmacokinetic Parameters for O-desmethyltramadol (M1).

Pharmacokinetic Tr{nxadol HCI 200. mg Tramagdol HCI ZOB_z.ng
Parameter Extended Release Extended Release
{mecan +SD) Tablet (Fed) (A) Fablet (Fasting) (B)
{(n=20) (n=20)
AUC , (ng-hr/ml) 1457.50 = 52945 1739.20 £ 415.10
AUC gy (ng-hr/ml.) 1618.66 % 477.71 1885.24 + 495.78
Coae (ng/mL) 63.61 ::27.45 74.92 £ 20.10
Tyyes (hOUTS) 21.01=3.15 17.10 £ 4.18
t;;» (hours) 9.19 +2.37 9.75£2.32
K. (hour ™) 0.080 = 0,022 0.075 £ 0.017 ;
MRT (hour) 25.23£3.28 24.44 £ 3.06
M/P Ratio (AUCy9 (G.4033 + 0.2088 0.3862 £ 0.1497

Table 4. Pharmacokinetic Parameters for O, N-di-desmethyltramadol '(M5).

oh et Tramadol HCI 200 mg Tramadol HCI 200 mg _
r;'maco inetie Extended Release Tablet Extended Release Tablet
arameter -
(mean +SD)) (Fed) (A) (Fasting) (B)
L (n=20) (n=20)

AUC 4, {(ng'hr/ml) 61825 +235.60 776.73 £ 261.52
AUC g (ne-hr/mL) 763.61 % 29947 873.21+£272.23
C pax (ng/mL) 2396+ 8.25 31.28+11.96
T ey (HHOULS) 2221 %420 18.20 £ 3,89
1) (hours) 11.45+3.76 1174 297
K (hour ™) 0.067 £0.022 0.062+£0.015
MRT (hour) 28.89 % 5.60 2762+ 4,04
M/P Ratio {(AUCo0) 0.1891 £0.0367 . 0.1959 £ 0.0692

Relative Bioavailability

The relative bioavailability analysis results for AUC0-t, AUCO-inf and Cmax, transformed using
the natural logarithm, are summarized without Subject #12 and #18 in Table 5.
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Table 5. Relative Bioavailability Analysis of Fed (Test) versus Fasting (Reference) for
Tramadol and M1 Following 200 mg Tramadol ER Administration.

Parameter

Parameter

Discussion and Conclusions:

This study compared the rate and extent of absorption of Tramadol HCI 200 mg Extended
Release Tablet under fed conditions relative to that under fasting conditions. The relative
bioavailability of the tramadol from two treatments was assessed by a comparison of AUCy.,
AUC.ins and Crax after a single dose administration. The ratios of test-to-reference on the mean.
data for the three parameters between the two treatments were not within 80.00% - 125.00%
range. Food (a high fat meal) decreased both rate and extent of absorption of tramadol. Cpax and
AUCq.inr of tramadol decreased 28% and 16%, respectively in the presence of food (based on
geometric mean ratio of fed vs. fasting). Mean Trax increased by 3 hours (from 14 hr fasting to
17 hr fed). Similar results were observed for M1 and M5. Therefore, there was.a food-effect on
the rate and extent of the absorption of tramadol from this extended release product. The clinical
significance of the food effect is unknown. The study results also indicated that there was no
dose dumping for this ER product under fed conditions. '

Appears This Way
On Original
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Appendix for Study 2550. Demographic Information.

Table Al. Demogr'aphic Data for All_‘ Subjects.

. Height Welght
Suﬁi (.tct Race Gender (y‘:f:s) (inches) (pour‘fds) Frame
01 Caugasian, Male 37 74 190 Medium
02 Black Female 29 70 147 Medium
03 Asian Male 41 69 182 Medium
04 Caucasian | Female 27 65 133 Medium
05 Caucasian Male 28 70 152 Medivm
06 Black Female 40 67 126 | Medum
07 Caucasian Male 41 69 182 Medium
08 Caucasian | Female 28 66 129 Medium
09 - | Caucasian Male 46 70 140 | Medium
10 Crucasian Male 29 74 184 Medium
11 Asian Male 22 66 137 Small
12 Caucasian | Female 42 66 139 Medium
- 13 Caucasian Male 43 68 184 Large
*114 Cahvaﬁiau, Fi'_iud}l\. —3 &6 }3(\ ﬁiv‘z‘m 4
15 - Caucasian Male 34 72 210 Larg,e
16 Caucasian | TFemale 24 62 125 Medium
17 Black Male 38 66 157 Medium
18 Black Femnale 41 65 136 Medium
10 Black Male 21 6% Rl Medive-
20 Asian Female 28 66 132 Medium
21 Black Male 28 75 217 Large
22 Caucasian Male - 34 69 184 Medium
23 Caucastan Maie 40 71 191 Medium
24 Black Female 38 64 145 1 Medium
[ "Mean (Al subjccts) 33 68 160
S.D. (%) 76 L33 | 282
Mean (Conpleting subjecs®); 34 69 174
$.D. (£) 5.5 43 34.8

* Subjects #14 and #19 did not complete the study due to advcrse events consisting of an
abnormal ECG and a positive urine pregnancy test.

Table A2. Demographic Characteristics for Subjects Who Completed. the Study.

Cauca51an - 13 591 ‘
African Amerlcan 6 273

Male | 13 | 501
Female 9 40.9
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4.2.4  Study #2696 (B03-623PK-P03P1): A Two-Way, Crossover, Open-Label, Single-Dose,
Fasting, Dosage Strength Equivalence Study of Tramadol HCI ER 1 x 300 mg Tablet
Versus Tramadol HCI ER 3 x 100 mg Tablets In Normal Healthy Non-Smoking Male
and Female Subjects '

Study Period: ' April 24, 2003 to May 8, 2003

Period I: April 26, 2003
Period II: May 2, 200

Sample Analysis Period:  May 7, 2003 to May 20, 2003
Principle Investigator: Paul Y. Tam, M.D., F.R.C.P.,, F.A.C.P.
Study Center: Biovail Contract Research (BCR) — 460 Comstock Road, Toronto,
' ON, MI1L 454 Canada — 689 Warden Avenue, Units 1 & 2,
. Toronto, ON, M1L 4R6 Canada
Analytical Site: Bioanalytical Lab of BCR

Objectives: To determine the dosage strength equivalence between two strengths of Tramadol
HCI Extended Release Tablets (1 x 300 mg q.d. versus 3 x 100 mg q.d.) under fasting
conditions.

Study Design: The study was performed as a randomized, open-label, analytically blinded,
single-dose, two-way, crossover study in twenty-six (26) normal, healthy, non-smoking male and
female subjects under fasting conditions. Twenty-three (23) subjects (13 males and 10 females)
completed the study. Please refer to Tables Al and A2 in the Appendix for demographic
information.

Subjects were randomized to Sequence 1 or Sequence 2 (Table 1). ‘There was a 5-day washout
period between Treatment A and B.

Table 1. Study Design.

Sequence 1 Treatment A Washout Treatment B

Sequence 2 Treatment B Washout Treatment A
Treatment A:

Day 1: One Tramadol HC1 Extended Release 300 mg Tablet with 240 mL of ambient
temperature water following an overnight fast of at least ten hours (Treatment dose = 300 mg).

Treatment B:
Day 1: Three Tramadol HC1 Extended Release 100 mg Tablets with 240 mL of ambient
temperature water following an overnight fast of at least ten hours (Treatment dose = 300 mg).

Test Articles:

Treatment A (Test):

Tramadol HC1 300 mg Extended Release Tablets
Manufacturer: Biovail Corporation, Steinbach, Manitoba
Lot #: 02J126; Expiry Date: 07/03
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Treatment B (Reference).

Tramadol HC1 100 mg Extended Release Tablets
Manufacturer: Biovail Corporation, Steinbach, Manitoba
Lot #: 02H218; Expiry Date: 07/03

Sample Collection and Handling:
For each Study Period: 0.0 hour (pre-dose), 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0, 14.0, 16.0,
20.0, 24.0, 30.0, 36.0, and 48.0 hours post-0.0 hour drug administration

Approximately 270 mL of blood was collected over the two study periods, including the amount
for pre-study test and post-study clinical blood tests.

The blood samples were stored in an ice bath prior to centrifugation and were centrifuged as
soon as possible under refrigerated conditions - —  The collected plasma
from each blood collection tube was aliquotted into labeled duplicate, polypropylene culture
tubes, and stored frozen at minus (-) 25°C + 10°C until assayed.

Sample Analysis: All plasma samples were delivered to the analytical facility (Bioanalytical
Lab of BCR) after the completion of the clinical portion of the study for the analysis of tramadol,
O-desmethyltramadol (MI) and O, N-di-desmethyltramadol (M5), using a suitably validated and
sensitive assay method. Full validation of the method, including precision, accuracy and
reproducibility is included in the analytical report (T11-08a, Appendix 6 of the study report),
along with a statement regarding the stability of the frozen samples. The analytical facility was
blinded regarding the dosage regimen.

Pharmacokinetic and Statistical Analysis: Descriptive statistics were performed on the plasma
concentrations of tramadol, and its metabolites O-desmethyltramadol (Ml) and O, N-di-
desmethyltramadol (M5) at each sampling and for all the PK parameters outlined in the protocol.

Analysis of variance (ANOVA) was performed on the pharmacokinetic parameters and log-
transformed AUCO-t, AUCO-inf and Cmax. Based on the pair-wise comparisons of the log-
transformed AUCO-t, AUCO-inf and Cmax data, the intra-subject coefficient of variation (CV),
the relative ratios of the geometric means (Treatment A/Treatment B), and the 90% geometric
confidence intervals (CI) were determined.

Pharmacokinetic Results

PK Profiles

The mean plasma concentration-time profiles of tramadol and its metabolite M1 following
Tramadol ER (1 x 300 mg and 3 x 100mg) administration under fasting conditions are shown in
Figures 1a and 1b. (Reviewer’s Note: PK profile for M5 is not shown.)
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Figure 1. Mean Plasma Tramadol (a) and M1 (b) Concentrations After Single Dosing With
1 x 300-mg Versus 3 x 100-mg Tramadol HCI ER Tablets Under Fasting Conditions.

The pharmacokinetic parameters (mean + SD) for tramadol, O-desmethyltramadol (M1), and O,
N-di-desmethyltramadol (M5) are summarized in Tables 2-4.

Table 2. Pharmacokinetic Parameters for Tramadol.

- Tramadol HCI Extended z Tramadol HC! Extended
Pharmacokinetic Release 300 mg Tablets (A) | Release 100 my Tablets (B)
Parameters (m=123) } (n=13)

) (Mean & SI) : (Mean & SD)

AUC o, (nhr/mL) §099.63 = 2657.50 §145.75 + 2832.14

AUC g (ng hriml.) §710.51 + 3154.58 8568985317470
G (/) 379.69 = 110.39 401,20 & 140.94

X vl - ¢ -

Tz (20 13,22 £3.00 ; 13.39 4 3.04

14 (hr) 3 9.08 % 2.81 831193
Koy 8.29E-02 = 2.3dE-02 §.73E-02 = 1. 79E02

MIRT (br) 22,004 4.46 ' 20.92 % 2.66

Table 3. Pharmacokinetic Parameters for O-desmethyltramadol (M1).

! Tramadol FCl Extersded- | ‘Framadol HCI Estended
Pharmacokinetic Release 300 mg Tablets (A) [ Release 100 mg Tablets {I3)
Parameters (n=23) {(n=123)
: : (Mean£ SD) (Mean = SD)
AUC o (ng-hriml.) T 2855.06 + 808.04 2884.60 = 735.04
AUG g (nghrfmL) 3163.614922.32 ¢ 3087.39  788.30
C o (ngAnL) - 117.65 = 37.30 124.87 %3222
Toax(br) : 14965390 14.70 = 2.61
1, (1) 1039&2811 9304207
Ko (hr ™) N TA6E-02 = 1 94E-02 1 7.77B-02 = 1.530-02
U MRT () Ta67Eaziv 2346 % 2.99
*n=21
T n=22

‘Reviewer’s Note: When AUC(0-t)/A UC(O inf) < 80%, the respective AUC(0-inf) and MRT were
excluded from the statistical analysis.
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Table 4. Pharmacokinetic Parameters for O, N-di-desmethyltramadol (M5).

Tramadel HC1 Extended ;| Tramadol HCI Extended
Pharmacokinetic Release 300 mg Tablets {A) | Releasc 100 mg Tablets (13)
Parameters {n=123) i (n = 23)
(Mean + 8D) : (Mean = SD))
AUC o4 (ng'hr/mL) 1016.71 £ 278.16 1065.19 = 298.67
AUC oy (mgrhr/ml) 1103.13 £ 334,97 * 116740433775 ¢
Comz (a/mL) 38522 10.97 . 4262+12.94
"Eeras {NF) 16.96% 5,25 17.57%4.26
2 (1) 11.80+4.191 : 103342507
K. (hr ™) 6.508-02 = 2.02E-02 1 | 7.08E-02 = 1.60E-02 ¢
{ MRT (hr) 250043567 2587 £3.67%

* n=16

T n=20

In=22

Relative Bioavailability
The relative bioavailability analysis results for AUCq.;, AUCq.inf and Cpay, transformed using the
natural logarithm, are summarized in Table 5.

Table 5. Relative Bioavailability Analysis for Tramadol, M1, and M5 Following Tramadol
HCIER 1 x 300 mg Tablet (A) versus Tramadol HCI ER 3 x 100 mg Tablet (B)
Administration.

........ . Tramadnl
Parameters » —— - ———
90% C.L Ratio of Means Intra-Subject CV
AUCq, 97.48% - 104.84% 101.10% 7.11%
AUCq ¢ 99.18% - 106.93% . 102.98% 7.35%
Crax 91.34% - 106.74% 98.74% 15.22%
O-Desmethyltramadol O-Nedi-Desmethyltramadol
Parameters . Ratioof | Intra-Subject o o  Ratioof | Intra-Subject
90% C1 Means %Y 20% C.L. Means v
. 94.81% - o < 93.19% - :
AUCs, 1 02'52‘.’%  98.59% - 7.65% 0117 | 97.09% 8.039%
. 96.13% - o o 92.63% - N 2 105
A[..i(,g.k,f 105.81‘%\ 10085 e 8.9/ /Q 102550/0 9/46 (] g‘}ﬁfu
86.69% - 86.02% - _ e
Crrax 99 16% 92.72% 13.12% 08.419% 92.01% 13.14%

Discussion and Conclusions:

This study compared the rate and extent of absorption of one Tramadol HCI 300 mg Extended
Release Tablet relative to that of 3 x 100 mg Tramadol ER tablets under fasting conditions. The
relative bioavailability of the tramadol from two treatments (Treatment A vs. Treatment B) was
assessed by a comparison of AUCq., AUCq.ins and Cynay after a single dose administration. The
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ratios of test (A)-to-reference (B) on the mean data for the three parameters between the two

treatments were within 80.00% - 125.00% range. Similar results were observed for M1 and MS5.

Therefore, the 100 mg and 300 mg Tramadol HCI ER tablets are dosage strength equivalent.

Appendix for Study 2696. Demographic Information.

Table Al. Demographic Data for All Subjects.

Subject . i Age Height | Weight 1 BMI
No. Race | Gender | 50 | 7 8% TUEN | gt |
01 Caucasian Male 29 1.88 a1 2575 |
o 15n Crircastar Femuate 4 —-63 £ - 2334
03 Caucagian Male S 1.78 79 1 24.93
‘\"74 Cau‘ Klbidll {"cum_{(‘: }‘3‘" } .ﬁi fi{ 22.‘4}
05 Cancasian Male 23 1.78 $0 2525
‘f.?..[r Cauca:;;.mx Fuum}.v : 39 }63 {;8' 2559

07 Black Male 22 1.78 74 23.36
08 Caucasian | Female 44 1.75 74 24.16
09 Caucasian Male 20 1.85 83 24.25
19 Caucasian | Female 4] 1.63 69 25.97
11 | Caucasian | Male 44 1.75 75 24.49
12 Caucasian | Femalce 26 1.60 57 22,27
K] Black Male 31 1.85 75 21.91
"""""" 14 | Caucasian | Female 25 1.7 7712573
15 Caucasian Mzle 23 1.7 71 2372
15 Asian Female 27 1.68 58 20.55
1 Aslan Male 44 1.80 &0 24.69
18 | Caucasian | Female 25 1.63 sS4 | 2032
19 Caucasian | Male 44 1.80 &0 24.69
24 Caucasian ! Female 28 ©1.68 60 21.26
7t | Asian Male 28 1.73 67 22.39
22 Black Female 43 1.63 67 25.22
23 Black Male 30 1.80 74 22.84
24 Caucasian | Female 37 1.83 69 20.60
25 Caucasian Male 26 1.80 §1 | 25.00
25 Caucasian Female 34 1.80 73 22.53
Mean (All subjects) 32 1.74 72 23.59
S.D. () 9 0.08 9 174
Runge: Minimpm 19 1.60 od 20,32
Maximum 44 1.88 € 23.97
Mean (Completing subjects*}j. 32 175 3 1 2356
S.D.(#) L 0.08 9 1.79
Range: Minimum 20 1.60 4 20.32
44 o1 25.97

Maximum

1.88

* Subjects #02, #04, and #06 did not complete the study. Subject #06 was dismissed during the
confinement period of Period I due to adverse events. Subject #04 withdrew during the washout
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period of Period I due to adverse events. Subject #02 was dismissed during the washout period of
Period I due to adverse events.

Table A2. Demographic Characteristics for Subjects Who Completed the Study.

Cauéasian » ~ 16 T 696 B
African American 4 17.4
____Asi ‘ 3 __13.0

Female 10 435

4.2.5 Study #2287-2 (B99-426PK-TRAP03). A Three-Way, Single-Dose, Open-Label,
Fasting Comparative Bioavailability Study of the Scale Up and Pilot Formulations of
Tramadlol Hydrochloride Extended-Release Tablets (3x100 mg o.d.) under Different
Study Conditions (Morning, Evening) in Normal Healthy Non-Smoking Male and
Female Volunteers

Study Period: February 8, 2000 to February 25, 2000
Period I: February 8, 2000
Period II: February 15, 2000
Period III: February 22, 2000

Sample Analysis Period: = March 6, 2000 to May 1, 2000
- Principle Investigator: Paul Y. Tam, M.D., FR.C.P., FA.C.P.
Study Center: Biovail Contract Research (BCR) — 460 Comstock Road, Toronto,
ON, MIL 454 Canada — 689 Warden Avenue, Units 1 & 2,
Toronto, ON, M1L 4R6 Canada
Analytical Site: Bioanalytical Lab of BCR ‘

Objectives: To compare the effect of two study conditions (morning and night time dosing) on
the scaled-up formulation of Tramadol HC1 Extended Release Tablets (Regimens A and C). The
second object is to compare the bioavailability of the scaled-up formulation to a pilot
formulation, Tramadol HC1 Extended Release Tablets (Regimen B) under the moring study
condition. '

Reviewer’s Note: Only the first objective (i.e., AM vs. PM dosing with scale-up formulation) has
been reviewed in detail. Because only scale-up formulations were used in pivotal PK and clinical
- trials, the relative bioavailability between scale-up and pilot formulations has not been reviewed
in detail. '
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Study Design: The study was performed as a randomized, open-label, analytically blinded,
single-dose, three-way, crossover study in thirty (30) normal, healthy, non-smoking male and
female subjects under fasting conditions (24 plus 6 alternatives). Twenty-six (26) subjects (15
males and 11 females) completed the study Please refer to Tables Al and A2 in the Appendix
for demographic information. '

Subjects were randomized to Sequences 1 to 6 (Table 1). There was a 6 -day washout period
between each treatment.

Table 1. Study Design.

Period | Period 11 Period 111
Sequence 1 A ' B C
Sequence 2 A C B
Sequence 3 B A C
Sequence 4 B C A
Sequence 5 C A B
Sequence 6 C B A
Treatment A:

Day I: Three Tramadol HC1 Extended Release 100 mg Tablet (scale-up formulatlon) with 240
mL of water following an overnight fast (Treatment dose = 300 mg).

Treatment B: _
Day 1: Three Tramadol HC1 Extended Release 100 mg Tablets (pilot formulation) with 240 mL
of water following an overnight fast (Treatment dose = 300 mg).

Treatment C:

Day 1: Three Tramadol HC1 Extended Release 100 mg Tablets (scale-up formulation) with 240
mL of water dosed at 10 pm, 4 hours after an evening meal. Blood draws through the night.
(Treatment dose = 300 mg).

Test Articles:

Treatments A and C:

Tramadol HC1 100 mg Extended Release Tablets

Manufacturer: For: Bioavail Corporation International
- —— Lot #: 000103; Manufacturing Date: 1/27/00

Treatment B: _

Tramadol HC1 100 mg Extended Release Tablets

. Manufacturer: . ————  For: Bioavail Corporation International
Lot #: 2162; Manufacturing Date: 12/99

Sample Collection and Handling:
For each Study Period: 0.0 hour (pre-dose), 1.0, 2.0, 3.0, 4.0,.5.0, 6.0, 8.0, 10.0, 12.0, 16.0, 20.0,
24.0, 30.0, 36.0, and 48.0 hours post-0.0 hour drug administration .
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Approximately 360 mL of blood was collected over the three study periods, including the
amount for pre-study test and post-study clinical blood tests.

The blood samples were stored in an ice bath prior to centrifugation and were centrifuged as
soon as possible under refrigerated conditions within 15 minutes of venipuncture. The collected
plasma from each blood collection tube was aliquotted into labeled, duplicate, polypropylene
culture tubes, and stored frozen at minus (-) 15°C or colder until assayed.

Sample Analysis: All plasma samples were delivered to the analytical facility (Bioanalytical
Lab of BCR) after the completion of the clinical portion of the study for the analysis of tramadol,
O-desmethyltramadol (M1) and O, N-di-desmethyltramadol (M5), using a suitably validated and
sensitive LC/MS/MS assay method (T11-00). This method is valid from the range of 2.00
ng/mL to 1023.75 ng/mL for tramadol, 0.99 ng/mL to 506.51 ng/mL for M1, and 0.97 ng/mL to
496.64 ng/mL for M5. The analytical facility was blinded regarding the dosage regimen.

Pharmacokinetic and Statistical Analysis: The analytical determination, PK and statistical
analysis were conducted on 24 evaluable subjects that completed the study according to the
protocol (Samples for Subjects#29 and #30 were not analyzed). Descriptive statistics were.
performed on the plasma concentrations of tramadol, and its metabolites O-desmethyltramadol
(M1) and O, N-di- desmethyltramado! (M5) at each sampling and for all the PK parameters
outlined in the protocol.

Analysis of variance (ANOVA) was performed on the pharmacokinetic parameters and log-
transformed AUCO-t, AUCO-inf and Cmax. Based on the pair-wise comparisons of the log-
transformed AUCO-t, AUCO-inf and Cmax data, the intra-subject coefficient of variation (CV),
the relative ratios of the geometric means (Treatment C/Treatment A), and the 90% geometric
confidence intervals (CI) were determined.

Pharmacokinetic Results:

PK Profiles

The mean plasma concentration-time profiles of tramadol and its metabolite M1 following
Tramadol ER (3 x 100mg) administration dosing at AM (Treatment A) and PM (Treatment C)
under fasting conditions are shown in Figures 1a and 1b. (Reviewer’s Note: PK profile for M5 is -
not shown.) ' '
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Figure 1. Mean Plasma Tramadol (a) and M1 (b) Concentrations After Single Dosing With

3 x 100-mg Tramadol HCI ER Tablets Dosing at AM (Treatment A, triagle) and PM
(Treatment C, circle) Under Fasting Conditions.

The pharmacokinetic parameters (mean + SD) for tramadol, O-desmethyltramadol (Ml), and O,

N-di-desmethyltramadol (M5) under different treatments are summarized in Tables 2-4.

Table 2. Pharmacokinetic Parameters for Tramadol.

Parameter BIOVAIL (A) BIOVAIL (B) BIOVAIL (C)
(AM) (AM) M)
3 x 100 mg 3x 100 mg 3 x 1O mg
Mean = SD Meanx 8D Mean % SD
AUC (0 - ©) {ng.hr/mlL) 6999.85 + 2523.33 7111.29 + 2221.38 6368.53 + 2083.52
AUC (0 - inf)y (ng.br/mL) 7163.94 £2632.97 1526.01 £ 2338.85 6763.07 £ 241454
Crner (ng/ml) 378.00 £ 115.15 377.81 £102.14 270.19 = 89.19
T e (HOUIS) 10.43 +2.63 10.58 + 1.61 15.50 % 5.28
1,2 (hours) 6.85+ 1.56 743 £ 1.76 3.50+2.50
Ko (hour™) 0.106 £ 0.025 €.099 + 0.025 0.090 £ 0.034
" Table 3. Pharmacokinetic Parameters for O-desmethyltramadol (M1).
‘ Parameter BIOVAIL (A) BIOVAIL (B) BIOVAIL (C)
(AM) (AM) (FM)
3x100 mg 3x 100 mg 3 x 100 mg
Mean £ SD Mean & SD Mean £ SD
AUC {0 - 1) (tig.hr/mL) 2750.55 £ 876.34 2788.84 + 937.28 2409.39 + 716.84
AUC (0 - iaf) (ng.he/mL) 2836.41 + 886.25 2964.68 +989.78 2607.44 £ 790,09
Couse (ng/mL) 136.00 + 49.58 131,96 + 53.85 94.41 £30.90
T e (BOUTS) 1268 £3.25 13.08 + 2.64 16.84 +5.50
113 (hours) 137+ 1.61 8.06 +1.90 891 £ 1.85
K, (hour’”) 0.098 £ 0.020 0.091 £0.022 0.082 £ 0.020
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Table 4. Pharmacokinetic Parameters for O, N-di-desmethyltramadol (MS).

Paramefer : BIOVAIL (A) BIOVAIL (B) BIOVAIL ()
(AM) (AM) M)
3xHomg 3x 100 mg 3x 100 mg
Mean = SD Mean + SD Mean + SD
AUC (G- t) (ng.hr/ral) 1148.17 £ 388.90 1148.96 + 357.64 1013.10 £ 376,39
AUC (0 - inf) (ng.hr/ml) 1222.43 £ 40945 127657 £+ 419.54 1180.01 + 458.87
Conex (ng/ml) 50.46 £ 17.63 49.15% 15.93 38.04 + 14.34
Tonex (hoUTS) 13.75 £3.30 15.67 £3.27 ) 20.08 £ 4.74
t1n (hours} 9.1213.09 10.00 % 3.59 11.60+£4.25
K (hour™) 0.083 £ 0.022 0.076 £0.022 0.067 + 0.025

Relative Bioavailability
The relative bioavailability analysis (PM/AM) results for AUCq., AUCq.inr and Cax, transformed
using the natural logarithm, are summarized in Table 5.

Table 5. Relative Bioavailability Analysis (PM/AM) for Tramadol, M1, and MS Following
Tramadol HCI ER 1 x 300 mg Tablet (PM, Test) versus Tramadol HCl ER 3 x 100 mg
Tablet (AM, Reference) Administration.

Tramadol 7
AUC (0 -t AUC (0 - infinity) Conax_
90% Geometric C.1.* 84% - 96% 87% - 101% 65% - 77%
Ratio of Means® 90% 94 % 71 %
cv® 13.51% 13.79 % 16.85%
M1
AUC(0-0) “AUC (0 - infinity) Coms
90% Geometric C.I.* 82% - 92% 85% - 96% 63% « 74%:
Ratio of Means" 8§7% - 0% . 69%
cvt 11.76% 12.24 % i 1538%
M5
_ AUC(0-0 AUC (0 - infinity) Couss
90% Geometric C.L* 20%-91% 86% - 98% FO% - 79%
Ratio of Means” 86% 92 % 74 %
cve 13.39% 13.89 % : 12.13%

4 90% Geometric Confidence Interval using log-transformed data and Biovail (A) as the reference, calculated based
on two-way C vs. A comparison.

5 Calculated using geometric means according to the formula: e (©A) x 100%, calculated based on two-way C vs. A
comparison. .

¢ Intra-subject coefficient of variation for log-transformed pharmacokinetic parameter, calculated based on two-way
C vs. A comparison.

Discussion and Conclusions: ‘ :
This study compared dosing in the morning (Treatment A) vs. dosing in the evening (Treatment
C) with the tablets from the scaled-up batch. Evening administration of the ER formulation
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resulted in a significant reduction and delay in the rate of drug absorption but did not reduce the
total amount absorbed. Compared to morning dosing, Cmax and AUCo-inf of tramadol decreased
29% and 6%, respectively after evening administration of the tablet. Tmax increased by 5 hr (15
hr PM vs. 10 hr AM). The 90% geometric confidence intervals based on the evening-to-morning
ratio of geometric means for tramadol AUCo-tand AUCo-inf were within 80% to 125%. However,
the results for Cmax were outside the 80% to 125% limit (<80%). The same qualitative

similarities and differences between the dosing conditions were observed for the M1 and M5
metabolites as well. The differences in the profiles may be related to a slowing in
gastrointestinal transit during the night compared with the daytime. This diurnal effect in drug
absorption may have implications in the pharmacodynamic effect and should be included in the
labeling.

Appendix for Study 2287-2. Demographic Information.

Table Al. Demographlc Data for All Subjects.

SUBJECTIS " RACE T GENDER | AGE [HEIGHT | WEIGHT |SMOKER] FR
NO N (vedrs) | ‘Gitchés) ; (poundsg i

260,
17 18
1 asg
207
L 173 T
G0
145
193
242
158
180

697.

Subjects #18, #21, #26, and #28 did not complete the study. Subject #18 withdrew prior to
Period II due to personal reasons; Subject #21 was dismissed during Period II due to adverse
events; and Subject #26 withdrew prior to Period III and Subject #28 withdrew during Period 111,
both due to personal reasons.

NDA 21-692 ' ' 84
Ralivia ER™ (Tramadol HCI)
Original NDA Review



Table A2. Demographic Characteristics for Subjects Who Completed the Study and
Whose Data were Analyzed.

A Caucasian 20
African American 2
Hispanic 1
1

‘ Mulatto

Female 9 375

4.2.6 Study #109316 (B02-589PK-P0O3P1): Steady State Pharmacokinetics of Tramadol
HCL Extended-Release Tablets in Healthy Individuals and Patients with Mild and
Moderate Renal Failure

Study # B02-589PK-P03P1

Study Title: Steady State Pharmacokinetics of Tramadol HCL Extended-Release Tablets in
Healthy Individuals and Patients with Mild and Moderate Renal Failure
Objectives: To estimate and to compare plasma and urine pharmacokinetic parameters of

tramadol and 2 of its metabolites (M1 and M5) in healthy volunteers and in
patients with mild or moderate renal impairment.

e To delineate the steady-state pharmacokinetics of Tramadol HCI
Extended-Release Tablets, 100 mg in mild and moderate renal failure
patients compared to healthy volunteers with normal renal function.

* To assess the safety of single and multiple doses of Tramadol HCI
Extended Release tablets, 100 mg in patients with mild and moderate
chronic renal failure.

'Stu'dy Design: Open-label, multiple-dose, parallel study

Treatment: -All subjects received a single oral dose of one Tramadol HCI Extended
Release Tablet (Lot #:02C139 by Bioavail Corporation, Canada), 100 mg with
240 mL of water in the morning for 6 consecutive days, Following an 10-hour
overnight fast

PK Sampling Blood Samples: 10m per sample on Day 1, 3, 4, 5 at 0 hr (pre-dose) and on
Day 6 at 0 hr (pre-dose) 2, 3, 4, 6, 8, 10, 12, 14, 18, and 24 hours post-dose.
Urine Samples: On day 1 at 0 hr (pre-dose) and on Day 6, at 0 hr (pre-dose)
and 0-2, 2-4, 408, 8-12, 12-24 hr post dose.

PK Parameters AUCtau, Cmax, Tmax, Cmin, Cavg, Fluctuation, CLr, Metabohte/Parent ratio
and Statistical (AUC tau) Descriptive statistics and ANOVA using SAS

Analysis:
Study Population: | The study population consmted of 18 completers (15 M and 3 F): 6 healthy, 6
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mild renal failure (MiRF) and 6 with moderate renal failure (MoRF).
(Agplicant stated that sample size was agreed upon by FDA (fax dated June
257, 2002). Subject 206 was excluded from the final statistical analysis as the
subject’s plasma concentration values were below BLQ for all analytes on
Days 5 and 6 suggesting a lack of compliance to the treatment.
Population Creatinine Mean (SD) | Mean Height *Sex/Race
Description (sample | Clearance Age (yrs) | Weight (inches) :
size) (mL/min) mean | [range] (Ibs) [range]
(SD)/[range] [range]
"Normal renal function | 110.50 (28.42)/ 55.8(1.2) | 171.8(23.3) | 68.6(4.2) | 6M/4AC&2AA
(n=6) [91.0-167.0] [55-58] [134-194] [64-73]
Mild renal impairment | 53.00 (2.97)/ 68.3(6.9) | 181.3(42.9) | 66.1(4.7) | SM &1F/3C
m=Y9) [50.0-56.0] [61-79] [120.2- [58-72] & 3AA
238.0]
Moderate renal 41.17 (7.65)/ 54.2(10.3) | 174 (55.1) 68.6 (4.3) | 4M
impairment (n=6) - [31.0-49.0] [41-70] [127.2- [62-73] &2F/6AA
244.0]
*M=male, F= female, C=Caucasian, AA= African American o

# Guidance Definition: Normal => 80 mL/min, Mild = 50-80 mi/min, Moderate 30-50 mL/min, Severe renal impaiﬁnent < 30 mL/min, ESRD
requiring dialysis

Analytical - A validated LC/MS/MS assay method was used to determine the concentrations of tramadol and its

Methods: metabolites-desmethyltramadol (M1) and O, N-di-desmethyltramadol (M5) in plasma and urine.

Compound Tramadol O-Desmethyltramadol (M1) | O,N-di-desmethyltramadol (M5)

Internal Standard (IS) | Diltiazem ‘ Diltiazem Diltiazem

Matrix Plasma Plasma Plasma

Accuracy (%)

| Within—Day e
Between-Day a8 ST
1 Precision (CV %) —

Within-day :

Between-Day e m .

Standard curve range | 2.00 to 1024.42 ng/mL 1.00 to 512.31 1.00to 512.16

: Mean r=0.999 (N = 5) Mean r =0.998 (N = 5) “Mean r =0.999 (N = 5}

Sensitivity (LOQ) T

Selectivity No interfering peaks @ | No interfering peaks @ | No interfering peaks @ retention
retention time of tramadol retention time of M1 time of M5

Mean Recovery e i ' '

(%CV) » .

Stability . ~——— degradation @ - —— degradation @ - “~__ degradation @ -25°C
25°C for 115 days and, < | 25°C for 115 days and, - —_} for 115 days and, ~—~—_
———= degradation after 3 | % degradation after 3 freeze- | degradation after 3 freeze-thaw
freeze-thaw cycles thaw cycles cycles

Conclusions Method validation Method validation acceptable | Method validation acceptable
acceptable '

Method LC/MS/MS _ LC/MS/MS LC/MS/MS

Compound Tramadol O-Desmethyltramadol 0, N-di-desmethyltramadol

(M1) (M5)

Internal Standard (IS) Not stated Not stated Not stated

Matrix Urine Urine Urine
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Accuracy (%)
Within—-Day

st e .
Between-Day T
Precision (CV %)
Within-day P .
Between-Day

Standard curve range

0.195 to 49.996 ng/mL

0.049 to 12.503

Mean r = 0.998 (N = 5)

Mean r =0.998 (N = 5)

0.049 to 12.503

| Mean r =0.996 (N = 5)

Sensitivity (LOQ) T PR T | e e

Selectivity No interfering peaks @ | No interfering peaks @ | No interfering peaks @
retention time of tramadol retention time of M1 retention time of M5

Mean  Recovery % i it

(%CV) ,

Stability degradation @ degradation @ — degradation @ room
room temperature, at -25 °C | room temperature -70 °C | temperature, at-25 °C + 10 °C
+ 10 °C and -70 °C for 154 | and after 3 freeze thaw | and -70 °C for 154 days and
days and after 3 freeze thaw | cycles @-70 °C £ 10 °C after 3 freeze thaw cycles @ -
cycles @-70 °C = 10 °C. : 70°C+ 10 °C.

Conclusions Method validation Method validation Method validation acceptable
acceptable acceptable

Results:

Plasma Concentrations

“Pissima Tramack | Gonzaritration (ngéil)

Figiis 36
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Reviewer’s comments: Although the scales of the graphs above look very compressed they do
indicate that renal impairment increases the plasma concentrations of the M1 and M5
metabolites. The effects of renal impairment on tramadol are difficult to interpret from the graph
but the individual data does suggest that there some increase in plasma concentrations in the
moderately impaired patients however, this is not consistent in all patients as reflected by the
high variability associated with the data.

Tramadol

The PK parameters (AUCtau, Cmax, Cmin and Cavg) all appeared to be higher in the Mild RF
group, however this was not observed in the Moderate RF group. The parameters for the
Moderate RF group were similar to those of the healthy volunteers. There was no statistical
difference (p > 0.5) for tramadol Cmax, AUCtau, Cmin, Cavg, degree of fluctuation or CLr
between the 3 groups. There was no significant correlation (p> 0.05 and r values were 0. 1030
and 0.1581) between Cmax and AUCtau and creatinine clearance (CLcr). The amount of

~ unchanged tramadol excreted and the renal clearance of tramadol decreased in patients with the
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moderate renal impairment. The trend was not statistically significant (p=0.1435). Tramadol
renal clearance did not significantly correlate with creatinine clearance (p > 0.05 and r=0.3279).

M1 metabolite

The PK parameters (AUCtau, Cmax, and Cavg) all appeared to increase with the severity of the
renal impairment. (HV < MiRF<MoRF). There was no statistical difference (p > 0.05) for O-
Desmethyltramadol Cmax, Tmax, AUCtau, Cmin, and Cavg between the 3 groups. There was
no significant correlation (p> 0.05 and r =0.3243 and 0.2173) between Cmax or AUCtau and
creatinine clearance (CLcr).

The amount of unchanged O-Desmethyltramadol excreted and its renal clearance decreased by
50% in patients with mild or moderate renal impairment. The trend was statistically significant
(p=0.0057). In addition, O-Desmethyltramadol renal clearance showed a significant correlation
with creatinine clearance (p=0.0018 and r = 0.6992).

M5 metabolite

The PK parameters (AUCtau, Cmax, and Cavg) all appeared to increase with the severity of the
renal impairment. (HV < MiRF< MoRF). There was no statistical difference (p > 0.05) for O-N-
di-Desmethyltramadol Cmax, Tmax, AUCtau, Cmin, and Cavg between the 3 groups. There was
no significant correlation between Cmax or AUCtau and creatinine clearance (CLcr).

The amount of unchanged O-N-di-Desmethyltramadol excreted decreased in patients with renal
impairment. Similarly, the renal clearance of O-N-di-Desmethyltramadol decreased with the
decrease of the renal function. This difference was statistically significant(p < 0.001). O-N-di-
Desmethyltramadol renal clearance significantly correlated with creatinine clearance (r=0.8024,
p=0.001).

Table: oD~ pafues for the Pharinacobinetic Pavienatars for Tramadol,
Odisirioths vlframadol e 4! Trand 0 , Nedisdesigthyltrinad ol- (M)

N
€2 .I)cwmt_l;; f.(m_umfgi T dm-\m’;;ﬂ (casistol
Rt} %)
s ' 0,731 T
QT4 F4093 7R
2688 ; Lz
'i]‘q 7'?1‘} .
Lo D653
98
1435

lj‘é).réfnmgr Tramsdel

Reviewer’s comments

The MiRF patients and the MoRF patients presented an overall higher systemic exposure to
tramadol and its 2 metabolites. For both metabolites the metabolic ratio increased with the
severity of the renal impairment.

Urinary clearance of tramadol and its 2 metabolites appeared to decrease in patients with renal
failure. This difference was statistically significant for M1 and M5. The applicant concluded
that despite the lack of significance of these observations, for tramadol dosage adjustment may
be needed when administering Tramadol ER to renally impaired patients. The question is what
would the dosage adjustment be based on? '

NDA 21-692 89
Ralivia ER™ (Tramadol HCI)
Original NDA Review



4.2.7 Study #B02-590PK-P03P1: Steady State Stereospecific Pharmacokinetics of Tramadol
HCL Extended-Release Tablets in Patients with Mild and Moderate Hepatic
Impairment

Study #: B02-590PK-P03P1

Study Title: | Steady State Stereospecific Pharmacokinetics of Tramadol HCL Extended-Release
Tablets in Patients with Mild and Moderate Hepatic Impairment

Objectives: To delinate the stereospecific pharmacokinetics of tramadol HCI extended-release
tablets, patients with mild and moderate hepatic insufficiency and to compare to those
in healthy volunteers under steady-state, fasting conditions. '

Study Open-label, multiple-dose, parallel study

Design: . :

Treatment: All subjects received a single oral dose of one Tramadol HCI Extended Release Tablet
(Lot #:02C139 by Bioavail Corporation, Canada), 100 mg with 240 mL of water in the
morning for 6 consecutive days, following an 10-hour overnight fast

PK Sampling | 7 mL/sample of blood was collected as follows: Days 1, 3, 4, 5: 0 hr (pre-dose)- and
Day 6: 0 (pre-dose), 1,2,3,4,6,8, 10, 12, 14, 18, 24 h.

PK AUCtau, Cmax, Tmax, Cmin, Cavg, Fluctuation, CLr, Metabolite/Parent ratio (AUC

Parameters tau). Descriptive statistics and ANOVA using SAS. The primary comparison was to

and determine if pharmacokinetic differences existed between the healthy matched

Statistical subjects and mild and moderate hepatic impaired patients.

Analysis: : :

Study The study population consisted of 18 completers (16 M and 2 F): 6 age and weight

Population: matched healthy, 6 mild hepatic impairment and 6 with moderate hepatic impairment.
(Number agreed upon with FDA in fax dated June 25", 2002).

Population Child-Pugh Mean (SD) | Mean Height Sex/Race

Description (sample | score Age (yrs) | Weight (inches) | M=male, F=

size) [range] (Kg) 1 [range] | female,

[range] C=Caucasian,
H= Hispanic
Healthy Subjects Not Applicable 50.5(6.6) | 80.9(7.9) 171 5M &1F/5H &
(n=6) [41-61] [69.4-92.51 |(10.8) 1C
[152- :
- 183]

Mild Hepatic 5-6 53 (5.3) 849 (14.7) |171.2 SM &

impairment [49-63] [71.2-107.9] | (9.6) 1F/5C&1H

(n=16) [168-

183]
Moderate Hepatic 7-9 52.7(3.3) | 84.7(15.8) |171.5 6M /4C & 2H
impairment (n=6) [49-57] [65.3-104.8] | (8.5)
[160-
‘ - 183]

Assay An enantiospecific validated LC/MS/MS method equipped with a chiral column assay

Methods: was used to determine the concentrations of (+/-) tramadol and its metabolite-(+/-)
desmethyltramadol (M1) in plasma. The assay method was developed and validated
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(effective on September 23rd, 2002) for a range of 10 to 400ng/mL for each tramadol
and M1 enantiomer. However, the quantitation range was not appropriate for the
study samples. A number of study samples were BLQ (8 for tramadol, many for M1),
and only limited PK data analysis was feasible with the reported values.
Consequently, the method was revalidated (effective February, 2003) to accommodate
a lower concentration range. A report of the re-validated method is reported in the
table below: '

Mean Recovery

Compound (+) Tramadol (-) Tramadol (+) O- (-) O-

' desmethyltramadol desmethyltramadol
Internal (+) Tramadol - D6 (-} Tramadol — D6 (+)M1 -D3 (+)M1-D3
Standard (IS)
Accuracy (%)
Within-Day —_— —
Between-Day —
Precision (CV |
Vo) Te—
Within-day I
Between-Day ‘ ]
Standard curve |5 to 200 ng/mL (r* = | 5 to 200 ng/mL (" = 0.9999, | 1 to 40 ng/mL (¥ = | 1 to 40 ng/mL (I =
range 0.9999, N=3) N=3) 0.9997, N=3) 0.9998, N=3)
Sensitivity — — I —_—
(LOQ) ]
Selectivity No significant interferences were observed at the retention times of tramadol, (+/-), M1 (+/-), or the

internal standards.

——— S —————— e

Stability

4 Freeze thaw cycles, 70 hrs
storage —— . degradation.

4 Freeze thaw 4 Freeze thaw cycles,
cycles, 70 hrs 70 hrs storage ~——
storage — storage < —___ %.degradation '

degradation. degradation.

4 Freeze thaw cycles,
70 hrs storage, 8 week

Conclusions

Method validation is acceptable. Validation data shows that method is reproducible for its intended use.
Although samples were stored for about 6 months before they could be analyzed again using the re-
validated method, a comparison of the plasma concentrations obtained before re-validation and after re-

| ‘validation were within +/- 20 % of each other. This means the values obtained with the revalidation

were probably ~ 20 % less than what may have been obtained with the original samples.

Results:
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Reviewer’s comments: Mean exposure of both enantiomers of tramadol is somewhat lower in the
patients with mild and moderate hepatic impairment compared to the healthy subjects
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Figure 42 Mean Plasma (-)M1 Concentration-Time Profile for Patients With Mild or Moderate

Liver Disease and in Healthy Subjecfs During QD Dosing With Tramadol HCI ER

Reviewer’s comments: Mean exposure of both enantiomers of Ml is lower (~ 50%) in patients
with mild and moderate hepatic impairment compared to healthy subjects. The patients with
moderate hepatic impairment had a lower exposure.

PK parameters
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Reviewer’s comments: In hepatically impaired patients one would have expected a decrease in
metabolizing enzymes to result in higher levels of tramadol and lower levels of M1 and
consequently lower metabolite to parent ratio values in hepatically impaired patients compared
to healthy subjects. However, what was observed in this study was lower exposure and lower
metabolite/plasma ratio in hepatically impaired patients of tramadol and MI (more pronounced)
compared to healthy volunteers. The lower exposure obtained in the hepatically impaired
population does not imply a safety concern that requires a dosage adjustment in the mild or
moderate he lpatically impaired patient population. A comparison of the metabolite to parent
ratio for the enantiomers of tramadol and Ml showed a trend (healthy>mild hepatic>moderate
hepatic).

4.2.8 Study #2584 (B02-591PK-P03P1): Influence of CYP 2D6 Inhibition on
Pharamcokinetics of Tramadol HCL Extended Release 100 mg Tablets in Normal
Healthy Non-smoking Male and Female Subjects

Study #: 2584 (B02-591PK-P03P1)

Study Title: Influence of CYP 2D6 Inhibition on Pharamcokinetics of Tramadol HCL Extended
: Release 100 mg Tablets in Normal Healthy Non-smoking Male and Female Subjects
Objectives: To evaluate the effect of CYP 2D6 inhibition on the pharmacokinetics of Tramadol

Hydrochloride 100 mg ER Tablets under single-dose, fasting conditions. Quinidine
sulfate was used as the CYP 2D6 inhibitor.

Study Design: | Two-way, open-label, single-dose design with a one (1) week washout perlod

between study periods
Investigational | Tramadol HCI Extended Release Tablet (Lot #:010206 by -\\ )
‘Drugs: Quinidine Sulfate Tablets 200 mg (Lot # 46942 by T ]
Treatment: Treatment A: Period I, Day 1:

One Tramadol HCL 100 mg ER tablet (starting at 08:00)with 240 mL of ambient
temperature water following an overnight fast of at least 10 hours

Treatment B: Period II, Day 1: :

One Quinidine sulfate tablet 200 mg (starting at 18:00) with 240 mL of ambient
temperature water following a fast of at least two hours

Period1l, Day 2.

One Quinidine sulfate tablet 200 mg (startmg at 06:00) with 240 mL of ambient
temperature water following an overnight fast of at least eight hours. Subjects
continued to fast for an additional two and a half (2.5) hours until dosing for the test
drug. One Tramadol HCL 100 mg ER tablet (starting at 08:30) with 240 mL of
ambient temperature water was then administered. The subjects continued to fast
for an additional 4 hours following the test drug administration.

PK Sampling | During each study period, seventeen blood samples (7 mL each) were collected as
follows:
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Period I, Day 1 and Period II, Day 1:
0 (pre-dose), 1,2, 3,4, 5, 6, 8, 10, 12, 14, 16, 20, 24, 30, 36 and 48 hours post drug-
| administration.
PK Parameters | AUCtau, Cmax, Tmax, Cmin, Cavg, Fluctuation, CLr, Metabolite/Parent ratio
and Statistical | (AUC tau). Descriptive statistics and ANOVA using SAS. The primary comparison
Analysis: was to determine if pharmacokinetic differences existed between the healthy
matched subjects and mild and moderate hepatic impaired patients.
Study 24 subjects were enrolled, 19 competed the study, while 5 subjects completed only
Population: one period. The study population demographics was as follows:
Race: 17 C, 3 Asian, 4 Black  Gender:14 M, 10 F Weight: mean = 70 (9),
range = 55-86 kg
Age: mean =31 (8), range = 22- 48 years old . Height: mean =171 (9), .
range = 152-185 cm
4 subjects were dismissed and 1 was withdrawn. #02 was dismissed during the
confinement period I due to AEs, # 23 withdrew voluntarily during period I washout
(W/0), # 16 dismissed during period I washout due to an AE, # 10 dismissed during
W/O period II due to an AE, # 22 dismissed during W/O period II due to an AE.
Safety The subjects were dismissed due to the following AEs: #02, pallor, dizziness,
headache, nausea and sweating, #16, low blood pressure, # 10 and # 22, prolonged
QTC. The relationship of these AEs to the study drugs are currently being reviewed
by the medical officer.
Assay A report of the validated L.C with tandem MS assay method used to determine
Methods: tramadol and its two metabolites (M1 and M5) in human plasma is reproduced in the
table below: .
Compound Tramadol O-Desmethyltramadol | O, N-di--Desmethyltramadol
Internal Standard (IS) | Metoprolol Metoprolol Metoprolol
Accuracy (%)
Within-Day
Between-Day . .
Precision (CV %) ! |
Within-day : %
Between-Day o m———— _ :
Standard curve range | 2.02 to 1031.74 ng/mL (r=0.9990, | 1.00 to 511.95 ng/mL (r | 0.97 to 496.64 ng/mL (r = |-
N=3) =0.9992, N=3) 0.9982, N=3)
Sensitivity (LOQ) R :
Mean Recovery s L TR,
(CV%) | |
Selectivity No interferences observed at retention times of interest for tramadol, M1 and M5
Stability. 3 Freeze thaw cycles, — 3 Freeze thaw cycles, < | 3 Freeze thaw cycles;
degradation. Stability in plasma @ | —— degradation. | degradation. Stability in
-25 °C for 115 days _—— Stability in plasma @ - | plasma @ -25 °C for 115 days
degradation. 25 °C for 115 days . —— degradation.
% degradation.
Conclusions Method validation demonstrates reproducibility, accuracy, sensitivity and selectivity for intended
use and is acceptable.
Results:
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Pharmacokinetic Parameters

The AUCs of tramadol were 50 to 60 % higher (2576.22 versus 4227.24 ng.hr/mL) after
tramadol co-administration with quinidine as compared to tramadol alone. The increased AUC
was related to a 41 decrease (729.68 versus 429.94 mL/min) in the clearance of tramadol during
treatment with quinidine. In addition the elimination half-life of tramadol was prolonged from
7.6 to 9.3 hours. As a consequence of this decreased metabolic rate of tramadol during treatment
with quinidine, the plasma concentrations of the two metabolites of tramadol (M1 and M5) were
lower and the approximately 50 to 60 % lower AUCs is a reflection of the decreased formation
rate of these metabolites as compared to the treatment with tramadol alone.
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Reviewer’s Comments: The AUCinf, MRT, T1/2, CL and VD data in table 9Fand AUC infin
table 91 for treatment B should be interpreted with great caution as it may be inaccurate due to
an imbalance in data (N=8 for treatment B versus N = 17 for treatment A). This is because Kel
could only be calculated in 8 subjects. The values obtained look erroncous e.g. AUC inf suggests
similar exposure while AUC t suggest lower exposure in the presence of quinidine. This is also
reflected inthe 90 % CI obtained for AUCinf suggesting higher metabolite exposure while AUC
inf suggests lower exposure. For this data set one should rely only on AUCt and Cmarx.

Reviewer’s Overall Comments v

As per applicant’s conclusions data from this study demonstrated that quinidine inhibits the
metabolism of tramadol resulting in higher exposure of tramadol and a lower exposure of the
active metabolite (M1) and an inactive metabolite (M5). From the regulatory perspective these
findings could suggest a safety concern for tramadol and an efficacy concern for the active
metabolite however, since the effects are opposite to each and both tramadol and M1 are active
it is hard to predict the clinical consequences.

4.2.9 Dissolution Study

Drug Release Methods

In vitro dissolution was determined in accordance with USP General Chapter <724> Drug
Release using Apparatus 1 (-~ - at a speed of ===~ with UV detection. The drug release
limits were evaluated in accordance with the acceptance criteria specified in the Extended-
Release Articles - General Drug Release Standard. Evaluation of the dissolution profiles for the
final selected formulation included assessments of the effects of dissolution media and tablet
strength. Representative mean dissolution profilesin = pH ™ buffer, water, and pH
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—= buffer for the Tramadol HCI ER 100-mg tablets (Lot 02C139) used in Study B03-619PK-
PO3P1 (in vitro-in vivo correlation study) are shown below in Figure 52.

Figure 52. Representative Dissolution profiles for Tramadol HCL ER Tablets, 100 mg (Lot
02C139) in Different Dissolution Media

- Dighleed

This batch has the same qualitative composition as the proposed commercial formulation.
Dissolution in === provided for 100% drug release over a 16-hour period. In addition, the
average profiles showed little or no dependence on the pH or composition of the dissolution
media. This finding suggests that in vivo drug release should be independent of the location of
the extended-release tablet in the gastrointestinal tract and unaffected by the intra-luminal
environment. Both factors should contribute to greater consistency in the performance of the oral
dosage form. Representative dissolution profiles for Tramadol HCI ER tablets at dosage
strengths of 100 mg (Lot 02H218), 200 mg (Lot 010704) and 300 mg (Lot 02J126) in the
proposed dissolution media of " are shown below in Figure 53.

-Figure 53. Representative Dissolution profiles for Tramadbl HCL ER Tablets, 100 mg, 200
mg and 300 mg in ~ (Proposed Commercial Formulations)

=Lt SZHIAE Pk~ Lot 0107046200 migh =95+ Los G218 (300 g}

™~

~.

These data show that the perceﬁtége of drug release from the different strengths of the extended-
release is essentially independent of dose over the total duration of release. The individual
values used to calculate the mean profiles shown in Figure 53 are provided in Table 30.
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The data in this table illustrate the consistency in the in vitro performance of the dosage forms
both within a batch and between batches of different strengths of the Tramadol HCI ER tablets.
The similarity of the dissolution profiles between the different strengths was assessed by
performing an £2 test on the dissolution results of 100-mg, 200-mg and 300-mg strengths. The
results of this test indicate that the dissolution profiles, expressed as a percent of label claim, for
the 3 strengths are similar because the £2 values were > 50. The f2 value for the comparison
between 100-mg and 200-mg strengths was 72, and the 2 value for the comparison between 100-
mg and 300-mg strengths was 88. The f2 value for the comparison between 200-mg and 300-mg
strengths was 76.

Reviewer’s Comments:

The proposed method is okay although the sponsor could have also evaluated different speeds
and provided a rationale for choosing the acid over the other media. The in vitro release
specifications are wider than the traditional 10% range around the mean dissolution profiles
and are not acceptable on the based on dissolution results of the batches used in the
bioequivalence and pivotal clinical studies. They cannot be justified based on the IVIVC because
this was not found to be acceptable by Dr. Patrick Marroum who reviewed of the Study Report
2003-14. A new IVIVC analysis report (Report RA612005) will be reviewed in the next review
cycle. The dissolution specification may be further revised based on the review of IVIVC results.

Appears This Way
On Original
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4.5 Synopses of Studies that not Reviewed

Study #2549 (B01-570PK-TRAP03)

SyNQPsis

| Name of Sponsor Company: For Sponsor Use Only: | For National Autharity Use Only

BIOVAIL CORPORATION cio | Individual Study Table i
1 BIOVAIL TECHNOLOGIES Referving to Partof the Dossier
1LTD. Voiume:

Name of Finished Product:
Tramadol HCI 100 mg
‘1 Extended Release Tablets

Page:

Name of Active Ingredient:

Tramadol hydrocholoride

Title of Study:
A Two-Way, Crossover, Open-Label, Single-Dose, Fasting, Dosage Strength
Equivalency Study Of Two Strengths (200 mg And 100 mg) Of Tramade! HCI
Extended Release Tablets Given Once Daily In Nommnal Healthy Non-Smoking Male
And Female Subjects

Proiocol No.: 2549 (BO1-570PK-TRAPO3)

[mvestigators:
Principal Investigator: Paul Y. Tam, M.D., FR.C.P.. F.A.CP.
Sub-investigators: .

™~

. Study Center:
© Biovail Contract Research
- 460 Comstock Road, Toronio. ON. M1l 454 Cuanada
- 689 Warden Avenue, Units | & 2. Toronto. ON. M1L. 4R6 Canada

Publication (reforence ).

Stclied period: ¢ Phase of deveiopment:

December 11, 2001 - December 21. 2001 { Phase [ - dosage strength equivalency

" Objectives:

i The objective of this study is to investigate the dosage strength equivalency of Biovail
Corporatien’s test product Tramadol HCl 100 mg Extended Release Tablets and
Tramadol HC1 200 mg Exiended Release Tablets under fasting conditions.
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Analytical Procedure:
A suitably validated and sensitive assay method was employed for the analysis of
tramadol and its metabolites, O-desmethyltramadol (M1) and O, N-di-
desmeihyltramadol (M5), in plasma samples. Full validation of the method, including
precision, accuracy and reproducibility is included in the final report, along with a
statement regarding the stability of the frozen samples. The analytical facility was
blinded regarding the dosage regimen.

Number of subjects (planned and analvzed):
Twenty-four (24) male and female subjects were planned to be entered into the study.
There were twenty-four (24) subjects dosed in period 1, twenty-three (23) of which
completed the study. Pharmacokinetic and statistical analyses were performed on
twenty-three {23) subjects that completed the study.

Main criteria for inclusion:
Normal, healthy, non-smoking male and female subjects.

Test product, lot number and mode of administration:
Tramadol HC1 100 mg Extended Release Tablets, _———— ({potency value
= T~ of label claim), administered orally with 240 mL of ambient temperature
water following an overnight fast of a: least ten (10) hows.

Reference therapy, lot number and mode of adminisiration:
Tramadol HCI 200 mg Extended Release Tablets, ——____ (potency value
= — __  of label claim), administered orally with 240 ml. of ambient temperature
water following an overnight fast of at least tep {10) hours.

Treatment Periods:
Penod I: December 12, 2001
Period H: December 19, 2001

Criteria for evatuation:
Pharmacokinetics:
The following pharmacokinetic parameters for iramadol, O-desmethyltramadol (M1)
and O, N-di-desmethyliramadol (M5) were calculated by standard non-compartmental
methods: AUCo4, AUCuint: Coruxo Taxs Ken tiz, M/P ratio and MRT.
Safety:
The incidences of all adverse cvents were tabulated by treatment group and subject
number. Absolute values for vital signs, ECGs, laberatory parameters and physical
examination were also documented and values outside the normal range were flagged.
Shifts (normal fo abnormal) from baseline assessment to final assessmeunt were
tabulated. '

Statistical methods:
Using GLM procedures in SAS, analysis of variance (ANOVA) were performed on Ln-

* transformed AUCq.;, AUCo ins and Cyux and on untransformed Toae. Ko and t; at the
significance level of 0.05. The intra-subject coefficient of variation (CV), ratic of means
(Treatment A/Treatment B) based on the geometric means from the ANOVA, and the
90% geometric confidence interval were calculated for the natural log-transformed !
A«UCU«b AUC{)—inf and sz\-x- !
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SUMMARY CONCLUSIONS:
SUMMARY OF PHARMACOKINETIC RESULTS: Tramadol

Tramadof Tramadol —
Pharmuycokinelic (A) {B)
Parameters 2x 100mg 1 X 200 tog
o S U (n=23)
AUC, (ng.hr/mL) 5439.35 % 2378.71 ) 557508 + 2687.32
AUCpgr (npho/ml) 5682.37 = 257607 5785.50 % 2833 .64
Cray (ng/mL) 261.35 £ 104.90 ) 271.02 & 128.34
Ty (hour) 13,224 345 14.01 + 3,87
L thour) 7855104 7.35% 1.44
K. (hour) - 0.06 2 0.023 0.097 +0.617
MRT (hours) 20146 £ 2.92 20.29 % 3.07
Tramadot = =~ {4} 2 x {00 mg vs. Tramadol {
(B) 1x200mg
AL!CO»I AUCO-inr Clmx
90% C.1. 95.54% - 103.59% 96.04% - 103.74% 91.68% - 108.44%
Ratip of Means ) 99.48% b 99.82% 99.71%
Intra-Subjeet CV 7.96% 7.59% 16.52%

SUMMARY OF SAFETY RESULTS:

No serious adverse cvents were reported. No subjects were dismissed due to adverse
events. Overall, Tramadol HCI 160 mg Extended Release Tablets were well tolerated
as a single-dose of 2 x 100 mg and Tramadol HCI 200 mg Extended Release Tablets-
were well tolerated as a single-dose of T x 200 mg, adminsstered under fasting

conditions, and no significant safety issues were raised.

CONCLUSION:
The objective of this study was to compare the rate and extent of absorption of the
Tramadol HC] 100 mg Extended Release Tablets (2 x 100 mg), relative to Tramadol
HCI 100 mg Extended Release Tablets (1 x 200 mg), administered under fasting
conditions.

Based on twenty-three (23) completing subjects, the pharmacokinetics from the two (2)
treatrnent groups were assessed. The pharmacokinetic parameters were similar
between the two (2} formulations. The relative bicavailability of the two (2)
formulations was evaluated by a comparison of AUCq., AUCir and Chuy, after a
single dose under fasting conditions. The ANOVAs for AUCs., AUCs i and Ciax
indicated that the 90% geometric confidence intervals on the mean data for the three (3)
parameters were within 80.00% - 1235.00% range.

Therefore, the two (2) treatiments are biceguivalent according 10 the FDA critena for

bioequivalence study under single dose fasting conditions. The Biovail Corporations’s
unique products, Tramade] HCl 100 mg Extended Release Tablets (2 x 100 mg) and
Tramado! HCI 200 mg Extended Release Tablets {1 x 200 mg) demonstrated strength
equivalence. Overall, ramadol was well tolerated as 2 singie dose of 200 mg, and no
sigmificant safety tssues were raised.

Report Issue Date:
March 14, 2002

This study was performed in compliance with Good Clinical Practice (GCP).
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452 Study #109327 (B03-629PK-P01P1)
Synopsis
| Name of Sponsor Company: | For Spousor Use Only: | For National Authority Use Onls |
Biowl Corporstion o s
c/o Biovail Technologies, Ltd.
Name of Finished Product:
Tramadol HCI Extended Page:
Release 300 mg Tablets ’
Name of Active Ingredient:
Tramadol
Title of Study:
A Single Period, Two-Way Crossover, Open-Label, Multiple-Dose, Food-Effect

" Study of Tramadol Hydrochloride Extended Release 300 mg Tablets in Normal
Healthy, Non-Smoking Male and Female Subjects

Volume:

Protocol No.: 109327 (B03-629PK-P03P1)
Publication (reference):
NONE
Phase of development:
Phase 1
Objectives:
The objective of this study was to determine the effect of food on the bioavailability of

tramadol from Tramadol HCl Extended Release 300 mg Tablets under steady state
conditions.

Test Products/Investigational Products, lot numbers and mode of administration:
All subjects received the following treatments from Day 1 to Day 9:
Titration Phase 1 ~ Days 1 to 4:

One Trammadol HCl Extended Release 100 mg Tablet, Bulk Printed Tablet
Lot # 02H218, administered orally at 0.0 hour daily with 240 ml. of ambient
temperature water following an overnight fast of at least ten hours (Treatment dose =
100 mg/day).

Titration Phase 2 — Days 5 to 9:

Two Tramadol HCl Extended Release 100 mg Tablets, Bulk Printed Tablet
Lot # 02H218, administered orally at 0.0 hour daily with 240 mL of ambient
temperature water following an overmight fast of at least ten hours (Treatment dose =
200 mg/day).
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Test Produels/fnvesngatzonal Proa‘ucts, lot numbers and mode of administration
(Cont'dj:
Treatment Phase Day 10 to Day 23: :
Subjects followed one of two different treatment sequences according to the
randomization scheme,
Subjects received either Treatment A frotn Day 10 to Day 16 followed by Treatrment
B from Day 17 to Day 23 or Treatinent B from Day 10 to Day 16 followed by
Treatment A from Day 17 to Day 23.
Treatment A:
One Tramadol HCI Extended Release 300 mg Tablet, Bulk Printed Tabiet
Lot # 027126, administered orally at 0.0 hour daily with 240 ml. of ambient
temperature water following an overnight fast of ten hours (Treatment dose =
300 mg/day).
Treatment B:
One Tramadol HC! Extended Release 300 mg Tablef, Bulk Prnted Tablet
Lot # (27126, administered orally at 0.0 hour daily with 240 ml of ambient
temperature water 30 minutes afier the start of the high fat content meal {Treatment
dose = 300 mg/day).
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4.4 OCPB Filing and Review Form

Office of Clinical Pharmacology and Biopharmaceutics
New Drug Application Filing and Review Form

General Information About the Subniission

Information Information
NDA Number 21692 . Brand Name Ralivia ER™
OCPB Division (I, IL III) DPE Il {(HFD-880) Generic Name Tramadol Hydrochioride
Medical Division DAAQDP (HFD-550) Drug Class Centrally Acting
Analgesic

OCPB Reviewer

Lei Zhang, Ph.D. (Primary)

Abimbola Adebowale , Ph.D.

Indication(s)

Management of moderate
to moderately severe pain
in adults

OCPB Team Leader

Dennis Bashaw, Pharm. D.

Doﬁage Form

Extended Release Tablets,
100, 200, and 300 mg

Dosing Regimen

Start at a dose of 100 mg QD
and titrated up if required by
100 mg increments every 5
days as necessary. Not to
exceed =" 'day.

Date of Submission

12/31/2003 Route of Administration Oral
Estimated Due Date of OCPB Review | 9/30/2004 Sponsor Bioavil laboratories, Inc.
PDUFA Due Date 10/31/2004 Priority Classification New Formulation (5-S)

Division Due Date

IND 58,023
505 b(2); Reference Ultram
(NDA 20-281)

Clin. Pharm. anc

Table of Contents present and
sufficient to locate reports, tables, data,
etc.

“X” if included
at filing

Bigpharm. Information

Number of Number of
studies studies
i submltted rewewed

Critical Comments If any

Tabular Listing of All Human Studies

Human PK Summary

Labeling

Reference Bioanalytical and Analytical
M thods

Mass balance

X[ >

Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics (e.g., Phase [) -

Healthy Volunteers-
single dose: X
multiple dose: X
Patients-
single dose:
multiple dose:
Dose proportionality -
fasting / non-fasting single dose:
fasting / non-fasting muitiple dose: X 1 1. Study #2552 (B01-569PK-
) TRAPO03) (100, 200 and 400
mg, multi dose)
Drug-drug interaction studies - ]
In-vivo effects on primary drug: X 1 1. Study #2584 (B02-591PK-

P03P1) (effect of CYP2D6
inhibition with Quinidine}

In-vivo effects of primary drug:
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In-vitro:

Subpopulation studies -

ethnicity:

gender:

pediatrics:

geriatrics:

renal impairment:

1. Study #109316 (B02-589PK-
P03P1) (mild, moderate renal
failure and normal, muiti
dosé)

hepatic impairment:

1. Study B02-590PK-PO3P1
(mild and moderate hepatic
impairment, multi dose)

PD:

Phase 2:

Phase 3:

PK/PD:.

Phase 1 and/or 2, proof of concept:

Phase ‘3 clinical trial:

Population Analyses -

Data rich:

Dat

Absolute bioavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference:

1. Study #2551 (B01-567PK-
TRAPO03) (200 mg vs. Ultram
single/multi dose)

Pilot:

2. Study B99-401PK-TRAPO3 (3
formulation of 100 mg vs.
Ultram, single dose)

. Study #99103 (B99-416PK-
TRAP03) (prototype 2x100
mg vs. Ultram QID, multi
dose)

4. Study #2282 (B99-424PK-
TRAPO03) (2 formulations of
prototype 3x100 mg vs.
Ultram TID, multi dose)

w

Bioequivalence studies -

traditional design; single / multi dose:

1. Study #2287-2 (B99-426PK-
TRAPO3) (scale-up vs. pilot
formulation, 100 mg, single
dose) .

2. Study #2549 (B01-570PK-
TRAPO03) (2x100 mg vs. 200
mg, single dose)

3. Study #2696 (B03-623PK-
PO3P1) (3x100 mg vs. 300
mg, single dose)

Pilot:

4. Study #99105 (B99-415PK-
TRAPO03) (2 formulations of
100 mg, single dose, fast/fed)

5. Study #2375 (B00-471PK-
TRAPO03) (2x100 mg vs. 200
myg, single dose)

replicate design; single / multi dose:

Food-drug interaction studies:

1. Study #2550 (B01-568PK-
TRAPO03) (200 mg, single
dose)

2. Study #109327 (B03-629PK-
P03P1) (300 mg, multi dose )
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Dissolution:

X ' Apparatus 1 ——— \ata
speed of —— with
UV detection

(IVIVC):

X 2 1. Study #2677 (B03-619PK-
PO3P1)

Pilot:
2. Study #2553 (B01-571PK-
TRAP03)

Report 2003-14

Bio-wavier request based on BCS

BCS ci

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

.Literature References

Total Number of Studies

17

Filability and QBR comments

X if yes : Comments

Application filable?

X

Comments sent to firm?

QBR questions (key issues to be
considered)

+«  Whatis PK profite of 100, 200 and 300 mg ER tablets? Is PK dose
proportional?

<  What is steady state PK of the highest dose strength tablet (300 mg)?

. How does exposure of the ER tablets compare to Ultram at steady state for
both tarmadol and O-desmethylated M1 metabolite at equivalent doses?

. Is there a food effect (done with 300 myg tablet)?

-« Does PK of the new ER formulation support the proposed indication?

Other comments or information not
included above

This is a 505 b(2) application. The sponsor did not conduct the bioequivalence
study with the 300 mg tablet (highest dose strength). This is considered
acceptable because tramadol has narrow therapeutic window and it is unethical to
give 300 mg to healthy volunteers for multiple dose studies. The sponsor used
200 mg daily dose that represents the most common dose given to patients.
Historically, the sponsor developed the 300 mg tablet at late stage. They have
steady state PK information for 300 mg tablet that could be compared to steady
state PK of 200 mg tablet. Therefore, additional BE study with 300 mg tablet is not
necessary.

Primary reviewer Signature and Date

Lei Zhang, 2/24/2004

Secondary reviewer Signature and Date

Dennis Bashaw, 2/24/2004
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" Thisis a represe'ntation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Lei Zhang
10/19/04 05:30:31 PM
BIOPHARMACEUTICS

Dennis Bashaw
10/19/04 05:36:48 PM
BIOPHARMACEUTICS



