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This is a review of the Clinical Pharmacology and Biopharmaceutics (CPB) studies submitted in
the SNDA 20-541 to support use of arimidex as the first-line treatment of postmenopausal
women with advanced breast cancer. :

SYNOPSIS

Arimidex is a selective nonsteroidal aromatase inhibitor. The aromatase enzyme complex
catalyzes the synthesis of estrogens from androgens. Since estrogens promote growth of certain
breast tumors, inhibition of estrogen synthesis by aromatase enzyme is an effective treatment for
hormone-dependent breast cancer. The approved (NDA20-541) indication is the treatment of
advanced breast cancer in postmenopausal women who have progressed following tamoxifen
therapy. This sSNDA presents data to support the safety and effectiveness of Arimidex 1 mg daily,
fcr the first-line treatment of postmenopausal women with advanced breast cancer. '

In the approved NDA20-541, the applicant showed that inhibition of aromatase activity is
primarily due to anastrozole, the parent drug. Studies with radiolabeled drug have demonstrated

that orally administered anastrozole is well absorbed into the systemic circulation with 83 to 85%

of the radiolabel recovered in urine and feces. Food does not affect the extent of absorption.
Elimination of anastrozole is primarily via hepatic metabolism (approximately 85%) and to a
lesser extent, renal excretion (approximately 11%), and anastrozole has a mean terminal
elimination half-life of approximately 50 hours in postmenopausal women. The major
circulating metabolite of anastrozole, triazole, lacks pharmacologic activity. The .
pharmacokinetic parameters are similar in patients and in healthy postmenopausal volunteers.

The pharmacokinetics of anastrozole are linear over the dose rangeof Tto 20 gand donot ~

change with repeated dosing. Consistent with the 2-day terminal elimination half-life, plasma



concentrations approach steady-state levels at about 7 days of once daily dosing and steady-state
levels are approximately three- to four-fold higher than levels observed after a single dose of
ARIMIDEX. Anastrozole is 40% bound to plasma proteins in the therapeutic range. Studies in
postmenopausal women demonstrated that anastrozole is extensively metabolized with about
10% of the dose excreted in the urine as unchanged drug within 72 hours of dosing, and the
remainder (about 60% of the dose) is excreted in urine as metabolites. Metabolism of
anastrozole occurs by N-dealkylation, hydroxylation and glucuronidation. Three metabolites of
anastrozole have been identified in human plasma and urine. The known metabolites are
triazole, a glucuronide conjugate of hydroxy-anastrozole, and a glucuronide of anastrozole itself

The section of Human Pharmacokinetics and Bioavailability of this SNDA presented three
clinical pharmacology trials involving a total of 88 subjects. -

In addition, based on the agreement reached in a teleconference held on February 1, 1999, a
bioequivalence study (6157IL/0002) is submitted, which compares two Nolvadex form_u.lgtions.

This review is completed by Question Based Review approach.
1. What are the major differences between the current SNDA and approved NDA?

The major difference between this SNDA and the approved NDA is the indication. The sNDA is
for the first-line treatment of postmenopausal women with advanced breast cancer whereas the
approved NDA is for the treatment of advanced breast cancer in postmenopausal women who
have progressed following tamoxifen therapy.

2. What additional studies to characterize the pharmacokinetics are submitted in the current
sNDA?

The applicant conducted a study to investigate the safety, pharmacologic actions, and
pharmacokinetics in single and repeated oral administration of ZD1033 0.5 mg and 1 mg in
postmenopausal healthy female volunteers. This was an open, randomized study with two fixed
doses of ZD1033 in single administration or repeated dosing for 14 days. Pharmacokinetics was
evaluated by calculation of C_, t_, AUCqpe, AUC,,, and t,, in single administration and
accumulative rate and t,, in repeated administration. Hormone concentration was compared with
baseline value and between the two dose groups at the same measuring points to assess the
effects on hormone dynamics. Gross exposure of estradiol (defined as AUC of estradiol
concentration time curve for a day) was compared between the two dose groups on Day 1 and the
whole day on Day 14 for assessment. -

The pharmacokinetic parameters obtained in this study were consistent with those obtaingd in the
previous phase I studies. Although the drug concentration data and estradiol and other hormone

measurements are available, a PK/PD model to assess-possible relationship between drug levels

and/or hormone levels has not been established. An effort by the reviewer regarding this aspect is
ongoing.
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- 3. What additional information to update the package insert is submitted in the current
sNDA?

The applicant submitted two additional studies. One is to investigate the race difference and
another is to detect drug interaction between anastrozole and warfarin. '

4. Did the data show the dm’erencg between Japanese and Caucasian?

The applicant conducted an open, parallel-group trial to compare the pharmacodynamic effect
(on serum estradiol) of anastrozole 1 mg (daily for 16 days) in Japanese and Caucasian healthy
post-menopausal women volunteers. A total of 48 (24 Japanese and 24 Caucasian) healthy post-
menopausal women volunteers entered this trial. :

By t-test, there were no statistically significant differences between Japanese and Caucasian
healthy post-menopausal women volunteers in the effect of anastrozole (1 mg daily for 16 days)
on serum estradiol and estrone sulphate concentrations, or on steady-state plasma anastrozole
Coin (after 16 days of dosing). However, the 90% confidence intervals of the ratios of these
values fall outside the 80-125% range as shown in the following table.

Endpoint Japanese | Caucasian | Ratio of 90% ClI p-value
glsmean | gismean | glsmeansa
(n=22) (n=23)
Serum estradiol (pmol/l) 2.80 3.22 0.87 0.76 to 1.00 0.1026°
(0.74 to 1.03)d
Serum estrone sulphate (pmol/l) 3721 33.85 1.10 0.88 t0 1.37 0.47520
: (0.84 to 1.43)d
Cmin (ng/ml) 3041 25.69 1.18 099to1.40 0.0938¢
(0.97 to 1.44)d

a Ratio of glsmeans is presented as Japanese gismean/Caucasian glsmean.

b Dcrived from ANCOVA.
¢ Student’s t-test.

d. 95% confidence interval calculated by the applicant

Cmin Minimum anastrozole plasma concentration at the end of the dosing interval. Gismean Geometric

least squares mean.

The data showed a trend of elevation of anastrozole concentrations in Japanese women compared
to the Caucasians. This difference could be due to the difference in the body size between the

two populations.

. 3. Is there any drug interaction between anastrozole and warfarin?

The applicant submitted the results of a randomized, double-blind, placebo-controlled, 2-way
cross-over trial. The trial comprised 2 treatment periods of 11 days separated by a 3-week
washout period. Volunteers were randomized to receive either anastrozole in Treatment Period 1
and placebo in Treatment Period 2, or vice versa. In addition, all volunteers received warfarin 25
mg (5 x 5-mg tablets) on Day 3 of each treatment period.
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The results of analysis of plasma AUC, CL/F and t, to assess the effect of concomitant
administration of anastrozole on the pharmacokinetics of warfarin (R and S enantiomers) are
summarized in the following Table by the applicant.

Parameter Anastrozole Placebo Treatment effect 95% CI p-value
n glsmean n glsmean

R-warfarin _ :

AUC (ng* h/inl) 16  93619.99 1S 9112791 1.027* 0.988 to 1.068 0.160

CL/F (ml/min) 16 223 15 229 0.974* 0.937 t0 1.012 0.163

t¥ (h) 16  55.40° 15 5515 0254 -2083t02.592 0818

S-warfarin

AUC (ng*h/ml) 16 5712921 15 55676.34 1.026* 0.979 to 1.076 0.259

CL/F (ml/min) 16 3.65 15 3.74 0.974* 0.929 to 1.021 0.249

tyz (h) 16 39.38° 154 098 © . -1.596° -6.189 t0 2.996 0.466

a gismean of the anastrozole phase divided by the glsmean of the placebo phase b

: ll::::nn of the anastrozole phase minus the Ismean of the placebo phase

AUC area under the curve ClI confidence interval

CL/F apparent oral clearance glsmean geometric least squares mean

Ismean least squares mean

Therefore, administration of anastrozole resulted in no statistically significant changes in the
pharmacokinetics of either R- or S-warfarin as compared to placebo.

The effects of concomitant administration of anastrozole on the anticoagulant activity of warfarin
are summarized by the applicant in the following Table.

Table. Statistical comparison on anastrozole and placebo groups
Parameter Anastrozole Placebo Treatment effect* 95% C1 p-value
n pglsmean n Gismean

PT ‘sec)

AUC ) 16 1745 15 18.36 0.951 0.860 to 1.052 0.299
166 h 16 1127 15 12.15 0.928 0.876 t0 0.983 0.015
240 h 16 11.56 15 11.31 1.023 0.987 to 1.059 0.193 .

APTT (sec) ,

AUC 16 3496 15 36.07 0.969 0.918 t0 1.023 0.237
166 h 16 2943 14 31.72 0.928 0.889 t0 0.968 0.002
240 h 16 2994 15 29.74 1.007 0.968 to 1.047 0.722

TT (sec)

AUCq4.9) 16 18.86 15 . 18.68 1.010 0.979 to 1.042 0.505
166 h 16 18.72 14 19.05 0.983 0.935 10 1.034 0.474
240 h 16 19.06 15 18.75 1.017 0.980 to 1.054 0.350

Factor VII (%) -

AUC 5 16 51.09 15 46.04 1.110 0.982 to 1.254 0.088

AUC 3,44 16 3094 15 28.67 B -T079 7 0908to 1.284  0.355
166 h 16 . 10896 1S 98.72 1.104 0.970to 1.256 . 0.123
240 h 16 97.81 1S 10726 0912 0.821t0 1.012 0.079



a gimean of the anastrozole phase divided by the gismean of the placebo phase
b Value not recorded for Volunteer 0006.

aPTT activated partial thromboplastin time

AUC arca under the phlrrmcod';'mmic parameter-time curve
Cl confidence interval

glsmean geometric Jeast squares mean

PT prothrombin time

TT thrombin time

Based on these results, there was no evidence to suggest that anastrozole has clinically relevant
effects on the pharmacokinetics or.anticoagulant activity of warfarin. Although the difference in
PT and aPTT at 166 hours was statistically significant between anastrozole and placebo
treatment groups, anastrozole had no clinically relevant effect on the clotting mechanisms as
assessed by PT (prothrombin time), aPTT (activated partial thromboplastin time), TT (thrombin
time) and factor VII.

6. Are the two formulations of tamoxifen used in clinical trials bioequivalent?

In the two clinical trials to evaluate Arimidex as a first-line agent in treatment of postmepopausal
women with breast cancer, two Nolvadex (tamoxifen citrate) formulations were used as the
comparator. One formulation is manufactured and marketed in the US and contains mannitol as
an excipient. The other formulation is manufactured in the UK and marketed in Europe and rest
of the world and contains lactose as an excipient. Based on the agreement between the Agency
and the applicant, the bioequivalence between these two formulations has to be established.

The applicant conducted an open, randomized, 2-center 2-period crossover bioequivalence trial.
A total of 28 postmenopausal women with advanced breast cancer completed this trial.

Patients were randomized to be given 1 of 2 formulations of tamoxifen: the ROW sales
formulation (tamoxifen 20 mg [F6293]) or the US sales formulation (tamoxifen 20 mg
[F12061]), both taken orally once daily for 3 months. Patients were then given the crossover
formulation for the following 3 months. Patients underwent pharmacokinetic assessments during
the month 3 and month 6 visits (at the end of each period). At each of these visit, blood samples
were collected to obtain a 24-hour pharmacokinetic profile.

The results of statistical comparisons of tamoxifen and N-desmethyltamoxifen pharmacokineti;
parameters are presented in the following tables.

Table. Statistical comparisons of tamoxifen pharmacokinetic parameters.

[ Parameters N | ROW sales US sales Ratio 90% CI of
formulation | formulation | (ROW/US) ratio
(F6293) (F6293)
AUCO0-24h (ng/mL) | 28 3250.6 3083.4 1.05 0.99-1.12
Cpnux(ng-h/mL) 28) 1842 | 1810 | 102 ] 095109 |




Table. Statistical comparisons of N-desmethyltamoxifen pharmacokinetic parameters.

ROW sales

Parameters N US sales Ratio 90% CI of
formulation formulation | (ROW/US) ratio
(F6293) (F6293) '
AUCO0-24h (ngeh/mL) [ 28 6258.5 6102.2 . 1.03 0.97-1.08
Crax(ng* h/mL) 28 334.0 329.1 1.01 0.97-1.07

S EL - 5y 4

Therefore, the US sales formulation (F12061) and the rest of the world (ROW) sales formulation
manufactured in the UK (F 6293) of tamoxifen were bioequivalent based upon measurements of
AUC,,, and C,_, for tamoxifen and the major metabolite N-desmethyltamoxifen.

COMMENTS

General _

1. Generally, we recommend single-dose pharmacokinetic study to assess bioequivalence
because a single-dose study is more sensitive in assessing release of the drug substance from
two different formulations into systemic circulation. However, the multiple-dose study
conducted by the applicant was adequate, since appropriate dosage administration and
sampling were carried out to document attainment of steady state. Therefore, the
bioequivalence between the US sales formulation and ROW (rest of the world) formulation
has been established.

2. Although there were no statistically significant differences between Japanese and Caucasian
healthy post-menopausal women volunteers in the effect of anastrozole (1 mg daily for 16
days) on serum estradiol and estrone sulphate concentrations, or on steady-state plasma
anastrozole C,, (after 16 days of dosing), the 90% confidence intervals of the ratios of these
values fall outside the 80-125% range. Whether this difference is due to body size should be
analyzed. ’

Labeling

In Clinical Pharmacology, Special Population Section, the following statements:

Should be changed to:

Race: Estradiol and estrone sulfate levels were similar between Japanese and Caucasian
post-menopausal women who received 1 mg of anastrozole daily for 16 days. Anastrozole mean

steady state minimum plasma concentrations in Caucasian and Japanese post-menopausal women " "

were 25.7 and 30.4 ng/mL, respectively.
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~ InClinical Pharmacology, Drug-drug Interaction Section, the following statements:

Should be changed to:

Effect on Corticosteroids: In multiple daily dosing trials with 3, 5, and 10 mg, the selectivity of
anastrozole was assessed by examining effects on corticosteriod synthesis. For all doses,
anastrozole did not affect cortisol or aldosterone secretion at baseline or in response to ACTH.
No glucocorticoid or mineralocorticoid replacement therapy is necessary with anastrozole.

The following paragraph

Should be changed to:

In a study conducted in 16 male volunteers, anastrozole did not alter the pharmacokinetics as
measured by C,,, and AUC, and anticoagulant activity as measured by prothrombin time,
activated partial thromboplastin time, and thrombin time of both R- and S-warfarin.
RECOMMENDATION

1. This supplemental NDA is approvable from Clinical Pharmacology and Biopharmaceutibs
perspective.

2. The applicant should make proper changes based on the labeling comments.
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APPENDIX II. INDIVIDUAL STUDY SYNOPSIS
1. Clinical Pharmacology study (A15-12)

-Study title: ZD1033 Single and multiple dose study in healthy postmenopausal women

Investigator & location: Dy Hivoki Koyaisa, Diresior of Osaka Medical Center for Cancer and
Cardiovascular Diszases.

Study period: February 1995 to March 1995.

Study formulations: ZD1033 0.5 mg tablet: Lot No. ADM34571/94; ZD1033 1 mg tablet: Lot
No. ADM34531/94.

Objectives: .
To investigate the safety, pharmacologic actions, and pharmacokinetics in single and repeated
oral administration of ZD1033 0.5 mg and 1 mg in postmenopausal healthy female volunteers.

Subjects: 24 healthy postmenopausal women. Single administration; 0.5 mg, 6 subjects, 1 mg, 6
subjects. Repeated dosing for 14 days; 0.5 mg, 6 subjects, 1 mg, 6 subjects.

Study Design:
This was an open, randomized study with two fixed doses of ZD1033 in single administration or
repeaied dosing for 14 days.

Single administration study
ZD1033 0.5 mg or 1 mg was administered once orally in fasting. The subjects did not eat for 10
hours before dosing and took a tablet with 150 ml water.

Repeated administration ,
ZD1033 0.5 mg or 1 mg was administered once per day for 14 days orally within 30 minutes
after breakfast. A tablet was taken with 150 ml water.

Endpoints:

For Safety, subjective findings, blood pressure, pulse rate, body temperature, standard 12-lead
ECG, and results of clinical laboratory tests were monitored.

Pharmacokinetics was evaluated by calculation of C__, t_, AUC,11pc, AUC,,,, and t,, in single
administration and accumulative rate and t,, in repeated administration.

Hormone dynamics: Hormone concentration was compared with baseline value and between the
two groups at the same measuring points to assess the effects on hormorie dynamics. Gross
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exposure amount of estradiol was compared between the two groups on Day 1 and the whole day
on Day 14 for assessment

Statistic methods:

The paired t-test was used to compare measured values before and afier dosing. However,
plasma hormone concentration (estradiol only) was compared between the two groups by
Dunnett test that considers multiplicity. The significance level was p<0.05. -

Results:

Assay performance: In-study validation results for Arimidex assay are presented in the following
table.

Safety:
There was no case of withdrawal or dropout from this trial.

In the single administration study, mild dull headache was observed in one of the 6 subjects in
the 1 mg group which resolved without any treatment. This symptom was possibly related to
ZD1033. No findings of blood pressure, pulse rate, body temperature, standard 12-lead ECG and
clinical laboratory values were considered to be clinically significant.

In the repeated administration study, three subjects in the 0.5 mg group had symptoms: swollen
feeling in the fingers; right lower abdominal pain, nausea, dull headache, and malaise. In the _
Img group, one subject showed subjective findings of hot flushes, swollen feeling (hands and
legs), and sweating. All of these symptoms were mild and resolved without treatment. In both
0.5 mg and 1 mg dose groups, no findings of clinical significance were observed including blood
pressure, pulse rate, body temperature, standard 12-lead ECG and clinical laboratory values.

Pharmacokinetics: .
Cax in single administration of 0.5 mg and 1 mg was 8.3 + 1.1 (mean + SD) and 17.8 + 2.35
ng/ml, t,,, was 1.2 £ 0.41 and 1.3 + 0.52 hours, and t,» Was 52.5 + 20.4 and 56.3 + 10.1 hours,
respectively. i

In the repeated administration study, accumulative ratio in 0.5 mg and 1 mg administration was
3.9+ 0.6 (mean + SD) and 3.7 + 0.84 and t,» was 56.8 to 57.7 and 51.8 to 55.9 hours,
respectively. Pharmacokinetic parameters obtained in this trial were consistent with those
obtained in the phase I study conducted previously in breast cancer patients and western clinical
studies.
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Results of hormone dynamics:

In the single administration study, Subject S3 had a plasma estradiol concentration that violated
the inclusion criteria, and thus excluded from the analysis of hormone dynamics. Significant
decreases from baseline were seen in plasma estradiol and estrone concentrations, which were
considered to be due to the pharmacologic action of ZD1033. There were no differences between
the 0.5 mg group and the 1 mg group at any measuring point. No other effect of ZD1033 on
hormone concentration was evident. )

In the repeated administration, based on the results of measurements by the

Hospital, gross exposure of estradiol in the | mg group was significantly low on Day 14
compared with the 0.5 mg group (p=0.03 1), when gross exposure of estradiol of the day was
defined as the area under the concentration-time curve (AUC) for a day. Also, analysis using
geometric mean value of estradiol revealed that the 1 mg group showed significant low value
(p=0.016) on Day 14 from the geometric mean value (rate) vs. the value obtained from the 0.5
mg group. However, the comparison between the two groups at each measuring point showed a
significant difference only after three hours from dosing on Day 14. The difference appeared to
be minor. Plasma estrone concentration showed a decrease due to the pharmacologic action of
ZD1033. No other hormone concentration showed obvious effects of ZD1033.

COMMENTS:

1. The pharmacokinetic parameters obtained in this study were consistent with those obtained in
the previous phase I studies.

2. Actions to reduce estradiol in plasma concentration demonstrated that there was difference
between the two groups in the exposure rate for a day, however, there were no significant
differences between the two groups in the concentration at any measuring point. From this, a
good clinical effect can be expected from ZD1033 0.5 mg administration as well. Therefore,
it is necessary to investigate administration of ZD1033 0.5 mg and 1 mg in postmenopausal
female patients with breast cancer.

3. A PK/PD model could be generated based on the concentration data and estradiol and other
hormone measurements. . :

APPEARS THIS wWAY
ON ORIGINAL
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2. Special population (race) study (Study #10331L/0035 [A-15-13])
Study title: A Trial to Compare the Pharmacbdynamic Effects and Pharmacokinetics of Steady-
State ZD1033 (Anastrozole) in Japanese and Caucasian Healthy Post-Menopausal Women
Volunteers (1033IL/0035 [A-15-13)). :

Investigator & location: RA Yates, Clinical Pharmacology Unit, Zeneza Pharmaceuticals,
Macclesfield, Cheshire, SK10 4TG, UK.

Study period: February 1998 to June 1998.
Study formulation: Anastrozole 1 mg (batch numbers ,

Objectives:
The primary objective was to compare the pharmacodynamic effect (on serum estradiol) of

anastrozole 1 mg (daily for 16 days) in Japanese and Caucasian healthy post-menopausat-women

“volunteers.

The secondary objectives were to compare the pharmacodynamic effect (on estrone sulphate),
and the pharmacokinetics (minimum plasma concentration [Cria]) of anastrozole 1 mg (daily for
16 days) dose in Japanese and Caucasian healthy post-menopausal women volunteers.

Additional secondary endpoint was comparison of the pharmacodynamics of serum estrone.
However, there were technical problems with the estrone assay. Hence, serum estrone
assessments were not conducted.

Subjects:

A total of 48 (24 Japanese and 24 Caucasian) healthy post-menopausal women volunteers
entered this trial. The mean age of the Japanese volunteers was 60.9 years (range 50 to 73 years)
and their mean weight was 54.2 kg (range 39 to 68 kg). The mean age of the Caucasian
volunteers was 61.5 years (range 52 to 75 years) and their mean weight was 66.0 kg (range 46 to
87 kg). None of the volunteers withdrew from the trial.

Study Design: v

This was an open, parallel-group trial comparing serum estradiol, serum estrone sulphate, and
steady-state plasma anastrozole C,,, in healthy Japanese and Caucasian post-menopausal women
volunteers.

Blood samples were taken to assess, the following: serum estradiol (primary endpoint); serum
estrone sulphate and the plasma anastrozole C,,;, (secondary endpoints). Results were listed and
summarized; each endpoint was compared between Japanese and Caucasian volunteers using
Student’s t-test or analysis of covariance (ANCOVA).
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Safety was assessed by the recording of adverse events, clinical laboratory tests, subjective
symptomatology and medical examinations. All safety data were listed and summarized; no
formal statistical analysis was carried out.

Results:
Assay performance: Validation results for Arimidex assay are presented in the following table.

Pharmacodynamics and pharmacokinetics:

There were no statistically significant differences in serum concentrations of estradiol and
estrone sulphate between Japanese and Caucasian healthy post-menopausal women volunteers
who received anastrozole at a dose of 1 mg daily for 16 days. However, the 90% confiderice
interval of the ratios of these values fall outside »range. Similarly, although there was
no statistically significant difference in steady-state plasma anastrozole C,, values between the 2
populations, the 90% CI fall outside the range. (see following table). '

Analysis of serum estradiol, serum estrone sulphate and steady-state plasma anastrozole
C.in in post-menopausal volunteers

Endpoint Japanese | Caucasian [ Ratio of 90% CI p-value
glsmean glsmean | glsmeansa
(n=22) (n=23)

Serum estradiol (pmol/l) 2.80 322 0.87 0.76 to 1.00 0.10260
(0.74 t0 1.03)d

Serum estrone sulphate (pmol/I) 37.21 33.85 1.10 0.88t01.37 0.47520
(0.84 to 1.43)d

Cmin (ng/ml) 30.4] 25.69 1.18 0.99to 1. 40 0.0938¢

(0.97 to 1.44)d

a Ratio of glsmeans is presented as Japanese glsmean/Caucasian glsmean.

b Derived from ANCOVA.

¢ Student’s t-test.

d. 95% confidence interval calculated by the applicant

Cmin Minimum anastrozole plasma concentration at the end of the dosing interval. Gismean Geometric
least squares mean.

Safety: Anastrozole at a dose of 1 mg daily for 16 days was well tolerated by both Japanese and
Caucasian healthy post-menopausal women. Adverse events were consistent with symptoms that
could be expected to be commonly observed in post-menopausal women over the course of § to 6
weeks, and with the overall safety profile of anastrozole. There were no deaths, no withdrawals
due to adverse events and no serious adverse events. Various adverse drug reactions were
reported at both centers.but these were mild-to-moderate in nature and consistent with those
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already noted in the Summary of Product Characteristics (i.e., prescribing information). There
were no clinically significant differences between the Japanese and Caucasian populations in any
of the safety parameters monitored, although fewer adverse events and adverse drug reactions
were reported by Japanese than Caucasian volunteers.

Comments

1. By t-test, there were no statistically significant differences between Japanese and Caucasian
healthy post-menopausal women volunteers in the effect of anastrozole (1 mg daily for 16
days) on serum estradiol and estrone sulphate concentrations, or on steady-state plasma
anastrozole C,,,, (after 16 days of dosing). However, the 90% confidence intervals of the
ratios of these values fall outside the _ range. -

2. The data suggested that a trend towards elevated anastrazole concentrations in Japanese
women compared to the Caucasians. This could be due to the difference in body size between
two populations. -

3. There were no clinically significant differences between the 2 populations in the safety
parameters monitored.

APPEARS THIS WAY
ON ORIGINAL
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3. Drug interaction study (Study #1033IL/0033)

Study title: A Randomized, Placebo-Controlled, Double-Blind, C.oss-over Trial in Healthy
Male Volunteers to Assess the Effect of Anastrozole (ARIMIDEX™) on the Pharmacokinetics
and Anticoagulant Activity of Warfarin (1033IL/0033). :

Investigator & location: Michael Seiberliug MD, Iiumovex (Biodésign) GmbH,-Obere
Herdstrasse 8-16,D-79114, Freiburg, Germany (Center 0C01).

Study period: November 1996 to January 1997

Study formulation: Anastrozole 1-mg tablets: formulation number F1 1292; batch number ‘
- «-...< or matching placebo: formulation number F11314; batch number _ Warfarin
5-mg tablets: formulation number F12201; batch number

Objectives: The primary objective of this trial was to assess the effect of steady-state anastrozole
concentrations on the pharmacokinetics and anticoagulant activity of warfarin. The secondary
objective of the trial was to confirm the absence of effect of anastrozole on clotting mechanisms.

Subjects: A total of 16 healthy male volunteers aged between 18 and 62 years inclusive were
recruited into the trial.

Study Design:

This was a randomized, double-blind, placebo-controlled, 2-way cross-over trial conducted at a
single center. The trial comprised 2 treatment periods of 11 days separated by a 3-week washout
period. Volunteers were randomized to receive either anastrozole in Treatment Period 1 and
placebo in Treatment Period 2, or vice versa. They received anastrozole 7 mg as a loading dose
(7 x 1-mg tablets) or matching placebo on Trial Day 1 of each treatment period, and anastrozole
1 mg or matching placebo on Trial Days 2 to 11 of each treatment period. In addition to their
randomized treatment, all volunteers received warfarin 25 mg (5 x 5-mg tablets) on Day 3 of
each treatment period. Warfarin was administered 2 hours after anastrozole.

Blood samples for pharmacokinetic and pharmacodynamic assessment were taken at frequent _
intervals during each treatment period. The safety of volunteers was monitored throughout the
trial.

The primary pharmacokinetic endpoints were the area under the plasma concentration-time curve
from time 0 to infinity (AUC) for the R and S enantiomers of warfarin. The secondary
pharmacokinetic endpoints were the términal elimination half-life (t') and apparent oral
clearance (CL/f) for R-warfarin and S-warfarin. All pharmacokinetic endpoints were analyzed
using an analysis of variance (ANOVA) model, fitting for the effects of volunteers, periods and
treatments (anastrozole or placebo). AUC and CL/f data were log-transformed prior to analysis
as previous experience has shown them to be log-normally distributed. Half-life (t2) data were
not log-transformed prior to analysis.
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The primary pharmacodynamic endpoint was prothrombin time (PT) following the
administration of warfarin, assessed using the prothrombin time AUC, ,, and the prothrombin
time at 166'and 240 hours after dosing. The secondary pharmacodynamic endpoints were: (a)
activated partial thromboplastin time (aPTT) and thrombin time (TT) following the
administration of warfarin, assessed using the AUC,, ,,,, and results at 166 and 240 hours after
dosing; (b) factor VII concentration following the administration of warfarin, assessed using the
AUC, ,,, and the AUC 5,44, and the results at 166 and 240 hours after dosing; (c) PT, aPTT, TT
and factor VII concentration on Trial Day 3 before dosing with warfarin. All pharmacodynamic
endpoints were log-transformed prior to analysis and were to be analyzed using an ANOVA or
analysis of covariance (ANCOVA) model, fitting for the effects of volunteers, periods and
treatments (anastrozole or placebo). The usefulness of Day 1 pre-dose values in increasing the
precision of any treatment effects was investigated. Safety was assessed by clinical chemistry,
hematology and urinalysis tests.

Results:
Assav performance:

The results of analysis of plasma AUC, CL/F and t, to assess the effect of concomitant
administration of anastrozole on the pharmacokinetics of warfarin (R and S enantiomers) are
summarized in the following Table.

Table. Statistical comparison of anastrozole and placebo groups

Parameter Anastrozole Placebo Treatment effect 95% CI p-value
n glsmean n glsmean

R-warfarin

AUC (ng* h/m1) 16 93619.99 15 91127.91 1.027* 0.988 to 1.068 0. l60.

CL/F (mUmin) 16 223 15 2.29 0.974* 0.937t0 1.012 0.163

t¥: (h) 16 55.40° 15 55.15° 0.254* -2.083 t0 2.592 0.818

S-warifarin .

AUC (nge h/ml) 16 5712921 15 55676.34 1.026* 0.979 10 1.076 0.259
. CL/F (ml/min) 16 3.65 15, 3.74 0.974° 0.929 to 1.021 0.249

t,» (h) 16 3938 154 098 -1.596¢ -6.189 t0 2.996 0.466

a gismean of the anastrozole phase divided by the gismean of the placebo phase -

: ll:::::nn of the anastrozole phase minus the Ismean of the placebo phase.

AUC area under the curve ) ClI confidence interval

CL/F apparent oral clearance - glsmean geometric least squares mean

Ismean least squares mean

35

nwm m



There was no carry-over of warfarin between treatments and no evidence of any anastrozole
carry-over between treatments. .

Administration of anastrozole resulted in no statistically significant changes in the
pharmacokinetics of either R- or S-warfarin as compared to placebo, as assessed by AUC, CL/F
and t,,.

Pharmacodynamics: The effects of concomitant administration of anastrozole on the
anticoagulant activity of warfarin are summarized in the following Table.

Table. Statistical comparison on anastrozole and placebo groups
Parameter  Anastrozole  Placebo Treatment effect* 95% CI p-value
n glsmean n glsmean

PT (sec)

AUC 16 1745 15 18.36 0.951 0.860t0 1.052 0.299
166 h 16 1127 15 1215 0.928 0.876100.983 0.015
240 h 16 1156 15 1131 1.023 0.9871t01.059 0.193

APTT (sec)

AUC 4, 16 3496 15 36.07 0.969 0.918t01.023 0.237
166 h 16 2943 14 31.72 0.928 0.8891t00.968 0.002
240 h 16 2994 15 29.74 1.007 0.968t01.047 0.722

TT (sec)

AUC s, 16 1886 15 1868 1.010 097910 1.042 0.505
166 h 16 1872 14* 19.05 0.983 093510 1.034 0.474
240 h 16 19.06 15 18.75 1.017 0.980to0 1.054 0.350

Factor VII (%)

AUC,,, 16 51.09 15 46.04 1.110 0.982to0 1.254 0.088

AUCp0y 16 3094 15 2867 1.079 0.908t0 1.284 0.355
166 h 16 10896 15 98.72 1.104 0.970t0 1.256 0.123
240 h 16 9781 15 107.26 0.912 0.821t01.012 0.079

a gismean of the anastrozole phase divided by the gismean of the placebo phase
b Value not recorded for Volunteer 0006.

aPTT activated partial thromboplastin time

AUC area under the pharmacodynamic parameter-time curve

ClI confidence interval

Glsmean geometric least squares mean

PT prothrombin time

TT thrombin time

There was no carry-over of warfarin between treatments and no evidence of any anastrozole
carry-over between treatments.

There was no significant difference between treatment with anastrozole compared to placebo in

the mean prothrombin time, thrombin time, activated partial thromboplastin time, or factor VII
concentrations prior to warfarin dosing. ‘
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The prothrombin time AUCy,, and the prothrombin time at 240 hours postdose were not

- significantly different between treatments. There was a significant reduction in the prothrombin
time at 166 hours after dose with anastrozole administration as compared to placebo. Though
there was a significant reduction in the prothrombin time, the magnitude of the effect was at
most 12.4%. :

There was no significant treatment effect on the thrombin time AUCgqy, or in the thrombin
times determined 166 and 240 hours after dosing in the presence of anastrozole or placebo.

The activated thromboplastin time AUC 4, and the activated thromboplastin time at 240 hours
postdose were not significantly different between the two treatments. There was a significant
reduction in the mean activated thromboplastin time at 166 hours after dose with anastrozole
administration as compared to placebo. Though the reduction was significant, the magnitude of
the effect was at most 11.1%. '

There was no significant treatment effect on the factor VII AUC ;45 0r AUC ;.4 0r in the
percentage of factor VII determined 166 and 240 hours after dosing in the presence of
anastrozole or placebo.

Safety: No deaths occurred during the trial. There was one withdrawal from the trial due to an
adverse event (Velunteer 0002). No serious adverse events were experienced during this trial. A
total of 42 adverse events were reported, 22 of these were reported in 12 subjects receiving
anastrozole (3 before and 19 after being dosed with warfarin), and 20 were in 6 volunteers
receiving placebo (9 before and 11 after dosing with warfarin).

The most commonly reported adverse event in the trial was headache, with 12 reports from 9
volunteers. Headache was reported by 8 volunteers (50%) on anastrozole (7 before and 1 after
taking warfarin), and 4 volunteers (26.7%) on placebo (2 before and 2 after warfarin); 3
volunteers experienced headaches on both treatments.

Both of these drugs have received Regulatory and Licensing approval, and safety problems were
not expected in this trial. The only predictable events were hemorrhage (associated with )
warfarin) and gastrointestinal disturbance (associated with anastrozole). The former was not
seen, and there was no excess of gastrointestinal symptoms in subjects taking anastrozole. There
were no significant adverse events attributable to trial treatment.

Comments

1. The mean plasma concentrations of anastrozole achieved throughout the warfarin dosing and
sampling period were within the range seen in post-menopausal women with advanced breast
cancer taking the clinically recommended dose of the drug. .

2. The trial was well designed to detect interaction between anastrozole and warfarin likely to
be seen in normal clinical practice. There were no statistically or clinically significant
differences between the pharmacokinetics of warfarin administered with anastrozole and with
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-placebo. There were small but statistically significant differences in some of the
~ pharmacodynamic effects of warfarin when it was co-administered with anastrozole as
compared to placebo (showing decreases in anticoagulant activity with anastrozole), but these
were not clinically significant.
. Overall there was no evidence to suggest that anastrozole has clinically relevant effects on
the pharmacokinetics or anticoagulant activity of warfarin. Anastrozole had no effect on the

clotting mechanisms as assessed by PT, aPTT, TT and factor VII.
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4. Bioequivalence study (Study # 6157IL/0002)

Study title: A Study to Compare the Bioequivalence of Two For.nulations of 20 mg
NOLVADEX Tablets Taken Once Daily in Postmenopausal Women with Breast Cancer.

Investigator & location: Gerald Batist MD, Jewish General Hospital, 3755 Cote Ste-Catherine,
Montreal, Quebec, H3T 1E2 (0001); Pierre Dube MD. ‘Hopkal Maisonneuve
Rosemont, 5415 Bonl L'Assomption, Montreal, Quebec, HIT 2M4 (0002)

Study period: February 1995 to March 1995,

Study formulation: the ROW sales formulation (tamoxifen 20 mg [F6293]) and the US sales
formulation (tamoxifen 20 mg [F12061]) '

Objectives: i

The objective of this trial was to compare the pharmacokinetic characteristics and estabtish the
bioequivalence of two 20-mg formulations of tamoxifen (Rest of the world [ROW] sales
formulation manufactured in the UK [F6293] and US sales formulation [F 120617).

Subjects: A total of 32 postmenopausal women with advanced breast cancer were enrolled to
ensure that 24 patients completed this trial.

Study Design:

This was an open, randomized, 2-center 2-period crossover bioequivalence trial. A total of 32
postmenopausal women with advanced breast cancer were enrolled to ensure that 24 patients
completed this trial.

Patients were randomized to be given 1 of 2 formulations of tamoxifen: the ROW sales
formulation (tamoxifen 20 mg [F6293]) or the US sales formulation (tamoxifen 20 mg
[F12061]), both taken orally once daily for 3 months. Patients were then given the crossover
formulation for the following 3 months.

Pharmacokinetic assessments: Pharmacokinetic assessments of tamoxifen and N- '
desmethyltamoxifen, a metabolite of tamoxifen, included the steady-state area under the plasma
concentration-time curve from 0 to 24 hours (AUC,_,,), the maximum plasma concentration
(Cna)» and the time to reach C,, (t,.). The concentrations at the end of a dosing interval (C,.,)
were used for the assessment of steady state.

Patients underwent pharmacokinetic assessments during the month 3 and month 6 visits (at the
cach end of the period). At each of these 3-day visits, blood samples were collected to obtain 3
consecutive assessments of trough plasma concentrations (C,,,) and a 24-hour pharmacokinetic

profile. Blood samples were obtained at0.5,1,1,5,2,3,4,6, 8, 10, 13, 16, 20, and 24 hours after

dosing.
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Safety assessments: Safety assessments included adverse event monitorin

assessments.

Results:
Assay performance:

g and laboratory

Demography: Thirty-two female patients aged 50 through 75 years entered the trial (mean age
59.9 years). Most patients (68.8%) were aged 65 years or less and all subjects were Caucasians.

Four patients withdrew from trial treatment, and 28 patients completed the trial.

Pharmacokinetics:

- —

The results of statistical comparisons of tamoxifen and N-desmethyltamoxifen pharmacokinetic

parameters are presented in the following tables.

Table. Statistical comparisons of tamoxifen pharmacokinetic parameters.

Parameters N ROW sales ~ US sales Ratio 90% CI of
formulation formulation (ROW/US) ratio
(F6293) (F6293)

AUCO0-24h (ngeh/mL) | 28 3250.6 3083.4 1.05 0.99-1.12
Crax(ng*h/mL) 28 184.2 181.0 1.02 0.95-1.09
t,.. (hr) median 28 3.0 40

Range 0.5-10 1.0-16.0

Table. Statistical comparisons of N-desmethyltamoxifen pharmacokinetic parameters.

90% CI of

Parameters N ROW sales US sales Ratio
formulation formulation (ROW/US) ratio
(F6293) .(F6293)
AUCO0-24h (ngeh/mL) | 28 6258.5 6102.2 1.03 0.97-1.08
Coax(nge h/mL) 28 334.0 329.1 1.01 0.97-1.07
t.a (hr) median 28 30 4.0
Range 0-16 0-24.0

There were no major differences in the steady-state concentrations of tamoxifen or its major
metabolite N-desmethyltamoxifen following the administration of the 2 tamoxifen 20-mg tablet
formulaiions (ROW sales formulation [F6293] and US sales formulation [F12061]). This was

further confirmed by statistical analysis, which showed that the 2 formulations were
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bioequivalent in the rate and extent of absorption. As a result, the US sales formulation (F12061)
and the ROW sales formulation (F 6293) are expected to be clinically equivalent.

Safety: A total of 17 (56.7%) patients had adverse events while using the ROW sales formulation
and 10 (32.3%) patients had adverse events while using the US sales formulation. Two patients
had serious adverse events: 1 patient had a serious adverse event while taking the US sales
formulation and 1 patient had a serious adverse event while taking the ROW sales formulation.
Three (9.7%) patients had drug-related adverse events while taking the US sales formulation and
4 (13.3%) patients had drug-related adverse events while taking the ROW sales formulation. No
individual adverse event was reported by more than 3 patients while using either treatment
formulation. The majority of adverse events was mild or moderate in intensity and was
considered to be unrelated to trial treatment. No patient died or withdrew from trial treatment
because of an adverse event. :

Conclusions: i

Both the US sales formulation (F 12061) and the ROW sales formulation manufactured m the UK
(F6293) of tamoxifen were bioequivalent based upon measurements of AUC,,, and C, , at
steady-state for tamoxifen and the metabolite N-desmethyltamoxifen. Both formulations were
well tolerated by postmenopausal women with breast cancer. The adverse events that occurred
during this trial were consistent with the known safety profile of tamoxifen in this patient
population.

Comments:

1. This was a multiple does bioequivalence study. Generally, we recommend single-dose,
pharniacokinetic studies to assess BE because they are more sensitive in assessing release of
the drug substance from the drug product into systemic circulation. This multiple-dose study
design was adequate, since appropriate dosage administration and sampling were carried out
to document attainment of steady state. '

2. The reviewer got the similar results using the raw data provided.

APPEARS THIS way
ON ORIGINAL

41



