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The purpose of this addendum is to address the Clinical Pharmacology related labeling
changes that the Sponsor has made according to the Division’s recommendations (refer to
original Clinical Pharmacology review of NDA 022252, DARRTS, 4/2/2010). Important

changes include:

e Highlights: Insertion of “Women taking strong CYP 3A4 inducers (for example,
carbamazepine, phenytoin, rifampicin, and St. John’s wort) should not choose
Natazia as their oral contraceptive due to the possibility of decreased
contraceptive efficacy” under the WARNINGS AND PRECAUTIONS and
DRUG INTERACTIONS sections.

e Full Prescribing Information:

o Insertion of “Women who take medications that are strong CYP 3A4
inducers (for example, carbamazepine, phenytoin, rifampicin, and St.
John’s wort) should not choose Natazia as their oral contraceptive while
using these inducers and for at least 28 days after discontinuation of these



inducers due to the possibility of decreased contraceptive efficacy” in
Sections 5.13, 7.1, 12.3, and 17.1.

o Drug Interaction study results are added in Sections 7.1 and 12.3

o Several places in Section 12 (CLINICAL PHARMACOLOGY) including
the Pharmacokinetics subsection were revised accordingly to reflect the
study findings.

e FDA-Approved Patient L abeling:

o Insertion of “You should not choose Natazia as your birth control pill if
you take carbemazepine, phenytoin, rifampicin or St. John's wort, because
these medicines may make Natazia ineffective. Some other medicines and
herbal products may make birth control pills less effective, including:
Barbiturates, Bosentan, Felbamate, Griseofulvin, Oxcarbazepine, and
Topiramate. Consider using another birth control method when you take
medicines that may make birth control pills less effective” in the Section
of What Else Should | Know about Taking Natazia?

The final agreed upon label between the Sponsor and the Division was submitted by the
Sponsor on 5/5/2010 (Supporting document number: 33). There are no outstanding
Clinical Pharmacology issues.

1.1 Recommendation

The Division of Clinical Pharmacology 3, Office of Clinical Pharmacology finds NDA
022252 acceptable from a Clinical Pharmacology perspective.

1.2 Phase |V Commitments

None
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1 EXECUTIVE SUMMARY
The Sponsor submitted a 505(b)(1) application for | ®®™. The proposed primary indication is the prevention
of pregnancy, and the secondary indication is the treatment of heavy and/or prolonged menstrual bleeding in
women without organic pathology who choose to use an oral contraceptive (OC) as their method of
contraception.
O@™ is a blister pack of 28 immediate release (IR) film-coated tablets containing two active substances,
estradiol valerate (EV) and dienogest (DNG), in combination or EV alone. DNG, the progestin component of
O@™ 'is considered to be a new molecular entity (NME) in the U.S. O@™ i proposed to be given orally
once daily (i.e., at the same time of the day), in a 28-day sequential regimen, consisting of 4 phases with active
tablets and one placebo phase. Bl

A 28-day sequential regimen was considered to improve performance in
both ovarian inhibition and in cycle control

The Sponsor submitted 32 Biopharmaceutical and Clinical Pharmacology studies including dose linearity,
absolute bioavailability (BA), single and multiple-dose pharmacokinetics (PK), metabolism, food effect, and
drug-drug interaction (DDI) studies together with 5 pivotal Phase 3 clinical studies to support the approval of
@™ “The 5 pivotal Phase 3 clinical studies are Studies A39818/A35179 assessing the efficacy and safety of
OE™ for the prevention of pregnancy (i.e., pivotal Pearl Index [PI] studies), Study A35644 (i.e., pivotal
bleeding patterns and cycle control study) and Studies A29849/A42568 (i.e., dysfunctional uterine bleeding
[DUB] study).

Out of the 32 biopharmaceutical and ((?bl)inical Pharmacology studies submitted, 22 studies containing relevant
information acquired during the @ product development were reviewed. ©r

1.1 RECOMMENDATIONS

The Office of Clinical Pharmacology/Division of Clinical Pharmacology III (OCP/DCP-III) has reviewed NDA
22-252 submitted on July 2, 2009, October 15, 2009, and December 21, 2009. The overall Clinical
Pharmacology information submitted to support this NDA is acceptable provided that a satisfactory agreement is
reached regarding the labeling language.

1.2 POSTMARKETING REQUIREMENTS/ COMMITMENTS
None

1.3 SUMMARY OF CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FINDINGS

Formlbjlation:

@ tablets were developed as IR film-coated containing two active substances, EV and DNG, in
combination or EV alone. During the development of ?3, 4 additional formulations were investigated in
clinical trials A

These are not
part of the to-be-marketed (TBM) dosing regimen. The final TBM formulation was used 1n all pivotal, Phase 3
clinical studies and supporting clinical pharmacology studies.

Absor ption, Distribution, M etabolism, and Excretion (ADME)
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EV

After an oral administration of EV, cleavage to 17 estradiol (E2) and valeric acid takes place during absorption
by the intestinal mucosa or in the course of the first liver passage. Approximately 38% of E2 is bound to sex
hormone binding globulin (SHBG), 60% to albumin, and 2-3% circulates in free form in serum. The apparent
volume of distribution is approximately 1.2 l’kg following intravenous (IV) administration. After an oral
administration, only approximately 3% of the dose remains bioavailable as metabolically unchanged E2. E2 is
then extensively metabolized to estrone (E1) (15%), estrone sulfate (E1S) (65%), and other compounds. CYP
3A family is known to play the most important role in E2 human metabolism. Together with the pre-systemic
metabolism in the liver, about 95% of the orally administered dose becomes metabolized before entering the
systemic circulation. E2 and its metabolites including E1, glucuronide and sulfate conjugates are mainly
excreted in urine. The terminal half-life of E2 is approximately 14 hr.

DNG

The absolute BA of DNG is approximately 91%. PK dose linearity of DNG is observed following single dose
oral administration of tablets over a dose range of 1-8 mg in Caucasian premenopausal women. The steady-state
is reached after 4-5 days of daily dosing. The mean accumulation ratio for AUC g.o4n) is determined to be 1.24.
Approximately 10% of circulating DNG is present in the free form, with approximately 90% being bound non-
specifically to albumin. DNG does not bind to SHBG and cortisol binding globulin (CBG). The volume of
distribution at steady state is 46 liters after IV administration of 85 pg *H-DNG. DNG is extensively
metabolized by the known pathways of steroid metabolism (i.e., hydroxylation and conjugation), with the
formation of mostly inactive metabolites. CYP 3A4 was identified as the predominant enzyme catalyzing the
metabolism of DNG. DNG is mainly excreted renally in the form of polar and hydrophilic metabolites.
Unchanged DNG is the dominating fraction in plasma. The terminal half-life of DNG is approximately 11 hr.

Single Dose PK Parameters
Table 1: Comparison of Arithmetic Mean (SD) Serum PK Parameters following A Single Dose of 2 mg EV/3 mg DNG in
Postmenopausal Caucasian Women under Fasted Condition (Study A29972, N=17)

DNG E2 El
C oy (pg/ml)® 91.7 (15.3) 31.9 (8.7) 263 (88.5)
T pax (hD)° 1(0.5-1.5) 6 (0.5-16.0) 6 (3.0-8.0)
AUC(0-24) (pg-hr/ml)® 794 (158) 570 (150) 3933 (1335)
AUC(0-48) (pghr/ml)° 964 (223) 892 (267) 5693 (2053)
AUC(0-o) (pg-hr/ml)° 1024 (268) 944 (243)° 6494 (2190)°
t,, (hr) 11.3 (2.48) 13.8 (3.50) 17.2 (1.55)

*ng/ml for DNG; ® Median (range) for Ty © ng-hr/ml for DNG; ¢ N=2; © N=4

Steady-state PK Parameters
Table 2: Comparison of Arithmetic Mean (SD) Serum PK Parameters at Steady-state (on Day 24) following repeated doses of
2 mg EV/3 mg DNG on Days 8-24 of the 4-phasic, 28-day sequential regimen in Premenopausal Caucasian Women
under Fasted Condition (Study A25711, N=15)

DNG E2 El
Copax (pg/ml)® 85.2(19.7) 70.5 (25.9) 483 (198)
T pax (hD)° 1.5 (1.0-2.0) 3 (1.5-12) 4 (3-12)
AUC(0-24) (pg-hr/ml)® 828 (187) 1323 (480) 7562 (3403)
t,, (hr) 12.3 (1.4) NA NA

* ng/ml for DNG; ® Median (range) for Tpax; ¢ ng-hr/ml for DNG

Drug-Drug I nteractions

Effects of Other Drugs on Combined Hormonal Contraceptives

CYP 344 Induction: In Study A24058 investigating the effect of CYP 3A4 inducer rifampicin on EV/DNG PK,
co-administration of 600 mg rifampicin daily with 2 mg EV/3 mg DNG tablets resulted in a 52 % decrease in
the mean C,,,x and a 83% in the AUC(0-24) for DNG. Co-administration of rifampicin resulted in a 25%
decrease in C, and a 44% decrease in AUC(0-24) for E2. In order to ensure contraceptive reliability and
sufficient cycle control, ®® should not be co-administered with strong CYP 3A4 inducers such as
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rifampicin, phenytoin, St. John’s Wort, avasimibe, and carbamazepine. For women on chronic treatment with
CYP 3A4 inducing active substances, another reliable, non-hormonal, method of contraception is recommended.

CYP 344 Inhibition: In Study A30020 investigating the effect of CYP 3A4 inhibitors on EV/DNG PK, co-
administration of 400 mg ketoconazole daily with 2 mg EV/3 mg DNG tablets resulted in a 94% increase in the
mean C,,, and a 186% increase in the AUC(0-24) for DNG. Co-administration of ketoconazole resulted in a
65% increase in Cy,, and a 57% increase in AUC(0-24) for E2. Co-administration of 1500 mg erythromycin
daily with EV/DNG tablets resulted in a 33% increase in the mean C,,,x and a 62% increase in the AUC(0-24)
for DNG. Co-administration of erythromycin resulted in a 51% increase in C,,,x and a 33% increase in AUC(0-
24) for E2.

Effects of Combined Hormonal Contraceptives on other Drugs

An in vitro study with human liver microsomes showed that DNG did not inhibit CYP 1A2, 2C9, 2C19, 2D6,
2E1, and 3A4. Although with 100 uM DNG the metabolism of tolbutamide (CYP 2C9) and S-mephenytoin
(CYP 2C19) was reduced to values of 69% and 63%, respectively, of the reference samples, DNG at lower
concentrations closer to the clinical dose (i.e., < 20 uM) did not show any inhibition (Study B463).

In a single-center, open-label, randomized, parallel design study in healthy young women aged 21-32 yr to
evaluate the influence of oral contraceptives, Valette” (0.03 mg EE/2 mg DNG) or Minisiston® (0.03 mg
EE/0.125 mg levonorgestrel [LNG]), on PK of CYP 3A4 substrate, nifedipine. Co-administration of 0.03 mg
EE/2 mg DNG did not have any effect on 10 mg nifedipine PK (Study B463).

Bioequivalence (BE) was demonstrated between 2 mg DNG vs. 2 mg EV/2 mg DNG with mean ratio (%) of
DNG AUC and C,, being 103.7% (90% CI: 97.0-111.0%) and 106.9% (90% CI: 100.3-114.0%), respectively.
Combined administration of 2 mg DNG together with 2 mg EV had no effect on 2 mg DNG PK. Also, BE was
demonstrated between 4 mg EV/4 mg DNG vs. 4 mg EV with mean ratio (%) of E2 AUC being 106.99% (90%
CI: 95.70-119.62%). Combined administration of 4 mg EV together with 4 mg DNG had no effect on EV 4 mg
PK (Study A07769).

Food Effect
The effect of food (i.e., high fat, high calorie meal) intake on the PK of EV and DNG was invesbtigated in Study
A29143 using the 2 mg EV/3 mg DNG combination tablet, as a representative tablet of 8 containing the

highest amount of DNG. In this food effect study conducted in healthy Caucasian postmenopausal women, the
Cax of DNG was decreased by 28% under fed conditions and the C,,, of E2 was increased by 23% (i.e., failure
to meet the 90% CI under fed condition for both DNG and EV) while AUC values for both DNG and E2
remained within the BE acceptance range However, this should not affect the food intake instructions since the
results of the Phase 3 efficacy and safety studies support the administration of 223 regardless of food intake.
Therefore, no special recommendation concerning food intake is considered to be necessary.

Specific Populations

Renal / hepatic impairment patients: The Sponsor did not conduct studies in renal and/or hepatic impaired
patients for use of EV/DNG in premenopausal women. Furthermore, severe liver diseases are already
considered as contraindication for combined oral contraceptives (COC). Considering that DNG and E2 are both
extensively metabolized and mainly excreted renally as inactive metabolites and that the target population is
premenopausal women, usage of y in patients with renal and/or hepatic impairment would be relatively
small and therefore, is less of a concern. However, the product labeling should clearly state that studies in
patients with renal and hepatic impairments were not conducted.

Pediatric Study waiver request: No studies were performed in post-pubertal adolescents < 17 yr. The Sponsor
requested a waiver from the requirement to submit data adequate to assess the safety and efficacy of EV and
DNG in post-pubertal adolescents < 17 yr. The Sponsor has 15 yrs of postmarketing experience with EV and
DNG in the European Union (EU). In addition, the Sponsor plans to conduct a postmarketing surveillance study

Page 5 of 140



in 50,000 women in US and EU assessing the risk of venous thromboembolism (VTE) of EV/DNG tablets
compared with other COCs in a non-selected target population (i.e., age group not-specified). Considering the
target population and the reasons above, the Sponsor’s request is acceptable from the Clinical Pharmacology
standpoint. The Agency’s pediatric review committee (PeRC) granted the Sponsor’s waiver request on March 3,
2010.

Thorough QT Study

A thorough QT study (Study A35653) was conducted to evaluate the potential of a fixed combination of 2 mg
EV/3 mg DNG (highest combination dose strength) at steady-state to delay cardiac repolarization in healthy
postmenopausal women, to monitor safety and to evaluate the PK of DNG, E2, and E1. This study also
included a supra-therapeutic DNG dose (10 mg DNG, 5 x 2 mg tablets) arm. This study showed that DNG at a
dose of 3 mg in combination with 2 mg EV and at a dose of 10 mg did not lead to QT/QTc prolongation. The
DNG exposure achieved with the 10 mg oral dose showed 3.4-fold increase in AUC(0-24) and 3.5-fold increase
in C,x compared to those following oral doses of the 2 mg EV/3 mg DNG combination tablet and demonstrated
no effect on QT interval.

Bioanalytical M ethods

Validated analytical methods were used in clinical studies. All of the PK studies performed during the
development of | ®®™ tablets have used a radioimmunoassay (RIA) method for the measurement of DNG in
human serum or plasma. For the quantitation of E2, E1, and E1S, validated liquid chromatography-tandem
mass spectrometry (LC-MS/MS) methods were used.  Acceptance criteria and assay performance for each
analyte were in compliance with the Bioanalytical Method Validation Guidance and therefore found to be
acceptable.
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2. QUESTION BASED REVIEW
2.1 General Attributes
2.1.1 What aretheactive substances, DNG and EV?

Both active substances belong to the pharmacological class of steroid hormones, EV as a representative of an
estrogen and DNG of a progestogen.

. (b) (4)
Table 1: Active Substances of

Y
o “a%” T

INIY Estradiol valerate Dienogest

ITPAC Estra—1.3.5{10}—triene—3, 1 78—diol—17— 1 7o-Hydroxy-3-oxo-19-porpregna-
WHO valerate (WHO) 4.9-diene-2 1-nitrile (IUPAC)
Company FK 00005104, EW ZE DOO3ITE59. DNG

codes

Maolecular CaaH3 05 Cag Has N O3

formula

Melecular 356.50 311.43

weaght

Appearance | Wlhite to almost white crystalline powder or [ White to off-white crystalline
colourless crystals powdar

DNG, the progestin component of 223 tablets, is a 19-norprogestin with progesterone receptor selectivity,
leading to specific progestational action and to effective transformation of the endometrium. DNG is currently
marketed in combination with EE as COC and in combination with EV as hormonal therapy (HT) in several
European countries. DNG is considered to be an NME in the US.

EV is a prodrug of the natural human 1783-estradiol. The estrogenic component used in ?3 is different from
the estrogens usually used in COC which are the synthetic estrogens, EE or its prodrug mestranol, both
containing an ethinyl group on the 17a-position. After intake, EV is rapidly hydrolyzed pre-systemically into
E2, which is the major natural estrogen in humans, and valeric acid. Currently, EV is approved only as an
injectable product (Delestrogen™) in the US (NDA 09-402, approved on July 15, 1954 for treatment of moderate
to severe vasomotor symptoms or vulvar and vaginal atrophy symptoms associated with the menopause).

21.2 Whatistheregulatory history of this product?

Prior to the submission of this NDA, the initial IND for this EV/IDNG COC was filed under IND 64,809 on
November 17, 2004 for the indication of prevention of pregnancy. Subsequently, IND ®® \yas submitted on
®® for the treatment of DUB in women desiring oral contraception.

2.1.3 What clinical datais submitted to support the approval of . @@™7

The Sponsor submitted 32 Biopharmaceutical and Clinical Pharmacology studies including dose linearity,
absolute BA, single and multiple-dose PK, metabolism, food effect, and DDI studies together with 5 pivotal
Phase 3 clinical studies to support the approval of 223 Sponsor submitted 5 safety and efficacy Phase 3
clinical studies (i.e., Studies A39818 and A35179 [pivotal PI studies]; A35644 [plvotal bleeding patterns and
cycle control study]; A29849 and A42568 [DUB study]). The efficacy of (4) in women with a body mass
index (BMI) of > 30 kg/m” was not evaluated.
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214 What is unique about @ and are there any other EV/DNG combination products marketed
in other countries?

EZ? will provide the first COC containing EV instead of EE in the US. The Ei% tablets are currently
approved for marketing under the trade name Qlaira® in 26 EU Member Countries (initial approval on
November 3, 2008) and Australia with the same dosing regimen for the indication of prevention of pregnancy.
Another DNG-containing COC (with EE) was approved on February 14, 1995 in Germany under the trade name
Valette™. This product is currently marketed in 20 countries. In all countries except in Australia, it is marketed
as 21 tablets containing 0.03 mg EE and 2 mg DNG (7 days of the 28-days regimen are tablet-free); in Australia
it is marketed as 21 active tablets plus 7 placebo tablets. EV and/or DNG are also marketed for indications other
than the prevention of pregnancy (e.g., Climodien®™: 2 mg EV/2 mg DNG, 28 tablets, treatment of certain
menopausal symptoms such as night sweats, hot flushes, vaginal dryness, and burning or itching) outside of US.

22 General Clinical Pharmacology and Biophar maceutics

2.2.1 What Clinical Pharmacology and Biophar maceutics related information have been submitted to
support thisNDA?

The original submission contained the following:
e Draft labeling in PLR format
Information on the composition of drug products used in the clinical studies
Full clinical study report of the 32 Biopharmaceutical and Clinical Pharmacology studies
Bioanalytical study reports and method validation reports
Request of waiver for pediatric studies
The original submission contained the following:

2.2.2 What isthe mechanism of action?

COCs lower the risk of becoming pregnant primarily by suppressing ovulation. Other possible mechanisms may
include cervical mucus changes that inhibit sperm penetration and endometrial changes that reduce the
likelihood of implantation.

223 What arethedosing regimen and instructions?
®@™ should be taken orally, once daily, at the same time everyday with the following 4-phasic (plus placebo

phase), 28-day, sequential regimen:

Cycle Days 1-2: EV 3 mg

Cycle Days 3-7: EV 2 mg + DNG 2 mg

Cycle Days 8-24: EV 2 mg and DNG 3 mg

Cycle Days 25-26: EV 1 mg

Cycle Days 27-28: placebo

The 4-phasic sequential regimen is aimed at ensuring sufficient estrogen concentrations in the first half of the
cycle, the period during which endometrial proliferation is promoted under the influence of estrogens, as
estrogen levels are low at the beginning of the follicular phase.

2.24 Istheproposed dosing regimen and strength acceptable?

Nearly all marketed COCs contain EE as estrogen component, with daily dosages ranging between 0.02 and

0.05 mg. The success of EE is based on metabolic stability and a favorable PK profile leading to good cycle
control. During the development of COCs over the last decades, EE has been reduced step-wise from initially >
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0.050 mg to 0.015 mg without impairing contraceptive efficacy. This reduction is in line with the knowledge
that lower EE doses lead to lower impact on metabolism parameters and enzyme synthesis in the liver.
However, the reduction of the EE dose has also led to less favorable bleeding control in susceptible cases.
Efforts have been made to replace EE by either natural estrogens such as E2 or their prodrugs such as EV to
offer an alternative in COCs, as the endogenous estrogens are known to have a low liver estrogenicity (i.e.,
lower impact on enzyme synthesis in the liver) (Lindberg et al., 1989; Wiegratz et al., 2004). However, use of
the monophasic attempts failed due to insufficient bleeding control (Csemiczky et al., 1996). As DNG showed
no anti-estrogenic activity (Oettel et al., 1995), Sponsor selected DNG as the progestin component of this
product hoping to reduce the bleeding irregularities (Hoffmann et al., 1998). As monophasic EV/progestin or
E2/progestin regimens provided sufficient ovulation suppression, but did not provide sufficient bleeding control,
the Sponsor took the approach to modify the dosing regimen.

In the clinical development of this product, several different dosing regimens and strengths were explored. The
proposed 4-phasic sequential regimen is aimed at ensuring sufficient estrogen concentrations in the first half of
the cycle, the period during which endometrial proliferation is promoted under the influence of estrogens, as
estrogen levels are low at the beginning of the follicular phase.

In Study B690, it was demonstrated that 2 mg EV can effectively inhibit ovulation and provide sufficient cycle
control. In Studies AZ94, A00984, and A14191, a DNG dose of 2-3 mg/day was sufficient to inhibit ovulation
and provide contraceptive reliability. For example, in a multi-center, open-labeled, uncontrolled study (Study
AZ94) to investigate the efficacy and safety of a 4-phasic oral contraceptive SH T658I containing EV and DNG
over 20 cycles in 1,600 healthy female volunteers, an unadjusted PI of 5.3 was obtained when DNG dose was
decreased using the following regimen:

e Cycle Days 1-3:EV 3 mg
Cycle Days 4-7: EV 2 mg + DNG 1 mg
Cycle Days 8-23: EV 2 mg and DNG 2 mg
Cycle Days 24-25: EV 1 mg
Cycle Days 26-28: placebo

Table 2: Pearl Index obtained in the full-analysis set (FAS) population (Study AZ94)

Patient set / No. of No. of cycles No. of No. of
subset cycles with back-up pregnancies Pearl Index pregnancies Pearl Index
contraception after start of - due to -
study Unadjusted subject Adjusted
medication failure
Total 12,125 342 48 5.3 < 4.3
= 29 years of age 5,563 192 23 5.6 5 4.4
= 29 years 6,562 150 25 51 4 4.3

Study AZ94 showed that DNG doses of 1-2 mg is not sufficient to maintain efficacy and when insufficient DNG
dose is given efficacy can be significantly affected.

In Study A25364, the TBM dosing regimen was found to provide effective ovulation inhibition and was selected
for further clinical development. See Section A.1.13 for details of the study information.

Due to the fact that the dose was decided based on the clinical efficacy end point (i.e., PI), these studies
exploring different dosing regimens and strengths were not reviewed in detail by this reviewer. However, per
clinical reviewer, Dr. Gerald Willett, the outcomes of the Phase 3 clinical studies with the proposed 4-phasic
EV/DNG dosing regimen supports the safety and efficacy for the contraception indication. Therefore, the

- - - ® @
proposed dosing regimen and strength is found to be acceptable.
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2.25 Doesthisdrug prolongthe QT or QTcinterval?

A thorough QT study (Study A35653) was conducted to evaluate the potential of a fixed combination of 2 mg
EV/3 mg DNG (i.e., highest combination dose strength) at steady-state to delay cardiac repolarization in healthy
postmenopausal women, to monitor safety, and to evaluate the PK of DNG, E2, and E1. This study also
included a supra-therapeutic DNG dose (i.e., 10 mg DNG, 5 x 2 mg DNG tablets) arm. This study showed that
DNG at a dose of 3 mg in combination with 2 mg EV and at a dose of 10 mg did not lead to QT/QTc¢
prolongation. As shown in Table 2, the DNG exposure achieved with the 10 mg oral dose showed 3.4-fold
increase in AUC(0-24) and 3.5-fold increase in C,,,x compared to the therapeutic dose and demonstrated no
effect on QT interval. Please refer to the QT-Interdisciplinary Review Team’s (QT-IRT) thorough QT study
review in DARRTS dated March 15, 2010 for details of the thorough QT study.

Table 3: Arithmetic Mean (SD) PK Parameters of DNG, E2, and E1 obtained in Healthy Postmenopausal Women after
Repeated Daily Oral Administration of 10 mg DNG or 2 mg EV/3 mg DNG as a Fixed Combination (Study A35653)

Analyte Parameter 2 mg EV /3 mg DNG 10 mg DNG
(Day 4; N=50) (Day 4; N=48)
DNG Cinax (ng/ml) 108 (18.6) 380 (67.7)
T ax (hr) 1.57 (1.03-4.08) 1.55 (0.54-3.08)
AUC(0-24) (ng-hr/ml) 1081 (230) 3680 (662)
E2 Crnax (pg/ml) 70.3 (22.7) -
T ax (hr) 4.08 (0.56-12.08) -
AUC(0-24) (pg-hr/ml) 1284 (517) -
El Crnax (pg/ml) 456 (142) -
T ax (hr) 6.08 (3.08-6.29) -
AUC(0-24) (pg-hr/ml) 7948 (2964) -
Median (range) for Tmax

226 What are the PK parameters of DNG, E2, and E1 following single and multiple doses and
highlights of their PK profiles?

Single Dose PK Parameters
Table 4: Comparison of Arithmetic Mean (SD) Serum PK Parameters following A Single Dose of 2 mg EV/3 mg DNG
Combination Tablet in Postmenopausal Caucasian Women under Fasted Condition (Study A29972, N=17)

DNG E2 El
Cunax (pg/mD)* 91.7 (15.3) 31.9(8.7) 263 (38.5)
Tonae (h1)° 1(0.5-1.5) 6 (0.5-16.0) 6 (3.0-8.0)
AUC(0-48) (pg-hr/ml)° 964 (223) 892 (267) 5693 (2053)

AUC(0-%) (pg-hr/ml)° 1024 (268) 944 (243)" 6494 (2190)°
t, (hr) 11.3 (2.48) 13.8 (3.50) 17.2 (1.55)

*ng/ml for DNG; ® Median (range) for Ty © ng-hr/ml for DNG; I N=2; * N=4

Figure 1: Linear and Semi-logarithmic Mean Concentrations (+ SD) of DNG after Single Oral Administration of Two Different Tablet
Strengths (SH T00658GA, 2 mg EV/2 mg DNG and SH T00658 M, 2 mg EV/3 mg DNG, respectively) Compared to a Suspension
SH P00658MA Containing 2 mg EV/3 mg DNG in Postmenopausal Women (Study A29972, N=17)
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Table 5: Arithmetic Mean (SD) PK Parameters of DNG Following Oral Administration of Two Different Tablet Strengths
(SH T00658GA, 2 mg EV/2 mg DNG and SH T00658 M, 2 mg EV/3 mg DNG, respectively) Compared to a Suspension
SH P00658MA 2 mg EV/3 mg DNG in Postmenopausal Women (N=17)

Parameter SH T00658GA SH T00658M SH P00658MA
C e (ng/ml) 59.5 (10.2) 91.7 (15.3) 92.8 (17.4)
T pax (hD) 1(0.5-1.5) 1(0.5-1.5) 1(0.5-1.5)
AUC(0-tlast) (ng-hr/ml) 613 (142) 964 (223) 956 (224)
AUC (ng-hr/ml) 648 (166) 1024 (268) 1014 (268)
t,, (hr) 11.0 (2.02) 11.3 (2.48) 11.2 (2.66)

SH T00658GA: Coated tablet containing 2 mg EV/2 mg DNG
SH T00658M: Coated tablet containing 2 mg EV/3 mg DNG

SH P00658MA: Suspension for oral use containing 2 mg EV/3 mg DNG

AUC: Area under the serum concentration-time curve from time of administration (t=0) extrapolated to infinity

Median (range) for Tpmax

Following a single dose administration of SH T00658M tablet (i.e., 2 mg EV/3 mg DNG TBM combination
tablet) and SH P00658MA suspension (i.e., 2 mg EV/3 mg DNG), mean concentration time profiles and
calculated PK parameters of DNG were comparable.
contained in the SH T00658GA tablet (i.e., 2 mg EV/2 mg DNG TBM combination tablet), comparison of the
AUC and C,,,x values of this formulation showed approximately 1/3 lower values compared to the formulations
containing 3 mg DNG. This finding is in line with the conclusion that DNG demonstrates dose linear PK in the

range of 1-8 mg (Study B306).

Figure 2: Linear and Semi-logarithmic Mean Concentrations (+ SD) of E2 After a Single Oral Administration of Tablets with Different
DNG Strengths (SH T00658GA, 2 mg EV/ 2 mg DNG and SH T00658 M, 2 mg EV/3 mg DNG, respectively) Compared to a Suspension

As expected, due to the dose differences of DNG

SH P00658MA 2 mg EV/3 mg DNG in Postmenopausal Women (Study A29972, N=17)
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Table 6: Arithmetic Mean (SD) PK Parameters of E2 After a Single Oral Administration of Tablets with Different DNG
Strengths (SH T00658GA, 2 mg EV/2 mg DNG and SH T00658 M, 2 mg EV/3 mg DNG, respectively) Compared to a
Suspension SH PO0658MA Containing 2 mg EV/3 mg DNG in Postmenopausal Women (N=17)

Parameter SH T00658GA SH T00658M SH P00658MA
Coomx (pg/ml) 32.4 (7.98) 31.9 (8.7) 36.0 (14.2)
T e (h1) 6 (1.0-12.0) 6 (0.5-16.0) 6 (2.0-12.0)
AUC(0-tlast) (pg-hr/ml) 891 (249) 892 (267) 921 (334)
AUC (pg-hr/ml) 991 (169)° 944 (243)° 1134 (224)°
t,, (hr) 15.4 (2.05)° 13.8 (3.50)° 15.1 (0.785)°

SH T00658GA: Coated tablet containing 2 mg EV/2 mg DNG
SH T00658M: Coated tablet containing 2 mg EV/3 mg DNG

SH P00658MA: Suspension for oral use containing 2 mg EV/3 mg DNG

AUC: Area under the serum concentration-time curve from time of administration (t=0) extrapolated to infinity

Median (range) for Tpax
*N=6; *N=2; °N=3
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The AUC and C,,, values of E2 after oral administration of the 3 different formulations with same E2 strengths
were comparable although the suspension formulation, SH PO0658MA, appears to have higher values.

Figure 3: Linear and Semi-logarithmic Mean Concentrations (+ SD) of E1 After a Single Oral Administration of Tablets with Different
DNG Strengths Formulations (SH T00658GA, 2 mg EV/2 mg DNG and SH T00658 M, 2 mg EV/3 mg DNG, respectively) Compared to
a Suspension SH PO0658MA, 2 mg EV/3 mg DNG in Postmenopausal Women (Study A29972, N=17)
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Table 7: Arithmetic Mean (SD) PK Parameters of E1 After a Single Oral Administration of Tablets with Different DNG
Strengths (SH T00658GA, 2 mg EV/2 mg DNG and SH T00658 M, 2 mg EV/3 mg DNG, respectively) Compared to a
Suspension SH PO0658MA, 2 mg EV/3 mg DNG in Postmenopausal Women (N=17)

Parameter SH T00658GA SH T00658M SH P00658MA
Conax (pg/ml) 262 (97) 263 (88.5) 270 (108)
T max (1) 4(2.0-12.0) 6 (3.0-8.0) 6 (3.0-8.0)
AUC(0-tlast) (pg-hr/ml) 5742 (2258) 5693 (2053) 5873 (2584)
AUC (pg-hr/ml) 6982 (3139)° 6494 (2190)b 7160 (3139)*
ty, (hr) 16.3 (1.47)° 17.2 (1.55)b 16.3 (1.07)

SH T00658GA: Coated tablet containing 2 mg EV/2 mg DNG
SH T00658M: Coated tablet containing 2 mg EV/3 mg DNG
SH P00658MA: Suspension for oral use containing 2 mg EV/3 mg DNG

AUC: Area under the serum concentration-time curve from time of administration (t=0) extrapolated to infinity

Median (range) for Trmax
*N=6; * N=4

The AUC and C,.x values of El after oral administration of the 3 different formulations were comparable

although the suspension formulation, SH PO0658MA, appears to have higher values.

Steady-state PK Parameters

Table 8: Arithmetic Mean (SD) Serum PK Parameters at Steady-state (on Day 24) Following Repeated Doses of 2 mg EV/3 mg DNG

Combination Tablets on Days 8-24 of the 28-day 4-phasic Sequential Regimen in Premenopausal Caucasian Women
Under Fasted Condition (Study A25711, N=15)

DNG E2 El
Coo (pg/ml)’ 85.2(19.7) 70.5 (25.9) 433 (198)
Tonae (h1)° 1.5 (1.0-2.0) 3(1.5-12) 4(3-12)
AUC(0-24) (pg-hr/ml)° 828 (187) 1323 (480) 7562 (3403)
t,, (hr) 12.3 (1.4) NA NA

*ng/ml for DNG; ® Median (range) for Ty © ng-hr/ml for DNG

Steady-state PK of DNG
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Figure 4: Mean (+ SD) Concentration-Time Curve of DNG (ng/ml) Following Daily Oral Dose of
®@™ in 15 Healthy Female Subjects (Study A25711)
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Figure5: Mean (= SD) Concentration-Time Curve of DNG (ng/ml) on Day 24 Following Daily Oral

Dose of ®®™ in 15 Healthy Female Subjects (Study A25711)
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It was noted that there is a graphical error on the DNG concentrations of Days 1-2 in Figure 4 (i.e., there was no
DNG given on Days 1-2). Steady-state of DNG was reached within 4-5 days of dosing at each dose sequence.
2 mg DNG dose was started on Day 3 and the steady state was reached by pre-dose on Day 8 (5 days later). 3
mg DNG dose was started on Day 8 and steady-state was reached by Day 12 (4 days later). 3 mg DNG steady-
state was reached earlier since 3 mg DNG dose sequence was started at the steady-state of 2 mg DNG sequence.
This was in line with the observations in Study B276 where DNG steady-state concentrations were reached in
about 4 days following the first dose of 2 mg DNG. The co-administration of 2 mg EV (on Days 3-24) did not
alter the time to reach DNG steady-state. DNG steady-state PK following administration of 2 mg EV/3 mg
DNG in different studies are summarized below.
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Table 9: Comparison of Arithmetic Mean (SD) DNG Steady-state PK Parameters Following Administration of
2 mg EV/3 mg DNG Combination Tablets under Fasted Condition in Caucasian Women

Study A25711 Study A30020
Population Premenopausal (N=15) | Postmenopausal (N=12)
Regimen (Day) Steady-state (Day 24) Steady-state (Day 7)
Crnax (ng/ml) 85.2(19.7) 88.4 (13.3)
Tinay (hr) 1.5 (1.0-2.0) 1.0 (0.5-2.0)
AUC(0-24) (ng-hr/ml) 828 (187) 827 (222)
t, (hr) 123 (1.4 NA

Median (range) for Tpmax
In Study A25711, SH T00658M (2 mg EV/3 mg DNG) was administered during the Period of Day 8-24 of the 28-day regimen
In Study A30020, SH T00658M (2 mg EV/3 mg DNG) was administered daily for 7 days (Day 1-7)

In a cross-study comparison, the DNG PK parameters were similar in premenopausal and postmenopausal
women.

Steady-state PK of E2

Figure 6: Mean (+ SD) Concentration-Time Curve of E2 (pg/ml) Following Daily Oral Dose of
® @™ in 15 Healthy Female Subjects (Study A25711)
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Figure 7: Mean (+ SD) Concentration-Time Curve of E2 (pg/ml) on Days 1 (Single dose of 3 mg EV) and 24 (Steady-state
following 2 mg EV/3 mg DNG) Following Daily Oral Dose of ®®™ in 15 Healthy Female Subjects (Study A25711)
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E2 steady-state PK following administration of 2 mg EV/3 mg DNG in different studies are summarized below.

Table 10: Comparison of Arithmetic Mean (SD) E2 Steady-state PK Parameters Following Administration of
SH T00658M (2 mg EV/3 mg DNG) Under Fasted Conditions in Caucasian Women

Study A25711 Study A30020
Population Premenopausal (N=15) | Postmenopausal (N=12)
Regimen (Day) Steady-state (Day 24) Steady-state (Day 7)
Cpnax (ng/ml) 70.5 (25.9) 74.4 (31.5)
T ax (hr) 3 (1.5-12) 6 (2-16)
AUC(0-24) (ng-hr/ml) 1323 (480) 1328 (614)

Median (range) for Tpax
In Study A25711, SH T00658M (2 mg EV/3 mg DNG) was administered during the Period of Day 8-24 of the 28-day regimen
In Study A30020, SH T00658M (2 mg EV/3 mg DNG) was administered daily for 7 days (Day 1-7)

A cross-study comparison showed that comparable E2 PK parameters were obtained between premenopausal
and postmenopausal women at steady-state following daily dose of the same formulation under fasted condition.

Steady-state PK of E1

Figure 8: Mean (+ SD) Concentration-Time Curve of E1 (pg/ml) Following Daily Oral Dose of
®@™ in 15 Healthy Female Subjects (Study A25711)
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Figure 9: Mean (+ SD) Concentration-Time Curve of E1 (pg/ml) on Days 1 and 24 Following Daily Oral
Dose of| @@™ in 15 Healthy Female Subjects (Study A25711)
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Table 11: Arithmetic Mean (SD) Serum E1 Steady-state PK Parameters (N=15)

Day 24
AUC(0-24) (pg-hr/ml) 7562 (3403)
Crnax (pg/ml) 483 (198)
T o (hr)* 4 (3-12)

* Median (range) for Tax

227 WasthePK doselinearity established for DNG?

As shown in Figure 10 and 11, the PK dose linearity of DNG AUC and C,,,x was observed following a single
oral dose over the range of 1-8 mg in Caucasian premenopausal women (Study B306) as well as over the dose
range of 0.5-2 mg in Japanese premenopausal women (Study A00681).

Figure 10: Relationship Between DNG Dose and Mean AUC(0-0) Following Single Dosing in Premenopausal Women
(Studies B306 [in Caucasian] and A00681 [in Japanese])
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Figure 11: Relationship Between DNG Dose and Mean C,,,x Following Single Dosing in Premenopausal Women
(Studies B306 [in Caucasian] and A00681 [in Japanese])
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2.2.8 What arethecharacteristics of drug absorption?

EV
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After oral administration, cleavage to E2 and valeric acid takes place during absorption by the intestinal mucosa
or in the course of the first liver passage (Duesterberg and Nishino, 1982). This gives rise to E2 and its
metabolites E1, E1S, and other compounds.

DNG

The absolute BA of DNG was investigated in healthy young men following the oral administration of a film-
coated tablet containing 2 mg DNG (SH T00660AA) and the IV administration of a solution containing 2 mg
DNG. The absolute BA of DNG was approximately 91% (Study B501). PK dose linearity of DNG was
established following a single dose oral administration of tablets over a dose range of 1-8 mg in Caucasian
premenopausal women (Study B306) and over a dose range of 0.5-2 mg in Japanese premenopausal women
(Study A00681). Steady-state is reached after 4-5 days of dosing at each dose sequence (Study A25711 and
Study B276). The mean accumulation ratio for AUC g.,4, Was determined to be 1.24 (Study B276).

2.29 What arethecharacteristics of drug distribution?

EV
Approximately 38% of E2 is bound to SHBG, 60% to albumin and 2-3% circulates as free form in serum and
the apparent volume of distribution is approximately 1.2 I/kg following IV administration (Kuhnz et al., 1999).

DNG

Protein binding of DNG in vitro in fresh plasma was approximately 93.5-94.5% (Study A00560). DNG does
not bind to the specific transport proteins SHBG and CBG (Study B427). It was noted that the mean SHBG
concentrations and CBG in serum increased during daily treatment with O@™ tablets in healthy fertile women
(Study A25711). This might be due to estrogen that is known to increase binding globulin levels.
Approximately 10% of circulating DNG is present in the free form, with approximately 90% being bound non-
specifically to albumin (Klinger ef al., 2001). The volume of distribution at steady state of DNG is 46 liters
following IV administration of 85 pg *H-DNG (Study B476).

Table 12: Relative Binding Affinities (RBA) of DNG in Comparison to Other Progestins
for Binding to Human SHBG and CBG (Study B427)

Competitor steroid Human pregnancy serum SHBG purified Human pregnancy Human pregnancy
SHBG serum, SHBG removed serum, CBG
by chromatography
RBA values (%)

Progesterone <0.1 <0.1 <0.1 53
Gestodene 65 70 <0.1 <0.1
3-keto-desogestrel 4 8 <0.1 <0.1
Levonorgestrel 45 50 <0.1 <0.1
DNG <0.1 <0.1 <0.1 <0.1
DHT 100 100 <0.1 0.6
Cortisol NM NM NM 100

NM: Not measured

Table 13: Arithmetic Mean (SD) Serum Concentrations of SHBG, CBG, and Cortisol
Following Daily Oral Dose ofl ®®@"™ (Study A25711, N=15)

Analyte Day 1 Day 8 Day 15 Day 21 Day 29
SHBG (nmol/l) 57.9 (24.8) 68.0 (34.0) 81.4 (32.6) 85.5(30.1) 81.5(31.0)
CBG (pg/l) 45.5(25.2) 53.1 (19.0) 543 (14.2) 57.4 (14.7) 49.2 (12.2)
Cortisol (nmol/l) 339.4 (162.5) 455.2 (163.7) 425.4 (141.4) 461.4 (144.7) 437.8 (154.6)

2.210 What arethecharacteristics of drug metabolism?
EV

After oral administration, approximately 3% of the dose is directly bioavailable as E2 (Dusterberg ef al., 1985;
Kuhnz et al., 1993). E2 is then extensively metabolized to E1 (15%), E1S (65%), estradiol sulfate, and other
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compounds. Together with the pre-systemic metabolism in the liver, approximately 95% of the orally
administered dose becomes metabolized before entering the systemic circulation (Kuhnz et al., 1999). El is a
major circulating E2 metabolite with estrogenic activity, of which approximately 5% can be converted back to
E2. EIS is the principal circulating E2 metabolite which itself is pharmacologically inactive but about 1.4% can
be converted back to E2 and about 21% can be converted to E1 (Kuhnz et al. 1999). Besides E1 and EIS,
several hydroxylated metabolites of E2 and El exist. Hydroxylation at position C-2, catalyzed by enzymes of
the CYP 3A and, to a lesser extent, the CYP 1A families, plays the most important role in humans (Kuhnz et al.
1999).

DNG

DNG is extensively metabolized by the known pathways of steroid metabolism (i.e., hydroxylation and
conjugation), with the formation of mostly inactive metabolites. CYP 3A4 was identified as a predominant
enzyme catalyzing the metabolism of DNG (Study B482). Polar and hydrophilic metabolites are mainly
eliminated renally. Because of the rapid elimination of the metabolites, unchanged DNG is the dominating
fraction in plasma (Study B478).

2.211 What arethecharacteristics of drug excretion?

EV

E2, El, and estriol are mainly excreted in urine with glucuronide and sulfate conjugates, with approximately
54% of the dose recovered in urine and 6% in feces within 24 hr (Dusterberg et al., 1982). The terminal half-
life of E2 is approximately 14 hr (Study A29972).

DNG

The total clearance following the IV administration of *H-DNG was calculated to be 5.4 I/h (Study B478). DNG
is excreted in the form of metabolites which are excreted at a urinary to fecal ratio of approximately 3:1 after
oral administration of 0.1 mg/kg body wt. Following oral administration, 42% of the dose is eliminated within
the first 24 hr and 63% within 6 days by renal excretion. A combined 86% of the dose is excreted by urine and
feces after 6 days (Study B478). The terminal half-life of DNG is approximately 11 hr (Study A29972).

2.3 Intrinsic Factors

231 Isthereany ageeffect observed in the PK of DNG, E2, or E1?
The target populations of O™ are premenopausal women; however, the Sponsor conducted some studies
including a food effect study and DDI studies in postmenopausal women. Therefore, any potential age effects
on the PK of DNG, E2, and E1 was assessed by this reviewer. There were no specific studies conducted to
assess the age effect. However, a cross-study comparison was done to compare the PK parameters of DNG, E2,
and E1 PK characterized following oral administration of 2 mg EV/3 mg DNG in two different age groups (i.e.,
premenopausal vs. postmenopausal women). The PK parameters obtained in these studies are summarized in
Table 14 below.

Table 14: Comparison of Arithmetic Mean (SD) DNG PK Parameters Following Administration of
2 mg EV/3 mg DNG Combination Tablets Under Fasted Conditions in Caucasian Women

Study A25711 Study A30020
Population Premenopausal (N=15) Postmenopausal (N=12)
Regimen (Day) Steady-state (Day 24) Steady-state (Day 7)
Crnax (ng/ml) 85.2(19.7) 88.4 (13.3)
T nax (hr) 1.5 (1.0-2.0) 1.0 (0.5-2.0)
AUC(0-24) (ng-hr/ml) 828 (187) 827 (222)
ty, (hr) 123 (1.4) NA

Median (range) for Tmax
In Study A25711, SH T00658M (2 mg EV/3 mg DNG) was administered during the Period of Day 8-24 of the 28-day regimen
In Study A30020, SH T00658M (2 mg EV/3 mg DNG) was administered daily for 7 days (Day 1-7)
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Table 15: Comparison of Arithmetic Mean (SD) E2 PK Parameters Following Administration of
2 mg EV/3 mg DNG Combination Tablets Under Fasted Condition in Caucasian Women

Study A25711 Study A30020
Population Premenopausal (N=15) Postmenopausal (N=12)
Regimen (Day) Steady-state (Day 24) Steady-state (Day 7)
Cax (ng/ml) 70.5 (25.9) 744 (31.5)
T nax (hr) 3(1.5-12) 6 (2-16)
AUC(0-24) (ng-hr/ml) 1323 (480) 1328 (614)

Median (range) for Tpax
In Study A25711, SH T00658M (2 mg EV/3 mg DNG) was administered during the Period of Day 8-24 of the 28-day regimen
In Study A30020, SH T00658M (2 mg EV/3 mg DNG) was administered daily for 7 days (Day 1-7)

Table 16: Comparison of Arithmetic Mean (SD) E1 PK Parameters Following Administration of
2 mg EV/3 mg DNG Combination Tablets Under Fasted Condition in Caucasian Women

Study A25711 Study A30020
Population Premenopausal (N=15) Postmenopausal (N=12)
Regimen (Day) Steady-state (Day 24) Steady-state (Day 7)
Conax (ng/ml) 483 (198) 474 (198)
T nax (hr) 4 (3-12) 5(2-6)
AUC(0-24) (ng-hr/ml) 7562 (3403) 7314 (3112)

Median (range) for Tpmax
In Study A25711, SH T00658M (2 mg EV/3 mg DNG) was administered during the Period of Day 8-24 of the 28-day regimen
In Study A30020, SH T00658M (2 mg EV/3 mg DNG) was administered daily for 7 days (Day 1-7)

Although premenopausal women (Study A25711) had a higher mean E2 baseline concentration of 28.71 pg/ml
(SD=15.22; range: 4.79-62 pg/ml) compared to postmenopausal women (Study A30020) having 2.10 pg/ml
(SD=2.35; range: 0-5.8 pg/ml), PK parameters of DNG, E2, and E1 at steady-state following administration of 2
mg EV/3 mg DNG combination tablets in premenopausal women (Study A25711) were comparable to those
observed in postmenopausal women with the same dose (Study A30020). This suggests that the EV/DNG
regimen suppresses endogenous production of E2 in normal cycling women.

2.3.2 Isthereany race effect observed in the exposure of EV/IDNG?
In the clinical development of ® WM, the PK difference across race was not assessed. However, there were 2
studies assessing the PK dose linearity of DNG in different ethnic groups: Study B306, assessing a range of 1-8
mg in Caucasian premenopausal women and Study A00681, assessing a range of 0.5-2 mg in Japanese
premenopausal women. The PK parameters are compared in Table 17 below.

Table 17: Comparison of Arithmetic Mean (SD or range) DNG PK Parameters
Following Single Dose of DNG of Under Fasted Condition

Study B306 (N=6) Study A00681
Population Caucasian Premenopausal (N=6 per arm) Japanese Premenopausal (N=6 per arm)
Dose (mg) 1 2 1 2
Cinax (ng/ml) 27.54 (5.20) 53.88 (8.97) 34.7 (3.1) 76.1 (14.6)
Tonax (hr) 1.77 (0.5-4.0) 1.61 (0.75-2.0) 1.8 (0.6) 1.2 (0.4)
AUC(0-2) (ng-hr/ml) 305.72 (65.18) 576.94 (146.03) 320.4 (56.7) 695.1 (114.2)

Both studies were conducted using units of 1 mg tablets. However, no information on components of the formulation was provided.

In a cross-study comparison, Japanese premenopausal women (Study A00681) showed higher AUC and C,,, for
DNG compared to Caucasian premenopausal women (Study B306).

Per clinical reviewer, Dr. Gerald Willett, there were 4 non-Caucasian women amongst the 15 "during treatment”
pregnancies in the 2 pivotal Phase 3 contraceptive studies (i.e., Studies A35179 [in Europe] and A39818 [in US
and Canada)).

e Subject 4505 = Hispanic = Subject failure to take medication properly
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e Subject 4164 = Hispanic = Applicant could not categorize as either method or subject failure

e Subject 501028 = Hispanic = Subject failure to take medication properly

e Subject 505008 = Black = Subject failure to take medication properly
Therefore, none of the non-Caucasians pregnancies was deemed a definite method failure. 2 (0.15%) out of the
1377 subjects enrolled in Study A35179 were non-Caucasians while there were 119 (24.3%) out of 490 enrolled
in Study A39818 were non-Caucasians.

Although Japanese premenopausal women showed higher C,.x and AUC values compared to Caucasian
premenopausal women following a single dose of the same DNG strength, considering the limitations of a cross-
study comparison and the fact that there were no ethnic signals observed in the pivotal Phase 3 studies, it was
concluded that there is a lack of evidence to believe the existence of race effect in the exposure of | @ @™
(EV/DNG).

2.3.3 What isthe Sponsor’sjustification of the pediatric waiver request and isit acceptable?

No studies were performed in post-pubertal adolescents < 17 yr. The Sponsor requested a waiver from the
requirement to submit data adequate to assess the safety and efficacy of EV and DNG in all relevant
subpopulation such as post-pubertal adolescents < 17 yr. The Sponsor has 15 yrs of postmarketing experience
with EV and DNG in the European Union (EU) (i.e., Qlaira®, Climodien”, and Valette™). In addition, the
Sponsor plans to conduct a postmarketing surveillance study in 50,000 women in US and EU assessing the risk
of VTE of EV/DNG tablets compared with other COCs in a non-selected target population (i.e., age group not-
specified). Considering the target population and the reasons above, the Sponsor’s request is acceptable from
the Clinical Pharmacology standpoint. The Agency’s pediatric review committee (PeRC) granted the Sponsor’s
waiver request on March 3, 2010.

2.34 Didthe Sponsor conduct PK studiesin population with renal or hepatic impairment?

No. The Sponsor did not conduct studies in renal and/or hepatic impaired patients for use of EV/DNG in
premenopausal women. Severe liver diseases are already considered as contraindication for COCs.

The draft Renal Impairment Guidance (revised on September 16, 2009) states that “a PK study should be
conducted in patients with impaired renal function when the drug is both likely to be used in these patients and
when renal impairment is likely to mechanistically alter the PK of the drug and/or its active metabolites. This
would most obviously be the case if the drug or a principal active metabolite is substantially renally eliminated
(i.e., defined as the fraction of dose excreted unchanged in the urine is at least 30%), but it can also be the case if
a drug is primarily metabolized or secreted in bile, as renal impairment can inhibit some pathways of hepatic
and gut drug metabolism and transport. Therefore, a PK study in renal impairment should be conducted for
most drugs intended for chronic use.”

Considering that DNG and E2 are both extensively metabolized and mainly excreted renally as inactive
metabolites and that the target population is premenopausal women, usage of O™ i patients with renal
and/or hepatic impairment would be relatively small and therefore, is less of a concern. However, the product
labeling should clearly state that studies in patients with renal and hepatic impairments were not conducted.

24 Extrinsic Factors

24.1 What DDI investigations wer e conducted and what wer e the results?

The Sponsor conducted 5 clinical DDI studies in premenopausal or postmenopausal women. Healthy
premenopausal women are the target population for O@™  However, the endogenous estrogen production in

younger women could have resulted in highly variable estrogen concentrations in serum, which could have
interfered with the PK analysis of E2. Based on this rationale, the Sponsor conducted some DDI studies in
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postmenopausal women who have a low endogenous estrogen production. This approach is acceptable given
that the PK parameters of DNG, E2, and E1 at steady state following 2 mg EV/3 mg DNG in premenopausal
women (Study A25711) were comparable to those observed in postmenopausal women with the same dose
(Study A30020). Please Section 2.2.6 of the QBR above.

Effects of Other Drugs on Combined Hormonal Contraceptives

Effects of rifampicin (CYP3A44 induction) on EV/DNG PK

DNG is a substrate of CYP 3A4. The effect of the CYP 3A4 inducer rifampicin on EV/DNG PK was studied in
healthy postmenopausal women (Study A24058). The study was conducted as a one-arm, open-label, non-
randomized, single center study in one group of 16 healthy postmenopausal women. The steady-state PK of SH
T00658M (2 mg EV/3 mg DNG combination tablet) were investigated prior to and after 5 days of treatment
with 600 mg rifampicin daily (Days 12-16). All volunteers received a treatment regimen of SH T00658M,
dosed once daily over 17 days, and of rifampicin, which was administered once daily in an oral dose of 600 mg
on Days 12-16. 24-hr PK profiles of SH T00658M on Days 11 and 17 were compared.

Table 18: Statistical Comparison of Primary Target Variables Between Day 11 (without rifampicin) and Day 17 (rifampicin
steady state) Following Co-administration of 600 mg Rifampicin Daily with 2 mg EV/3mg DNG Combination Tablets
(Study A24058, N=16)

Treatment Compound PK Parameter Geometric Mean 90% CI (%)
Ratio (%)

SH T00658M + DNG Crax 48 15.6-18.7
600 mg rifampicin AUC(0-24) 17 44.8-51.6
vs. E2 Chax 75 66.9-84.4
SH T00658M alone AUC(0-24) 56 53.1-59.8
El Crax 62 55.8-68.6
AUC(0-24) 52 47.3-56.0
E1S Crax 41 36.3-46.3
AUC(0-24) 28 25.1-32.1

As shown in Table 18, co-administration of 600 mg rifampicin daily with 2 mg EV/3 mg DNG combination
tablets led to significant decreases in steady state C,, and AUC of DNG and E2, El, and E1S which could
potentially affect the contraceptive efficiency of the EV/DNG combination. In the dose-finding study (Study
B690), it was demonstrated that 2 mg EV is necessary for effective ovulation inhibition and sufficient cycle
control. For this particular 4-phasic regimen in combination with EV, a DNG dose of 2-3 mg/day was found to
be necessary to sufficiently inhibit ovulation and provide contraceptive reliability (Studies A00984, A14191,
and AZ94). For example, an 83% decrease shown in DNG AUC when | @®™ is co-administered with
rifampicin would reduce the AUC to the level expected when a DNG dose of approximately 0.5 mg is given and
an 44% decrease shown in E2 AUC when| ®@®™ is co-administered with rifampicin would reduce the AUC to
the level expected when a EV dose of approximately 1.1 mg is given.

In a multi-center, open labeled, uncontrolled study (Study AZ94) to investigate the efficacy and safety of a 4-
phasic oral contraceptive SH T 658 I containing EV and DNG over 20 cycles in 1,600 healthy female volunteers,
an unacceptable unadjusted Pearl Index of 5.3 was obtained when DNG dose was decreased using the following
regimen

e Cycle Days 1-3:EV 3 mg
Cycle Days 4-7: EV 2 mg + DNG 1 mg
Cycle Days 8-23: EV 2 mg and DNG 2 mg
Cycle Days 24-25: EV 1 mg
Cycle Days 26-28: placebo

Page 21 of 140




Table 19: Pearl Index obtained in the full-analysis set (FAS) population (Study AZ94)

Patient set / MNo. of MNo. of cycles No. of No. of
subset cycles with back-up pregnancies Pearl Index pregnancies Pearl Index
contraception after start of - due to -
study Unadjusted subject Adjusted
medication failure
Total 12,125 342 48 5.3 9 4.3
= 29 years of age 5,563 192 23 5.6 5 4.4
= 29 years 5,562 150 25 5.1 4 4.3

Study AZ94 clearly shows that when insufficient DNG dose is given efficacy can be significantly affected.
Therefore, in order to ensure contraceptive reliability and sufficient cycle control, = 2®™ should not be co-
administered with strong CYP 3A4 inducers such as rifampicin, phenytoin, St. John’s Wort, avasimibe, and
carbamazepine (as listed in Table 20 according to the Guidance for Industry: Drug Interaction [revised on
March 11, 2010]). Although the extent of induction is unknown, moderate and weak CYP 3A4 inducers may
also decrease the efficacy of | @®™. For women on chronic treatment with CYP 3A4 inducing active
substances, another reliable, non-hormonal, method of contraception is recommended. This information should
be reflected in the Drug Interactions section of the Highlights of the labeling.

Table 20: Classification of Inducers of CYP Enzymes

CYP Enzymes Strong Inducers M oderate Inducers Weak Inducers
> 80% decrease in AUC 50-80% decrease in AUC 20-50% decrease in AUC
CYPIA2 Montelukast, phenytoin, Moricizine, omeprazole,
smokers versus non-smokers” | phenobarbital, tanshinone ITA,
terbutaline
CYP2B6 Efavirenz, rifampin Nevirapine
CYP2C8 Rifampin
CYP2C9 Carbamazepine, rifampin Aprepitant, bosentan,
Phenobarbital, St. John’s
Wort®
CYP2C19 Rifampin Artemisinin
CYP3A Avasimibe, carbamazepine, | Bosentan, efavirenz, etravirine, | Amprenavir, aprepitant,
phenytoin, rifampin, modafinil, nafcillin armodafinil, echinacea,
St. John’s Wort pioglitazone, prednisone,
rufinamide
CYP2D6 None known None known None known

From Guidance for Industry: Drug Interaction (revised March 11, 2010)

Effects of Ketoconazole and Erythromycin (CYP3A4 inhibition) on EV/DNG PK

Study A30020 investigated the effect of CYP 3A4 inhibitors (400 mg ketoconazole daily or 1500 mg
erythromycin daily) on EV/DNG PK. This was an open-label, two parallel-groups, one-sequence, one-way
crossover study in two groups of 12 healthy Caucasian postmenopausal women. One tablet of SH TO0658M (2
mg EV/3 mg DNG) was orally administered once a day for 14 days for both treatment groups. Volunteers from
Group 1 received an oral dose of 400 mg ketoconazole (i.e., 2 tablets Nizoral® containing 200 mg ketoconazole)
once daily for 7 days (Days 8-14).  Volunteers from Group 2 received an oral dose of 500 mg erythromycin
(i.e., 1 tablet of Erythrocin®) three times a day for 7 days (Days 8-14). 24-hr PK profiles of SH T00658M on
Days 7 and 14 were compared.
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Table 21: Statistical Comparison of the Primary Target Variables Performed Using Day 7 (without ketoconazole or
erythromycin) and Day 14 (with ketoconazole or erythromycin) Following Co-administration of 2 mg EV/3 mg DNG
Tablets with 400 mg/day Ketoconazole or 1500 mg/day Erythromycin (Study A30020, N=12 per Group)

Treatment Compound PK Parameter Geometric Mean 90% CI (%)
Ratio (%)

SH T00658M + 400 mg DNG Crnax 194 184-205
ketoconazole (Day 14) AUC(0-24) 286 263-311
vs. SH T00658M alone E2 Crna 165 149-182
(Day7) AUC(0-24) 157 145-171
SH T00658M + 1500 mg DNG Conx 133 123-144
erythromycin (Day 14) AUC(0-24) 162 146-180
vs. SH "1("}(;(;?/578)M alone E2 Co 151 136-168
AUC(0-24) 133 118-150

In conclusion, the presence of a significant DDI between EV/DNG tablets and CYP 3A4 inhibitors,
ketoconazole and erythromycin was demonstrated. Co-administration of EV/DNG tablets with ketoconazole or
erythromycin resulted increases in steady state C,,,, and AUC(0-24) for both E2 and DNG. The lower impact of
ketoconazole on E2 compared to it on DNG is likely due to multiple competing pathways involved in the
metabolism of E2. Co-administration of moderate CYP 3A4 inhibitor, erythromycin, showed less impact on
Ciax and AUC(0-24) of both DNG and E2 compared to ketoconazole.

A thorough QT study (Study A35653) was conducted to evaluate the potential of a fixed combination of 2 mg
EV/3 mg DNG (highest combination dose strength) at steady-state to delay cardiac repolarization in healthy
postmenopausal women, to monitor safety and to evaluate the PK of DNG, E2, and E1. This study also
included a supra-therapeutic DNG dose (10 mg DNG, 5 x 2 mg tablets) arm. This study showed that DNG at a
dose of 3 mg in combination with 2 mg EV and at a dose of 10 mg did not lead to QT/QTc prolongation. The
DNG exposure achieved with the 10 mg oral dose (3.4-fold increase in AUC(0-24) and 3.5-fold increase in Cyax
compared to those with 2 mg EV/3 mg DNG) was as high as can be expected when EV/DNG tablets are
administered with 400 mg ketoconazole (i.e., CYP 3A4 strong inhibitor) daily (2.9-fold increase in AUC(0-24)
and 1.9-fold increase in C,,,) and demonstrated no effect on QT interval. Considering the outcome of the
thorough QT study and the absence of correlations between DNG exposure and AEs observed, no dosage
adjustment appears to be necessary. The clinical DDI study results should be reflected in the labeling.

For EV, daily co-administration with 400 mg ketoconazole resulted in approximately 57% and 65% increase in
AUC(0-24) and C,.x. Per clinical reviewer, Dr. Gerald Willett, nausea would be the main drug related AE to
expect resulting from increase in E2 levels. The other common AE mentioned by the Sponsor was withdrawal
bleeding. Examination of the individual exposure data of E2, E1, and DNG, revealed no correlation between the
magnitude of AUC change of E2, E1, or DNG and the occurrence of these AEs.

Considering that the safety profiles from the Phase 3 clinical studies are similar to other COCs (per clinical
reviewer, Dr. Gerald Willett) and the absence of correlations between E2 exposure and AEs observed, no dosage
adjustment appears to be necessary. However, the clinical DDI study results should be reflected in the labeling.

Effects of Combined Hormonal Contraceptives on other Drugs

An in vitro study with human liver microsomes showed that DNG did not inhibit CYP 1A2, 2C9, 2C19, 2D6,
2E1, and 3A4. Although with 100 uM DNG the metabolism of tolbutamide (CYP 2C9) and S-mephenytoin
(CYP 2C19) was reduced to values of 69% and 63%, respectively, of the reference samples, DNG at lower
concentrations closer to the clinical dose (i.e., < 20 uM) did not show any inhibition (Study B482).

In a single-center, open-label, randomized, parallel design study in healthy young women aged 21-32 yr to
evaluate the influence of the oral contraceptives, Valette® (0.03 mg EE/2 mg DNG) and Minisiston” (0.03 mg
EE/0.125 mg LNG) on PK of CYP 3A4 substrate, nifedipine. As shown in Table 22, co-administration of 0.03
mg EE/2 mg DNG did not have any effect on 10 mg nifedipine PK (Study B463).
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Table 22: Statistic Comparison of PK Parameters (Nifedipine alone vs. EE/DNG + Nifedipine) (Study B463; N=12)

Analyte Parameter Mean Ratio (%)
Nifedipine Crax 97.9
AUC(0-00) 97.6
CLyy 101.8

BE was demonstrated between 2 mg DNG vs. 2 mg EV/2 mg DNG with mean ratio (%) of DNG AUC and C,,x
being 103.7% (90% CI: 97.0-111.0%) and 106.9% (90% CI: 100.3-114.0%), respectively. Combined
administration of 2 mg DNG together with 2 mg EV had no effect on 2 mg DNG PK (Study AR34). Also, BE
was demonstrated between 4 mg EV/4 mg DNG vs. 4 mg EV with mean ratio (%) of E2 AUC being 106.99%
(90% CI: 95.70-119.62%). Combined administration of 4 mg EV together with 4 mg DNG had no effect on 4
mg EV PK (Study A07769).

25 General Biophar maceutics

251 What is the quantitative composition of the drug products used in the clinical trials of this
application?

" tablets were developed as IR film-coated tablets. All pivotal Phase 3 and supporting PK clinical studies
were conducted using the TBM formulation. The composition of the TBM film-coated tablets is summarized in
the Table 23 below:

Table 23: Composition of the TBM Film-coated-rM Tablets
SH TO065SEA | SH T00658CGA | SHT0065SM | SHTO065SHA | SH T00658P
Estradiol valerate, 3.000 mg 2.000 mg 2.000 mg 1.000 mg -

Dienogest. (6)4) - 2.000 mg
Lactose monohvdrate
Maize starch

Maize starch,
pregelatinized
Povidone 25

Magnesmm stearate

3.000 mg -

Macrogol 6000

Titaninm dioxide

Fernc oxide pigment
vellow

Ferric oxide pigment red

Talc

Total 83.000 mg 83 000 mg £3.00000 mg 83.0000 mg 82.0000 mg
weight

2.5.2 What isthe effect of concomitant food intake on the PK of EV and DNG?

The effect of concomitant food intake on the PK of EV and DNG was investigated in Study A29143 using the
tablet containing 2 mg EV/ 3 mg DNG, as a representative tablet of’ "

A food effect study was conducted in healthy Caucasian postmenopausal women. The study was a single center,
open-label, randomized, single-dose, crossover study with 2 treatment-periods, 2 treatments, 2 sequences. The
treatments were receiving 1 tablet of SH T00658M (2 mg EV/3 mg DNG), either under fasted or fed conditions.
For the fed treatment period, the study drug was administered immediately after a high fat, high calorie
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breakfast. The washout period between the treatments was at least 2 weeks in order to ensure that all of the drug
from the preceding treatment period was cleared from the body before administration of the subsequent
treatment (half-life of E2 approximately 14 hr, half-life of DNG approximately 11 hr following single-dose
administration; Study A25711)

In this food effect study, the C,,,x of DNG was decreased by 28% under fed conditions and the C,,, of E2 was
increased by 23% while AUC values for both DNG and E2 remained within the BE acceptance range (Tables 24
and 25).

Table 24: Statistical Analysis of Food Effect on PK of DNG (Study A29143, N=35 [N=33 for AUC])

Parameters Comparison Geometric Mean Ratio (%) 90% CI (%)
Cnax Fed vs. Fasted 72.0 67.6-76.8

AUC(0-48) Fed vs. Fasted 102 99.3-105

AUC(0-0) Fed vs. Fasted 103 99.5-106

Table 25: Statistical Analysis of Food Effect on PK of E2 (Study A29143, N=33)

Parameters Comparison Geometric Mean Ratio (%) 90% CI (%)
Cnax Fed vs. Fasted 123 110-137
AUC(0-48) Fed vs. Fasted 117 111-123

As shown in Figure 12 below, comparable 24 hr E2 PK profiles were observed on Day 1 (following
administration of 3 mg EV alone) and Day 24 (following daily dose of 2 mg EV/3 mg DNG on Days 8-24 of the
28-day sequential regimen) (Study A25711). Therefore, the outcome of this study also supports the EV only
phase as well.

Figure 12: Mean (+ SD) Concentration-Time Curve of E2 (pg/ml) on Days 1 and 24 Following Daily Oral
Dose of. @®@™ in 15 Healthy Female Subjects (Study A25711)
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The Sponsor proposes the following language on the labeling: Gl

Given the fact that the absence of food effect is

not established due to the change of C,,, of both DNG and E2 (i.c., failure to meet the 90% CI under fed

condition) the data should be reflected in the labeling. However, it appears that this should not affect the food

intake instructions since the results of the Phase 3 efficacy and safety studies support the administration of

O@™ reoardless of food intake. Therefore, no special recommendation concerning food intake is considered
to be necessary.

2.6 Analytical Section

2.6.1 Didthe Sponsor use validated bioanalytical methodsto generate the study data?
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Validated analytical methods were used in clinical studies. All of the PK studies performed during the
development of | @®™ tablets have used a radioimmunoassay (RIA) method for the measurement of DNG in
human serum or plasma. For the quantitation of E2, E1, and E1S, validated LC-MS/MS methods were used.

Dynamic ranges varied between the methods used in each individual study. Bioanalytical method validation
reports were submitted for all studies that were reviewed except for Study B478 (i.e., conducted as a pre-Good
Clinical Practice (GCP)/Good Laboratory Practice (GLP) study). Acceptance criteria and assay performance for
each analyte were in compliance with the Bioanalytical Method Validation Guidance and the bioanalytical
methods were found to be acceptable. Bioanalytical methods are summarized in Table 22.

Table 22: Summary of Bioanalytical Methods

Study Number Study Title Biological Matrix Analyte Method LLOQ
A29972 Relative BA EV/DNG Serum El LC-MS/MS 5 pg/ml
tablets vs. suspension Serum E2 LC-MS/MS 2.5 pg/ml
Serum DNG RIA 0.3 ng/ml
A29143 Food Effect study with 2 Serum El LC-MS/MS 5 pg/ml
mg EV/3 mg DNG tablets Serum E2 LC-MS/MS 2.5 pg/ml
Serum DNG RIA 0.3 ng/ml
B501 Absolute BA of DNG Serum DNG RIA 1 ng/ml
A25711 Multiple dose PK study Serum El LC-MS/MS 5 pg/ml
with EV/DNG tablets Serum E1S LC-MS/MS 50 pg/ml
Serum E2 LC-MS/MS 2.5 pg/ml
Serum DNG RIA 0.3 ng/ml
B478 PK of *H-labelled DNG Plasma DNG HPLC NA®
after oral and IV
administration of 0.1mg/kg
B306 Investigation of DNG PK Plasma DNG RIA 2.77 ng/ml
Dose Linearity
B276 PK of DNG 2 mg after Serum DNG RIA 0.5 ng/ml
single and multiple dosing
A00681 Tolerability and PK of a Plasma DNG HPLC 1 ng/ml
single oral dose of DNG in Urine DNG HPLC 10 ng/ml
healthy adult Japanese
females
AR34 Effect of EV on DNG PK Plasma DNG RIA 0.3 ng/ml
A07769 Effect of DNG on EV PK Serum El GC-MS 10 pg/ml
Serum E1S GC-MS 50 pg/ml
Serum E2 GC-MS 5 pg/ml
Serum DNG RIA 0.3 ng/ml
A24058 DDI study with CYP 3A4 Serum El LC-MS/MS 5 pg/ml
Inducer — rifampicin Serum E1S LC-MS/MS 50 pg/ml
Serum E2 LC-MS/MS 2.5 pg/ml
Serum DNG RIA 0.3 ng/ml
Plasma Rifampicin HPLC 100 ng/ml
Urine 6B-OH-cortisol LC-MS/MS 5 ng/ml
Urine Cortisol LC-MS/MS 1 ng/ml
A30020 DDI study with CYP 3A4 Serum El LC-MS/MS 5 pg/ml
Inhibitors — ketoconazole Serum E1S LC-MS/MS 50 pg/ml
and erythromycin Serum E2 LC-MS/MS 2.5 pg/ml
Serum DNG RIA 0.3 ng/ml
Plasma Erythromycin LC-MS/MS 20 ng/ml
Plasma Ketoconazole LC-MS/MS 20 ng/ml
A33022 PK over multiple treatment Serum El LC-MS/MS 5 pg/ml
cycles Serum E2 LC-MS/MS 2.5 pg/ml
Serum DNG RIA 0.3 ng/ml
A25364 Inhibition of ovulation — Serum DNG RIA 0.3 ng/ml
EV/DNG tablets vs. DNG-
increased regimen

* Study B478 was conducted as a pre-GCP/GLP study. There was no formal bioanalytical method validation reports submitted.
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LABELING
The following Clinical Pharmacology related parts of the Sponsor’s proposed label were submitted
together with this NDA.
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Reviewer’'s Comments

Several places in the Clinical Pharmacology Section including the PK subsection will have to be revised
accordingly to reflect our findings and analyses.

DDI study results needs to be reflected.
The Sponsor proposes the following language on the label:

However, given the fact that the absence
of food effect is not established due to the change of C,., of both DNG and E2 (i.e., failure to meet the
90% CI under fed condition) the data should be reflected in the labeling.

COC class labeling language will be implemented as appropriate.
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Appendix
A.l. Individual Study Review

A.1.1.  Study A29143

Open-label, Single-dose, Randomized, Two-way Crossover Study to Evaluate the Effect of Food on the
Bioavailability of Estradiol and Dienogest Following a Single Oral Administration of SH TO0658M (2 mg
Estradiol Valerate and 3 mg Dienogest) in Healthy Postmenopausal Women

Protocol No: A29143

Phase: 1

Principal Investigator: B. Rohde, M.D.

Clinical Study Center: Clinical Pharmacology, Schering AG, Berlin, Germany

Clinical Study Dates: March 16, 2006 - May 31, 2006

Analytical Study Facility: ®® and Schering Oy, Finland
(DNG)

Analytical Study Dates: June 29, 2006 - August 22, 2006 (E2 and E1) and October 2006 - December
2006 (DNG)

OBJECTIVE

The objective of this study was to evaluate the effect of food on the BA of E2 and DNG given as a tablet
containing 2 mg EV/3 mg DNG (SH T00658M).

STUDY ENDPOINTS
The primary endpoints were:
e AUC from time of administration (time zero) extrapolated until infinity
e AUC from time of administration (t=0) to time of last quantifiable serum concentration (t,s) (AUC(0-
tlast))
o Cu of E2 and DNG

Secondary endpoints were:
e  T..x terminal t,, terminal disposition rate (A,) of E2 and DNG
e AUC and AUC(0-tlast), Ciax, Timax» Az and ty, of estrone (E1)
e AEs and clinical laboratory tests at screening and follow-up.

STUDY DESIGN, TREATMENT, AND SUBJECTS
The study was a single center, open-label, randomized, single-dose, crossover study with 2 treatment-periods, 2
treatments, 2 sequences. The treatments were:

o TI1=Test 1: 1 tablet of SH T00658M, under fasted conditions

o T2 =Test2: 1 tablet of SH T00658M, under fed conditions.

Table A-1-1: Study Treatments Sequences

Sequence Period 1 Period 2
1 Test 1 Test 2
2 Test 2 Test 1

The study drug was administered as a single oral dose. Each volunteer received the treatment under both
conditions. The study drug was administered on an empty stomach for Test 1 (following a 10-hr fasted period)
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in the morning between 7:00 and 9:00 hr. The tablet was taken with 250 ml noncarbonated water at ambient
temperature. Drinking of water was allowed except for 1 hr before and after drug administration. Following the
administration of Test 1 (i.e., under fasted conditions), the volunteers had to fast for 4 hr after study drug
administration. For Test 2 (under fed condition), the study drug was administered immediately after a high fat,
high calorie breakfast according to the Agency’s Guideline for Industry: Food-Effect Bioavailability and Fed
Bioequivalence Studies (2002) in the morning between 7:00 and 9:00 hr. The breakfast had to be finished
within approximately 25 min. The volunteers had to maintain an upright posture (sitting, standing, and walking)
for at least 4 hr after dosing. For follow-up, volunteers had to come to the study center in a fasted state for
blood sampling.

The washout phase between the treatments was at least 2 weeks in order to ensure that all of the drug from the
preceding treatment period was cleared from the body before administration of the subsequent treatment (Study
A25711 shows that terminal half-life of E2 was approximately 13.8 hr and terminal half-life of DNG was
approximately 11.3 hr following single-dose administration).

As EV is rapidly metabolized to E2, levels of E2 measured in premenopausal women could not be differentiated
from the endogenous hormone. Subsequently, healthy postmenopausal volunteers with low endogenous E2
levels (< 20 pg/ml) were included in this study. 38 out of 70 screened volunteers were included in the study and
35 of which completed the study and were treated with SH T00658M both with and without food. 3 volunteers
discontinued the study prematurely due to AEs and therefore only participated in one treatment sequence. 38
Caucasian female volunteers with an average age of 60.9 yr (range: 51-72 yr) were included in the full analysis
set used for the evaluation of safety. Their mean height and weight were 163 cm (range: 155-174 cm) and 68.1
kg (range: 52.0-82.5 kg), respectively. The mean body mass index was 25.6 kg/m* (range: 20.1-29.9 kg/m?).
The evaluation of PK included 35 volunteers for DNG and 33 volunteers for E2 and E1. 2 volunteers were
excluded from the E1 and E2 evaluation due to high E2 baseline values of 91.5 and 108 pg/ml obtained under
fasted condition.

The study inclusion criteria included the following:
e Healthy female, postmenopausal volunteer (Age: 45-75 yr)
e Postmenopausal state, revealed by:

o medical history, if applicable (natural menopause at least 2 yr prior to first study drug
administration; or surgical menopause by bilateral ovariectomy at least 3 months prior to first
study drug administration), and

o hormone analyses in serum (estradiol < 20 pg/ml and follicle stimulating hormone (FSH) > 30
1un

e Body mass index (BMI): > 20 and < 30 kg/m?

FORMULATION

The formulation (SH T0O0658M) with the highest dosed combination of both EV and DNG (containing 2 mg
EV/3 mg DNG) in this 4-phasic treatment regimen was chosen for this study to evaluate the effect of food on the
BA of both E2 and DNG. The study drug was administered twice as single doses only.

Table A-1-2: Identity of Investigational Product(s)

Genenc name Estradiol valerate Dienogest
ZK mumber 5104 37659
SH number SH TO0658M

Dosage form tablet

Strength per unit 2 mg 3 mg
MManufacturer Schening AG

PHARMACOKINETIC EVALUATION
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Blood sampling
Blood samples for PK measurements (identical in both periods) were taken at the following time points: 0.5 hr
pre-dose, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, 24, 36, and 48 hr post-dose.

Concomitant Therapy

If a volunteer used concomitant medication, this was documented by type (brand name, if applicable), indication,
regimen (total daily dose and route), and duration on the appropriate case report form (CRF). The investigator
then decided whether the volunteer had to be excluded

Other Restrictions

e Blood / Plasma donation: Not permitted during the 4 weeks before first drug administration until the last
follow-up examination

e Smoking: Not permitted

e (affeine: Not permitted for 12 hr prior to drug administration and for 24 hr post drug administration

e Alcohol: Not permitted starting 48 hr before drug administration up to 48 hr post drug administration
per period

e  Grapefruit / Grapefruit juice: Not permitted starting 7 days before drug administration up to 72 hr post
drug administration

e Physical activity: Usual activities permitted. Volunteers had to maintain an upright position (sitting,
standing, walking) for at least 4 hr after study drug administration in each period

Bioanalytical method

Determination of E2 and E1 Concentrations

E2 and E1 measurements were conducted at ®@ E2 and E1 were extracted
from human serum by liquid-liquid extraction, with estrone-2,4,16,16-d, and 17B-estradiol-16,16,17-d; as
internal standards (IS). Extracts were analyzed by LC-MS/MS using an electrospray ionization (ESI) interface
and multiple reaction monitoring (MRM) detection for the determination of E2 and E1 concetrations. The lower
limit of quantitation (LLOQ) for the determination of E2 and E1 in serum samples was established to be 2.50
pg/ml and 5.00 pg/ml, respectively, and the upper limit of quantitation (ULOQ) was set to 250 pg/ml and 500
pg/ml for the assay using a 500 ul aliquot of human serum.

Frozen-state stability of E2 and E1 in stripped human serum was established for 567 days at -20 °C. Frozen-
state stability of E2 and E1 in unstripped human serum was established for 552 days at -20 °C.  Freeze-thaw
(F-T) stability and room temperature stability was established up to 3 F-T cycles and for 25 hr prior to extraction
and analysis, respectively.

Quality controls (QC) were prepared and analyzed with each batch of samples against separately prepared
calibration standards to assess the day-to-day performance of the assay. Precision and accuracy were evaluated
by replicate analyses of human serum QC pools prepared at five concentrations spanning the calibration range.

Determination of DNG Concentrations

Bioanalytical measurements for DNG were done at Schering Oy, Finland. The method used for the quantitative
determination of DNG in human serum is a competitive RIA based on the detection of *H-labeled DNG tracer
bound to anti-DNG polyclonal antibody. The samples were extracted with diethylether before RIA analysis.
The LLOQ and ULOQ for the determination of DNG in the matrix samples were established to be 0.3 ng/ml and
5.00 ng/ml, respectively.

The long-term temperature stability analyte was proven to be stable in human serum stored at -20 °C and -70 °C
for 42 months. QCs at concentrations of 0.600, 1.50, and 4.00 ng/ml were prepared and analyzed with each
batch of samples against separately prepared calibration standards to assess the day-to-day performance of the
assay.
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Acceptance criteria and assay performance for each analyte were in compliance with the Bioanalytical Method
Validation Guidance.

Safety Assessments

To assure the good health of the volunteers, screening physical and gynecological examinations,
electrocardiogram (ECG) and clinical laboratory testing including biochemistry, hematology, virology, and
urinalysis were performed. Clinical laboratory testing was repeated at the end of the study. Blood sampling for
PK evaluation was done before and up to 48 hr after study drug administration. During the treatment periods,
the volunteers were monitored for AEs and concomitant medication.

DATA ANALYSIS
Pharmacokinetic Analysis
Non-compartmental PK analysis was performed on the serum concentrations of E2, E1, and DNG. All serum
concentration values below the LLOQ were set to zero. C,,x and T,.x were directly read off the concentration-
time profiles. The AUC and AUC(0-tlast) were calculated according to the trapezoidal rule. The terminal
disposition rate constant (A,) was calculated by means of regression analysis of the perceivable linear part of the
curve in a semi-logarithmic plot (A,: slope of the regression line).
The corresponding terminal half-life (t;,) was calculated by:

tin = In2/A,
The AUC was calculated by extrapolation according to:

AUC = AUC(0-tlast)+C A,
with Cy, as the concentration at the last data point (t.g).

Individual half-life values were not accepted if the time range covered by the perceivable linear part of the curve
was less than 2 half-lives. In all cases, at least 3 data points were used for the half-life calculation. Individual
AUC values were not accepted if the extrapolated area was greater than 20% of the calculated AUC value.

Safety Evaluations and Adver se Events

AEs observed, mentioned upon open questioning by a member of the investigator team or spontaneously
reported by the volunteer were documented. AEs still present at the end of the observation phase were followed
as long as possible.

PHARMACOKINETIC RESULTS

PK of DNG

Mean PK parameters of DNG after daily oral administration of SH T00658M (2 mg EV/3 mg DNG), under
fasted and fed conditions, respectively, in postmenopausal women are summarized in Table A-1-3.

Table A-1-3: Geometric Mean (%CV) PK Parameters of DNG After a Single Oral Dose Administration of 2 mg EV/3 mg DNG
Combination Tablet Under Fasted and Fed Conditions, respectively, in Postmenopausal Women
For Crmax, t1/2 and AUCs the geometic mean with the geometriec coefficient of variation (in parenthesss) are given For tmax,
the median and the range (in parenthesss) are provided.

analyte parameter umnit fasting fed
Cmazx ng/'ml. B6.8 (18.7%) 626 (20.3%)
tmax h 1{0.5-3) 4(1-12)
DNG (IN=33) ATTC(0-tlast) hxng/ml. 201 (21.3%4) 219 (19.2%4)
ALIC hxng/ml. 037 (23.2%0) (N=34) 063 (21.6% (IN=32)
11/2 h 10.6 (15.2%) (N=34) 10.3 (14.3%0) (N=32)

Lezend:

Cmax = Maximum serum concentration

tmax = Time fo reach maximum conceniration

AUC(0-tlast) = Avea under the concentration-time curve from 0 h data point up to the last data pomnt above the LLOQ
AUC = Area under the concentration-tima curve

t1/2 = ternunal half-hife
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Figure A-1-1: Mean (+ SD) Serum Concentration-Time Curves of DNG Following a Single Oral Dose of 2 mg EV/3 mg
DNG Combination Tablet under Fasted and Fed Conditions in Healthy Postmenopausal Women (N=35)

120

—&#— fasting condition
—i— fad condition

100 4

4
Time [h]

Reviewer’s comment: The arithmetic mean ty, C,q., and AUC(0-o) values obtained under fasted conditions in
this study (10.7 hr, 88.3 ng/ml, and 962 ng-hr/ml, respectively) was comparable to those obtained in Study
A29972 under fasted conditions (11.3 hr, 91.7 ng/ml, and 1024 ng-hr/ml, respectively) using the same
formulation (SH T00658M).

PK of E2

Mean PK parameters of E2 after daily oral administration of SH T00658M (2 mg EV/3 mg DNG), under fasted
and fed conditions, respectively, in postmenopausal women are summarized in Table A-1-4. Only a limited
number of subjects (n=8 for fasted and n=6 for fed) has appropriately determined t;, and AUC values. AUC
and t;; could not be calculated for all subjects due to insufficient data collection to cover more than 2 half-lives.

Table A-1-4: Geometric (%CV) Mean PK Parameters of E2 After a Single Oral Dose Administration of 2 mg EV/3 mg
DNG Combination Tablet under Fasted and Fed Conditions, respectively, in Postmenopausal Women
For Cmax and AUUCs the geometric mean with the geometiic cosfficient of variation (in parenthases) are grven, for tmax the
median and the range (in parentheses) are provided.

analyte parameter unit fasting fed
Cmax pg/mL 32.9(29.8%) 40.6 (42.1%)
tonas h 6 (1-16) i(l-24)
2 (N=33 ATTC(0-tlast) hxpg/mL 238 (50.6%) 980 (42.9%)
ATIC hxpg/mL 721 (45.9%) (N=8) 004 (49.1%) (N=6)
t1/2 h 14.6 (16.9%) (N=8) 16.8 (12.9%0) (N=6)

Legend:
Crmax = Maximum ssmum concentration
tmax = Time to reach maximum concentraton

AUC(0-tlast) = Area under the concentration-time curve from Oh data point up to the last data point above the LLOQ)

AUC = Area under the concentration-time curve
t1.2 = termunal half-hfe
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Figure A-1-2: Mean (+ SD) Serum Concentration-Time Curves of E2 Following a Single Oral Dose of
2 mg EV/3 mg DNG Combination Tablet Under Fasted and Fed Conditions in
Healthy Postmenopausal Women (N=33)
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Reviewer’s comment: The arithmetic mean t,, and AUC(0-tlast) values obtained under fasted conditions in this
study (14.8 hr and 934 pg-hr/ml) was comparable to those obtained in Study A29972 under fasted conditions
(13.8 hr and 892 pg-hr/ml) using the same formulation (SH T00658M) although a 1 hr difference in t, was
noted. The AUC value reported appears to be unreliable given that it has a smaller value compared to the
AUC(0-tlast). This appears to be due to the insufficient data collection for AUC.

PK of El

Mean PK parameters of E1 after daily oral administration of SH T00658M (2 mg EV/3 mg DNG), under fasted
and fed conditions, respectively, in postmenopausal women are summarized in Table A-1-5. Only a limited
number of subjects (n=8) has appropriately determined t;», and AUC values. AUC and t;, could not be
calculated due to insufficient data collection to cover more than 2 half-lives.

Table A-1-5: Geometric (%CV) Mean PK Parameters of E1 After Daily Oral Administration of

2 mg EV/3 mg DNG Combination Tablet Under Fasted and Fed Conditions, respectively in postmenopausal women
For Cmax and AUCSs the geometric mean with the geometric coefficient of vanation (in parentheses) are given, for tmax the
median and the range (in parentheses) are provided.

analyte parameter unit fasting fed
Cmax peg/mL 239 (33.1%) 237 (33.5%)
tmax h 6(3-12) 6(2-24)
El (N=33) AUC(0-tlast) hxpg/mL 4934 (51.7%) 5446 (49.5%)
AUC hxpg/mL 5573 (51.7%) (IN=8) 6079 (44.1 %) (IN=8)
t1/2 h 16.3 (8.29%) (N=8) 16.5(15.1%) (N=8)

Legend:
Cmax = Maximum serum concentration

tmax = Time to reach maximum concentration

ATUC{0-tlast) = Area under the concentration-time curve from Oh data point up to the last data point above the LLOQ
AUC = Area under the concentration-time curve

t1/2 = terminal half-life

After administration on a fed stomach, mean E1 concentrations reached a mean concentration of approximately
200 pg/ml after about 6 hr, then remaining more or less constant up to 8 hr and afterwards decreased gradually
up to 48 hr post-dose. After administration on an empty stomach, a similar pattern was seen, but the maximum
concentration was reached faster and was higher: mean El1 concentrations reached 210 pg/ml after
approximately 3 hr, then remaining more or less constant up to 8 hr and afterwards decreasing up to 48 hr post-
dose.
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Figure A-1-3: Mean (+ SD) Serum Concentration-Time Curves of E1 Following a Single Oral Dose of 2 gm EV/3 mg DNG
Combination Tablet Under Fasted and Fed Conditions in Healthy Postmenopausal Women (N=33)
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Reviewer’s comment: The arithmetic t,, and AUC(0-tlast) values obtained under fasted conditions in this study
(16.4 hr and 6121 pg-hr/ml) was comparable to that obtained in Study A29972 under fasted conditions (17.2 hr
and 6494 pg-hr/ml) using the same formulation (SH T00658M).

STATSTICAL ANALYSIS

Statistical Analysis of DNG PK Parameters

Analysis of variance (ANOVA) was performed to assess the food effect on the BA of DNG following a single
oral dose of SH TO0658M tablets. Table A-1-6 summarizes the geometric mean ratios and the 90% CI of
primary PK variables for DNG when compared fed to fasted conditions.

Table A-1-6: Statistical analysis of food effect on DNG PK (N=35 [N=33 for AUC])

Parameters Comparison Geometric Mean Ratio (%) 90% CI (%)
Cnax Fed vs. Fasted 72.0 67.6-76.8
AUC(0-tlast) Fed vs. Fasted 102 99.3-105
AUC(0-0) Fed vs. Fasted 103 99.5-106

The results indicated that the AUC of DNG was not affected by the high fat food as both AUC(0-tlast) and AUC
are BE between fed and fasted conditions. However, food was found to affect the C,,x of DNG. The mean C,.y
of DNG was decreased by 28% under the fed conditions and the median T,,,x was delayed from 1 hr (under
fasted) to 4 hr (under fed).

Statistical Analysis of E2 PK Parameters

ANOVA was performed to assess the food effect on the BA of E2 following a single oral dose of SH T00658M.
Table A-1-7 summarizes the geometric mean ratios and the 90% CI of primary PK variables for E2 when
compared fed to fasted conditions. Analysis was not performed on AUC of E2 because only a limited number
of subjects (n=8) has appropriately determined t;, and AUC values. AUC and t;, could not be calculated for all
subjects due to insufficient data collection to cover more than 2 half-lives. The arithmetic mean AUC(0-tlast)
values obtained under fasted conditions in this study (934 pg-hr/ml) was comparable to those obtained in Study
A29972 under fasted conditions (892 pg-hr/ml) using the same formulation (SH T00658M).

Table A-1-7: Statistical analysis of food effect on E2 PK (N=33

Parameters

Comparison

Geometric Mean Ratio (%)

90% CI (%)

C max

Fed vs. Fasted

123

110-137

AUC(0-tlast)

Fed vs. Fasted

117

111-123
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The results indicated that the AUC of E2 was not affected by the high fat food as AUC(0-tlast) is BE between
fed and fasted conditions. However, C,,,x of E2 was increased by 23% and failed to meet the 90% CI under fed
condition.

Reviewer’'s comment: In this case, food effect comparison based on AUC(0-tlast) appears to be more reliable
given that the reported mean AUC value is smaller than mean AUC(0-tlast). This appears to be due to the
insufficient data collection for AUC.

As shown in Figure A-1-4 below, comparable 24 hr E2 PK profiles were observed on Day 1 (following
administration of 3 mg EV alone) and Day 24 (following daily dose of 2 mg EV/3 mg DNG on Days 8-24 of the
28-day regimen) (Study A25711). Therefore, the outcome of this study also supports the EV only
administration phase as well.

Figure A-1-4: Mean (+ SD) Concentration-Time Curve of E2 (pg/ml) on Days 1 and 24 Following Daily Oral
Dose of SH T00658ID in 15 Healthy Female Subjects (Study A25711)
100
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The Sponsor proposes the following language on the labeling: B

Given the fact that the absence of food effect is
not established due to the change of C,.. of both DNG and E2 (i.e., failure to meet the 90% CI under fed
condition), the study data should be reflected in the labeling. However, it appears that this should not affect the
food intake instructions since the results of the Phase 3 efficacy and safety studies support the administration of
Isbeia" regardless of food intake. Therefore, no special recommendation concerning food intake is considered
to be necessary.

SAFETY RESULTS

No deaths or serious AEs were reported during this study. 3 volunteers had AEs that led to withdrawal from the
study: nasopharynagitis (volunteer 33), nausea / vomiting (volunteer 4), and vomiting (volunteer 11). The most
frequently occurring AEs were nausea (6 events in 5 volunteers, 13.2%), vomiting (4 events in 4 volunteers,
10.5%) as well as fatigue, headache, and seasonal allergy (3 events in 3 volunteers, 7.9% each symptom) and
dizziness (1 event in 1 volunteer, 2.6%).

CONCLUSION

This food-effect study in healthy postmenopausal women demonstrated that the C,,.,x of DNG was decreased by
28% and the C,,x of E2 was increased by 23% and failed to meet the 90% CI under fed condition, while AUC
values for both DNG and E2 were BE. The median T,,,, for DNG was delayed from 1 hr (under fasted) to 4 hr
(under fed). The absence of food effect is not established due to the change of C,,,x of both DNG and E2 and
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failure to meet the 90% CI under fed condition. However, this should not affect the food intake instructions
since the results of the Phase 3 efficacy and safety studies support the administration of | @™ regardless of
food intake.
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A.1.2. Study B501

Study of the Absolute Bioavailability of Dienogest (DNG) in M ale Subjects

Protocol No: B501
Phase: 1
Principal Investigator: Annemarie Hoffmann, M.D.

Clinical Study Center: ®) @

Clinical Study Dates: October 26, 1993 - December 17, 1993
Analytical Study Facility: ®) (4)

OBJECTIVE
The primary objective of the study was to evaluate the absolute BA of DNG.

STUDY ENDPOINTS
The primary endpoints of the study were AUCq..., AUCy.48, Cinaxs Timaxs and ty,.

STUDY DESIGN, TREATMENT, AND SUBJECTS

The study was a randomized, single dose, single center, open label, 2-way crossover study. A total of 22 healthy,
Caucasian male subjects met the inclusion criteria and were included in the study. 20 subjects, aged 22-33 yrs,
completed the study.

After 10 hr fasting, each of the subjects was treated with a single dose of 2.0 mg of DNG once in the form of
film-coated tablets and another time as an IV infusion. Blood samples were collected for 48 hr after each
administration. 14 blood samples collected after the oral administration and 17 blood samples were collected
following IV administration. The subjects were hospitalized for 12 hr following administration. The interval
between treatments was 1-2 weeks.

A subject was eligible for inclusion in this study only if all of the following criteria apply:
e Male between 18-50 yr of age
e Clinical examination without any pathological findings of clinical relevance to the trial
e Fasting for the last 10 hr before administration
e No alcohol allowed for 24 hr before administration

A subject was not eligible for inclusion in this study if any of the following criteria applied:
e Indication in the subject's clinical history and/or clinical examination of the presence of a serious
organic or psychic disease
e Indication in the subject's clinical history of chronic consumption of drugs; tobacco (more than 10
cigarettes a day) or alcohol (more than 20 g of alcohol a day)
¢ Indication in the subject's clinical history of drug intolerance, allergies or idiosyncrasies
Consumption of drugs within the last 30 days before the beginning of the trial

FORMULATION

Test product:

Active substance: DNG

Dose: 2.0 mg of DNG
Formulation: film-coated tablet
Batch designation: 30901

b) (4
Producer: WIE
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Reference product:
e Active substance: DNG
¢ Dose: 2.0 mg of DNG
e Formulation: Each 52.5 ml of injection solution contains
o 2.5 ml of concentrate:

= DNG 2.00 mg
= Ethanol 96 % 0.06 mg
= Water for injection ad 2.50 ml

o 50 ml of 0.9% isotonic saline solution.
e Batch designation: K/930893
e Producer A
PHARMACOKINETIC EVALUATION
Blood sampling
The blood samples for serum determination were collected immediately before the administration of the test
substance and exactly at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 24, 30, and 48 hr after administration. Additional
samples were collected at times 0, 10, and 20 min after the end of IV administration each with an appropriately
labelled sampling system (Monovette, Vacutainer).

Concomitant Therapy
There were no reports of concomitant therapy use.

Bioanalytical method

The determination of DNG concentration in the serum samples by RIA is preceded by an extraction step. The
extract is evaporated in vacuo and resolved in a small amount of ethanol and then in buffer. Aliquots are
pipetted for the measurement of recovery and for the RIA, the competitive binding reaction with [*H]-DNG
tracer to the antiserum. After incubation overnight at 4°C the unbound tracer is separated by adsorption to
charcoal-dextran. The bound tracer is counted for [’H] activity in a liquid-scintillation counter (LSC). The
concentration of DNG is determined according to a standard curve and the recovery of extraction. The LLOQ
of DNG was established to be 1 ng/ml. Coefficients of variation (CV) were in the range of 2.9-12.7 % (intra-
assay) and 3.4-11.2 % (inter-assay) that are in a common range for RIA. All acceptance criteria and
performance were in compliance with the Bioanalytical Method Validation Guidance.

Safety Assessments
The following variables were checked before administration of the test product: blood pressure lying and
standing; pulse rate; and axillary body temperature

Subjects were allowed to receive the test medication if the blood pressure values were between 95 and 160 mm
Hg systolic and 50 and 95 mm Hg diastolic.

DATA ANALYSIS

Phar macokinetic Analysis

The analysis of statistical data was performed using SAS for Windows 3.1, version S.08 (Statistical Analyse
System, SAS-Institute, NC, U.S.A.). All calculations of the PK characteristics values are based on the measured
raw data and set time. Values less than LLOQ were replaced by 0.

PHARMACOKINETIC RESULTS

In all cases the residual areas AUC .43 were more than 80% of the total area under the curve, AUC,... The
medians of the residual area were 6.57% and 6.21% for formulations A and B, respectively. The median half-
lives were 8.37 hr and 3.20 hr for A and B, respectively. There was no significant deviation from normal
distribution of the ANOVA residuals of logarithmic transformed AUCg.43, AUCy..., and Cy.x. Thus a parametric
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approach was used for the calculation of the 90 % CI. None of the variables showed a significant period or
sequence effect.

The geometric mean of AUC4s test formulation is 419.84 ng-h/ml, that of the reference formulation 464.91
ng-h/ml. The AUC,4 ratio and 90% CI are 90.31% and 86.23-94.57%, respectively. The geometric mean of
AUC,... of the test formulation is 443.13 ng-h/ml, that of the reference formulation 494.90 ng-h/ml. The AUC,...
ratio of the test vs. reference formulation and the 90% CI are 90.92% and 86.59-94.69%, respectively. The
absolute BA of DNG based on AUC,... is 90.92 %. The 90% CI 1s 86.59-94.69%.

Table A-2-1: Summary of DNG PK Parameters Following a Single Dose (Mean values are arithmetic means)

DMNG Formulaton |
Parameter A 8 I
AUCH 45 Mean valus 427.91 AT1. 70
Standard deviation 85.31 34.13]
DMNG ng/mi*h “ariation coefficient 19.94 17.85]
Central valus 430.10 455.33
AUC, ., Mean vaiue 455.74 201.24 |
Standard deviation B4.88 B3.78]|
DMNG ng/mi*h Variation coefficient 18.53 165. 72
Central valus 451.87 487 .54
(= Mean wvalue 35.35 110.82
Standard deviation 7.47 40.42
DMNG ng/ml “ariation coefficient 18.71 36.44 8
Central value 32.48 109 3% ¢
trax 1) Mean value 1.525 0.033 ]
Standard dewiation 0,930 0.716
Varlation coefficient 57.24 347.9
Coantral valua 1.5 0!
ty2 (hh Mean value B8.48 8. 84
Standard dewiation 1.22 1.171
“Wariation coefficient 14.43 13.80]
Central valus 2.37 8.20

Formulation A Dienagest (film-coatad tablet)
Formulation 8 Dienogeast {injaction solution)

AUC, 40 = Area under the curve fromt = 0O tot = 48
AUC, . = Area under the extrapolated curve

= — = Concentration maximum

Tax = Time of maximum

ty,2 = Half-lifa

Figure A-2-1: DNG Time-Concentration Profiles with using Arithmetic Mean Values and Standard Deviations
Following a Single Dose
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SAFETY RESULTS
No AEs were found in any case.

CONCLUSION

The absolute BA of DNG is 90.92%. The terminal half-life period of DNG is 8.37 hr (test preparation tablet)
and 8.20 hr (reference preparation solution), respectively, on an average.
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A.1.3. Study A00681

Tolerability and Pharmacokinetics of a Single Oral Dose of DNG (M JR-35) in Healthy Adult Females

Protocol No: A00681

Phase: 1

Principal Investigator: Prof. H. Mizoguchi

Clinical Study Center: e

Clinical Study Dates: January 2004 - March 2004

Analytical Study Facility: o
OBJECTIVE

The primary objective was to investigate the tolerability and PK of a single oral dose of DNG (MJR-35) in
healthy adult females.

STUDY DESIGN, TREATMENT, AND SUBJECTS

The study was divided into three stages for each dose level from the low dose to the high dose and proceeded to
the next stage as tolerability was confirmed. Confirmation of tolerability at each stage and progression to the
next stage were determined by agreement between the chief investigator and investigators.

The study drug was taken with 100 ml of water at 8 a.m. following overnight fasting from 8 pm the day before
(fasted for 12 hr). One dose was given at each dose level (single dose). The dose levels and the number of
subjects treated are summarized below:

e 0.5mg: 0.25 mg x 2 (n=6) Placebo: placebo x 2 (n=2)
e 1.0mg: 1.0 mgx 1+ placebo x 1 (n=6) Placebo: placebo x 2 (n=2)
e 2.0mg: 1.0 mgx 2 (n=6) Placebo: placebo x 2 (n=2)

Inclusion criteria:

e Healthy adult females (age: 21-45 yr)

e Persons judged to have passed the following tests for subject selection: interview (subjective symptoms,
objective signs); physical findings (height, weight, temperature, blood pressure, heart rate, respiratory
rate, and ECQG); general haematology (RBC, Hb, Ht, WBC, and platelets); blood coagulation tests
(Prothrombin time, APTT, AT Ill, fibrinogen, and plasminogen); blood biochemistry (GOT, GPT, AL-
P, LDH, y-GTP, total bilirubin, BUN, creatinine, uric acid, Na, K, CI, Ca, total cholesterol, HDL,
triglycerides, total protein, albumin, A/G, and cortisol); Urinalysis (pH, specific gravity, sugar, protein,
and urobilinogen)

Exclusion criteria:
e Pregnant or possibly pregnant women
Breastfeeding women
Women still bleeding during menstruation
Those on regular medication
Smokers
Habitual consumers of alcohol
Diabetics
Persons with heart disease, liver disease, renal disease or blood
Persons with a history of hypersensitivity to drugs in general

Study subjects were admitted the day before the study drug was to be administered. They were discharged after
they had been interviewed and given a blood sample at 8 a.m. on Day 4.
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Concomitant Therapy, Food, and Drinks

Study subjects were instructed to watch their health from a week before the start of the study and were forbidden
to take any other drugs. During admission, they were forbidden to take any food other than that prepared by the
centre and drinking and vigorous exercise were also forbidden during the study period, as were the taking of
caffeine-containing drinks and smoking.

Safety and Clinical Laboratory Measurements

Table A-3-1: Safety and Clinical Laboratory Measurements

[tem Details

Interview Subjective symptoms, objective signs

Weight, temperature. blood pressure. heart rate,

Physical find
ysiestindings respiratory rate. ECG

General hasmatology | RBC, Hb, HiL WBC, Platelets

Coagulation

Laboratory | fibrinalysic Prothrombin time, APTT, AT I, fiprinogen, plasminogen

tests GOT, GPT, AL-P, LDH, GTP, total bilirubin, BUN,
Blood biochemistry creatinine, wric acid, Ma, K, Cl. Ca, total cholesterol,
HOL, triglycerides, total protein, albumin, AG, cortisal
Urnnalysis pH, specific gravity. sugar, protein, urchilinogen

Check starting date of menstruation after dose of study

Menstrual cycle
¥ drug

Phar macokinetic M easur ements

Measurement of plasma concentration: Blood samples were taken just before the study drug dose and at 0.5, 1,
2,3,4,6, 12,24, 48, and 72 hr after the dose.

Measurement of urine concentration: Urine (cumulative urine) was collected in each of the periods from the
first micturition on the morning of the day of the dose of the study drug until just before the dose, and at 0-6 hr,
6-12 hr, 12-24 hr, 24-48 hr, and 48-72 hr after the dose

Bioanalytical Method

DNG in Human Plasma

A bioanalytical method for DNG in human plasma based on high performance liquid chromatography (HPLC)
using ethinyl estradiol (EE) as the IS was developed in order to characterize the PK of DNG in plasma. 1 ml of
plasma was applied to a solid phase extraction (SPE) column, it was washed with phosphate buffer, water, 20%
acetonitrile, and 70% methanol then further extracted with 90% methanol. The eluate was concentrated and
analyzed by HPLC using a reversed phase column.

In the specificity tests, no impurity peaks corresponding to the elution times for DNG and the IS were noted on
the HPLC chromatograms obtained by this bioanalytical method, and accuracy relative to the theoretical values
(% of difference) of 0.38% and precision (CV) of 4.83% were found for the mean assay values for six
specimens of plasma spiked with 1 mg/ml. The calibration curve exhibited good linearity over the dynamic
range of 1-50 ng/ml. For intra-assay variation, % of difference was 1.64-4.55% of the theoretical value and CV
was 1.53-7.25%. For inter-assay variation, % of difference was 0.49-2.43% of the theoretical value and CV was
2.71-11.18%.

DNG in Human Urine

Method for the determination of DNG and its metabolites M1, M2 and M3 in human urine based on HPLC
using EE as the IS substance were established in order to permit investigations of drug PK during clinical
studies on DNG. Methods for measuring the glucuronide conjugate of DNG and glucuronide conjugate of M1
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were also devised. DNG and metabolite M5 were assayed simultaneously, as were metabolites M1, M2, and
M3.

In both procedures, 1 ml of urine was applied to a SPE column, it was washed with PBS, distilled water, 20%
acetonitrile, then, for DNG and M5 determination, with 70% methanol and for M1, M2, and M3 determination,
with 20% methanol, whereupon they were extracted with 90% methanol. The eluates obtained were further
extracted with ethyl acetate. The extracts were concentrated and analyzed by HPLC using a reversed phase
column.

In the specificity tests, no impurity peaks affecting the assays were noted near the elution times for DNG, M1,
M2, M3, and M5 on the HPLC chromatograms obtained by this bioanalytical method, and taking the mean assay
values for urine spiked with each metabolite to give a concentration of 10 ng/ml, accuracy (% of difference) was
-18.14-2.86% relative to the theoretical values and precision (CV) was 1.94-4.81%. The calibration curve
exhibited good linearity over the dynamic range of 10-500 ng/ml, the intra-assay accuracy relative to the
theoretical values and precision were respectively -14.33-8.57% and 0.63-6.45%. Accuracy relative to the
theoretical values and precision in the inter-assay tests were respectively -13.80-6.92% and 2.06-16.04%. When
urine spiked with a high concentration of DNG and each of its metabolites was diluted to within the assay
concentration range and determined, accuracy relative to the theoretical values was -9.97-0.93%. Regarding the
conjugates, no impurity peaks affecting the assay of DNG and M1 were noted on the HPLC chromatograms
when blank human urine specimens were treated.

All acceptance criteria and performances of the bioanalytical methods were in compliance with the
Bioanalytical Method Validation Guidance.

DATA ANALYSIS

Phar macokinetic Parameters

The PK parameters (Cpax, Tmax tu, AUC, etc.) were calculated from the course of the plasma concentrations of
the study drug. The excretion rates were calculated from the intact compound and metabolites in the urine.

Safety M easurement

Physical signs, general haematology, blood biochemistry, urinalysis: variations in the laboratory values from
the time of the dose onwards relative to the baseline values were investigated for any abnormality and any
abnormal values. The tolerability of DNG (MJR-35) was also investigated based on the results.

RESULTS

Plasma Pharmacokinetics

The course of the plasma concentration of the intact compound is illustrated in Figure A-3-1 and the PK
parameters in Table A-3-2.
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Figure A-3-1: Plasma Concentrations of Unchanged DNG following a Single Dose Administration
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Table A-3-2: PK Parameters of Unchanged DNG in Human Plasma following a Single Dose Administration

Step Ne. Dose Cmax Tmax TR0 TP AUCy 1 Al MRT CltotF* VA
{mg} [np'ml) (hr) {br) (b (ng*hrmL) {ng*hriml) (hr) {Lshrhndy) (Lhody}

1 0.5 175+ 22 08 = 02 0749 % 0201 706+ 100 1000 £ 105 1640 % 342 9252 £ 1333 3386 & 0876 3378 & 58

2 1 4T+ ad 18+ 0A 0772+ 0864 GER £ 149 2211 £ 276 3204 F GGT 9981 + 1586 3191 % 0479 3004 & 480

3 2 8.1 L 1486 12+ 04 0580+ 0208 TR+ 122 4483 B34 6051+ 1142 10702 £ 0829 2040 % 0534 01 E 150

Each valug repeasants the mean + 5.1, of six voluntwers.
The half-lives and f were estimated by a two-oumpartment medel with fist order absorption.
# VAR/F = dosel{f AUC o), Cliot'F = doselAUC,
F; the extent of biogvailability, fi; the kinetse constant of the elimination phase,

The Tpax was 0.9-1.3 hr. The C,,,x and AUCy.;, showed dose-dependently higher values. The half-life in plasma

(t,,) was 6.65-7.66 hr. The linearity of the PK of DNG had been retained over the dose range of 0.5-2.0 mg.

Reviewer’'s comment: Japanese women showed higher AUC and C,,. values compared to Caucasian women
(18-40 yr). Cross-study comparison with Study B306 reveals that Japanese women had 4.8% and 20.5% higher
mean AUC values than Caucasian women at doses of 1 and 2 mg DNG, respectively. Also, Japanese women
had 26.2.% and 41.9% higher mean AUC values than Caucasian women at doses of 1 and 2 mg DNG,

respectively.
Table A-3-3: Comparison of Arithmetic Mean (SD or range) DNG PK Parameters
Following Single Dose of DNG of Under Fasted Condition
Study B306 (N=6) Study A00681
Population Caucasian Premenopausal (N=6 per arm) Japanese Premenopausal (N=6 per arm)
Dose (mg) 1 2 1 2
Cinax (ng/ml) 27.54 (5.20) 53.88 (8.97) 34.7(3.1) 76.1 (14.6)
Tonax (hr) 1.77 (0.5-4.0) 1.61 (0.75-2.0) 1.8 (0.6) 1.2 (0.4)

AUC(0-2) (ng-hr/ml) 305.72 (65.18) 576.94 (146.03) 320.4 (56.7) 695.1 (114.2)

Both studies were conducted using units of 1 mg tablets. However, no information on components of the formulation was provided.
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Per clinical reviewer, Dr. Gerald Willett, there were 4 non-Caucasians women amongst the 15 "during
treatment" pregnancies in the 2 pivotal Phase 3 contraceptive studies (Studies A35179 and A39818)

o Subject 4505 = Hispanic = Subject failure to take medication properly
o Subject 4164 = Hispanic = Applicant could not categorize as either method or subject failure
o Subject 501028 = Hispanic = Subject failure to take medication properly

o Subject 505008 = Black = Subject failure to take medication properly
Therefore, none of the non-Caucasians pregnancies was deemed a definite method failure. It appears that there
was no signal of race effect observed.

Although Japanese premenopausal women showed higher C,.. and AUC values compared to Caucasian
premenopausal women following a single dose of the same DNG strength, considering the limitations of a cross-
study comparison and the fact that there were no ethnic signals observed in the pivotal Phase 3 studies, it was
concluded that there is still a lack of evidence to believe the existence of race effect in the exposure of B
(EV/DNG).

Urinary Pharmacokinetics
Excretion ratios for the intact compound and metabolites in the urine were calculated from the urine
concentrations and are shown in Table A-3-4.

Table A-3-4: Urinary Excretion of DNG (MJR-35) Intact Compound and Metabolites following a Single Dose
Stage 1 (0.5 mg)

Collection Urinary excretion (% of dose)
pariod MJR-35 kA1 kA2 K3 Tetal
(hr} Free + Conjugate Frea Frea Frea
Before [ M. D B D M. Do M. Do
O=8 ET+11 389 =09 1.0+0.2 moD ET+2.0
B=12 2T +08 3T =08 0.8 + 0.1 (n=4) [ TO+14
12 =24 2.2 + 1.2 (n=5) 26+09 M. D. K. D. 4.5 +1.%
24 - 48 2.8 (n=2) 2.2+ 0.8 (n=4) M. D M. D 3.6 £ 1.5 (n=4)
48 -T2 M. D M. DO M. D M. D M. D
0=72 9.24+32 1.7 +28 1.8 + 0.8 Mo D 225 +53
Each dala represents the mean = 5. L ol s wolunbaerns
RO - Mot delecied (baiow essey limit)
(=], (n=15} Each data reprasants the mean & 5 0 ol four or Thee volunbess beconres the dals of the ather volunlesss ane bedion the arsay Bmils
(=2 Each data raprasants the mean of two voluntears: because tha data of tha othar volurtears are balow tha sssay limis
Stage 2 (1.0 mg)
Collaction Urinary excretion (% of dosa)
periad | MJR-35 M1 Mz M3 Tetal
(hr} Free + Conjugate Free Free Free
Bafore M. M. D MO M. D MN.D
9-6 4.7 + 0.6 4818 132 +035 0.2 £ 0.7 {n=3)} 108 + 27
B=12 2T 086 35«10 OF +0.2 MWD 5.5+ 1.6
12— 24 21+08 33s12 0.8 + 0.3 (n=5) 0.2 (n=1) &14+15
24 — 48 26+ 1.7 [n=5) 2.1 0.7 (n=5) BoD MDD 46 + 2.3 (n=5)
48 -T2 1.0 (n=1) M. D. M. D K. D. 1.0 {n=1)
=72 11.8 + 1.6 123 + 3.9 27+ 1.0 0.3 +0.1 [n=3]) 28.0 + 5.3
Each dala represents the mean 2 5. D al six volunbeers
hM.D. - Mot detected {befow assay limi
(m=2), {n=5} Each data raprasants tha mean + & [ of thras or five voluntears bacausa the data of tha sther voluntaars am balow tha assay Fmits
(m=11 Each data reprasants the mean of one volunbesr because the desa of the othar woluntaers are balow e sasay limis
Stage 3 (2.0 mg)
- - rm \
Collection T Llnn;lri;«- excretion (% of dose)
pernoad (] M3 M5
{hr} Free CFr_aa * Fres Conjugats Frea Fras Frae Tatal
onjugate
Betore M. D M. D M. DO. M. D, K. D. M. D M. D, M. D,
O=5 M. D 21+11 28+14 03+02(n=3) 08=+04 0.1 {n= M. D 58+ 30
B=12 [ 28+08 41+12 04+04(n=4) 1002 04i(n=1} M. D Ta+£20
12 =24 M. D. 1.8 +09 31211 04103(n=3) 07202 M. D M. D 5E=£18
24 = 48 M. Do 1.0 +04 19+ 0.5 M. D 0.6 (n=1) M. D M. D 3108
48 -T2 MDD 0.4 (n=1) O (ned) M. D N, D M. D M, D, 0.6 (n=2)
0-72 [ 7.6 +16 120+ 23 1.0+08(n=4]) 25+04 0.2 (n=2) M. D 230+ 28

Each dala represents the mean = 5. [ al six volunbeers

M. - Mot datected {befiow assay limi)

(n=3], (n=4} Each data raprasants the mean + £ D of thres or four voluntasms bacause the data of tha othar volrseers are below e assay mits
Each data reprasants the mean of bwo volurbears because the data of tha cther volurteers are balow The sassay limks

Esch data regresants the mean of one voluntesr bacause tha data of the othar wolunbaerz ane below the easaey limite
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The total urinary excretion of DNG and its metabolites up to 72 hr following a dose of 0.5, 1.0, and 2.0 mg was
22.5, 28.0, and 23.0%, respectively. As most of this had been excreted within 48 hr of the dose, it was
suggested that DNG has mostly disappeared from the body within 48 hr after the dose.

Safety, Menstrual Cycle, Laboratory Test Results
No abnormal variations had been observed in any of the subjects. All the subjects menstruated after
administration of the study drug and it was confirmed that none had become pregnant during the trials.

CONCLUSIONS
The PK of orally-administered DNG showed dose-linearity over a dose range of 0.5-2 mg in Japanese women
and that the drug has virtually disappeared from the body within 48 hr following the dose.
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A.14. Study B306

Open Randomized (Latin square design) Trial to Determine Linearity of Dienogest Pharmacokinetics in
12 Healthy Female Volunteers, Treated with 1, 2, 4, and 8 mg of Dienogest, Administered Successively as
a Single Dose after Wash-out Corresponding to Duration of the Menstrual Cycle (Dienogest Tablets
Containing 1 mg)

Protocol No: B306

Phase: 1

Principal Investigator: Prof. G. Strauch

Clinical Study Center: A
Clinical Study Dates: April 20, 1993 — January 19, 1994

Analytical Study Facility: A
OBJECTIVE

The objective of the study was:
e To investigate the dose linearity of DNG PK
e To determine and compare the principal plasma PK parameters of DNG after oral administration, at
different doses.

STUDY DESIGN

The study was an open-label, single center, randomized, single dose study. 12 Caucasian healthy female
volunteers (age of 20-34 yr, mean age 26.7 yr [SD=4.6 yr]|, mean height 166.9 cm [SD=6.9 cm], and mean
weight 60.3 kg [SD=8.5 kg]) under non-hormonal contraception received each of the 4 studied doses,
interspaced by a cycle, and administered in random order.

The tablets were administered with 150 ml of water, in standing position. Dosage was as follows: 1. 2, 4, or 8
mg (as a function of the trial period), as a single dose, in the morning after at least 8 hr fasting. The test drug
was DNG formulated as 1 mg tablets.

Each administration of the drug took place between Day 1 and Day 7 of the cycle, and duration of the wash-out
period was a function of cycle duration:
e The subjects presented at the Clinical Pharmacology Unit of’
least 8 hr.
e A clinical examination, consisting of blood pressure and heart rate recordings, was performed.
¢ Blood samples (5 ml) were taken at the following times: Pre-dose, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8, 12,
16, 24, 34, and 48 hr post-dose (i.e., 16 samples).

®® in the morning, after fasting for at

In the 3 subjects who initially received 8 mg (in keeping with the randomization), urine specimens were
collected according to a specific objective, different from that of the overall trial (fundamental metabolism
studies). Urine specimens were collected at intervals of 0-4 hr, 4-12 hr, and 12-24 hr.

The subjects were requested to collect urine over the last 12 hr preceding dosage, in a jar supplied for this
purpose. During the 24-hr monitoring on-site at the Unit, meals were served 4 hr then 11 hr after administration
of the drug. After 24 hr, the subjects could leave the Unit, their clinical status having first been verified.

The inclusion criteria were as follows:
e Healthy female volunteers of Caucasian race (age of 18-40 yr),
e With weight ranging between ideal weight and ideal weight £10% indicated in the table of weights with
the protocol.
e Having had regular menstrual cycles, ranging from 25-32 days, during the 3 months preceding the trial,
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e Using efficacious non-hormonal contraception (loop, diaphragm and/or spermicide, condom), regularly
for at least one month, throughout the duration of the trial and during the following month.
¢ Non-smoker, or moderate smoker (< 5 cigarettes/day),

The following subjects were excluded from the trial:
e Having presented or presenting cardiovascular, renal, hepatic, gastrointestinal, endocrine,
neuropsychological or allergic disorders incompatible with conduct of the trial,
e Pregnant subjects,
Subjects taking hormonal contraception or using a hormonal intrauterine device,
e Subjects taking other long-term medication, or medication within the 15 days preceding the trial,

Concomitant Therapy
Except in emergency cases, no medication other than the test drug was absorbed throughout duration of the trial.

Phar macokinetics and Statistical Analysis
For each subject, the following parameters had to be calculated after each administration of DNG:

®  Crax T ty, AUCo4s, AUC,..., apparent plasma clearance (CL), and apparent distribution volume (V).
For C,.x and AUC...:

e Linear regression expressing C.x logarithms and AUC as a function of the logarithm of the
administered dose for each of the 12 subjects, and comparison of obtained slopes to unit 1,
characterizing linearity by t-tests for paired series.

e Analysis of variance taking into account subject, order of administration, dose, and period factors,
performed on the parameter logarithms with calculation of the Cls for the mean ratio, taking the 1 mg
dose as reference dose.

For Tp.x: comparison of Ty, by the Friedman test.
For elimination half-lives: analysis of variance taking into account subject, order of administration, dose, and
period factors

Data input, determination of PK parameters, and statistical analysis were performed on the VAX (DEC) of the
®@ with SAS software (SAS Institute), version 6.07, for data entry, description, and statistical tests,
and PHARM-NCA (SIMED) for determination of PK parameters.

Bioanalytical M ethods

DNG was measured by a RIA method. The DNG (present in the plasma sample) is allowed to compete with
tritium-labeled DNG for a specific antiserum. At the end of the antigen-antibody incubation, the bound and free
forms of the antigen are separated by adsorption of the free form on dextran charcoal. After centrifugation, the
radioactivity of an aliquot of the supernatant (bound fraction) was determined by LSC.

Each day of the study, 4 QCs are subjected to exactly the same treatment as the samples for analysis. The
values from these checks allowed the validation of the results of the concentration measurements performed on
cach day of the study. All acceptance criteria and performance were in compliance with the Bioanalytical
Method Validation Guidance.

Safety and Clinical Laboratory Measurements

An end-of-trial clinical examination was performed 48 hr after the last administration of the test drug consisting
of a standard clinical examination with measurement of blood pressure; a 12-lead ECG; and a laboratory
examination identical to the inclusion examination.

RESULTS
Phar macokinetics
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The arithmetic mean values, standard deviation, minimum and maximum for the PK parameters of the 12
subjects were as follows:

TabIeA 4-1: PK Parameters following Admmlstratlon of DNG 1 mg

‘Mean . g:_{l‘ad_;’oﬁ Minlmum |0 Maximum |
27.54 5.20 19.21 37.84
1.77 0.99 0.50 <00
7.93 2.13 5.70 12.67
277.53 60.58 193.91 396.35
305.72 5.18 213.40 429.60
3.41 0.74 2.33 4.69
37.40 4.95 28.37 43.58

Table A- 4—2 PK Parameters followmg Administration of DNG 2 mg (1 mg x 2 tablets)

~Mean - ] BEaced - Maximum -
53.88 8.97 40.97 71.17
1.61 0.42 0.75 2.00
7.52 2.15 3.47 11.65
551.21 130,56 267.33 785.76
576.92 146.03 283.90 210.60
: _ _ 374 1.24 2.47 7.04
PDistibution volume/F () 37.65 5.94 30.84 47.21

TabIeA 4-3: PK Parameters followmg Administration of DNG 4 mg (1 mg x 4 tablets)

Mean E&“ﬁ "\.{:mmum Maximum

"CMAX (ngsml} 101.08 10.82 81.28 119.03
CTMAX (). : 1.79 0.72 0.50 3.00
Haif-life (b) : 8.32 222 3.95 12.90

C 0-48 tng WD ~1 111976 222.4 646.69 1399.05

polated AUC (ngh/fmly] 115332 237.93 661.80 1451.00
C’.‘iearancch amy 3.64 0.93 2.7 6.04
i 59.23

: Mc.a.n' E ":j_; Ivﬁmmum Maxmnrm et

212.07 43.92 161.24 330.35
.51 0.82 0.50 3.00
ROt 1.94 5.97 12.86

2229.58 419.76 1524.27 299927

2292 .41 447.66 1532.10 3115.30
T 3.61 0.72 2.57 5.22

Distibution vohime s (1) 45.43 935 | 36.65 68.24

Comparison of the principal PK parameters after administration of 1, 2, 4, or 8 mg yielded the following results:

AUC..

e Linear regression of the type log(AUC)=A" + B" x log (number of mg) performed for each of the 12
subjects showed proportionality between the number of mg administered and the resultant AUC.

e The obtained B” coefficients did not significantly differ from 1 (t-test for paired series: p = 0.27).

e The obtained mean B” coefficient is equal to 0.98 £ 0.08, with a confidence interval equal (0.91-1.02).

e Linear regressions of the type 1og(Cnax) = A + B x log (number of mg) also showed proportionality
between the number of mg administered and the value of the resultant C,,.
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e The obtained B coefficients do not significantly differ from 1 (t- test for paired series p = 0.37).
e The obtained mean B coefficient is equal to 0.98 £+ 0.09, with a confidence interval equal to (0.91-1.03).

Tmax
e No significant different was found between the values obtained with the different doses: p = 0.83.

Figure A-4-1: Mean £ SD DNG Concentration (ng/ml)-Time Curve following Administration of 1, 2, 4, and 8 mg Tablets

time (h)

Reviewer’'s comment: As shown in Figure 10 and 11, the PK dose linearity of DNG AUC and C,, was
established following single oral dose over the range of 1-8 mg in Caucasian premenopausal women (Study
B306) as well as over a dose range of 0.5-2 mg in Japanese premenopausal women (Study A00681).

Figure 10: Relationship Between DNG Dose and Mean AUC(0-0) Following Single Dosing in Premenopausal Women
(Studies B306 [in Caucasian] and A00681 [in Japanese])
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Figure 11: Relationship between DNG Dose and Mean C,,,, Following Single Dosing in Premenopausal Women
(Studies B306 [in Caucasian] and A00681 [in Japanese])
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Safety Results
The AEs occurred during the study included the following: nausea and anorexia, vomiting, headache, abdominal
flatulence, pelvic pain, spotting, delayed menstruation, and leucorrhea.

CONCLUSIONS

12 healthy females received 4 single doses of DNG 1, 2, 4, and 8 mg in a randomized order, during 4
consecutive menstrual cycles. In each respective cycle, 48 hr PK analyses were performed to determine DNG
linearity at these doses. The results obtained for the PK parameters showed that the DNG PK was linear over
the dose range of 1-8 mg.
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A.15. Study B276

Open-label Study to Investigate the Single Dose and the Repeated Dose (for 14 days) Phar macokinetics of
the Final Tablet Formulation of 2 mg Dienogest (DNG) in 16 Healthy Y oung Women

Protocol No: B276

Phase: 1

Principal Investigator: Eric Sicard, M.D.

Clinical Study Center: Clinical Pharmacology, Schering AG, Berlin, Germany
Clinical Study Dates: May 17, 1999 - August 19, 1999

Analytical Study Facility: o@

Analytical Study Dates: August 1999 - November 1999

OBJECTIVE

Evaluation of the single dose and repeated dose (for 14 days) PK of the final tablet formulation containing 2 mg
DNG.

STUDY DESIGN, TREATMENTS, AND SUBJECTS

This study combined the evaluation of single dose PK with the evaluation of repeated dose PK. To reduce
intrinsic (hormonal) influences, the study drug was administered cycle-dependently, and both treatments were
started in the first half of the same menstrual cycle. For this purpose, the study had 2 treatments both within the
same menstrual cycle. No control or reference group was needed. The duration of the wash-out period had
been set to 5 days based on the known serum elimination half-life of 5-10 hr for DNG. A treatment period of 14
days was chosen for the repeated dose PK of DNG to ensure steady state conditions.

16 female Caucasian volunteers participated in this study. Their mean age was 33.68 yr (range: 24-38 yr). They
weighed on the average 62.75 kg (range: 55-72 kg). Their mean height was determined to be 168.56 cm ranging
between 159.0-176.0 cm. The corresponding calculated mean body mass index (BMI) was 22.13 kg/m® (range:
18.7-26.0 kg/m?).

Volunteers received 1 tablet containing 2 mg DNG orally as a single dose treatment. After a wash-out period of
5 days volunteers received 1 tablet orally containing 2 mg DNG daily over a period of 14 days as repeated dose
treatment. The investigational product (ZK number: 37659) was provided by Schering AG, Berlin, Germany.

Study Drug Administration

e For PK profiles on Day 1/Period 1 and on Day 14/Period 2: The volunteers were instructed to fast after
21:00 hr the previous evening (drinking of water was allowed) in order to ensure a fasting period of at
least 10 hr before intake. In the morning, the tablets were to be taken between 7:00 and 9:00 hr with
200 ml non-carbonated water at room temperature.

o For trough levels: The tablets were to be taken on an empty stomach with a glass of water. Intake took
place immediately after blood sampling preferably at the same time as on Day 1/Period 2.

e For intake at home: The volunteers were instructed to take the tablets on an empty stomach with a glass
of water preferably at the same time as on Day 1/Period 2.

Inclusion criteria
Volunteers had to fulfill all the following criteria before being included in the treatment:
e Nonsmoking healthy female (age: 18-40 yr)
e BMI: > 18 kg/m? and < 26 kg/m?
e Following delivery, abortion or lactation, volunteers should have had at least two normal cycles of 24-
35 days
e Willingness to use non hormonal methods of contraception during the study or to accept abstinence
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Exclusion criteria
Volunteers with the following conditions which might have had an impact on PK parameters were excluded:
Medical history:

o Significant history of pulmonary, cardiovascular, hepatic, gastrointestinal, biliary, renal, hematological,
endocrine, neurological, or psychiatric disease

e During pregnancy

Medication/drug use and special behavioral patterns:

e Within 8 weeks before study drug administration, use of systemic or topical medications or substances
which opposed the study objectives or which might had influenced them, e.g., an investigational
compound, any other drug known to induce (rifampicin, dexamethasone, phenobarbital,
anticonvulsants) or inhibit (macrolides, ketoconazole, erythromycin, cimetidine, verapamil) liver
enzymes, ampicillin, amoxicillin, or any broad spectrum antibiotic

e Use of sex hormones within 2 months (oral, transdermal, transvaginal) or 2/6 months (long acting
injectable [once per month/once per three months] or implanted preparations) before first study drug
administration

e Regular intake of medication

Concomitant Therapy
If a volunteer used concomitant therapy, this was to be documented by type (generic name, if applicable),
amount, indication, and duration on the appropriate CRF.

Bioanalytical Methods

The quantitative determination of DNG in serum was performed using a RIA. Briefly, DNG was extracted from
serum with diethylether. The extract was dried under nitrogen and the remainder was redissolved in a buffer
solution. This solution was incubated overnight in the cold with specific antiserum and tracer (CH-DNG).
Following incubation, the antibody-bound drug was separated from unbound drug by use of dextran-coated
charcoal and the fraction containing the antibody-drug complex was subjected to radiometric analysis. The
concentration of DNG in serum samples was calculated by means of the PK LIMS software 3.7 (Schering AG)
using a calibration curve as a reference. Individual assays were monitored for precision and accuracy using QC
samples which were analyzed under the same conditions as the samples of unknown DNG concentration. The
LLOQ was set to 0.5 ng/ml using a sample volume of 100 ul. Values below the LLOQ were set to zero. All
acceptance criteria and performance were in compliance with the Bioanalytical Method Validation Guidance.

Safety and Clinical Laboratory Measurements

An additional drug screen and a pregnancy test in urine were carried out at the study site before the first drug
administration of the repeated dose treatment (Day 1/Period 2). The calculated mean values for all volunteers
for all laboratory parameters were within the normal range at recruitment. The urine drug screens were negative
for all volunteers.

PHARMACOKINETICSRESULTS

The mean DNG serum concentration versus time curve assessed after administration of the Day 14 dose in study
Period 2 is shown in Figures A-5-1 (linear scale) and A-5-2 (semi-logarithmic scale) together with the mean
concentration versus time curves observed after single dosing.

In all samples taken before the first administration of DNG in study Period 2, i.e., after a 5-day washout period,
the DNG serum concentration was below the LLOQ. After the last administration of the study medication on
Day 14 in this study period, DNG serum concentrations were quantifiable for at least 36 hr in all subjects. In 11
out of 16 subjects, minor amounts of DNG were still quantifiable in the last sample taken in this study period,
1.€., 60 hr after administration.

The mean DNG serum concentration versus time curves showed similar profiles for the two administration
modes. After repeated administration, however, the mean DNG serum concentrations were generally slightly
higher than after single administration.
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Figure A-5-1: Mean DNG Serum Concentrations After Single and Repeated (Day 14) Oral Administration of 2 mg DNG Daily to 16
Healthy, Young Women (Arithmetic Means and Standard Deviations; Linear Scale)
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Figure A-5-2: Mean DNG Serum Concentrations After Single and Repeated (Day 14) Oral Administration of 2 mg DNG Daily to 16
Healthy, Young Women (Arithmetic Means and Standard Deviations; Semi-logarithmic Scale)
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Table A-5-1: Arithmetic Mean (SD) PK Parameters Following Oral Administration of 2 mg DNG

PK Parameter Single Dose Steady State
Cinax (ng/ml) 47.6 (8.74) 52.2(8.32)
T pax (hr)* 1.50 (0.67-3.00) 1.25 (0.67-6.00)

ty, (hr) 9.38 (1.94) 10.2 (1.76)
AUC(0-24) (ng-hr/ml) 441 (92.4) 547 (129)
AUC(0-tlast) (ng-hr/ml) 519 (137) 666 (195)
AUC(0-0) (ng-hr/ml) 535 (138.4) 682 (205)

CL/f (ml/min) 66.3 (17.4) 64.1 (14.6)

* Median (range)

e Mean (SD) accumulation ratio for AUC(0-24) = AUC(0-24)ss / AUC(0-24)sp = 1.24 (0.13)
e Mean (SD) mass balance factor = AUC(0-24)gs / AUC(0-0)gp = 1.03 (0.10)

Figure A-5-3 shows the mean DNG serum concentrations measured at the ends of the 24 hr dosing intervals
prior to new dosing (trough concentrations). On multiple dosing, arithmetic mean DNG trough concentrations
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increased from 6.36 ng/ml at the end of the first dosing interval until a plateau of approximately 8.50 ng/ml was
reached on Day 5, i.e., after the 4™ dose. A further minor increase in mean DNG trough concentrations to 8.98
ng/ml was observed at the end of the treatment period, before administration of the last dose on Day 14. 24 hr
after administration of the last dose on Day 14 (i.e., multiple dose profiling day), however, the mean DNG
serum concentration was down to 8.57 ng/ml again, thus indicating that steady-state conditions were reached
during the 14 day treatment period.

Figure A-5-3: Mean DNG Serum Concentrations Before New Dosing (Trough Concentrations) on Repeated
Oral Administration of 2 mg DNG Daily to 16 Healthy, Young Women (Arithmetic Means and
Standard Deviations; Linear Scale)
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Safety Results

A total of 49 AEs were reported for the single (12 AEs) and repeated dose treatments (37 AEs). The most
frequently reported AEs of the related category were intermenstrual bleeding and headache. In 6 cases, AEs
were reported as being severe headache, intermenstrual bleeding, or breast enlargement. No serious AEs (SAE)
were reported.

CONCLUSIONS

Inspection of mean trough DNG serum concentrations during multiple dosing showed that a plateau was reached
on Day 5 after about four 24 hr dosing intervals. Thus, the PK parameters determined after the Day 14
administration represent steady-state characteristics.

Comparison of DNG PK after single administration and at steady-state revealed a slight accumulation during the
two weeks treatment period. The AUC(0-24) at steady-state was on average 1.24 times higher than the
corresponding AUC(0-24) after single administration. The mass balance factor which was determined to be
1.03 on average, thus showing the AUC within a dosage interval at steady-state is equal to the total AUC after
single dose. Terminal half-life of DNG following single and multiple dose is approximately 10 hr. Furthermore,
the terminal half-life and the oral clearance remained unchanged when PK after single administration and at
steady-state were compared.

In conclusion, the present study showed that DNG concentrations in serum increase during the initial treatment
phase after daily administration of 2 mg DNG and reach steady-state concentrations in about 4 days following
the first dose (i.e., on Day 5). Steady-state DNG PK is predictable from those obtained after single
administration.
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A.1.6. Study A25711

An Open-label, Non-randomized, Multiple-dose Study to Investigate the Pharmacokinetics of a 28-day
Four-phasic Oral Contraceptive Containing Estradiol Valerate and Dienogest (SH T00658ID) in 18
Healthy Female Subjects

Protocol No: A25711

Phase: 1

Principal Investigator: Dennis N. Morrison, DO

Clinical Study Center: B

Clinical Study Dates: January 5, 2005 - June 28, 2005

Analytical Study Facility: ®®@ (g2, E1, and EIS) and Schering Oy,
Finland (DNG)

Analytical Study Dates: April 26, 2005 - June 8, 2005 (E2, E1, and E1S) and March 2005 - July 2005
(DNG)

OBJECTIVE

The objective of this study was to evaluate the PK of E2 and DNG after multiple oral doses in healthy women.

STUDY ENDPOINTS
The primary endpoints were PK parameters including AUC(0-24), Cpax, and T, were determined for DNG, E2,
E1l, and E1S. The half-life of DNG was also estimated.

STUDY DESIGN, TREATMENT, AND SUBJECTS

This was an open-label, non-randomized, 1 period, 1 treatment, multiple-dose PK study of EV/DNG (SH
T00658ID: 4-phasic TBM regimen) tablets in healthy premenopausal female subjects. In addition, the potential
effect of the SH T00658ID regimen on serum concentrations of SHBG, cortisol, and CBG were evaluated
weekly during the treatment period.

All 18 subjects in this study were healthy premenopausal females, ranging in age 18-46 yr (mean age: 26.6 yr).
Most subjects (94%) were Caucasian. The mean BMI of the Safety Analysis Set was 24.2 kg/m’. The mean
body weight and height of the safety analysis set was 68.6 kg and 168.5 cm, respectively. 16 (89%) subjects
completed the study and 15 subjects (83%) were included in the PK analysis set.

Inclusion Criteria:
e Nonsmoking healthy female subject ranging in age from 18-50 yr old
BMI within range: 18 < BMI < 26 kg/m?
Regular menstrual cycles
FSH within normal range for fertile women
Negative pregnancy test
At least 3 normal menstrual cycles following delivery, abortion, or lactation
Willingness to use non-hormonal methods for contraception during the washout period and during the
cycle with the multiple dose treatment (e.g., non-medicated intrauterine devices, condoms, diaphragms,
spermicidal vaginal suppositories, or abstinence)

Exclusion Criteria:
Medical history - A history of relevant diseases, especially:
e Incompletely healed or pre-existing diseases for which it can be assumed that the absorption,
distribution, metabolism, elimination, and effect of the study drugs will not be normal
e Known metabolic disorders (e.g., hyperlipidemia, diabetes mellitus)
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Medication, drug use, and special behavior patterns:
e Regular intake of medication (other than OCs)
e Use of OCs (OC users may be included after at least 2 washout cycles, i.e., at least an 8-week OC-free
interval before first study drug administration)
e Use of depot preparations (injectables or implants or medicated intrauterine devices) containing sex
hormones during the last 6 months before first study drug administration

The start of treatment for each subject was dependent on her menstrual cycle, i.e., the first dose was
administered on the 2nd day of the individual’s menstrual cycle. Dosing with EV/DNG tablets was for 28 days.

On PK days (Day 1 and Day 24), subjects were allowed to eat and drink as usual until 21:00 hr on the day
before study drug administration. Thereafter, subjects could only drink water (fasting period of > 10 hr before
study drug administration) except for 1 hr before and after dosing. The treatment was administered in the
morning between 07:00 and 09:00 hr before breakfast. A light breakfast was provided at the site 2 hr after
dosing.

FORMULATION
The investigational drug employed in the study is described below:

Table A-6-1: Pharmaceutical Information on Investigational Product - Blister Package SH T006581D

Taarmacentical SH T00658ID - Blister Package
Generic name EV EV/DNG EV/IDNG EWV Placebo
ZK number 5104 5104/37659 5104/37659 3104 N/A
SH MNumber SHTO06IBEA SH TO0638GA SH TO0658M SH TO0S58HA  SH TO063EP
ﬁﬁiﬂl of drug substance 3mg EV :f‘_nul.;:jg]:];;,;} ;nrj:ég[];.;}-é 1 me EV A

e of lation * : yellow. 1z i v, -
T of formuiation round conted  round. omed  round conted  round costed  WEte: costed
Foute of administration Oral Oral Oral Oral Oral
Dwesing day 1-2 3-7 B-24 25-26 27-28
Batch number CL-3188
Vehicle compesition Lactose, maize starch, by ®O) @) magnesinm

stearate, (b) 4 B)@ talc.

ttamium (IV) oxide, fermc oxide

Type of pack?g;mg and Bhister card with 26 active tablets and 2 placebo tablets per card
units per package
Expiry date August 2007 °

Manufacturer Schering AG. Berlin, Germany

EVW = estradiol valerate, DING = dienogest.
* Non-white tablet coloring achieved with yellow or red pigment.
Expiry date was not included on the label as stability studies were ongoing during the conduct of the study.

PHARMACOKINETIC EVALUATION
Blood sampling
Blood samples were collected as below for determination of DNG, E2, E1, and E1S serum concentrations:
e Day I: pre-dose, 0.5, 1, 1.5, 2, 3,4, 6, 8, 10, 12, 16, and 24 hr post-dose
e Day 24: pre-dose, 0.5, 1, 1.5, 2, 3,4, 6, 8, 10, 12, 16, 24, and 36 hr post-dose
e Additional pre-dose blood samples were also collected on Treatment Days 4, 6, 8, 9, 12, 15, 18, 21, 23,
26,27, 28, and 29 (24 hr after last dose) to measure trough serum concentrations
SHBG, serum cortisol, and cortisol binding globulin (CBG) were monitored before treatment and on Treatment
Days 8, 15, 21, and 29.

Concomitant Therapy
Any medications prescribed for the subject during her participation was recorded on the appropriate CRF page.
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Other restrictions

¢ Alcoholic beverages were not permitted within 48 hr before dosing and throughout the study

e Food or beverages containing grapefruit were not permitted within 48 hr before dosing and throughout
the study

e Drinking water was not allowed for 1 hr before and after dosing

Bioanalytical method
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Acceptance criteria and performance for each analyte were in compliance with the Bioanalytical Method
Validation Guidance.

Safety Assessments

Clinical laboratory variables or evaluations (at baseline - Screening Visit 1 and Follow-up Visit 1): hematology,
coagulation parameters, serum chemistry, urinalysis, and serum cortisol and CBG (monitored at pre-treatment
and on Days 8, 15, 21, and 29). Follow-up laboratory examinations were performed within 4 weeks after the
last dose of study medication with the following tests: ECG (12-lead), physical examination, vital signs (height,
weight, blood pressure, and heart rate), and blood and urine tests.

DATA ANALYSIS

Pharmacokinetics

Summary statistics (number of observations, arithmetic mean, standard deviation, coefficient of variation,
minimum, median, maximum, and geometric mean) were submitted for the PK parameters.

Safety Evaluations and Adver se Events

AEs were to be coded using an internationally recognized dictionary. Signs/symptoms before first study drug
administration were recorded as baseline findings or serious baseline findings. AEs observed by the investigator
or spontaneously reported by the volunteer were documented.

PHARMACOKINETIC RESULTS

PK of DNG

Mean serum concentration—time profile is presented in Figures A-6-1 and A-6-2. Mean PK parameters of DNG
are summarized in Table A-6-2. DNG mean (SD) half-life was 12.3 (1.4) hr.
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Figure A-6-1: Mean (+ SD) Concentration-Time Curve of DNG (ng/ml) Following Daily Oral Dose of
SH T00658ID in 15 Healthy Female Subjects
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Figure A-6-2: Mean (+ SD) Concentration-Time Curve of DNG (ng/ml) on Day 24 Following Daily Oral

Dose of SH T00658ID in 15 Healthy Female Subjects (PK Analysis Set)
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Reviewer’'s comment: Steady-state of DNG was reached within 4-5 days of dosing at each dose sequence.
DNG 2 mg dose started on Day 3 and steady-state was reached by pre-dose on Day 8 (i.e., 5 days later). DNG
3 mg dose started on Day 8 and steady-state was reached by Day 12 (i.e., 4 days later). DNG 3 mg steady state
was reached earlier since DNG 3 mg dose sequence started at the stead-state of DNG 2 mg sequence. This was
in line with the observations in Study B276 where DNG steady-state concentrations were reached in about 4

days following the first dose of DNG 2 mg. The co-administration of E2 (3 mg on Days 1-2 and 2 mg on Days
3-24) did not alter the time to reach DNG steady-state.

DNG PK characterized following administration of 2 mg EV/3 mg DNG in different studies are summarized
below
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Table A-6-2: Comparison of Arithmetic Mean (SD) DNG PK Parameters following Administration of
DNG) Under Fasted Conditions in Caucasian Women

SH T00658M (2 mg EV/3 m

Study A25711 Study A30020 Study A29143 Study A29972
Population Premenopausal (N=15) Postmenopausal (N=12) | Postmenopausal (N=35) | Postmenopausal (N=17)
Regimen (Day) Steady-state (Day 24) Steady-state (Day 7) Single dose (Day 1) Single dose (Day 1)
Cnax (ng/ml) 85.2 (19.7) 88.4 (13.3) 88.3 (16.6) 91.7 (15.3)
T\pax (hr) 1.5 (1.0-2.0) 1.0 (0.5-2.0) 1.0 (0.5-3.0) 1.0 (0.5-1.5)
AUC(0-24) (ng-hr/ml) 828 (187) 827 (222) 768 (135) 794 (158)
ty, (hr) 12.3 (1.4) NA 10.7 (1.63) 11.3 (2.4%)

Median (range) for Tpax

In Study A25711, SH T00658M (2 mg EV/3 mg DNG) was administered during the Period of Day 8-24 of the 28-day regimen
In Study A30020, SH T00658M (2 mg EV/3 mg DNG) was administered daily for 7 days (Day 1-7)

Although AUC(0-24) were higher and t,, were longer in Studies A25711 and A30020 than those obtained from
the other 2 studies, considering that these were obtained at steady-state, the DNG PK parameters obtained from
the 4 different studies under fasted condition were comparable. No significant differences in PK parameters
were observed between premenopausal and postmenopausal women.

PK of E2

Mean serum concentration—time profile is presented in Figures A-6-3 and A-6-4. Mean PK parameters of E2
are summarized in Table A-6-3.

Figure A-6-3: Mean (+ SD) Concentration-Time Curve of E2 (pg/ml) Following Daily Oral Dose of
SH T00658ID in 15 Healthy Female Subjects
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Figure A-6-4: Mean (+ SD) Concentration-Time Curve of E2 (pg/ml) on Days 1 and 24 Following Daily Oral

Dose of SH T00658ID in 15 Healthy Female Subjects (PK Analysis Set)
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Reviewer’'s comment: 4 mean (SD) C,. of 73.3 (22.6) pg/ml and AUC(0-24) of 1301 (445) pg-hr/ml was
observed following a single oral dose of 3 mg EV tablet under fasted condition. Median T, was 6 hr and
ranged between 1.5-12 hr. Comparable 24 hr E2 PK profiles were observed on Days 1 and 24. E2 PK
characterized following administration of 2 mg EV/3 mg DNG in different studies are summarized below.

Table A-6-3: Comparison of Arithmetic Mean (SD) E2 PK Parameters Following Administration of
SH T00658M (2 mg EV/3 mg DNG) Under Fasted Conditions in Caucasian Women

Study A25711 Study A30020 Study A29143 Study A29972
Population Premenopausal (N=15) Postmenopausal (N=12) | Postmenopausal (N=33) | Postmenopausal (N=17)
Regimen (Day) Steady-state (Day 24) Steady-state (Day 7) Single dose (Day 1) Single dose (Day 1)
C oy (ng/ml) 70.5 (25.9) 744 (31.5) 344 (11.0) 31.9 (8.7)
T s (1) 3(1.5-12) 6 (2-16) 6 (1-16) 6 (0.5-16)
AUC(0-24) (ng-hr/ml) 1323 (480) 1328 (614) 584 (228) 570 (150)
ty, (hr) NA NA 14.8 (2.54)* 13.8 (3.50)°

Median (range) for Trmax

In Study A25711, SH T00658M (2 mg EV/3 mg DNG) was administered during the Period of Day 8-24 of the 28-day regimen
In Study A30020, SH T00658M (2 mg EV/3 mg DNG) was administered daily for 7 days (Day 1-7)

*N=8; "N=2

Although premenopausal women (Study A25711) had a higher mean E2 baseline level of 28.71 pg/ml
(SD=15.22; range: 4.79-62 pg/ml) compared to postmenopausal women (Study A30020) having 2.10 pg/ml
(SD=2.35; range: 0-5.8 pg/ml), cross-study comparison reveals that comparable E2 PK parameters were
obtained between premenopausal and postmenopausal women at steady-state following daily dose of the same
formulation under fasted condition. Also, consistent E2 PK parameters were obtained in postmenopausal
women following a single dose of the same formulation under fasted condition across different studies. It
appears that the proposed EV/DNG regimen suppresses endogenous production of E2 in premenopausal women.

PK of E1l
Mean serum concentration—time profile is presented in Figures A-6-5 and A-6-6. Mean PK parameters of El
are summarized in Tables A-6-4 and A-6-5.

Figure A-6-5: Mean (+ SD) Concentration-Time Curve of E1 (pg/ml) Following Daily Oral Dose of
SH T00658ID in 15 Healthy Female Subjects

1100

|:rr-;5-;.':-w:|:ms| 2 g BT 3 mg Do [ +me |Fa:-=no
= [ | ev

S0a
300
Toa

500

Estrons (pgiml)

400

RS S

-100 +

I—’Il"i:-
7—4

2 3 4 E B 7 B 9 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24 25 6 27 2 29
Tims (Day)

Page 64 of 140




Figure A-6-6: Mean (+ SD) Concentration-Time Curve of E1 (pg/ml) on Days 1 and 24 Following Daily Oral

Dose of SH T00658ID in 15 Healthy Female Subjects (PK Analysis Set)
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PK of EIS
Mean serum concentration—time profile is presented in Figures A-6-7 and A-6-8. Mean PK parameters of E1S
are summarized in Tables A-6-4 and A-6-5.

Figure A-6-7: Mean (+ SD) Concentration-Time Curve of E1S (pg/ml) Following Daily Oral Dose of
SH T00658ID in 15 Healthy Female Subjects
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Figure A-6-8: Mean (+ SD) Concentration-Time Curve of E1S (pg/ml) on Days 1 and 24 Following Daily Oral

Dose of SH T00658ID in 15 Healthy Female Subjects (PK Analysis Set)
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Table A-6-4: Arithmetic Mean (SD) Serum E1 and E1S PK Parameters — Day 1 (N=15)

El EIS
AUC(0-24) (pg-hr/ml) 6800 (6020) 201839 (108152)
Cinax (pg/ml) 500 (484) 18355 (8935)
Tonax (hr)* 4 (3-12) 3 (1.5-10)

* Median (range) for Tpax

Table A-6-5: Arithmetic Mean (SD) Serum E1 and E1S PK Parameters — Day 24 (N=15)

El EIS
AUC(0-24) (pg-hr/ml) 7562 (3403) 189457 (122755)
Coox (pg/ml) 433 (198) 15319 (8602)
Tona (h1)° 4(3-12) 3 (1.5-12)

* Median (range) for Tax

SHBG and CBG serum concetrations
Serum levels of SHBG, CBG, and cortisol were monitored throughout the study duration.

Table A-6-6: Arithmetic Mean (SD) Serum Concentrations of SHBG, CBG, and Cortisol
following Daily Oral Dose of’ © (N=15

Analyte Day 1 Day 8 Day 15 Day 21 Day 29
SHBG (nmol/1l) 57.9 (24.8) 68.0 (34.0) 81.4 (32.6) 85.5(30.1) 81.5(31.0)
CBG (ug/l) 455 (25.2) 53.1(19.0) 543 (14.2) 57.4 (14.7) 492 (12.2)
Cortisol (nmol/l) 339.4 (162.5) 455.2 (163.7) 4254 (141.4) 461.4 (144.7) 437.8 (154.6)

Reviewer's comment: It was noted that there were increases in mean serum concentrations of SHBG and CBG.
This might be due to estrogen that is known to increase binding globulin levels.

SAFETY RESULTS
There were no deaths, no SAEs, and no subjects discontinued the study due to an AE. The most drug-related
AEs were metrorraghia and headache, reported by 4 (22%) and 3 (17%) subjects, respectively.

CONCLUSION
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Steady state of DNG was reached within 4-5 days of dosing at each dose sequence. Cross-study comparison of
DNG PK parameters across multiple studies under fasted condition, revealed that comparable PK parameters
were obtained between premenopausal and postmenopausal women administered with the same EV/DNG

combination tablet formulation.

Despite the different EV dose, comparable 24 hr E2 PK profiles were observed on Days 1 and 24. Cross-study
comparison reveals that comparable E2 PK parameters were obtained between premenopausal and
postmenopausal women at steady-state following daily dose of the same formulation under fasted condition and
consistent E2 PK parameters were obtained in postmenopausal women following a single dose of the same
formulation under fasted condition.

Page 67 of 140



A.17. Study A33022

A Single-center, Open-label, Controlled, Randomized Study to Investigate the Impact of a Sequential
Oral Contraceptive Containing Estradiol Valerate and Dienogest (SH T00658ID) as Compared to a
Sequential Oral Contraceptive Containing Ethinyl Estradiol and Levonorgestrel (SH DO00264A) on
Plasma Lipids, Hemostatic Variables, and Carbohydrate Metabolism in 60 Healthy Female Volunteers
Aged 18-50 Years Over 7 Treatment Cycles Including the Pharmacokinetics of E1, E2, and DNG [PK
Sub-study Review]

Protocol No: A33022

Phase: 2

Principal Investigator: Dr. Renate Maibauer

Clinical Study Center: Bayer Schering Pharma AG, Berlin, Germany

Clinical Study Dates: March 7, 2005 - March 24, 2006

Analytical Study Facility: ®® and Schering Oy, Finland
(DNG)

Analytical Study Dates: February 27, 2006 - April 11, 2006 (E2 and E1) and February 2006 - March
2006

OBJECTIVE

The objective of this study was to investigate the impact of a sequential oral contraceptive containing EV and
DNG (SH T00658ID; the 4-phasic TBM regimen) as compared to a sequential oral contraceptive containing EE
and levonorgestrel (LNG) (SH D00264A) on plasma lipids, hemostatic variables, carbohydrate metabolism,
thyroid parameters, SHBG, CBG, free and total testosterone, and dehydroepiandrosterone sulfate (DHEA-S).

In a subgroup on SH T00658ID, PK of E1, E2, and DNG were evaluated. Tolerability and safety were assessed
in terms of baseline findings, AEs, safety laboratory tests, vital signs, body weight, general physical and
gynecological examination, bleeding patterns / cycle control, and pregnancy. This review will focus on the PK
component of the study and other components of the study will be reviewed by the clinical reviewer, Dr. Gerald
Willett.

STUDY ENDPOINTS
PK parameters including AUC(0-24), C..x, and T, were determined for DNG, E2, and E1.

STUDY DESIGN, TREATMENT, AND SUBJECTS
The study was conducted at one center as an open-label, active treatment-controlled, randomized trial in healthy
female volunteers aged 18-50 yr inclusive (smokers at a maximum age of 30 yr and with a daily cigarette
consumption not exceeding 10). After ascertaining the individual baseline safety status of 60 women seeking
contraception, who gave their consent, the volunteers were randomly assigned to one of the 2 treatments:

e Test product: SH T00658ID

e Reference product: SH D00264A.
The reference product used in this study (SH D00264A) was marketed as Logynon ED (UK) and Trionetta 28
(Sweden) both using a 28 day regimen with placebo tablets to be taken during Days 22-28 of the cycle.

Volunteers were randomized to one of the two treatment groups of 30 to receive either the test product, SH
T00658ID (EV/DNG) or the reference product, SH D00264A (EE/LNG). The treatment duration was 7 cycles
of 28 days each (196 consecutive days). The study drugs were taken without pill-free intervals. PK samples
were collected following an overnight fasting of at least 10 hr. No food was allowed in the morning of the tests.
Volunteers received all meals at the study center: breakfast 2 hr after drug intake, lunch after 4 hr, and dinner
after 8 hr. After the 6" sampling (12 hr post-dose), volunteers were allowed to go home and come back to the
study center in time for the last measurement (24 hr post-dose). The next intake of study medication after this
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24-hr period was immediately after the last blood sampling. Both the Test and the Reference products were
administered exactly the same way. Volunteers started tablet intake on the first day of menstrual bleeding after
Visit 2 (Baseline). A negative pregnancy test was prerequisite for the start of treatment. A washout period of 2
months for sex hormones (6 months in case of long-acting progestins) prior to start of treatment was required.
One tablet per day was swallowed as a whole at the same daytime (+ 2 hr) with some liquid. The PK of E1, E2,
and DNG were assessed.

Inclusion Criteria:
e Healthy female volunteers requiring contraception

e Age between 18-50 yr (inclusive) at Visit 1, smokers not older than 30 yr and with a daily cigarette
consumption not exceeding 10

Exclusion Criteria:

e Pregnancy, lactation

e Occurrence of less than 3 menstrual cycles before Visit 1 following delivery, abortion, or lactation

e Known liver, vascular, or metabolic diseases

e Prohibited concomitant medication: Additional sex steroids, hydantoins (e.g., phenytoin), barbiturates
(e.g., primidone), carbamazepine, rifampicin, griseofulvin, phenylbutazone, the herbal remedy St.
John’s Wort, continuous use of antibiotics (e.g., ampicillin, tetracycline) for > 10 days, any
anticoagulatory drugs (e.g., heparin, coumarin)

e Sex hormones prior to start of treatment: Oral, transdermal, intrauterine, or intravaginal administration
within 2 months prior to start of treatment; implants within 2 months prior to start of treatment; any
long-acting progestins within 6 months prior to start of treatment

e Considerable overweight (BMI > 30 kg/m?) or underweight (BMI < 17.5 kg/m?)

FORMULATION
The test and reference drug employed in the study are described below.

Table A-7-1: Description of the Investigational (Test) Product SH T00658ID (EV/DNG)

SH TO065SID

Dosage form

Film coated tablets

Daily dose / Route of administration

Ome tablet / Oral

Dosage per time vt Cycle days | Dose Color of the tablet
1-2 30mgz EV Dark vellow
3-7 20 mg EV + 2.0 mg DNG Medinm red
3-24 20 mg EV + 3.0 mg DNG Light yellow
25-26 1.0 mg EV Dark red
27-28 No active ingredient (placebe) | White

Duration of treatment T eyeles of 28 days each (196 consecutive days)

Maximum cummulative dose (7 cycles) | EV: 364 mg: DNG: 427 mg

Table A-7-2: Description of the Reference (Reference) Product SH D00264A (EE/LNG)

SH D00264A

Diosage form Sugar coated tablets

Daily dose / Foute of administration | One tablet / Oral

Dosage per time unit Cycle days Dose Color of the tablet
1-6 003 mg EE + 0,05 mg LNG Light brown
T-11 0.04 mg EE +0.075 mg LNG White
12-21 0.03 mg EE+ 0125 mg LNG Ochre
22-28 No active ingredient (placebo) White

Duration of treatmemnt T cyeles of 28 days each (196 consecutive days)

Maxinmm cumulative dose (7 cycles) | EE: 4.76 mg; LNG: 13,475 mg

PHARMACOKINETIC EVALUATION
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Blood sampling

For the PK measurements, blood samples were obtained from the volunteers during Visit 3 and Visit 4b that
occurred between Days 14 and 21 during Cycles 4 and 7, respectively, at the following time points: pre-dose, 1,
2,4, 8, 12, and 24 hr post-dose. The pre-dose was drawn when the volunteer was in a fasted state, after an
overnight fasting of at least 10 hr.

Bioanalytical method
Determination of E2 and E1 Concentrations

Determination of DNG Concentrations

Acceptance criteria and performance for each analyte were in compliance with the Bioanalytical Method
Validation Guidance.

SAFETY ASSESSMENTS

Baseline findings, AEs, and concomitant medication
Safety laboratory tests

Vital signs (blood pressure and heart rate) and body weight
General physical and gynecological examination (r)
Bleeding patterns / cycle control

Pregnancy test / pregnancy during the study
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DATA ANALYSIS

Pharmacokinetics

Non-compartmental PK sample analysis was performed on the serum concentrations of E2, E1, and DNG using
a commercially available software tool. All serum concentration values below the LLOQ were set to zero. Cay
and T,..x values were directly read off the concentration-time profiles. AUC(0-24) was calculated according to
the mixed log-linear trapezoidal rule.

PHARMACOKINETIC RESULTS

PK of DNG

Mean serum concentration—time profile is presented in Figure A-7-1.
summarized in Tables A-7-3.

Mean PK parameters of DNG are

Figure A-7-1: Mean (+ SD) Concentration-Time Curves of DNG in Cycle 4 and Cycle 7
After Daily Oral Administration of SH T00658ID to 24 Healthy Female Volunteers
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Table A-7-3: Arithmetic Mean (SD) PK Parameters of DNG Obtained at Steady State Under Fasted Condition During
Cycles 4 and 7 After Daily Oral Administration of SH T00658ID in 24 Healthy Female Volunteers

Cycle Crnax (ng/ml) T max (h1)? AUC(0-24) (ng-hr/ml)
1° 85.2 (19.7) 1.5 (1-2) 828 (187)
4 82.7 (14.7) 1(1-2) 826 (179)
7 79.1 (12.6) 1(1-2) 839 (180)

* Median (range) for Tiax
® Data from Study A25711 (N=15)

Reviewer’s comment: The DNG PK profiles of Cycles 4 and 7 at steady-state were similar to each other. The
arithmetic mean (SD) DNG PK parameters obtained at steady-state during Cycles 4 and 7 (between Days 14
and 21) were comparable to those obtained at steady-state during Cycle 1 (on Day 24) under fasted condition
following daily oral administration of the TBM formulation/regimen.

PK of E2

Mean serum concentration—time profile is presented in Figure A-7-2.

summarized in Table A-7-4.

Mean PK parameters of E2 are
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Figure A-7-2: Mean (+ SD) Concentration-Time Curves of E2 in Cycle 4 and Cycle 7
After Daily Oral Administration of SH T00658ID to 24 Healthy Female Volunteers
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Table A-7-4: Arithmetic Mean (SD) PK Parameters of E2 obtained at Steady-state Under Fasted Conditions During Cycles
1, 4, and 7 After Daily Oral Administration of SH T00658ID in 24 Healthy Female Volunteers

Cycle Crax (pg/ml) T inax (hr)* AUC(0-24) (pg-hr/ml)
1° 70.5 (25.9) 3(1.5-12) 1323 (480)
4 100 (69.2) 4 (0-12) 1799 (1193)
4° 76.5 (26.2) 4 (1-12) 1364 (539)
7 74.0 (17.5) 4 (1-8) 1401 (370)

* Median (range) for Tiax
® After excluding 4 subjects with high E2 baselines
¢ Data from Study A25711 (N=15)

Reviewer’s comment: Mean PK profiles of E2 appear to be higher at Cycle 4 than at Cycle 7. It was noted
that 4 subjects (Volunteers 5, 48, 67, and 77) at Cycle 4 had higher baseline E2 levels (range: 151-299 pg/ml)
than other subjects (range: 23.2-82.4 pg/ml).

Intra-subject comparison of E2 PK profiles (concentration-time curve) between Cycles 4 and 7 shows that the
PK profiles are comparable with the exception of these 4 subjects. It was also noted that the Cycle 7 E2 PK
profiles of these 4 subjects were comparable to those from Cycles 4 and 7 of other subjects.

The arithmetic mean of C,,, at Cycle 4, if excluding the 4 subjects, would have been 76.5 pg/ml, which is close
to the 74.0 pg/ml value at Cycle 7. The arithmetic mean of AUC(0-24) at Cycle 4, if excluding the 4 subjects,
would have been and 1364 pg-hr/ml, which is also close to the respective value of 1401 pg-hr/ml at Cycle 7.

Considering these facts, it can be concluded that E2 PK parameters from Cycles 4 and 7 are comparable with
those obtained at steady-state during Cycle 1 (on Day 24) from Study A25711 under fasted condition following
daily oral administration of the same formulation/regimen with the exception of the 4 subjects that had higher
baseline E2 levels in Cycle 4.

PK of E1
Mean serum concentration—time profile is presented in Figure A-7-3.
summarized in Table A-7-5.

Mean PK parameters of El1 are
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Figure A-7-3: Mean (+ SD) Concentration-Time Curves of E1 in Cycle 4 and Cycle 7
After Daily Oral Administration of SH T00658ID to 24 Healthy Female Volunteers
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Table A-7-5: Arithmetic Mean (SD) PK Parameters of E1 Obtained During Cycles 4 and 7 After Daily Oral
Administration of SH T00658ID in 24 Healthy Female Volunteers

Cycle Conax (pg/ml) Tnax (hr)* AUC(0-24) (pg-hr/ml)
P 483 (198) 4 (3-12) 7562 (3403)
4 487 (236) 4(2-12) 7811 (3664)
7 468 (169) 4(4-12) 7822 (3098)

* Median (range) for Tpax
® Data from Study A25711 (N=15)

Reviewer’'s comment: The E1 PK profiles of Cycles 4 and 7 at steady-state were similar to each other. The
arithmetic mean (SD) E1 PK parameters obtained at steady-state during Cycles 4 and 7 (between Days 14 and
21) were comparable to those obtained at steady-state during Cycle 1 (on Day 24) under fasted condition
following daily oral administration of the TBM formulation/regimen.

SAFETY RESULTS
The most frequent drug-related AE in both treatment groups was Headache [in 14 volunteers (46.6%) of the Test

group versus 8 (28.6%) of the Reference group].
CONCLUSION

PK of DNG, E2, and E1 were comparable between Cycle 4 and Cycle 7 following the daily administration of
SH T00658ID and therefore, were cycle-independent.
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A.1.8.Study A478

M etabolism of DNG (ST S 557) in Women

Protocol No: A478

Phase: 1

Principal Investigator: Dr. G. Hobe

cia Sy Camer. [ —
Clinical Report Date: January 1983

OBJECTIVE

Aim of the present study using a dose of 0.1 mg/kg body wt. (range: 5.2-7.8 mg *H-DNG) was to obtain more
information on DNG (STS 557) biotransformation in human. Simultaneously, the study was utilized for
obtaining additional PK data at a higher dose level. The investigation on DNG biotransformation and plasma
protein binding of DNG was conducted.

STUDY DESIGN, TREATMENT, AND SUBJECTS
The studies were carried out in premenopausal female volunteers. They did not suffer from renal and hepatic

diseases, respectively, and no other drugs were taken during the time of investigation.

Table A-8-1: Demographics of Study Participants

Volunteer Age Body weight Dose
[v] [kg] (ke [uCi]

Eh 40 T8 TT98 100.42
Wa 31 52 5197 100,39
Sei 33 i) 3008 100.43
Ba 41 G 5908 100,42
Wre 20 34 5397 10037
Vo 33 72 7198 100.43

A dose of 0.1 mg/kg body wt. (range: 5.2-7.8 mg *H-DNG) was administered. For oral administration, the
substance was administered in gelatin capsules on 100 mg lactone/starch 3:1 at 7 a.m. For the IV administration,
the dose was 100 pg.

PHARMACOKINETIC EVALUATION

Sampling
e Blood: Samples taken at 0.5, 1, 2, 3, 4, 6, 12, 24, 36, 48, 96, and 120 hr post-dose.
e Urine: Collected on Day 1 at 0-6, 6-12, and 12-24 hr and subsequently, in 24 hr portions up to Day 6.
e Feces: Collected in daily portions up to Day 6.

Bioanalytical method
Radioactivity Measurements

Determination of DNG in Plasma
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Reviewer’'s comment: This was conducted as a pre-GCP/GLP study. No formal bioanalytical method
validation reports were submitted.

DATA ANALYSIS

Pharmacokinetic Analysis

Plasma total radioactivity was used for calculating the following PK parameters: K;, Tiax, Cinax, AUC, and CL.
K;was derived from the invasion term of the exponential function with fitted to the plasma total radioactivity.
The area under the plasma level curve (AUC) was calculated according to the trapezoidal rule. Plasma
clearance was obtained according to the relationship:

CL,, = Dose/AUC,

Elimination half life of DNG was determined by means of a regression analysis of the plasma concentrations
determined by HPLC in the time range > t,.,x to 48 hr post-dose.

Plasma Protein Binding

Equilibrium dialysis

The system consists of 1 ml pooled plasma (n = 5) diluted 1:4 with phosphate buffer pH 7.4 (inside the dialysis
bag) and 5 ml phosphate buffer containing 100,000 dpm (corresponding to 233 pg) *H-STS 557 + 1, 10, and 100
ng non-labelled STS 557 (outside). After 15 hr agitation at room temperature, radioactivity is measured in the
inside and outside media, and protein binding is calculated as follows:
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% binding= 100 (1-{[dpm outside x volume inside]/[dpm inside X volume outside]})

PHARMACOKINETIC RESULTS

Figure A-8-1: (a) Normal and (b) Semi-logarithmic Mean Plasma Concentration Curves of
Total Radioactivity (TA), DNG (STS 557) and the Metabolite Fraction Following
Oral Administration of 0.1 mg/kg b. wt. "H-DNG in Female Volunteers (n = 6)
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Table A-8-2: DNG PK Parameters Derived from the Plasma Level Course Following Oral Administration of
0.1 mg/kg body wt. *H-DNG

Volunteer | cmay | C24 | Casg kel ti2el | Tt tahs | AUCM | AUC,® | Cligr | AUC,™ STS 557 [ AUC,* STS 557
[ng/mi] il | | [ C[mgmixh] | Qb | AUCHTA | AUC,*¥TA

Eh 59 20 4.3 0,057 12.2 1658 373 1198 | 5.53 0.53 0.46

Wa 57 g 0.7 0,100 6.9 7.0 672 754 | 690 0.49 043

Sei 11 27 6.3 0,063 11.0 10.7 1639 2109 | 283 0.78 0.71

Bi B3 15 19 0,086 8.1 7.6 765 923 | 6.48 047 043

Vo 71 28 6.1 0.057 122 1.7 970 1414 | 509 062 0.60

Wre 55 18 26 0.086 8.1 1010 1229 II 439 0.66 0.57

m2sp 75 19 37 0.075 9.7 10,8 088 1271 537 0.59 0.53
|21 +8 | 424 | 20018 | 423 +3.9 +343 | +473 | 157 +0.12 £0.11

Tmax following oral and IV dose were approximately 5.2 hr and 1 hr, respectively. AUC(0-24) of DNG was
found to be 988 + 343 ng-hr/ml, and is thus 59 times the AUC(0-24) determined with the 100 ug IV dose (16.9
ng-hr/ml).

Reviewer’s comment: Considering the oral dose range of 5-7 mg, this suggests dose-proportional BA of DNG
(With approximately 60-fold dose [6 mg (oral dose) + 0.1 mg (IV dose)], 59-fold AUC(0-24) obtained).

Table A-8-3: Urinary and Fecal Radioactivity Excretion (in % dose) Following Oral Administration of
0.1 mg/kg body wt. *"H-DNG

Volunteer Uzq Usg | Ulgs Flaq Eot U:F kren 41/2 ren
' ('] [h]
Eh 359 50.5 514 320 93.4 1.9 0.0376 185
Wa 50.3 639 | 699 25.4 95,3 27 0.0506 137
Sei 416 ER-] 1.7 196 913 3.7 0.0484 143
Bi 422 57.0 602 287 88.9 21 0.0545 12.7
Wre 32.0 483 52.3 9.6 61.9 5.4 0.0538 12.9
m+sp a16 56.9 63.1 23.1 $6.2 32 0.0489 144
£7.7 £7.5 £7.9 £88 £13.8 £14 +0 0068 +24

Symbaols: Ung. Ugg, Uags = urinary excretion in 24. 48 and 144 h; Fy44 = fecal excretion; Eqny = total excretion; keey = renal elimination constant

BIOTRANSFORMATION RESULTS

The metabolite pattern of DNG in urine indicates the predominance of strongly polar, obviously hydroxylated
compounds, whereas hydrogenated metabolites play a minor role. The plasma patterns reveal that unchanged
DNG is dominant. Because of the small quantity of DNG administered, no metabolites were isolated in this
investigation.

PROTEIN BINDING RESULTS
Using the method of equilibrium dialysis, a relatively high portion of DNG was found to be in a free, non-
protein-bound state in plasma.

CONCLUSION
0.1 mg/kg body wt. oral administration and IV administration of a total dose of 100 pg of *H-DNG to female
volunteers yielded the following PK data:
e Absorption of the 100 pug IV dose is rapid and complete. Plasma C,,x was reached already about 1 hr
post-dose while T, following oral dose was approximately 5.2 hr.
e AUC(0-24) of DNG was found to be 988 + 343 ng-hr/ml, and is thus 59 times the determined with the
100 ug IV dose (16.9 ng-hr/ml). Considering the oral dose range of 5-7 mg, this suggests dose-
proportional BA of DNG. There is no significant “first-pass-effect” in oral administration.

Page 77 of 140



e Elimination half life following IV administration of DNG isolated by means of TLC was found to be 6
hr on average while the mean elimination half-life following oral administration was 9.7 hr. The portion
of DNG in plasma total radioactivity constitutes approximately 59% and 53 % in the first 24 and 48 hr
post-dose, respectively.

e Within 5 days, 82.7 = 6.7 % (oral) and 80.6 + 8 % (IV) of the administered dose were excreted. Renal
excretion dominated (71.9 + 6.4 % [oral] and 67.9 £ 7.9 % [IV], respectively).

e The total clearance following the IV administration of *"H-DNG was calculated to be 5.4 I/hr which was
approximately the same as that following oral administration.

Because of the small quantity of DNG administered, no metabolites were isolated in this investigation.
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A.1.9. Study A30020

Open-label, Two-group, One-sequence, One-way Crossover Study to Evaluate the Effect of K etoconazole
and Erythromycin on the Steady-state Phar macokinetics of SH T00658M (2 mg Estradiol Valerate and 3
mg Dienogest) in Healthy Postmenopausal Women

Protocol No: A30020

Phase: 1

Principal Investigator: Dr. B. Rohde

Clinical Study Center: Clinical Pharmacology, Schering AG, Berlin, Germany

Clinical Study Dates: April 13, 2006 - July 10, 2006

Analytical Study Facility: (b) @) (E2, E1, and E1S), Schering Oy, Finland
(DNG), and SFBC Anapharm, Quebec, Canada (Ketoconazole and
Erythromycin)

Analytical Study Dates: July 21, 2006 - September 15, 2006 (E2, E1, and E1S), August 2006 - October

2006 (DNG), August 7, 2006 - August 10, 2006 (Ketoconazole), and October
11, 2006 (Erythromycin)

OBJECTIVE
The objective of study was to evaluate the effect of CYP 3A4 inhibitors, ketoconazole and erythromycin, on the
steady state PK of DNG and EV.

STUDY ENDPOINTS
Primary endpoints for E2 and DNG (on Days 7 and 14) were: AUC(0-24) and C,».

Secondary endpoints were:
e AUC(0-24) and C,.x of E1 and E1S
o T..0ofEl EIS, E2, and DNG

STUDY DESIGN, TREATMENT, AND SUBJECTS
This was an open-label, two parallel-groups, one-sequence, one-way crossover study in 2 groups of 12 healthy
postmenopausal women.

SH T00658M was supplied as film coated tablets containing 3 mg DNG and 2 mg EV. One tablet of SH
T00658M was administered orally once a day for 14 days for both treatment groups. The SH T00658M tablet
was administered in the morning between 07:00 hr to 09:00 hr with 250 ml mineral water (non-carbonated,
room temperature) following approximately 10 hr fasted.

Volunteers from Group 1 received an oral dose of 400 mg ketoconazole (i.e., 2 tablets Nizoral® containing 200
mg ketoconazole) once daily for 7 days (Day 8 to Day 14).

Volunteers from Group 2 received an oral dose of 500 mg erythromycin (i.e., 1 tablet of Erythrocin® 500 Neo
Filmtabletten) 3 times a day for 7 days (Day 8 to Day 14). The morning dose of erythromycin was administered
with SH T00658M between 07:00 to 09:00 hr, the second daily dose was administered between 14:00 to 16:00
hr, and the third daily dose was taken between 21:00 to 23:00 hr.
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Table A-9-1: Treatment Schedule

Group Number of volunteers Days 1-7 Davs 8 - 14

1 12 SH TOO658M once daily SH TO0658M cnce daily
ketoconazole 400 mg once daily

5]

12 SH TOO0658M once daily S5H TO0658M once daily
Erythromyein 300 mg three times a day

In total, 57 female volunteers were screened. 24 female, healthy, post-menopausal Caucasian women aged 45-
75 yr, non-smokers, with follicle stimulating hormone > 30 IU/l and E2 < 20 pg/ml at screening were enrolled,
randomized, and treated according to the study protocol. There were no discontinuations.

Pre-dose blood samples for PK evaluation were collected on Days 1, 5, 6, 7, 8, 12, 13, and 14. On Days 7 and
14, blood samples were collected for 24 hr. During this time, standard safety measures were carried out (clinical
laboratory tests, 12 lead ECG), and the volunteers were monitored for AEs and concomitant medication.

The present study evaluated the effect of CYP 3A4 inhibition by ketoconazole and erythromycin at steady-state
PK of DNG and EV given in a fixed combination of 2 mg EV and 3 mg DNG. The SH T00658M (2 mg EV/3
mg DNG) formulation was chosen because it was the highest dose in the 4-phasic TBM regimen. Ketoconazole
and erythromycin represent strong and moderate inhibitors of CYP3A4, respectively.

Healthy pre-menopausal women are the target population for SH T00658M. However, the endogenous estrogen
production in younger women could have resulted in highly variable estrogen concentrations in serum, which
would have interfered with the PK analysis of EV. The investigation was therefore done in postmenopausal
women who have a low endogenous estrogen production. This approach is acceptable given that the PK
parameters of DNG, E2, and E1 at steady state following 2 mg EV/3 mg DNG in premenopausal women (Study
A25711) were comparable to those observed in postmenopausal women with the same dose (Study A30020).

Inclusion Criteria

Volunteers had fulfilled all of the following criteria before being included in the treatment phase:
e Healthy female, postmenopausal volunteer
e Postmenopausal state, revealed by:

o medical history, if applicable (natural menopause at least 2 yr prior to first study drug
administration; or surgical menopause by bilateral ovariectomy at least 3 months prior to first
study drug administration), and

o serum hormone analyses (estradiol < 20 pg/ml, follicle stimulating hormone = 30 IU/I)

e Age:45-75yr
e BMI: > 20 and < 30 kg/m?

FORMULATION
SH T00658M was supplied as film coated tablets containing the highest dosed combination of both EV and
DNG (2 mg EV/3 mg DNG).

PHARMACOKINETIC EVALUATION
Blood sampling
Sampling times for determination of DNG, E2, El, and E1S:
e Pre-dose on Days 1, 5,6,7,8, 12, 13, and 14
e At0.5,1,1.5,2,3,4,6,8,10, 12, 16, and 24 hr post-dose on Days 7 and 14
Sampling times for determination of ketoconazole and erythromycin:
e Pre-dose on Days 8, 12, 13, and 14

Concomitant Therapy

Page 80 of 140



If a volunteer used concomitant medication, this was documented by type (brand name, if applicable), indication,
regimen (total daily dose and route), and duration on the appropriate CRF.

Other Restrictions

¢ Smoking: not permitted

e Alcohol: not permitted within 48 hr before the 1st study drug administration until 72 hr after the last
drug administration
Caffeine: not permitted within 24 hr before the 1st study drug administration until 72 hr after the last
drug administration
Grapefruit not permitted within 72 hr before the 1st study drug administration until 72 hr after the last
drug administration

Bioanalytical method
Determination of E2, E1, and E1S Concentrations
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Acceptance criteria for method validation and assay performance for each analyte were in compliance with the
Bioanalytical Method Validation Guidance.

Safety Assessments
To ensure the volunteers' safety after intake of either SH T0O0658M alone or SH T00658M plus ketoconazole or
erythromycin the following parameters were studied during the treatment period:
e Standard laboratory examination of blood and urine prior to dosing on Days 1 and 12, respectively, and
on Day 18
e AE and concomitant medication

DATA ANALYSIS

Pharmacokinetic Analysis

Non-compartmental PK analysis was performed on the serum concentrations of E2, E1, E1S, and DNG. All
serum concentration values below the LLOQ were set to zero. Cp.x and T, were directly read off the
concentration-time profiles. The AUC(0-24) was calculated according to the mixed linear-log trapezoidal rule
using a commercially available software tool (Kinetica™, version 4.3, Thermo Electron corporation, Waltham,
MA, US) without recourse to model assumptions. Relevant deviations from planned sampling time and planned
dose were taken into account.

Drug-Drug Interaction Analysis

To evaluate the effect of CYP 3A4 inhibitors, ketoconazole and erythromycin, on the steady-state PK of DNG
and EV, the 90% Cls about the geometric mean ratio of the observed PK measures (i.e., AUC(0-24) and Ci.x)
with ketoconazole and erythromycin and without the interacting drug were provided.

The estimation of the geometric mean ratio and its confidence limits were derived from the E2, DNG, E1, and
E1S PK parameter estimations by antilogarithm transformation and 90% ClIs of the differences of the logarithms
of the target variables between treatment without and treatment with interacting drug. The 90% ClIs were
calculated based on the t-test for paired observations.

Statistic M ethods
Descriptive statistics were performed for PK parameters. Antilog transformations were to render the
corresponding two-sided 90% Cls on the original scale.

PHARMACOKINETIC RESULTS

Achievement of Steady state for DNG and E2

As shown in Figure A-9-1 through Figure A-9-4, steady-states of DNG and E2 were already reached after 5
days of dosing. Steady-states of E1 and E1S were also already reached after 5 days of dosing as well (data not
shown).
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Figure A-9-1: Superimposed Individual and Mean Concentration — Time Curves of DNG in Serum After Daily Oral
Administration of 2 mg EV/3 mg DNG Combination Tablets (Day 1 to Day 14) and
400 mg ketoconazole (Day 8 to Day 14) in 12 Healthy Postmenopausal Women (Group 1).
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DNG concentrations already achieved steady-state by Day 7 of treatment as demonstrated by the comparable
mean trough levels between Days 5, 6, and 7. Following co-administration with ketoconazole, steady-state of
DNG was reached again by Day 14. Co-administration with ketoconazole increased mean DNG trough levels at
steady-state from 14.1 ng/ml on Day 8 (without ketoconazole) to 61.1 ng/ml on Day 15 (with ketoconazole).

Figure A-9-2: Superimposed Individual and Mean Concentration—-Time Curves of DNG in Serum After Daily Oral
Administration of 2 mg EV/3 mg DNG Combination Tablets (Day 1 to Day 14) and 500 mg erythromycin (three times a
day, Day 8 to Day 14) in 12 Healthy Postmenopausal Women (Group 2)
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DNG concentrations already achieved steady-state by Day 7 of treatment as demonstrated by the comparable
mean trough levels between Days 5, 6, and 7. Following co-administration with erythromycin, steady state of
DNG was reached again by Day 14. Co-administration with erythromycin treatment, mean DNG trough levels
increased from 13.5 ng/ml on Day 8 (without erythromycin) to 28.7 ng/ml on Day 15 (with erythromycin).
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Figure A-9-3: Superimposed Individual and Mean Concentration—Time Curves of E2 in Serum After Daily Oral
Administration of 2 mg EV/3 mg DNG Combination Tablets (Day 1 to Day 14) and 400 mg ketoconazole (Day 8 to Day
14) in 12 Healthy Postmenopausal Women (Group 1).
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Comparable mean E2 trough concentrations were detected between Day 5 and 7 as well as between Day 12 and
14 (at an increased level). Following the ketoconazole treatment, mean E2 trough levels increased from 39.1
pg/ml on Day 8 (without ketoconazole) to 62.0 pg/ml on Day 15 (with ketoconazole).

In a similar manner, comparable mean E1 and E1S trough concentrations were detected between Day 5 and 7
and between Day 12 and 14 (at an increased level; data not shown). Following the ketoconazole treatment,
mean E1 and E1S trough levels increased from 190 pg/ml on Day 8 (without ketoconazole) to 303 pg/ml on Day
15 (with ketoconazole), and from 4.07 ng/ml on Day 8 (without ketoconazole) to 6.34 ng/ml on Day 15 (with
ketoconazole), respectively.

Ketoconazole’s steady-state was reached by Day 13 (6™ day of the ketoconazole treatment period).

Figure A-9-4: Superimposed Individual and Mean Concentration—Time Curves of E2 in Serum After Daily Oral
Administration of 2 mg EV/3 mg DNG Combination Tablets (Day 1 to Day 14) and 500 mg erythromycin (three times a
day, Day 8 to Day 14) in 12 Healthy Postmenopausal Women (Group 2)
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Comparable mean E2 trough concentrations were detected between Day 5 and 7 as well as between Day 12 and
14 (at an increased level). Following the erythromycin treatment, mean E2 trough levels increased from 33.2
pg/ml on Day 8 (without erythromycin) to 41.0 pg/ml on Day 15 (with erythromycin).

In a similar manner, comparable mean E1 and E1S trough concentrations were detected between Day 5 and 7
and between Day 12 and 14 (at an increased level for El; data not shown). Following the erythromycin
treatment, mean E1 trough levels increased from 162 pg/ml on Day 8 (without erythromycin) to 206 pg/ml on
Day 15 (with erythromycin). There were almost no changes in mean EI1S trough levels, 5.22 ng/ml on Day 8
(without erythromycin) versus 5.36 ng/ml on Day 15 (with erythromycin).

Erythromycin’s steady-state was reached by Day 12 (5" day of the erythromycin treatment period).

Effect of Ketoconazole Co-administration on E2 PK

Figure A-9-5 shows the mean concentration time curves for E2, after administration of SH T00658M (2 mg
EV/3 mg DNGQG) to the 12 volunteers, before and after co-administration of 400 mg ketoconazole. Mean PK
parameters of E2 are summarized in Table A-9-2.

Figure A-9-5: Mean (+ SD) Concentration-Time Curves of E2 on Day 7 and Day 14 After Daily Oral Administration of 2
mg EV/3 mg DNG Combination Tablets (Day 1 to Day 14) and 400 mg Ketoconazole (Day 8§ to Day 14)
in 12 Healthy Postmenopausal Women (Group 1)
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Table A-9-2: Mean PK parameters of E2 on Day 7 and Day 14 Following the Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets and Ketoconazole (400 mg/day from Day 8 to Day 14)
in 12 Healthy Postmenopausal Women

Treatment Cmax tmax ATTC(0-24h)
(pg/ml) (k) {(hpg/mL)
Dav 7 691 (40.8%) 6.00 (2.0-16.00 1222 (43.7%)
(SH TO0638M only)
Day 14 114 {32.0%) 6.00 (1.5-12.0) 1921 (39.1%)

(SHTP0638M + 400 mg
ketoconazole)

Crmax = Maximum concantration
tmax = Time to reach maximum concentration
ATC{0-24h) = Avea under the concentration-time curve from Oh data point up to 24 h post adminiztration

For tmax, the median and the rangs in parentheses are provided. The other parametsrs are given as geometric means followed by
the geometric coefficients of vanation (CV) in parentheses.
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As a result of treatment with ketoconazole (400 mg/day for 7 days), the mean C,,, and AUC(0-24) of E2
increased and the median T, of E2 remained unchanged as shown in Table A-9-2.

Effect of Ketoconazole Co-administration on DNG PK

Figure A-9-6 shows the mean concentration time curves for DNG, after administration of SH TO0658M (2 mg
EV/3 mg DNG) to the 12 volunteers, before and after co-administration of 400 mg ketoconazole. Mean PK
parameters of DNG are summarized in Table A-9-3.

Figure A-9-6: Mean (+ SD) Concentration-Time Curves of DNG on Day 7 and Day 14 After Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets (Day 1 to Day 14) and 400 mg Ketoconazole (Day 8 to Day 14)
in 12 Healthy Postmenopausal Women (Group 1)
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Table A-9-3: Mean PK Parameters of DNG on Day 7 and Day 14 Following the Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets and Ketoconazole (400 mg/day from Day 8 to Day 14)
in 12 Healthy Postmenopausal Women

Treatment Cmax tmax ATTC{0-24h)
(nz'mml) h) (hrmg'ml)
Day 7 36.7 (18.0%) 1.00(0.5-2.00 B38 (27.9%%)
(SH T00858M only)
Day 14 168 (24.7%) 17510800 2393 (33.5%)

(SHTO065EM + 400 mz
ketoconazole)

Cmax = Maximum concentration
mmax = Time 10 reach maxinmm concentration
ATIC(0-24h) = Area under the concentraton-time curve from Ok data point up o 24 h post administration

For tmax, the median and the range in parentheses are provided. The other parameters are given as gecmermic mezans followed by
the geomemic coefficients of varzstion (CV) in parenthesas.

As a result of treatment with ketoconazole (400 mg/day for 7 days), the mean C,,,x, AUC(0-24), and median
Tumax 0f DNG increased as shown in Table A-9-3.

Effect of Ketoconazole Co-administration on E1 PK

Figure A-9-7 shows the mean concentration time curves for El, after administration of SH T00658M (2 mg
EV/3 mg DNGQG) to the 12 volunteers, before and after co-administration of 400 mg ketoconazole. Mean PK
parameters of E1 are summarized in Table A-9-4.
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Figure A-9-7: Mean (+ SD) Concentration-Time Curves of E1 on Day 7 and Day 14 After Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets (Day 1 to Day 14) and 400 mg Ketoconazole (Day 8 to Day 14)
in 12 Healthy Postmenopausal Women (Group 1)
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Table A-9-4: Mean PK Parameters of E1 on Day 7 and Day 14 Following the Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets and Ketoconazole (400 mg/day from Day 8 to Day 14)
in 12 Healthy Postmenopausal Women

E1 [pg/ml]

Time after administration [h]

Treatment Cmax tmax ATUCI0-24h)
(pg/ml) (k) (brpz/mL)
Day 7 442 (35.9%) 5.002.0-6.00 6737 (44 8%)
(SH T0D658M only)
Day 14 808 (39.B%) 500415600 11395 (40.3%%)

(SHTO0658M + 400 mgz
ketoconazole)

Cmax = Maximum concentration
max = Time 1o reach maximnm concentration
ATIC(0-24h) = Area under the concentration-fime curve from Oh data point up to 24 b post administration

For tmax, the median and the range in parentheses are provided. The other parameters are given as geoanemic means followed by
the geomenic coefficients of variztion (CV) in parenthesas.

As a result of treatment with ketoconazole (400 mg/day for 7 days), the mean C,,, and AUC(0-24) increased
and the median T,,, remained unchanged as shown in Table A-9-4. As a prodrug of E2, EV is rapidly
hydrolyzed to E2 in the intestinal tract following the oral administration.

Effect of Ketoconazole Co-administration on E1S PK

Figure A-9-8 shows the mean concentration time curves for E1S, after administration of SH T0O0658M (2 mg
EV/3 mg DNG) to the 12 volunteers, before and after co-administration of 400 mg ketoconazole. Mean PK
parameters of E1S are summarized in Table A-9-5.
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Figure A-9-8: Mean (+ SD) Concentration-Time Curves of E1S on Day 7 and Day 14 After Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets (Day 1 to Day 14) and 400 mg Ketoconazole (Day 8 to Day 14)
in 12 Healthy Postmenopausal Women (Group 1)
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Table A-9-5: Mean PK Parameters of E1S on Day 7 and Day 14 Following the Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets and Ketoconazole (400 mg/day from
Day 8 to Day 14) in 12 Healthy Postmenopausal Women

Treatment Cmax tmax ATUC0-240)
(ng/mL} (k) (bng/ml)
Day 7 227 (35.4%) 200(1.53-8.0) 223 (52.0%)
(SH TO0&58M only)
Day 14 32.7(32.1%) 200¢1.5-6.0) 334 (45.0%)

(SHT00658M + 400 mg

ketoconazole)

Cmax = Maximum concentration
iy = Time to reach maxizmm concentration
ATUC(0-24h) = Ares under the concentraton-fime curve from Oh data point up to 24 b post administration

For mmax, the median and the range in parentheses are provided. The other parzmeters are given as gecmemic mezns followed by
the geomemic coefficients of vadation (CV) in parenthesas.

As a result of treatment with ketoconazole (400 mg/day for 7 days), the mean C,,, and AUC(0-24) increased
and the median T, remained unchanged as shown in Table A-9-5.

Effect of Erythromycin Co-administration on E2 PK

Figure A-9-9 shows the mean concentration time curves for E2, after administration of SH T00658M (2 mg
EV/3 mg DNG) to the 12 volunteers, before and after co-administration of 1500 mg erythromycin 3 times a day
for 7 days. Mean PK parameters of E2 are summarized in Table A-9-6.
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Figure A-9-9: Mean (+ SD) Concentration-Time Curves of E2 on Day 7 and Day 14 After Daily Oral Administration of
2 mg EV/3 mg DNG (Day 1 to Day 14) and 1500 mg Erythromycin (Day 8 to Day 14)
in 12 Healthy Postmenopausal Women (Group 2)
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Table A-9-6: Mean PK parameters of E2 on Day 7 and Day 14 Following the Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets and 500 mg erythromycin (three times a day, Day 8 to Day 14)
in 12 Healthy Postmenopausal Women

Treatment Cmax tmax ATNC(0-24h)
(pgml) (k) (hpg/mL)
Day 7 63.6 (23.2%) 6.00 (0 3-8.0) 1090 (31.8%)
(SH T00&58M onky)
Day 14 96.1 (20.8%) 1.75(1.3-10.00 1451 (35.0%)

(SHT00658M + 1500 mg

arythromycin)

Cmax = Maximum concentration
iy = Time to reach maxinmm concentration
ATUC(0-24h) = Ares under the concentraton-time curve from Ok data point up to 24 h post administration

For tmax, the median and the range in parentheses are provided. The other parzmeters are given as gecinemic mezns followed by
the geomemic coefficients of varation (T in parenthesas.

As a result of treatment with erythromycin (500 mg three times a day, Day 8 to Day 14), the mean C,,,x and
AUC(0-24) increased and the median T,,,x was occurred earlier as shown in Table A-9-6.

Effect of Erythromycin Co-administration on DNG PK

Figure A-9-10 shows the mean concentration time curves for DNG, after administration of SH T00658M (2 mg
EV/3 mg DNG) to the 12 volunteers, before and after co-administration of 1500 mg erythromycin 3 times a day
for 7 days. Mean PK parameters of DNG are summarized in Table A-9-7.
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Figure A-9-10: Mean (+ SD) Concentration-Time Curves of DNG on Day 7 and Day 14 After Daily Oral Administration
of 2 mg EV/3 mg DNG Combination Tablets (Day 1 to Day 14) and 1500 mg Erythromycin (Day 8 to Day 14)
in 12 Healthy Postmenopausal Women (Group 2)
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Table A-9-7: Mean PK Parameters of E1 on Day 7 and Day 14 Following the Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets and 500 mg Erythromycin (three times a day,
Day 8 to Day 14) in 12 Healthy Postmenopausal Women

Treatment Cmax tmax ATUC0-240)
(ng/mL} (k) (bng/ml)
Day 7 874 (158%) 1.00{0.5-2.0) 797 (25.5%)
(SH TO0&58M only)
Day 14 116 (15.5%) 1.00(0.5-2.00 1290 (22.2%)

(SHTM0658M + 1500 mg

arythromycin)

Cmax = Maximum concentration
iy = Time to reach maxizmm concentration
ATUC(0-24h) = Ares under the concentraton-time curve from 0 b data potot up to 24 b post adminisoation

For mmax, the median and the range in parentheses are provided. The other parzmeters are given as gecmemic mezns followed by
the geomemic coefficients of vadation (CV) in parenthesas.

As a result of treatment with erythromycin (500 mg three times daily for 7 days), the mean C,,,x and AUC(0-24)
increased and the median T,,,, remained unchanged as shown in Table A-9-7.

Effect of Erythromycin Co-administration on E1 PK

Figure A-9-11 shows the mean concentration time curves for E1, after administration of SH T00658M (2 mg
EV/3 mg DNG) to the 12 volunteers, before and after co-administration of 1500 mg erythromycin 3 times a day
for 7 days. Mean PK parameters of E1 are summarized in Table A-9-8.
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Figure A-9-11: Mean (+ SD) Concentration-Time Curves of E1 on Day 7 and Day 14 After Daily Oral Administration of

2 mg EV/3 mg DNG Combination Tablets (Day 1 to Day 14) and 1500 mg Erythromycin (Day 8 to Day 14)

in 12 Healthy Postmenopausal Women (Group 2)
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Table A-9-8: Mean PK Parameters of E1 on Day 7 and Day 14 Following the Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets and 500 mg Erythromycin (three times a day, Day 8 to Day 14)
in 12 Healthy Postmenopausal Women

(SHTO0658M + 1500 mg

arvthromyein)

Treatment Cmax tmazx ATUC0-24h)
(pg/ml) LY (hpg/mL)
Day 7 434 (22.3%) 500 (3.0-8.0) 6079 (30.8%%)
(5H TO0658M only)
Day 14 672 (23.1%) 2.00(1.5-5.0) 8429 (32.8%)

Cmax = Maximum concentration
max = Time to reach maximnm concenfration

the geomemic coefficients of vanztion (CV) in parenthesas.

ATIC(0-24h) = Area under the concentration-time curve from Oh data point up to 24 h post administration
For tmax, the median znd the ranze in parentheses are provided. The other parameters are given as geoanemic means followed by

As a result of treatment with erythromycin (500 mg three times a day, Day 8 to Day 14), the mean C,,, and

AUC(0-24) increased and the median T,,,x occurred earlier.

Effect of Erythromycin Co-administration on E1S PK

Figure A-9-12 shows the mean concentration time curves for E1S, after administration of SH TO0658M (2 mg
EV/3 mg DNG) to the 12 volunteers, before and after co-administration of 1500 mg erythromycin 3 times a day
for 7 days. Mean PK parameters of E1S are summarized in Table A-9-9.
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Figure A-9-12: Mean (+ SD) Concentration-Time Curves of E1S on Day 7 and Day 14 After Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets (Day 1 to Day 14) and 1500 mg Erythromycin (Day 8 to Day 14)
in 12 Healthy Postmenopausal Women (Group 2)
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Table A-9-9: Mean PK Parameters of E1S on Day 7 and Day 14 Following the Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets and 500 mg Erythromycin (three times a day, Day 8 to Day 14)
in 12 Healthy Postmenopausal Women

Treatment Cmax tmax AUC0-240)
(nz ml} ) (hrng/ml)
Day 7 223 (53.7%) 200(1.5-8.0) 221 (73.1%)
(SH TO0&538M only)
Day 14 915 (44 4%) 1.00¢0.5-1.5) 389 (58.4%)

(SHT00658M + 1500 mg

arvthromyein)

Cmax = Maximum concentraton
mex = Time o reach maximmm concentration
ATIC{0-24h) = Area under the concentration-fime curve from Oh dara point up to 24 h post administration

For mmax, the median and the range in parentheses are provided. The other parameters are given as gecinemic means followed by
the geomemric coefficients of vanation (CV) in parenthesas.

As a result of treatment with erythromycin (500 mg three times a day, Day 8 to Day 14), the mean C,,,x and
AUC(0-24) increased and the median T, occurred ecarlier.

E2 is then extensively metabolized to E1 (15%), E1S (65%), estradiol sulfate, and other compounds (Kuhnz et
al., 1999). CYP 3A4 is the major isozyme responsible for the hydroxylation of E2 at C-2, C-4 and C-16 and for
the 16a-hydroxylation of E1. The impact of CYP 3A4 inhibition on E1 and E2 is likely due to the decreased
CYP 3A4-mediated metabolism and consequently decreased the clearance of E1 (69.1% and 38.7% increase in
AUC(0-24) following co-administration of ketoconazole and erythromycin, respectively) and E2 (57.2% and
33.1% increase in AUC(0-24) following co-administration of ketoconazole and erythromycin, respectively).
E1S levels were also affected and mean AUC(0-24) were increased following co-administration of both
ketoconazole and erythromycin. Although it is known that E1S is not directly metabolized by CYP 3A4, the
increased concentrations of E1S is likely caused by the higher E1 level.

Trough concentrations of ketoconazole and erythromycin
Plasma concentrations of ketoconazole were measured at pre-dose on Days 8, 12, 13, and 14. Figure A-9-13
illustrates the individual and mean plasma concentrations of ketoconazole in the individual volunteers.
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Figure A-9-13: Individual and Mean Plasma Concentrations of Ketoconazole at Pre-dose on Days 8, 12, 13, and 14
Following a Daily Oral Administration of 2 mg EV/3 mg DNG Combination Tablets and Ketoconazole (400 mg/day from
Day 8 to Day 14) in 12 healthy Postmenopausal Women
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Plasma concentrations of erythromycin were measured at pre-dose on Days 8, 12, 13, and 14. Figure A-9-14
illustrates the individual and mean plasma concentrations of erythromycin in the individual volunteers.

Figure A-9-14: Individual and Mean Plasma Concentrations of Erythromycin at Pre-dose on Days 8, 12, 13
and 14 Following the Daily Oral Administration of 2 mg EV/3 mg DNG Combination Tablets and
500 mg Erythromycin (three times a day, Day 8 to Day 14) in 12 Healthy Postmenopausal Women
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STATSTICAL ANALYSIS

The statistical comparison of the primary target variables was performed using Day 7 (without ketoconazole or
erythromycin) and Day 14 (with ketoconazole or erythromycin). Table A-9-10 summarizes the geometric mean
ratios and 90% Cls for the primary target variables for DNG and E2.
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Table A-9-10: Statistical Comparison of the Primary Target Variables Performed Using Day 7 (without Ketoconazole or
Erythromycin) and Day 14 (with Ketoconazole or Erythromycin) Following Co-administration of EV 2 mg/DNG 3 mg
Tablets with 400 mg/day Ketoconazole or 1500 mg/day Erythromycin (N=12 per Group)

Treatment Compound PK Parameter Geometric Mean 90% CI (%)
Ratio (%)

SH T00658M + 400 mg DNG Crnax 194 184-205
ketoconazole (Day 14) AUC(0-24) 286 263-311
vs. SH T00658M alone E2 Cona 165 149-182
(Day7) AUC(0-24) 157 145-171
SH T00658M + 1500 mg DNG Conx 133 123-144
erythromycin (Day 14) AUC(0-24) 162 146-180
vs. SH "1("}(;(;?/578)M alone E2 Coe 151 136-168
AUC(0-24) 133 118-150

Ketoconazole is a potent inhibitor of CYP 3A4 and DNG is extensively metabolized by CYP 3A4. The
presence of a significant DDI between EV/DNG tablets and CYP 3A4 inhibitors, ketoconazole and
erythromycin was demonstrated. The study showed that co-administration of ketoconazole with EV/DNG
tablets resulted in a 94% increase in the mean C,,, and a 186% increase in the AUC(0-24) for DNG. The
magnitude of increases is less than the 5 to 10-fold increase normally observed with other drugs that are
eliminated predominantly by CYP 3A4. Increase in E2 Cy.x (51.1%) and AUC(0-24) (33.1%) from the
erythromycin arm is relatively lower compared to those (65.0% and 57.2%, respectively) from the ketoconazole
arm. Considering the known smaller extent of erythromycin inhibition compared to that of ketoconazole, this
would be expected.

Reviewer’s comment: A thorough QT study (Study A35653) was conducted to evaluate the potential of a fixed
combination of 2 mg EV/3 mg DNG (i.e., highest combination dose strength) at steady-state to delay cardiac
repolarization in healthy postmenopausal women, to monitor safety and to evaluate the PK of DNG, E2, and E1.
This study included a supra-therapeutic DNG dose (10 mg DNG, 5 x 2 mg tablets) arm. This study showed that
DNG at a dose of 3 mg in combination with 2 mg EV and at a dose of 10 mg did not lead to QT/QTc
prolongation. The DNG exposure achieved with the 10 mg oral dose (3.4-fold increase in AUC(0-24) and 3.5-
fold increase in C,,,, compared to those of 2 mg EV/3 mg DNG) was as high as can be expected when EV/DNG
tablets are administered with 400 mg ketoconazole (i.e., CYP 344 strong inhibitor) daily (2.9-fold increase in
AUC(0-24) and 1.9-fold increase in C,,,) and demonstrated no effect on QT interval. Therefore, although a
significant DDI between CYP 3A4 inhibitors were shown, no dosage adjustment should be necessary. However,
the clinical DDI study data should be reflected in the labeling.

For EV, daily co-administration with 400 mg ketoconazole resulted in approximately 57% and 65% increase in
AUC(0-24) and C,,,.. Per clinical reviewer, Dr. Gerald Willett, nausea would be the drug related AE to watch
out for increase in E2 levels. The other common AE mentioned by the Sponsor was withdrawal bleeding (7
events in 7 volunteers, 29.2%). Examination of the individual exposure data of E2, El, and DNG, reveals no
correlation between the magnitude of AUC change of E2, E1, or DNG and the occurrence of these AEs.
Considering that the safety profiles from the Phase 3 clinical studies are similar to other COCs (per clinical
reviewer, Dr. Gerald Willett) and the absence of correlations between E2 exposure and AEs observed, no
dosage adjustment should be necessary. However, the clinical DDI study results should be reflected in the
labeling.

Although there were several subjects with relatively low ketoconazole (N=6 with < 100 ng/ml) or erythromycin
(N=6 with < 100 ng/ml) steady-state plasma concentrations, the extent of inhibition observed in these
individuals were not affected and were found to be comparable to others. The results of comparison are
summarized in the Tables A-9-11 through A-9-14 below:
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Table A-9-11: Statistical Comparison of the Mean Ratio of DNG Primary Target Variables Between All Subjects and Low
Ketoconazole Level (< 100 ng/ml) Subjects

EV/DNG + Ketoconazole
Ciax (Day 14/Day 7) Cax (Day 14/Day 7) AUC(0-24) (Day 14/Day 7) | AUC(0-24) (Day 14/Day 7)
Subjects All subjects (N=12) | Low Ketocconazole (N=6) All subjects (N=12) Low Ketocconazole (N=6)
Mean 1.95 1.86 2.90 291
SD 0.22 0.24 0.53 0.55
Min 1.68 1.68 2.28 2.28
Max 2.31 2.31 3.66 3.65

Table A-9-12: Statistical Comparison of the Mean Ratio of DNG Primary Target Variables Between All Subjects and Low
Erythromycin Level (< 100 ng/ml) Subjects

EV/DNG + Erythromycin
Cpax (Day 14/Day 7) Cpax (Day 14/Day 7) AUC(0-24) (Day 14/Day 7) | AUC(0-24) (Day 14/Day 7)
Subjects All subjects (N=12) Low Erythromycin (N=6) All subjects (N=12) Low Erythromycin (N=6)
Mean 1.35 1.27 1.66 1.67
SD 0.22 0.22 0.38 0.31
Min 1.06 1.06 1.18 1.18
Max 1.73 1.59 247 2.07

Table A-9-13: Statistical Comparison of the Mean Ratio of E2 Primary Target Variables Between All Subjects and Low
Ketoconazole Level (< 100 ng/ml) Subjects

EV/DNG + Ketoconazole
Cuax (Day 14/Day 7) Cuax (Day 14/Day 7) AUC(0-24) (Day 14/Day 7) | AUC(0-24) (Day 14/Day 7)
Subjects All subjects (N=12) | Low Ketocconazole (N=6) All subjects (N=12) Low Ketocconazole (N=6)
Mean 1.68 1.52 1.60 1.44
SD 0.42 0.09 0.30 0.15
Min 1.28 1.42 1.24 1.24
Max 2.80 1.66 2.24 1.63

Table A-9-14: Statistical Comparison of the Mean Ratio of E2 Primary Target Variables Between All Subjects and Low
Erythromycin Level (< 100 ng/ml) Subjects

EV/DNG + Erythromycin
Cuax (Day 14/Day 7) Cuax (Day 14/Day 7) AUC(0-24) (Day 14/Day 7) | AUC(0-24) (Day 14/Day 7)
Subjects All subjects (N=12) Low Erythromycin (N=6) All subjects (N=12) Low Erythromycin (N=6)
Mean 1.55 1.51 1.37 1.30
SD 0.37 0.33 0.33 0.38
Min 1.15 1.28 0.78 (1.05)* 0.78 (1.13)*
Max 2.41 2.07 1.78 1.77

* Min value if excluding the current Min value (which seems to be an outlier)

In summary, this study demonstrated the presence of a significant DDI between EV/DNG combination tablets
and CYP 3A4 inhibitors, ketoconazole and erythromycin. Co-administration of EV/DNG tablets with
ketoconazole and erythromycin resulted in increases of C,,,, and AUC(0-24) values for both E2 and DNG.

SAFETY RESULTS

No deaths and no serious adverse events were reported during this study. In total, 21 AEs (17 with 2 mg EV/3
mg DNG + Ketoconazole, 4 with 2 mg EV/3 mg DNG + Erythromycin) were documented in 12 out of 24
(50.0%) volunteers. The common AEs were withdrawal bleeding (7 events in 7 volunteers, 29.2%) and myalgia
reported as muscle pain in one or both legs (3 events in 3 volunteers, 12.5%).

CONCLUSION

The treatment with 2 mg EV/3 mg DNG combination tablets (SH T00658M) once daily for 14 days and the
concomitant medication with 400 mg/day ketoconazole or 1500 mg/day erythromycin between Days 8 and 14
was demonstrated the presence of a significant DDI between 2 mg EV/3 mg DNG tablets and CYP 3A4
inhibitors, ketoconazole and erythromycin. Co-administration of 2 mg EV/3 mg DNG tablets with ketoconazole
and erythromycin resulted in increases of C,,x and AUC(0-24) values for both E2 and DNG. Although a
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significant DDI between CYP 3A4 inhibitors were shown, no dosage adjustment should be necessary. However,
the clinical DDI study data should be reflected in the labeling.
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A.1.10. Study A24058

One-arm, Open-label, Non-randomized Study to Evaluate the Effect of Rifampicin 600 mg/day, Given
Over 5 days p.o., on the Steady-state Phar macokinetics of SH T00658M (2 mg Estradiol Valerate and 3
mg Dienogest) in Healthy Postmenopausal Volunteers

Protocol No: A24058

Phase: 1

Principal Investigator: Dr. T. Zimmermann

Clinical Study Center: Clinical Pharmacology, Schering AG, Berlin, Germany

Clinical Study Dates: March 1, 2005 - May 17, 2005

Analytical Study Facility: (b) @) (E2, E1, and E1S), Schering Oy, Finland
(DNG), and SFBC Anapharm, Quebec, Canada (Ketoconazole and
Erythromycin)

Analytical Study Dates: May 2005 - October 2005

OBJECTIVE

The primary objective of the study was the evaluation of the influence of CYP induction by rifampicin on the
steady-state PK of DNG and EV.

STUDY ENDPOINTS
Primary endpoints for E2 and DNG (on Days 11 and 17) were serum AUC(0-24) and C, .

Secondary endpoints were:

AUC(0-24) and C,,, of E1 and E1S

Tmax of E1, E1S, E2, and DNG
6B-hydroxycortisol urinary 24 hr excretion
Rifampicin exposure

STUDY DESIGN, TREATMENT, AND SUBJECTS

The study was conducted as a one-arm, open-label, non-randomized, single center study in one group of 16
healthy female, postmenopausal volunteers. The steady-state PK of SH T0O0658M (containing 2 mg EV and 3
mg DNG) were investigated prior to and after 5 days of treatment with 600 mg rifampicin daily. All volunteers
received a treatment regimen of 2 mg EV/3 mg DNG, dosed once daily over 17 days, and of rifampicin, which
was administered once daily in an oral dose of 600 mg on Days 12-16. 24-hr PK profiles of 2 mg EV/3 mg
DNG on Days 11 and 17 were compared.

The 2 mg EV/3 mg DNG tablet was taken in the morning, with 250 ml mineral water (non-carbonated, room
temperature). For intake on Days 1 and 8-17, the volunteers were instructed to fast after 21:00 hr of the
previous evening, to ensure a fasting period of at least 10 hr before administration of the 2 mg EV/3 mg DNG
tablet. On study Days 2-7, volunteers were to take the tablet at home and document this in a specific diary
(which was to be provided by Schering) immediately after drug intake. On Days 11 and 17, fasting was to
continue until 2 hr after administration; drinking water was allowed, except from 1 hr before to 1 hr after study
drug administration, which was to take place in the morning between 07:00 hr and 09:00 hr at the study site.

Rifampicin (Days 12-16) was administered 1 hr after a light breakfast (given 0.5 hr after administration of 2 mg

EV/3 mg DNGQG) and 1.5 hr (%10 min) after intake of the 2 mg EV/3 mg DNG tablet, together with 100 ml of
mineral water (non-carbonated, room temperature).
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Table A-10-1: Treatment Schedule

Sequence

Number of
volunteers

Dav 1-11

Day 12 - 16

Day 17

1

16

SH TOOG658M
alone

SH TOQ658II
and nifampicin

SH TOOS58M
alone

On study Days 11 and 17, 24-hr urinary excretion of 6p-hydroxycortisol was determined, as an in vivo marker
for CYP 3A induction. Standard safety measures were carried out (i.e., clinical laboratory tests, vital signs) and
the volunteers were to be monitored for AEs and concomitant medication.

A total of 39 female subjects were screened. 16 Caucasian female, healthy, post-menopausal volunteers with an
average age of 59.9 yr (range: 54-64 yr), nonsmokers, with follicle stimulating hormone > 40 U/l and E2 < 20
pg/ml on screening were enrolled, randomized and treated according to the study protocol. Their mean height
was 166 cm (range: 154-173 cm) and their mean weight 67.9 kg (range: 48.5-79.4 kg). Their mean BMI was
24.7 kg/m’ (range: 20.5-28.5 kg/m®). There were no discontinuations.

The influence of CYP induction on the steady-state PK of DNG and EV given in a fixed combination of 2 mg
EV/3 mg DNG was evaluated. DNG reaches the PK steady-state after approximately 4-5 days of dosing; EV
does so within about 6 days of dosing (Study A25711). 2 mg EV/3 mg DNG was given over a period of 11 days
prior to rifampicin induction; this period appears to be sufficient to reach and demonstrate steady-state of both
DNG and EV. Rifampicin was administered from Day 12 to Day 16 in the recommended daily dose of 600 mg,
together with continued dosing of 2 mg EV/3 mg DNG. Effect of CYP induction was evaluated by monitoring
the change in the steady-state PK of DNG and of EV on Day 17, the day after the last rifampicin dose.

Healthy pre-menopausal women are the target population for 2 mg EV/3 mg DNG. However, the endogenous
estrogen production in younger women could have resulted in highly variable estrogen concentrations in serum,
which would have interfered with the PK analysis of EV. The investigation was therefore, done in
postmenopausal women who have a low endogenous estrogen production. This approach is acceptable given
that the PK parameters of DNG, E2, and E1 at steady state following 2 mg EV/3 mg DNG in premenopausal
women (Study A25711) were comparable to those observed in postmenopausal women with the same dose
(Study A30020).

Inclusion Criteria
Volunteers had fulfilled all of the following criteria before being included in the treatment phase:
e Nonsmoking healthy postmenopausal female volunteer
e Postmenopausal state: serum hormone analyses (estradiol < 20 pg/ml, follicle stimulating hormone 2
30 TU/M)
e Age:45-65yr
e BMI: > 20 and < 30 kg/m?

FORMULATION

SH T00658M was to be supplied as film coated tablets containing 2 mg EV and 3 mg DNG (manufactured by
Schering AG, Germany). Rifampicin was to be supplied as film coated tablets, containing 600 mg rifampicin
(Eremfat™).

PHARMACOKINETIC EVALUATION
Blood sampling
Sampling times for determination of DNG, E2, El, and EIS:
e Pre-dose on Days 1 and 8-17 (Day 12: 1* rifampicin day)
e At05,1,1.5,2,3,4,6,8,10, 12, 16, and 24 hr post-dose on Days 11 and 17

Sampling times for determination of rifampicin:
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e Pre-dose on Day 12 (1% rifampicin day)
e 8 hr after rifampicin dose on Days 12-16 (Day 16: last rifampicin day)

Sampling times for determination of 65-OH-cortisol:
e 24 hr urine collection on Days 11 and 17: measurement of CYP induction in liver

Concomitant Therapy
If a volunteer used concomitant medication, this was documented by type (brand name, if applicable), indication,
regimen (total daily dose and route), and duration on the appropriate CRF.

Other Restrictions
e Smoking: not permitted
e Alcohol: not permitted within 48 hr before the 1st study drug administration until Day 18
e Caffeine: not permitted within 24 hr before the 1st study drug administration until 2 hr after the last
drug administration
e  Grapefruit not permitted from 7 days before the 1st study drug administration until Day 18

Bioanalytical method
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Acceptance criteria for method validation and assay performance for each analyte were in compliance with the
Bioanalytical Method Validation Guidance.

Safety Assessments
To ensure the volunteers' safety after intake of either 2 mg EV/3 mg DNG alone or 2 mg EV/3 mg DNG plus
rifampicin the following parameters were studied during the treatment period:
e Standard laboratory examination of blood and urine prior to dosing on Days 1 and 12, respectively, and
on Day 18
e AE and concomitant medication

DATA ANALYSIS

Pharmacokinetic Analysis

The PK parameters were calculated using a commercially available software tool (Kinetica™, version 4.2,
InnaPhase Corporation) without recourse to model assumptions. All serum concentration values below the
LLOQ were set to zero. Cp.x and Ty, were directly read off the data. The AUC(0-24) was calculated according
to the mixed linear-log trapezoidal rule. Rifampicin exposure was checked by single point plasma
concentrations determined on Days 12-16 at 8 hr after dose. Urinary excretion of 6p-hydroxycortisol is
compared between Day 17 and 11.

Statistic M ethods
Descriptive statistics were performed for PK parameters. Antilog transformations were to render the
corresponding two-sided 90% Cls on the original scale. No interim analysis was carried out.

PHARMACOKINETIC RESULTS

Achievement of Steady-state

E2 steady state was reached on Day 10 of treatment with a mean trough concentration of approximately 41
pg/ml. DNG reached steady state on Day 8 of treatment as demonstrated by the almost constant mean trough
concentrations of approximately 11 ng/ml between Day 8 to Day 11.
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Table A-10-2: Arithmetic Mean (+ SD) Trough Concentrations of E2 and DNG After Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets to 16 healthy postmenopausal women

E2 (pg/ml) DNG (ng/ml)
Day 8 36.2 (11.0) 11.2 (6.10)
Day 9 39.5 (11.6) 11.0 (5.42)
Day 10 41.7 (14.6) 10.7 (5.32)
Day 11 413 (11.7) 11.0 (5.15)

PK of E2: Before and after co-administration of rifampacin

Figure A-10-1 shows the mean concentration time curves for E2, after administration of 2 mg EV/3 mg to the 16
volunteers, before and after co-administration of 600 mg rifampicin daily. Mean PK parameters of E2 are
summarized in Table A-10-3.

Figure A-10-1: Mean (= SD) Concentration-Time Curves of E2 on Day 11 and Day 17 After Daily Oral
Administration of 2 mg EV/3 mg DNG Combination Tablets to 16 Healthy Postmenopausal Women.
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Table A-10-3: Mean PK Parameters of E2 on Day 11 and Day 17 Following the Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets and Rifampicin (600 mg/day from Day 12 to Day 16)
in 16 Healthy Postmenopausal Women

Treatment Cmax tmax ATC{0-24h)
(pg/mL) (k) (h-pg/ml)
Day 11 75.0(28.6%) 2.04(0.5-15.9) 1261 (22.9%)
(SH TO0638M only)
Day 17 36.4(22.2%) 1.31 (0.49-10.0) T10(19.9%)
(SHTO0638M + 600 mg
rifampicin)

Cmax = Maxinmm ssium concentration
tmax = Time to reach maximum concentration
AUC(0-24h) = Avea under the concentration-time curve from Oh data point up to 24 h post adminisoation

For tmax, the median and the range in parentheses are provided. The other parameters are given as geometric mezans followed by
the geometric coefficients of vanation (CV) in parentheses.

As a result of treatment with rifampicin (600 mg/day for 5 days), the mean C,,,, AUC(0-24), and the median
Tmax of E2 decreased as shown in Table A-10-3. During rifampicin treatment, mean E2 trough concentration
continuously decreased from 33.6 pg/ml (Day 12) to 19.5 pg/ml (Day 17).

PK of DNG: Before and after co-administration of rifampicin

Figure A-10-2 shows the mean concentration time curves for DNG, after administration of 2 mg EV/3 mg DNG
combination tablets to the 16 volunteers, before and after co-administration of 600 mg rifampicin daily. Mean
PK parameters of DNG are summarized in Table A-10-4.
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Figure A-10-2: Mean (+ SD) Concentration-Time Curves of DNG on Day 11 and Day 17 After Daily Oral Administration
of 2 mg EV/3 mg DNG Combination Tablets and Rifampicin (600 mg/day from Day 12 to Day 16)
to 16 Healthy Postmenopausal Women
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Table A-10-4: Mean PK Parameters of DNG on Day 11 and Day 17 Following the Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets and Rifampicin (600 mg/day from Day 12 to Day 16)
in 16 Healthy Postmenopausal Women

Treatment Cmax tmax ATC(0-24h)
(ngmL) () (h-ng/mlL)
Day 11 723 (14.8%) 1(0.5-3) 651 (25.2%)
(SH TO0658M only)
Day 17 34.8 (20.3%) 0.51 (0.49-1.02) 111 (27.2%)
(SHT0O0658M + 600 mg
rifampicin}

Cmax = Maximum semum concentration
tmax = Time to reach maximum concentration
ATIC(0-24h) = Arsa under the concentration-time curve from Oh data point up to 24 h post administation

For tmax, the median and the range in parentheses are provided. The other parameters are given as geometric means followed by
the geomeiric coefficients of vanlation (CV) in parentheses.

As a result of treatment with rifampicin (600 mg/day for 5 days), the mean C,,,, AUC(0-24), and median T,
of DNG decreased as shown in Table A-10-4. During rifampicin treatment, mean DNG trough levels
continuously decreased from 10.0 ng/ml (Day 12) to 0.153 ng/ml (Day 17).

PK of E1: Before and after co-administration of rifampicin

Figure A-10-3 shows the mean concentration time curves for El, after administration of 2 mg EV/3 mg DNG
combination tablets to the 16 volunteers, before and after co-administration of 600 mg rifampicin daily. Mean
PK parameters of E1 are summarized in Table A-10-5.
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Figure A-10-3: Mean (+ SD) Concentration-Time Curves of E1 on Day 11 and Day 17 After Daily Oral
Administration of 2 mg EV/3 mg DNG Combination Tablets to 16 Healthy Postmenopausal Women.
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Table A-10-5: Mean PK Parameters of E1 on Day 11 and Day 17 Following the Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets and Rifampicin (600 mg/day from Day 12 to Day 16)
in 16 healthy Postmenopausal Women

Treatment Cmax tmax AUC{0-24h)
(pg/mL) (h) (h-pg/mL)

Day 11 562 (29.9%) 4(2.01-6.12) 8330 (26.8%)

Day 17 347 (32.8%) 3.01 (2-6.03) 4204 (24.0%)

Cmax = Maximum serum concentration
tmax = Time to reach maximum cencentration
ATC{0-24h) = Avea under the concentration-time cmrve from Oh data point up to 24 h post administration

the geometric coefficients of vanation (CV) in parentheses.

For tmax, the median and the rangs in parentheses are provided. The other parameters are siven as geometric means follewed by

As a result of treatment with rifampicin (600 mg/day for 5 days), the mean C,,,, AUC(0-24), and the median
Tmax Of E1 decreased as shown in Table A-10-5. During rifampicin treatment, mean El trough concentration

continuously decreased from 210 pg/ml (Day 12) to 115 pg/ml (Day 17).

PK of E1S: Before and after co-administration of rifampicin

Figure A-10-4 shows the mean concentration time curves for E1S, after administration of 2 mg EV/3 mg DNG
mg rifampicin daily. Mean

combination tablets to the 16 volunteers, before and after co-administration of 600
PK parameters of E1S are summarized in Table A-10-6.

Figure A-10-4: Mean (+ SD) Concentration-Time Curves of E1S on Day 11 and Day 17 After Daily Oral
Administration of 2 mg EV/3 mg DNG Combination Tablets to 16 Healthy Postmenopausal Women.
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Table A-10-6: Mean PK Parameters of E1S on Day 11 and Day 17 Following the Daily Oral Administration of
2 mg EV/3 mg DNG Combination Tablets and Rifampicin (600 mg/day from Day 12 to Day 16) in
16 Healthy Postmenopausal Women

Treatment Cmax Tmax ATTC{0-24h)
(pz/ml) (h) (hpz/ml)
Day 11 18300 (32.4%) 2.02(1.5-8.01) 189381 (37.8%)
(SH T00538M only)
Day 17 7504 (30.3%) 2(1.49-3.02) 33726 (34.0%)
(SHTOO0638M + 600 mg
rifampicin)

Cmax = Maximum serum concentration
tmax = Time to reach maximum cencentration
ATC(0-24h) = Avea under the concentration-time cwrve from Oh data point up to 24 h post adminisoation

For tmax, the median and the range in parentheses are provided. The other parameters are given as geometric means followed by
the geometric coefficients of variation (CV) in parentheses.

As a result of treatment with rifampicin (600 mg/day for 5 days), the mean C,,,, AUC(0-24), and the median
Tmax of E1S decreased as shown in Table A-10-6. During rifampicin treatment, mean E1S trough concentration
continuously decreased from 3794 pg/ml (Day 12) to 1000 pg/ml (Day 17).

Statistical Analyses on the Effect of Rifampicin on DNG, E2, E1, and E1S PK

The effect of CYP 3A4 inducer, rifampicin, on the steady-state PK of DNG, E2, E1, and E1S was evaluated by
statistical comparison of PK parameters between Day 11 and Day 17. Table A-10-7 summarizes the geometric
mean ratios and 90% CI for the primary target variables for DNG and E2, when comparing Day 17 to Day 11.

Table A-10-7: Statistical Comparison of Primary Target Variables Between Day 11 (without rifampicin) and Day 17 (rifampicin
steady-state) Following Co-administration of 600 mg Rifampicin Daily with EV 2 mg/DNG 3 mg Tablets (N=16)

Treatment Compound PK Parameter Geometric Mean 90% CI (%)
Ratio (%)

SH T00658M + DNG Chax 48 15.6-18.7
600 mg rifampicin AUC(0-24) 17 44.8-51.6
Vs. E2 Croax 75 66.9-84.4
SH T00658M alone AUC(0-24) 56 53.1-59.8
El Chax 62 55.8-68.6
AUC(0-24) 52 47.3-56.0
E1S Chax 41 36.3-46.3
AUC(0-24) 28 25.1-32.1

DNG: The geometric mean of AUC(0-24) (90% CI) of Day 17 was 17% (15.6-18.7%) of it on Day 11. The
geometric mean of C,, (90% CI) of Day 17 was 48% (44.8-51.6%) of it on Day 11. Both 90% CI fell below
the lower boundary of 80-125%, indicating that co-administration of rifampicin significantly decreased the C.x
and AUC(0-24) for DNG.

E2: The geometric mean of AUC(0-24) (90% CI) of Day 17 was 56% (53.1-59.8%) of it on Day 11. The
geometric mean of C,, (90% CI) of Day 17 was 75% (66.9-84.4%) of it on Day 11. Both 90% CI fell below
the lower boundary of 80-125%, indicating that co-administration of rifampicin significantly decreased the C,.x
and AUC(0-24) for E2.

El: The geometric mean of AUC(0-24) (90% CI) of Day 17 was 52% (47.3-56.0%) of it on Day 11. The
geometric mean of C,, (90% CI) of Day 17 was 62% (55.8-68.6%) of it on Day 11. Both 90% CI fell below
the lower boundary of 80-125%, indicating that co-administration of rifampicin significantly decreased the C,.x
and AUC(0-24) for E1.

E1S: The geometric mean of AUC(0-24) (90% CI) of Day 17 was 28% (25.1-32.1%) of it on Day 11. The
geometric mean of C,x (90% CI) of Day 17 was 41% (36.3-46.3%) of it on Day 11. Both 90% CI fell below
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the lower boundary of 80-125%, indicating that co-administration of rifampicin significantly decreased the C.x
and AUC(0-24) for E1S.

Reviewer’'s comment: As a prodrug of E2, EV is rapidly hydrolyzed to E2 in the intestinal tract following the
oral administration. E2 is then extensively metabolized to E1 (15%), E1S (65%), estradiol sulfate, and other
compounds (Kuhnz et al., 1999). CYP 344 is the major isozyme responsible for the hydroxylation of E2 at C-2,
C-4 and C-16 and for the 16a-hydroxylation of EI. The impact of CYP 344 induction on E1 and E2 is likely due
to the increased CYP 344-mediated metabolism and consequently increased the clearance of EI and E2. E1S
levels were also affected and mean AUC(0-24) was reduced by 72% following the rifampicin treatment.
Although it is known that E1S is not directly metabolized by CYP 344, the decreased concentrations of E1S is
likely caused by the lower E1 level.

As shown in Table A-10-7, co-administration of 600 mg rifampicin daily with EV 2 mg/DNG 3 mg tablets led to
significant decreases in steady state C,,, and AUC of DNG, E2, El, and EIS which could potentially affect the
contraceptive efficiency of the E2/DNG combination. In the dose-finding study (Study B690), it was
demonstrated that 2 mg EV is necessary for effective ovulation inhibition and sufficient cycle control. For this
particular 4-phasic regimen in combination with EV, a DNG dose of 2-3 mg/day was found to be necessary to
sufficiently inhibit ovulation and provide contraceptive reliability (Studies A00984, A14191, and AZ94). For
example, an 83% decrease shown in DNG AUC when O@™ s co-administered with rifampicin would reduce
the AUC to the level expected when a DNG dose of approximately 0.5 mg is given and an 44% decrease shown
in E2 AUC when| ®®" is co-administered with rifampicin would reduce the AUC to the level expected when a
EV dose of approximately 1.1 mg is given.

In a multi-center, open labeled, uncontrolled study (Study AZ94) to investigate the efficacy and safety of a 4-
phasic oral contraceptive SH T 658 I containing EV and DNG over 20 cycles in 1,600 healthy female volunteers,
an unacceptable unadjusted Pearl Index of 5.3 was obtained when DNG dose was decreased using the following
regimen

e Cycle Days 1-3:EV 3 mg

e Cycle Days 4-7: EV 2 mg + DNG [ mg
e Cycle Days 8-23: EV 2 mg and DNG 2 mg
e  Cycle Days 24-25: EV 1 mg
e Cycle Days 26-28: placebo
Table A-10-8: Pearl Index obtained in the full-analysis set (FAS) population (Study AZ94)
Patient set / Mo. of Mo. of cycles MNo. of No. of
subset cycles with back-up pregnancies Pearl Index pregnancies Pearl Index
contraception after start of . due to -
study Unadjusted subject Adjusted
medication failure
Total 12,125 342 48 53 9 43
= 29 years of age 5,563 192 23 5.6 5 4.4
> 29 years 6,562 150 25 5.1 a 43

Study AZ94 clearly shows that when insufficient DNG dose is given efficacy can be significantly affected.
Therefore, in order to ensure contraceptive reliability and sufficient cycle control, O™ chould not be co-
administered with strong CYP 344 inducers such as rifampicin, phenytoin, St. John’s Wort, avasimibe, and
carbamazepine (as listed in Table A-10-9 according to the Guidance for Industry: Drug Interaction [revised on
March 11, 2010]). For women on chronic treatment with CYP 344 inducing active substances, another reliable,
non-hormonal, method of contraception is recommended. This information should be reflected in the Drug
Interactions section of the Highlights of the labeling.
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Table A-10-9: Classification of inducers of CYP enzymes

CYP Enzymes Strong Inducers M oderate Inducers Weak Inducers
> 80% decrease in AUC 50-80% decrease in AUC 20-50% decrease in AUC
CYP1A2 Montelukast, phenytoin, Moricizine, omeprazole,
smokers versus non-smokers® phenobarbital, tanshinone IIA,
terbutaline
CYP2B6 Efavirenz, rifampin Nevirapine
CYP2C8 Rifampin
CYP2C9 Carbamazepine, rifampin Aprepitant, bosentan,
Phenobarbital, St. John’s
Wort®
CYP2C19 Rifampin Artemisinin
CYP3A Avasimibe, carbamazepine, | Bosentan, efavirenz, etravirine, | Amprenavir, aprepitant,
phenytoin, rifampin, St. modafinil, nafcillin armodafinil, echinacea,
John’s Wort pioglitazone, prednisone,
rufinamide
CYP2D6 None known None known None known

From Guidance for Industry: Drug Interaction (March 11, 2010 draft)

PK of Rifampicin

Plasma concentrations of rifampicin were measured at pre-dose on Day 12, and at 8 hr after rifampicin intake on
Days 12, 13, 14, 15, and 16. Figure A-10-5 illustrates the individual and mean plasma concentrations of
rifampicin in the individual volunteers.

Figure A-10-5: Plasma Concentrations of Rifampicin at Pre-dose on Day 12 and at 8 hr After Daily Oral Administration of
600 mg Rifampicin to 16 Healthy Postmenopausal Women on Days 12, 13, 14, 15, and 16
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12.0: Pre-dose on Day 12
12.4,13.4,14.4, 15.4, and 16.4: at 8 hr post-dose on Days 12, 13, 14, 15, and 16, respectively.

The mean plasma rifampicin concentration, initially zero at pre-dose, rose to a mean value of 6.81 pg/ml (CV
27.4%) at 8 hr post-dose on the first day of administration, slowly decreasing to 6.40 pg/ml (CV 31.2%, second
day), 5.11 pg/ml (CV 32.0%, third day), 4.38 pg/ml (CV 43.3%, fourth day) and 3.11 pg/ml (CV 57.6%, fifth

day).

Although rifampicin concentration measurements were only performed once a day at 8 hr post-dose during the
rifampicin treatment period, it still reveals the clear trend of rifampicin concentration decreasing in all individual
subjects during the rifampicin treatment period. This might possibly be linked to the known ability of
rifampicin to induce its own metabolism (Acocella, 1979).
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Considering that the T,,,x was approximately 2 hr following a single oral dose of 600 mg rifampicin in healthy
adults and the average half-life is approximately 2-3 hr with repeated administration of 600 mg rifampicin in
healthy adults, the single point assessment at 8 hr approach in this study is acceptable since main objective of
this assessment was to ensure the BA of rifampicin post-dose during the rifampicin treatment period. Also, it
was reported that sampling schedule up to 8 hr was sufficient to compare the absorption process of rifampicin
and ensure both the rate and extent rifampicin absorption, without affecting the precision in evaluating BE
(Agrawal et al., 2005).

Ratio of urinary 6B-hydroxycortisol to cortisol

Figure A-10-6 illustrates the individual and mean values of the 24 hr-urinary 68-hydroxycortisol to cortisol ratio,
before and after 5 days of treatment with 600 mg/day oral rifampicin (i.e., Day 12 compared to Day 16). The
ratio increased in all 16 volunteers, with a geometric mean of 6.65 (3.13-17.6) on Days 11-12 and 25.7 (range
10.4-54.8) on Days 17-18. There was also an increase in the 24 hr urinary excretion of 6B-hydroxycortisol, from
208 pg (CV 26.8%) on Days 11-12, to 1065 pg (CV 25.8%) on Days 17-18. The increase in the ratio of 653-
hydroxycortisol to cortisol in all volunteers confirmed that the CYP 3 A4 activity was induced in all cases.

Figure A-10-6: Ratio of Urinary 6B3-Hydroxycortisol to Cortisol in 24 hr-Urine, Day 11 Compared to Day 17
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SAFETY RESULTS
A total of 36 AEs were reported in 15 volunteers. The most frequent AEs were headache and fatigue. There
were no serious, severe, or significant AEs. There were no deaths.

CONCLUSION

Co-administration of rifampicin with 2 mg EV/3 mg DNG combination tablets led to a significant decrease in
both C,.x and AUC(0-24) of DNG and E2 at steady-state indicating a drug interaction between rifampicin and
EV/DNG. Considering the potential of affecting the contraceptive efficiency of the EV/DNG combination due
to the decreases in steady state C,,, and AUC of DNG, E2, E1, and E1S, ®@™ should not be co-administered
with strong CYP 3A4 inducers such as rifampicin, phenytoin, St. John’s Wort, avasimibe, and carbamazepine.
This information should be reflected in the Drug Interactions section of the Highlights of the labeling.
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A.1.11. Study A29972

Open-label, Randomized, Single dose, Three way Crossover, Two Parallel Group Study to Evaluate the
Relative Bioavailability of the Estradiol Valerate and/or Dienogest Tablet Formulations Contained in SH
TO0658ID versus Suspensions, Containing the Same Drugs After Oral Administration in Healthy
Postmenopausal Women

Protocol No: A29972

Phase: 1

Principal Investigator: Dr. B. Rohde

Clinical Study Center: Clinical Pharmacology, Schering AG, Berlin, Germany

Clinical Study Dates: June 1, 2006 - August 31, 2006

Analytical Study Facility: (b) (4) (E2 and E1), Schering Oy, Finland (DNG)
Analytical Study Dates: August 2006 - January 2007

OBJECTIVE

To evaluate the relative BA of:
e EV and DNG from SH T00658M (TBM formulation) and SH T00658GA (TBM formulation) with
suspension SH PO0658MA
e EV from SH TO0658EA (TBM formulation) and SH TO0658HA (TBM formulation) with suspension
SH PO0658EA

STUDY ENDPOINTS
Primary endpoints for E2 and DNG (in Group 1 only) were AUC(0-tlast) and Cux.

Secondary endpoints for E2, E1, and DNG (in Group 1 only) were:
e T, and terminal half-life (t,)
e Terminal disposition rate constant (i.e., the slope of the least square regression of the natural logarithm
of the terminal drug concentration value on the time), A,
e AUC, AUC(0-tlast), and C,.x of E1

STUDY DESIGN, TREATMENT, AND SUBJECTS
The study was a single-center, open-label, randomized, single-dose, three-way crossover-study with 2 parallel
groups, 3 periods, 3 treatments, and 6 sequences. The treatments were:

Group 1
e Treatment A: 1 coated tablet of SH T00658GA, containing 2 mg EV/2 mg DNG
e Treatment B: 1 coated tablet of SH T00658M, containing 2 mg EV/3 mg DNG
e Treatment C: suspension for oral use SH PO0658MA, containing 2 mg EV/3 mg DNG
Group 2
e Treatment D: 1 coated tablet of SH T00658EA, containing 3 mg EV
e Treatment E: 3 coated tablets of SH T00658HA, containing 1 mg EV
e Treatment F: suspension for oral use SH PO0658EA, containing 3 mg EV
36 healthy postmenopausal women were randomly assigned to one of the following treatment sequences (see
Tables A-11-1 and A-11-2). The washout phase between the treatments had to be at least 14 days.

Page 108 of 140



Table A-11-1: Treatment Sequence for Group 1

Sequence Treatment period 1 Treatment period 2 Treatment period 3
1 Treatment C Treatment A Treatment B
2 Treatment C Treatment B Treatment A
3 Treatment A Treatment C Treatment B
4 Treatment A Treatment B Treatment C
5 Treatment B Treatment C Treatment A
[ Treatment B Treatment A Treatment C
Table A-11-2: Treatment Sequence for Group 2
Sequence Treatment period 1 Treatment period 2 Treatment period 3
1 Treatment F Treatment D Treatment E
2 Treatment F Treatment E Treatment D
3 Treatment D Treatment F Treatment E
4 Treatment D Treatment E Treatment F
5 Treatment E Treatment F Treatment D
6 Treatment E Treatment D Treatment F

The study drugs were administered on an empty stomach (following 10-hr fasting) in the morning between 7:00
and 9:00 hr. Drinking of water was allowed except for 1 hr before and after drug administration. The
volunteers had to fast 4 hr after drug administration. The tablets were taken with 150 ml noncarbonated water at
ambient temperature. The suspension for oral use was prepared for use according to the manufacturer’s
instructions and the total amount of water intake was 150 ml.

64 female volunteers were screened, and 36 volunteers were included at 1 center. Of these, 35 volunteers
completed the study, and 1 volunteer discontinued participation in the study prematurely. In Group 1, 18
Caucasian female volunteers with an average age of 60.7 yr (range: 55-69 yr) were included. Their mean height
and weight were 164 cm (range: 156-173 cm) and 67.4 kg (range: 49.5-85.6 kg), respectively. The mean BMI
was 25.0 kg/m’ (range: 20.3-29.7 kg/m?). In Group 2, 18 Caucasian female volunteers with an average age of
58.4 yr (range: 52-69 yr) were included. Their mean height and weight were 163 ¢cm (range: 150-173 ¢m) and
70.8 kg (range: 59.3-89.2 kg), respectively.

Inclusion Criteria
Volunteers had to fulfill all of the following criteria before being included in the treatment period:
e Healthy female volunteer
e Age:45-75 yr
e BMI: 2 20 and = 30 kg/m?
e Postmenopausal status: serum levels of FSH 2 30IU/I and of E2 < 20 pg/ml.

To assure the good health of the volunteers, screening physical and gynecological examinations, ECG, and
clinical laboratory testing including biochemistry, hematology, virology, and urinalysis were performed.
Clinical laboratory testing was repeated at the end of the study. The volunteers were monitored for AEs and
concomitant medication.

PHARMACOKINETIC EVALUATION

Blood sampling
Blood sampling for PK evaluation was done before and up to 48 hr after study drug administration at the
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following time points:
e Group 1 (for DNG, E2, and E1): pre-dose and 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, 24, 36, and 48 hr post-
dose
e Group 2 (for E2 and E1): pre-dose and 1, 2, 3,4, 5, 6, 8, 10, 12, 16, 24, 36, and 48 hr post-dose

Concomitant Therapy
If a volunteer used concomitant medication, this was documented by type (brand name, if applicable), indication,
regimen (total daily dose and route), and duration on the appropriate CRF.

Other Restrictions

e Smoking: not permitted

e Alcohol: not permitted from 48 hr before study drug administration until 48 hr post-administration per
period

e (Caffeine: not permitted from 12 hr before study drug administration until 24 hr after the post-
administration per period

e  Grapefruit not permitted from 7 days before the Period 1 up to the last blood sample in treatment period
3 (48 hr after the last study drug administration)

Bioanalytical method

Acceptance criteria for method validation and assay performance of all analytes were in compliance with the
Bioanalytical Method Validation Guidance.

Safety Assessments

To ensure the volunteers' safety after intake of either 2 mg EV/3 mg DNG combination tablet alone or 2 mg
EV/3 mg DNG combination tablet plus rifampicin the following parameters were studied during the treatment
period:
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e Standard laboratory examination of blood and urine prior to dosing on Days 1 and 12, respectively, and
on Day 18
¢ AE and concomitant medication

DATA ANALYSIS
Pharmacokinetic Analysis
Non-compartmental PK analysis was performed on the serum concentrations of E2, E1, and DNG. All serum
concentration values below the LLOQ were set to zero. Cp,, and t,, were directly read from the concentration-
time profiles. The AUC and AUC(0-tlast) were calculated according to the mixed linear-log trapezoidal rule
using a commercially available software tool (EPS-Kinetica, version 2.6.1, Thermo Electron corporation,
Waltham, MA, US) without recourse to model assumptions. Relevant deviations from planned sampling time
and planned dose were taken into account. The terminal disposition rate constant (Az) was calculated by means
of regression analysis of the perceivable linear part of the curve in a semi-logarithmic plot (Az: slope of the
regression line). The corresponding terminal half-life (t,,) was calculated by:

t, = In2/ Az
The AUC was calculated by extrapolation according to:

AUC = AUC(0-tlast) + Cyus/ Az
with Cy, as the concentration at the last data point (t.g).

Statistic M ethods
Descriptive statistics and analysis of variance were performed for the primary PK parameters. Estimation of BA
including 90% Cls were performed.

PHARMACOKINETIC RESULTS

PK of DNG (Group 1)

Figure A-11-1 shows the linear and semi-logarithmic mean concentration time curves for DNG, after a single
oral administration of two different tablet formulations (SH T00658GA, containing 2 mg EV and 2 mg DNG
and SH T00658 M, containing 2 mg EV and 3 mg DNG, respectively) compared to a suspension SH PO0658MA
containing 2 mg EV and 3 mg DNG. Mean PK parameters of DNG are summarized in Table A-11-3.

Figure A-11-1: Linear and Semi-logarithmic Mean Concentrations (+ SD) of DNG After Single Oral Administration of
Two Different Tablet Formulations (SH TO0658GA, containing 2 mg EV + 2 mg DNG and SH T00658 M, containing 2 mg
EV + 3 mg DNG, respectively) Compared to a Suspension SH PO0658MA Containing 2 mg EV + 3 mg DNG
in Postmenopausal Women (N=17)
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Table A-11-3: Arithmetic Mean (SD) PK Parameters of DNG Following Oral Administration of Two Different Tablet
Formulations (SH T00658GA, containing 2 mg EV + 2 mg DNG and SH T00658 M, containing 2 mg EV + 3 mg DNG,
respectively) Compared to a Suspension SH PO0658MA containing 2 mg EV + 3 mg DNG in Postmenopausal Women (N=17)

Parameter SH T00658GA SH T00658M SH P00658MA
Cax (ng/ml) 59.5(10.2) 91.7 (15.3) 92.8(17.4)
T max (hr) 1(0.5-1.5) 1(0.5-1.5) 1(0.5-1.5)
AUC(0-tlast) (ng-hr/ml) 613 (142) 964 (223) 956 (224)
AUC (ng-hr/ml) 648 (166) 1024 (268) 1014 (268)
ty, (hr) 11.0 (2.02) 11.3 (2.48) 11.2 (2.66)

SH T00658GA: Coated tablet containing 2 mg EV/2 mg DNG

SH T00658M: Coated tablet containing 2 mg EV/3 mg DNG

SH P00658MA: Suspension for oral use containing 2 mg EV/3 mg DNG

AUC: Area under the serum concentration-time curve from time of administration (t=0) extrapolated to infinity
Median (range) for Tpax

Reviewer’'s comment: Following single doses of the tablet SH TO0658M (2 mg EV and 3 mg DNG) and a
suspension SH P00658MA (2 mg EV and 3 mg DNG), mean concentration time profiles and calculated PK
parameters of DNG were comparable.

As expected, due to the dose differences of DNG contained in the SH T00658GA tablet (containing 2 mg DNG),
comparison of the AUC and C,,.. values of this formulation showed approximately 1/3 lower values compared to

the formulations containing 3 mg DNG. This finding is in line with the conclusion that DNG demonstrates dose
linear PK in the range of 1-8 mg (Study B306).

PK of E2 (Group 1)

Figure A-11-2 shows the linear and semi-logarithmic mean concentration time curves for E2, after a single oral
administration of two different tablet formulations (SH TO0658GA, containing 2 mg EV + 2 mg DNG and SH
T00658 M, containing 2 mg EV + 3 mg DNG, respectively) compared to a suspension SH PO0658MA
containing 2 mg EV + 3 mg DNG. Mean PK parameters of E2 are summarized in Table A-11-4.

Figure A-11-2: Linear and Semi-logarithmic Mean Concentrations (+ SD) of E2 After a Single Oral Administration of Two
Different Tablet Formulations (SH T00658GA, containing 2 mg EV + 2 mg DNG and SH T00658 M, containing 2 mg EV + 3 mg
DNG, respectively) Compared to a Suspension SH PO0658MA containing 2 mg EV + 3 mg DNG
in Postmenopausal Women (N=17)
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Table A-11-4: Arithmetic Mean (SD) PK Parameters of E2 After a Single Oral Administration of Two Different Tablet
Formulations (SH T00658GA, containing 2 mg EV + 2 mg DNG and SH T00658 M, containing 2 mg EV + 3 mg DNG,
respectively) Compared to a Suspension SH PO0658MA containing 2 mg EV + 3 mg DNG in Postmenopausal Women (N=17)

Parameter SH T00658GA SH T00658M SH P00658MA
Conax (pg/ml) 32.4(7.98) 31.9 (8.7) 36.0 (14.2)
) 6 (1.0-12.0) 6 (0.5-16.0) 6 (2.0-12.0)
AUC(0-tlast) (pg-hr/ml) 891 (249) 892 (267) 921 (334)
AUC (pg-hr/ml) 991 (169) 944 (243) 1134 (224)
t,, (hr) 15.4 (2.05) 13.8 (3.50) 15.1 (0.785)

SH T00658GA: Coated tablet containing 2 mg EV/2 mg DNG

SH T00658M: Coated tablet containing 2 mg EV/3 mg DNG

SH P00658MA: Suspension for oral use containing 2 mg EV/3 mg DNG

AUC: Area under the serum concentration-time curve from time of administration (t=0) extrapolated to infinity
Median (range) for Tpax

The AUC and ty, of E2 could only be calculated for 6 volunteers with SH T00658 GA, for 2 volunteers with SH
T00658M and for 3 volunteers with SH PO0658MA. The remaining volunteers had insufficient data points
collected during the terminal elimination phase of the concentration time profile and therefore reliable estimates
for AUC and t,, could not be calculated.

Reviewer’'s comment: The AUC and C,,, values of E2 after oral administration of the 3 different formulations
were comparable although the suspension formulation, SH PO0658MA, had slightly higher values. The AUC(0-
tlast) values appear to be more reliable for comparison between the 3 different formulations due to the lack of
data for AUC as mentioned above.

PK of E2 (Group 2)

Figure A-11-3 shows the linear and semi-logarithmic mean concentration time curves of E2, after a single oral
administration of two different tablet formulations (SH TO0658EA, containing 3 mg EV and SH T00658 HA, 3
tablets each containing 1 mg EV, respectively) compared to a suspension SH PO0658EA containing 3 mg EV.
Mean PK parameters of E2 are summarized in Table A-11-5.

Figure A-11-3: Linear and Semi-logarithmic Mean Concentrations (+SD) of E2 After a Single Oral Administration of Two
Different Tablet Formulations (SH TO0658EA, containing 3 mg EV and SH T00658 HA, 3 tablets each containing 1 mg
EV, respectively) Compared to a Suspension SH PO0O658EA containing 3 mg EV in Postmenopausal Women (N=18)
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Table A-11-5: Arithmetic Mean (SD) PK Parameters of E2 After a Single Oral Administration of Two Different Tablet
Formulations (SH TO0658EA, containing 3 mg EV, and SH T00658HA, 3 tablets each containing 1 mg EV, respectively)
Compared to a Suspension SH PO0658EA containing 3 mg EV in Postmenopausal Women (N=18)

Parameter SH TO0658EA* SH T00658HA SH P00658EA
Cinax (pg/ml) 45.9 (11.8) 50.6 (17.4) 43.7 (11.8)
T max (h1) 8 (4.0-16.0) 8 (4.0-16.0) 8 (1.0-36.0)
AUC(0-tlast) (pg-hr/ml) 1303 (284) 1396 (541) 1341 (425)
AUC (pg-hr/ml) 1174 (416) 1215 (448) NA
t,, (hr) 13.0 (1.61) 13.6 (1.12) NA

SH TO0658EA: Coated tablet containing 3 mg EV

SH T00658HA: Coated tablet containing 1 mg EV (Treatment E: 3 x 1 mg EV)

SH P00658EA: Suspension for oral use containing 3 mg EV

AUC: Area under the serum concentration-time curve from time of administration (t=0) extrapolated to infinity
Median (range) for Trmax

* Per protocol, 1 volunteer excluded from statistics, due to the high E2 baseline value (N=17)

The AUC and t,, of E2 could only be calculated for 2 volunteers with SH TO0658EA and with SH T00658HA,
respectively. The remaining volunteers had insufficient data points collected during the terminal elimination
phase of the concentration time profile and therefore reliable estimates for AUC and t, could not be calculated.

Reviewer’'s comment: [t was noted that SH TO0658HA (3 tablets each containing 1 mg EV) had higher E2
AUC, C,u and mean concentration values between 5 and 12 hr post-administration compared to the other
tablet formulation, SH TO0658EA (3 mg EV). The AUC(0-tlast) values appear to be more reliable for
comparison between the 3 different formulations due to the lack of data for AUC as mentioned above.

PK of E1 (Group 1)

Figure A-11-4 shows the linear and semi-logarithmic mean concentration time curves for El, after single oral
administration of two different tablet formulations (SH TO0658GA, containing 2 mg EV and 2 mg DNG and SH
T00658 M, containing 2 mg EV and 3 mg DNG, respectively) compared to a suspension SH P00658MA
containing 2 mg EV and 3 mg DNG. Mean PK parameters of E1 are summarized in Table A-11-6.

Figure A-11-4: Linear and Semi-logarithmic Mean Concentrations (+ SD) of E1 After a Single Oral Administration of Two
Different Tablet Formulations (SH T00658GA, containing 2 mg EV + 2 mg DNG and SH T00658 M, containing 2 mg EV + 3 mg
DNG, respectively) Compared to a Suspension SH PO0658MA Containing 2 mg EV + 3 mg DNG
in Postmenopausal Women (N=17)
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Table A-11-6: Arithmetic Mean (SD) PK Parameters of E1 After a Single Oral Administration of Two Different Tablet
Formulations (SH T00658GA, containing 2 mg EV + 2 mg DNG and SH T00658 M, containing 2 mg EV + 3 mg DNG,
respectively) Compared to a Suspension SH PO0658MA containing 2 mg EV + 3 mg DNG in Postmenopausal Women (N=17)

Parameter SH T00658GA SH T00658M SH P00658MA
Cnax (pg/ml) 262 (97) 263 (88.5) 270 (108)
T max (1) 4(2.0-12.0) 6 (3.0-8.0) 6 (3.0-8.0)
AUC(0-tlast) (pg-hr/ml) 5742 (2258) 5693 (2053) 5873 (2584)
AUC (pg-hr/ml) 6982 (3139) 6494 (2190) 7160 (3139)
ty, (hr) 16.3 (1.47) 17.2 (1.55) 16.3 (1.07)

SH T00658GA: Coated tablet containing 2 mg EV/2 mg DNG

SH T00658M: Coated tablet containing 2 mg EV/3 mg DNG

SH P00658MA: Suspension for oral use containing 2 mg EV/3 mg DNG

AUC: Area under the serum concentration-time curve from time of administration (t=0) extrapolated to infinity
Median (range) for Trmax

The AUC and ty, of E1 could only be calculated for 6 volunteers with SH T00658 GA, for 4 volunteers with SH
T00658M, and for 6 volunteers with SH PO0658MA. The remaining volunteers had insufficient data points
collected during the terminal elimination phase of the concentration time profile and therefore reliable estimates
for AUC and t,, could not be calculated.

Reviewer’'s comment: The AUC and C,,, values of El after oral administration of the 3 different formulations
were comparable although the suspension formulation, SH P00658MA, appears to have higher values. The
AUC(0-tlast) values appear to be more reliable for comparison between the 3 different formulations due to the
lack of data for AUC as mentioned above.

PK of E1 (Group 2)

Figure A-11-5 shows the linear and semi-logarithmic mean concentration time curves of E1, after a single oral
administration of two different tablet formulations (SH TO0658EA, containing 3 mg EV and SH T00658 HA, 3
tablets each containing 1 mg EV, respectively) compared to a suspension SH POO658EA containing 3 mg EV.
Mean PK parameters of E1 are summarized in Table A-11-7.

Figure A-11-5: Linear and Semi-logarithmic Mean Concentrations (+SD) of E1 After Daily Oral Administration of Two
Different Tablet Formulations (SH TO0658EA, containing 3 mg EV and SH T00658 HA, 3 tablets each containing 1 mg
EV, respectively) Compared to a Suspension SH PO0O658EA containing 3 mg EV in Postmenopausal Women (N=18)
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Table A-11-7: Arithmetic Mean (SD) PK Parameters of E1 After Daily Oral Administration of Two Different Tablet
Formulations (SH TO0658EA, containing 3 mg EV and SH T00658 HA, 3 tablets each containing 1 mg EV, respectively)
Compared to a Suspension SH PO0658EA containing 3 mg EV in Postmenopausal Women (N=18)

Parameter SH TO0658EA” SH T00658HA SH PO0658EA
Coomx (pg/ml) 361 (126) 386 (129) 346 (117)
Ty () 8 (4.0-8.0) 6 (4.0-12.0) 8 (4.0-10.0)
AUC(0-tlast) (pg-hr/ml) 8094 (2011) 8594 (3049) 8322 (2590)
AUC (pg-hr/ml) 9376 (2101) 9138 (2283) 9410 (2060)
t,, (hr) 17.1 (1.52) 16.9 (2.06) 17.2 (1.46)

SH TO0658EA: Coated tablet containing 3 mg EV

SH T00658HA: Coated tablet containing 1 mg EV (Treatment E: 3 x 1 mg EV)

SH P00658EA: Suspension for oral use containing 3 mg EV

AUC: Area under the serum concentration-time curve from time of administration (t=0) extrapolated to infinity
Median (range) for Tpax

* Per protocol, 1 volunteer excluded from statistics, due to the high E2 baseline value (N=17)

The AUC and t,, of E1 could be calculated for 9 volunteers with SH T00658 EA, for 7 volunteers with SH
T00658HA and for 7 volunteers with SH PO0O658EA. The remaining volunteers had insufficient data points
collected during the terminal elimination phase of the concentration time profile and therefore reliable estimates
for AUC and t,, could not be calculated.

Reviewer’'s comment: It was noted that SH TO0658HA (3 tablets each containing 1 mg EV) had higher El
AUC, C,u and mean concentration values between 5 and 12 hr post-administration compared to the other
tablet formulation, SH TO0658EA (3 mg EV). The AUC(0-tlast) values appear to be more reliable for
comparison between the 3 different formulations due to the lack of data for AUC as mentioned above.

The CIs for assessment in BA are summarized in Table A-11-8 below.

Table A-11-8: Confidence Intervals for Assessment of Bioavailability of DNG, E2, and E1

Lower Upper
Pharmacokinetic Mean confidence confidence
Parameter Test ratio limit limit
DNG in group 1
AUC SH POOBS58 MA ws. B83.9003 B61.6785 B86.2022
SH TOOBS8 GA
AUC SH POOBS8 MA ws. 100.84 97 .3338 104 .47
SH TODBS8 M
Cmax SH POOBS58 MA ws. 64.4101 60.4858 68.5892
SH TOOBS8 GA
Cmax SH POOBS8 MA ws. 99.3857 93.3303 105.83
SH TODBS8 M
E2 in group 1
AUC (D-tlast) SH POOBS8 MA ws. 97.8532 91.5732 104.56
SH TOOBS8 GA
AUC (D-tlast) SH POOBS8 MA ws. 98.5847 92.2577 105.35
SH TODBS8 M
Cmax SH POOBS8 MA ws. 93.3807 B85.8992 101.51
SH TOOBS8 GA
Cmax SH POOBS8 MA ws. 91.9917 B84.6215 100.00
SH TODBS8 M
E2 in group 2
AUC (D-tlast) SH POOBS8 EA ws. 96.7272 88.0999 106.20
SH TOOBS58 EA
AUC (D-tlast) SH POOBS8 EA ws. 103.62 94 .3746 113.76
SH TOOBS58 HA
Cmax SH POOBS8 EA ws. 104.46 94 .5481 115.40
SH TOOBS58 EA
Cmax SH POOBS8 EA ws. 114.46 103.60 126.45

SH TOOBS58 HA

SAFETY RESULTS
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No deaths and no SAEs were reported during this study. In total, 35 AEs were documented in 20 (56.9%) out of
36 volunteers. The most frequently occurring AE was headache (16 events in 13 volunteers, 36.1%).

CONCLUSION

Following single doses of the tablet SH T00658M (2 mg EV/3 mg DNG) and a suspension SH POO658MA (2
mg EV + 3 mg DNG), mean concentration time profiles and calculated PK parameters of DNG were comparable.
SH T00658GA tablet (containing 2 mg DNG), AUC, and C,,,, values showed approximately 1/3 lower values
compared to the formulations containing 3 mg DNG.

For E2 and E1 after oral administration of the suspension formulation, SH PO0658MA, appears to have slightly
higher AUC and C,,, values compared to tablet formulations, SH TO0658GA (2 mg EV + 2 mg DNG) and SH
T00658M (2 mg EV + 3 mg DNG). It was noted that SH T0O0658HA (3 tablets each containing 1 mg EV) had
higher AUC, C..., and mean concentration values of E2 and E1 between 5 and 12 hr post-administration
compared to the other tablet formulation, SH TO0658EA (3 mg EV).
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A.1.12. Study B482

M etabolism of Dienogest (ZK 37659) in Human Liver Microsomesin vitro

Protocol No: B482

Phase: Pre-clinical

Principal Investigator: Dr. T. Zimmermann

Study Center: Metabolism and Bioanalysis; Pharmacokinetics, Bayer Schering Pharma AG,
Berlin, Germany

Study Dates: November 1998 — April 1999

DESCRIPTION OF STUDY

A commercially available pool of human liver microsomes was applied for this in vitro study
(IAM, PA, USA). The metabolism of *H-labelled dienogest was investigated time and
concentration-dependent in this microsomal preparation. An incubation time of 60 min was used
to estimate Vmax and Kiapp) values.

The influence of isoenzyme specific inhibitors was studied concerning the metabolism of
dienogest. Each inhibitor was used at three concentrations. After an incubation time of 120 min
the reaction was terminated by protein precipitation and extraction of the samples. The analyses
were carried out by HPLC and on-line radicactivity detection. The formation of metabolites was
quantified and correlated with the iscenzyme specific inhibitors. In addition, the metabolism of
dienogest was studied with preparations of the suggested isoenzymes, heterologously
expressed. The concentration-dependent effect of dienogest on the biotransformation of model
substrates was investigated in human liver micrososmes. Isoenzyme specific substrates were
used at a constant concentration whereas the concentration of dienogest was varied between
2 uM and 100 pM.

SUMMARY OF RESULTS

Dienogest was metabolized in human liver microsomes by NADPH-dependent reactions. One
main and up to four smaller metabolite zones were detected by HPLC radiochromatography
analysis. The influence of various chemicals, which are widely used as inhibitory probes for
selected individual cytochrome P450 enzymes, was studied concerning the biodegradation of
dienogest in human liver microsomes (HLM). The applications of the inhibitors troleandomycin
(TAQ) and diethyldithiocarbamate (DDC) resulted in a strong reduction of the biotransformation.
In single enzyme preparations (CYP2A6, CYP2C19, CYP2E1, CYP3A4, heterologously
expressed) CYP3A4 was verified as important for the biodegradation of dienogest. In contrast,
CYP2AB, CYP2C19 and CYP2E1 did not produce detectable amounts of metabolites.
Dienogest did neither inhibit dextromethorphan O-demethylation (mediated by CYP2D8),
chlorzoxazone 6-hydroxylation (mediated by CYP2E1) nor testosterone 6p-hydroxylation
(mediated by CYP3A4) in HLM. Using high concentration of dienogest (100 uM) the metabolism
of tolbutamide, catalyzed by CYP2C9, as well as the metabolism of S-mephenytoin, catalyzed
by CYP2C19, was reduced by about one third. The dealkylation of 7-methoxy-resorufin
(catalyzed by CYP1A2) was not influenced by dienogest.
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CONCLUSIONS

¢ The metabolism of dienogest in human liver microsomes was decribed by Michaelis-Menten
kinetics with Kyapp) = 283 M and Vipax = 143 nmol/img/h.

¢ CYP3A4 was identified as predominant isoenzyme catalyzing the metabolism of dienogest.

e CYP1AZ2, CYP2CS, CYP2AB, CYP2C19 and CYP2E1 are not involved in the main
biodegradation pathways of dienogest in vitro.

¢ Dienogest (2 uM to 100 uM) does not inhibit the metabolism of model substrates for
CYP1A2, CYP2D8, CYP2E1, CYP3A4 in vitro.

¢ The metabolism of model substrates for CYP2C9 and CYP2C19 were reduced by about one
third in human liver microsomes, using an unphysiologically high concentration of 100 pM
dienogest.

¢ The results indicate that at clinically relevant concentrations diencgest does not inhibit
CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and CYP3A4.

Reviewer’'s comment: This study was conducted to identify the metabolic pathways of DNG and drug
interaction potentials in vitro and was not reviewed in detail. Although DNG did not show CYP 344 inhibition
in vitro, the Sponsor conducted clinical DDI studies based on the fact that CYP 344 was identified as the major
metabolic pathway. Although with 100 uM DNG the metabolism of tolbutamide (CYP 2C9) and S-mephenytoin
(CYP 2C19) was reduced to values of 69% and 63%, respectively, of the reference samples, DNG at lower
concentrations (i.e., < 20 uM) did not show any inhibition. According to the Sponsor’s experience with
Kimodien (2 mg EV/2 mg DNG, marketed in the EU), C,,, following a daily dose at steady-state was determined
to be 0.21 uM. Therefore, this would not be a concern at lower concentrations that would be closer to the
clinical dose.
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A.1.13. Investigation of Dosing regimen for EV/DNG

Summary of EV/DNG Dosing Regimen I nvestigation

Study No: Studies A00984, B690, A24194, AZ94, A14191, and A25364
Phase: Phases 2 and 3
SUMMARY

As DNG showed no anti-estrogenic activity (Oettel et al., 1995), Sponsor selected DNG as the progestin
component of this product hoping to reduce the bleeding irregularities (Hoffmann et a/., 1998). As mono-phasic
EV/progestin or E2/progestin regimens provided sufficient ovulation suppression, but did not provide sufficient
bleeding control, the Sponsor took the approach to modify the dosing regimen. In the clinical development of
this product, several different dosing regimens and strengths were explored.

First approach regimen (used in Studies A00984, B690, A24194, and AZ94):
This regimen, the first approach extensively tested in the clinical development program, failed in the evaluation
of the PI due to an unacceptable number of pregnancies. In a multi-center, open labeled, uncontrolled study
(Study AZ94) to investigate the efficacy and safety of a 4-phasic oral contraceptive SH T 658 I containing EV
and DNG over 20 cycles in 1,600 healthy female volunteers, an unacceptable unadjusted PI of 5.3 was obtained
when DNG dose was decreased using the following regimen:

e Cycle Days 1-3:EV 3 mg

e Cycle Days 4-7: EV 2 mg + DNG 1 mg
e Cycle Days 8-23: EV 2 mg and DNG 2 mg
e Cycle Days 24-25: EV 1 mg
e Cycle Days 26-28: placebo
Table A-13-1: Pearl Index obtained in the full-analysis set (FAS) population (Study AZ94)
Patient set / Mo. of Mo. of cycles MNo. of No. of
subset cycles with back-up pregnancies Pearl Index pregnancies Pearl Index
contraception after start of . due to -
study Unadjusted subject Adjusted
medication failure
Total 12,125 342 48 53 9 4.3
= 29 years of age 5,563 192 23 5.6 5 4.4
> 20 years 6,562 150 25 5.1 4 4.3

Study AZ94 clearly shows that when insufficient DNG dose is given efficacy can be significantly affected. Asa
consequence, the regimen was modified by replacing 1 tablet containing 3 mg EV and 1 placebo tablet by 2
combination tablets, resulting in the ‘modified regimen’.

Modified regimen (used in Study A14191)

In this regimen, 1 tablet containing 3 mg EV was replaced by 1 tablet_containing 2 mg EV/1 mg DNG on Day 3
and 1 placebo tablet was replaced by 1 tablet containing 2 mg EV/2 mg DNG in order to extend the combination
phase. This regimen did show acceptable tolerability and safety, but the percentage of women who ovulated per
cycle was not acceptable by the Sponsor. As a consequence, the regimen was modified a second_time by
increasing the DNG dose, which led to 2 dose-increased regimens with different DNG dosages (‘EV/DNG’ and
‘DNG-increased regimen’).

EV/DNG and DNG-increased regimen (study A25364)

Both of these dose-increased regimens (‘EV/DNG’ and ‘DNG-increased regimen’) provided effective ovulation
inhibition. In the ‘DNG-increased regimen’, the DNG dosage is increased by 2 mg DNG, to 3 mg on Days 3 to
7, and thereafter to 4 mg on Days 8 to 24 of the cycle. This regimen was tested in comparison to the ‘EV/DNG
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regimen’. Due to the effective ovulation inhibition from the ‘EV/DNG regimen’ with lower dosages of DNG,
this regimen was pursued for further clinical development.

The study designs and dosing regimens are summarized in Table A-13-2 below.

Table A-13-2: Overview of Clinical Phase 2/3 studies investigating different dosing regimens of EV/DNG

Study Main study Study design | Treatment regimen Alxin inchysion criferia Duration of Number of freated
{protocol mo) | objective treatment (cyeles) |women
Fhase
Al02z4 Ormmalation Single-center, | “First Healthy women batwasn 3 n
(ITOEE) inhibition oper. da 19 and 33 years of age
phasa 2 vnconmolled. |da {mene. 30 if smokers; limdt:
:’jr.ns-a-E 1-amm da 10 cigareties day), regular
aj:cm-:ijl:g to the 3 ovulatory cycles
stady protocel)
B490 Cyele conmol | Muldcenter, | “First approach regimen’ with Healthy women betwasn 6 121
(71T double-blind, |2 different EV doses 18 and £0 years of agze (reatment A: 111 women;
hasa 3 rapdonyized, without coptraindications treatment B- 110 women)
phase = coamolled ImgEV for us= of combinad
2mgEV =+ 1 mg DNG |estrogen/'progestn OCs
2 mg EV = 2 mz DNG
1mg EV
placebo
2 mg EV
1mz EV = 1 mz DNG
1 mz EV = 2 mz DNG
0.5 mg EV
placebo
Study Main study  |Stody design | Treatment regimen Main inclusion criteria | Duration of Number of treated
(protecol no)  |objective treatment {(cycles) [ women
FPhase
Addlod Cortra-ceptive |Multicemter, | “First approach regimen’ with Hzalthy woren 12 to 5 159
(TREOLSS5) efficacy amd  |open, 2 different progestins (DNG and 40 years of age with (treatment A 100 women;
ghasa 13 cycle control  |mndomdzed. | desogestrel [DSG]) normal evulacary cycles meatment B: 98 women)
prE = confralled Treatment A fulfilling the critera far OC
days 1w 3 Img EV e
daysdto T 2mg BV + 1 mz DNG
days8t023: 2mgEV+1mgDNG
days M 1025 lmgEV
days 26 1025:  placebo
Treatment B
yilmd: Img EV
daysdw T 2mg EV=01mg
DG
days8t023: 2mgEV-+
0.15mg DSG
days 241025 lmgEV
days 26 102%:  placebo
ATR Paarl Index  |Multcemter, | “First approach regimen’ Healthy women between | planped: 20; 1779
{F8102 open, vilmd: Img EV (Austria 199 and 30 actual maxinmm
ohasa 3 wmcenmolled |days4to T 2mg BV = 1 mz ONG | years (inchesive) of age, duration: 14 cycles
pabE s days8t0 23 2mg EV+1mg DNG kers up to the agz of 29
5 1lmgEV 2, requining
placebe CoRTACEpion
Stody Main study | Study design | Treatment regimen Main inclusion criteria | Duration of Number of treated
(profocolmo.)  |objective treatment (cycles) | women
Phaze
Ald19l Owalation | Multicenter, ‘First approach regimen” Healthy womer 15 to T oyeles: thind 182
(3054=4 inhibition apen-label days Lo 3: ImgEV 35 years of age inclusive  |Tediment cicle (6 women each groug)
hasa ] days 410 T: Img EV + 1 mg DNG requesting contraception, |y foT Women
phase 2 days St I mp EV + 1 mp DNG smokers up to 30 vears,  |WHRaDon-
days w25 1meEV with follicular diamater  |persisting follicle-
days 25w 28 placebo = 15 e at visit § or an ke
Modified resimen’ abserved ondation HL'JJ‘:EDHEie i
days 1o 2: Img EV - s
days 3t T: Imp EV + | mg DNG
days 8 1o 24 Img EV + 1 mg DNG
days 25 w26 1 megEV
days 17w 28 placebo
ALE364 Crenlation Mlulticentar, ‘EV/DNG tablets® [1] Healthy women raquesting |3 203
(3073000 inhibition ap=n-lael P — - ) contraception, 18 to (EV/DNG:
ohasa randomized, d]illgﬁi—;ou_lr.eased fi?nmg]- 33 years of age tmclusive, 1040 women;
e carpanaive d= it .y :'I - BV 3 me ONG spapkers up to 30 vaars ‘DN G-incraazed
snady d;ﬁ Bmle 1 ﬂ; V-4 & DG |(ocusive), wit follicle rezimen’: 103 womex)
days25t026 lmgEV for 2 15 om at visit
dys 71028 placsbo 4 or an obzemved ovulation

[1] In study -A-2-5364., the dose of 2 mé-EV and 3 hlg DNG (i.e'. third phzis-e of the regimén) was é&rﬂiniéteréd-f)y 2 tablets: 1 film-coated tablet containing 2
mg EV and 1 mg DNG and 1 tablet containing 2 mg DNG
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Reviewer’s Comment:

Sponsor’s effort in early development of dosing regimen is described in Hoffmann et al., 1998. The proposed 4-
phasic sequential regimen is aimed at ensuring sufficient estrogen concentrations in the first half of the cycle,
the period during which endometrial proliferation is promoted under the influence of estrogens, as estrogen
levels are low at the beginning of the follicular phase. The start out of a 3 mg EV only treatment for 2 days is in
line with this goal.

In Study B690, it was demonstrated that 2 mg EV are necessary for effective ovulation inhibition and sufficient
cycle control. In Studies, AZ94, A00984, and A14191, it was found that a DNG dose of 2-3 mg/day was found to
be necessary to sufficiently inhibit ovulation and provide contraceptive reliability. In Study A25364, the TBM
dosing regimen was found to provide effective ovulation inhibition as the lowest effective dose of DNG and was
selected for further clinical development.

Due to the fact that the dose was decided based on the clinical efficacy end point, ovulation inhibition, these
studies exploring different dosing regimens and strengths were not reviewed in detail by this reviewer.
However, per clinical reviewer, Dr. Gerald Willett, the outcomes of the Phase 3 clinical studies with the
proposed 4-phasic EV/DNG dosing regimen supports the safety and efficacy for the contraception indication.
Therefore, the proposed dosing regimen and strength is found to be acceptable.
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A.1.14. Study AQ7769

Open-label, Randomized, Two-way Crossover Study to Assess the Effect of Dienogest on Estradiol
Valerate Pharmacokinetics After Single Oral Administration of Two Different Microcrystalline
Suspensions Containing 4 mg Estradiol Valerate or 4 mg Estradiol Valerate + 4 mg Dienogest in 24

Healthy Postmenopausal Volunteers

Protocol No:

Phase:

Principal Investigator:
Clinical Study Center:
Clinical Study Dates:
Analytical Study Facility:
Analytical Study Dates:

A07769
1
Dr. B. Schiitt
Clinical Pharmacology, Schering AG, Berlin, Germany
June 2002 - October 2002
®@ Schering Oy, Finland (DNG)
August 2006 - January 2007

STUDY SYNOPSIS

Name of finished product:

Name of active ingredient:

estradicl valerate (E2val). dienogest (DING)

Title of study:

Open-label. randomized. two-way crossover study to assess the effect of dienogest
on estradicl valerate pharmacokinetics after single oral admimnistration of two
different microcrystalline suspensicons contaiming 4 mg estradiol valerate or 4 mg
estradicl valerate + 4 mg diencgest in 24 healthy postmenopansal volunteers

Investigator(s):

Dyr. B. Schiitt (Study Manager), Dr. B Maibauver, Dr. 5. Penz

Study center{s):

Ome (Clindcal Pharmacology Schering. 13342 Berlin)

Publication (reference): MN/A
Study period (years) date of first Jan 2002 Clinical phase:
enrollment:
date of last Oct 2002 I
completion:
Objectives: To compare the pharmacolanetics of estradic] after adounistration of only E2wval
and EXval + DNG
Methodology: Cellection of blood samples from 48 h before until up to 72 hours after application:

Blood sampling times: 48h -24h -12h -05h 20min 40min 1h 1.5h 2h 3
ho4h 6h Bh 12h 16k 240 36 48h 721

Determunation of serum levels of estradiol, estrone, estrone sulfate vsing validated
gas chromategraphyv/mass spectometry methods and of DNG using a validated
radicimmunoassay

Total number of subjects
(planned and analyvzed):

Planned: 24, Analyzed: 24

Diagnosis and main
criteria for inclusion:

Healthy postmenopausal woman aged 50-75 vears.
follicle stimmlating hormone =40 TU/L, estradiol < 10 pg/imil

Test product:

dose:

mode of administration:
batch number:

Microcrystalline suspension confaining estradiol and DING (SH PO0651E)
4 mg E2val and 4 mg DING

Oral

040502

Duration of treatment:

zingle administration

Reference therapy:
dose:

mode of administration:
batch number:

Microcrystalline suspension containing E2val (SH POOG61A)
4 mg E2val

Oral

050602

Duration of treatment:

single admimstration

Criteria for evaluation:
Efficacy:

Safety:
Pharmacolinetics:

Pharmacodynamics:

MN/A

adverse events, laboratory parameters (screening and follow-up)

Primary variable: area under the dmg concentration versus fume curve from
administration to the last measurement time point at which the concentration was
above the lower linit of quantification (ATTC{0-tlast)) of estradiol

Secondary variables: variables for estradicl, estrone, estrone sulfate and DNG
MN/A

Statistical methods:

descriptive statistics, analysis of variance for the primary variable, 90%-confidence
interval of the difference of the logarithms of ATUC (0-tlast) between treatment test
and treatment reference
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Summaryv/conclusions:
Efficacy results:

N/A

Safety results:

In total, 45 adverse events were observed in 19 out of 24 volunteers (79.2%): 21 AFs in 10 volunteers
with SH PODGOLA (4 mg E2val, reference) and 24 AFEs in 14 volunteers with
SHPO0G661E (4 mg E2val + 4mg DNG, test).

There were no deaths and no serious adverse events.

All AFs had a mild or moderate intensity. None of the volunteers experienced symptoms with a severe
intensity.

The HARTS codes of the adverse events headache (N=17: § tumes with 5SH PO0661A and 11 times with
SH PO0G61B), injection site hemorrthage (N=7: 3 times with 5H PO0G61A and 4 times with SH PO0&51E)
and injection site pain (N=3: 2 times with SH PO0GS1A and once with 5H PO0661B) were reported more
than twice. Of these, only the symptom headache was assessed as being related (possibly, probably or
definitely) to the treatment administered.

The laboratory parameters evaluated before and after the treatment penod included semm chenustry
{measuring hepatic and renal functions; electrolytes; proteins, ferntin), hematology, hemostasis and
urinalysis. Clinically relevant laboratory changes / abnormalities were found in § volunteers. None of
these findings were of a serious or severe nature. Follow-up values showed improvement, either
approaching or reaching the reference range by the end of the follow-up phase.

Pharmacokinetic/pharmacodynamic results:
Pharmacodynanics: N/A

The pharmacolanetic parameters of estradiol and estrone were determined affer single oral administration
of two different mucrocrystalline suspensions containing 4 mg F2val or 4 mg E2val + 4 mg DING 1n
healthy postmenopausal women. For DNG the pharmacokinetic parameters were determined after single
oral administration of a microcrystalline suspension containing 4 mg E2val = 4 mg DNG.
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Pharmacokinetic/pharmacodynamic results (contd):

The results are summarized in the following table. Values are given as geometric means followed by the
geometric coefficients of variation (CV) in parentheses. An exception 15 made for ty,,. where the median

and the range in parentheses are provided.

Mean pharmacokinetic parameters of estradiol, estrone and DNG after single oral administration of two
different microcrystalline suspensions containing 4 mg E2val (reference) or 4 mg E3val + 4 mg DNG (test) in
healthy postmenopausal women. (n = 24 per group).

Analyte ATC{0-tyer) AUC tyz [h]
! Treatment | Cg.; fmL tmaz [ . .
[pg/mL] [h] [pgxh/mL] [pgxh/mL]
test S6.6(32.7% 6il1-24 1644 (33.3% - -
Estradiol = ' ) ( ) ( )
reference 602 (40.4%) T(0.67-16) 1537 (67.4%) - -
5 o 12 2521 - -
Eetrons test 450 (33 .8%) 613-12) 10192 (52.1%)
reference 404 (47 .7%) 613-12) 0149 (60.3%) - -
.m}‘t? : . .{L_CEU—':I::I::' AUC t1n [].1]
Treatment | Cp,, [ng/mL] tmsx [h] [n;xl].." ml ] [n;xll.." mL]
DNG test 94 6(16.5%) 1{0.67-2) 1090 (20.1%) 1109 (21.0%) | 10.9 (25.5%)
Co = maximum concentration
- = time to reach Cmax
AUC0-t10 = area under the concentration-fime curve up to the last data pomnt
f12 = tarmninal half-life
AUC = area under the concentration-fime curve up to mfnity

Comparable pharmacokinetic parameters for both estradiol and estrone were obtained with the two
treatments. The mean ratio of the area under the estradiol (E2) concentration time curve from
administration to the last concentration measurement (ATTC{0-1;,..)) for the test (4 mg E2val + 4 mg DNG)
versus the reference (4 mg E2val ) treatment was 106.90% with 90% confidence interval of 95.70% to
119.62%.

For estrone sulfate, the AUC(0-72h) was determined in pooled semm samples. The mean ATUC(0-72h) of
estrone sulfate was slightly higher in the test treatment (309548 pg/mLxh) compared to the reference
treatment (270288 pg/mlxh).

Conclusions:

Single dose administrations of a microcrystalline suspension containing 4 mg E2val and 4 mg DNG
(SHPO0S61B, test) and a microcrystalline suspension containing 4 mg E2val (SH PO0OGG1A, reference)
were well tolerated by the postmenopausal female volunteers examined in this study.

Equivalence between the test and the reference treatment was concluded (90% CT=(95.70%, 119.62%)).

Thus, co-administration of DNG was demonstrated to have no clinically relevant impact on the
pharmacokinetics of estradiol valerate.

Reviewer’s comment: Combined administration of EV 4 mg together with DNG 4 mg has no effect on EV 4 mg
PK (Study A07769). The Division has agreed that no additional DDI studies are required to investigate the
potential drug interactions between DNG and EV. Reference is made to the minutes of the pre-IND meeting
held on March 17, 2004.
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A.1.15. Study AR34

Bioeguivalence of Dienogest (DNG) as a Single Substance vs. Dienogest in Combination with Estradiol

Valerate (EV) After Single Administration in Healthy, Postmenopausai Women

Protocol No:

Phase:

Principal Investigator:

Clinical
Clinical

Study Center:
Study Dates:

Analytical Study Facility:

AR34

1

Dr. R. Maibauer

Clinical Pharmacology, Schering AG, Berlin, Germany

June 1997 — July 1997
(b) (4

STUDY SYNOPSIS

S

Harme ol finshed produact:

Mame of active ingredienis:

dienogest (DNG), estradio! valerate (EV)

Tilla of study:

Bicequivalence of OMNG as a single substance ve. DNG in combination
with EV aftar single administration in healthy, postmanopausal women

invastigalor(s):

Dr. B. Maibauer, B. Schit

Sludy center(s);

1 canter in Garmany

Pubficalion (reference):

none

Shediec pericd {ysarsh

gate of last complationd Jul. a7

date of frst enrcllfnent

Jun. 87 Lﬂlinica! phase:
i

Objeciives: Biceqguivaience of DNG given as a single subsiancs in comparison to
DMNG given as a fixed combination with EV
MEmE000Y: opan-label, randomized (order of treatments), intraindividual comparison,

double crossover with 2 single administrations at an interval of 1 week

Total number of subjects
{planned and analyzed):

planned: 16, analyzed: 16

Diagnosis and main crilemks

Healthy postmenopausal women, ags 45 - 75 years, F3H = 50 W/

for inchusion:

Test produst: DG

dosa: 2 mg per tablet

made of adminisiralion: oral

patch number: EG0497

Dwration of treatment: Singla administration

Reference tharapy: DMNG + EV

dosa: 2 mg DNG + 2 myg EV per coated tablst
mode of adrnirisiration: oral

taich number B1001

Coriteria for evalwation:
EMficacy:

Safety:

Pharmacokinetics
(If Bppropriate):

E: Frhammacodynamics
| (i approgratel:

nat applicable
Documentation of adverse evants, standard laboratory parameters (only
prestudy and poststudy examinations)

Primary variables: AUC, Cmax of DNG
Secondary variables: tmax, ti/z, AUC (O-tlast) of DNG

not applicabls

1

Statrstical methods:

Descriptive statistics, variance analysis
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Efficacy Results: not applicable
Safety Results:

In total, 27 adverse events (AEs) were reporied for 12 out of 18 volunteers, Of thess, 12
events were assessad as being refated to the study drug and 15 events as not related to the
study drug. Headache was the most common AE in the related category. Of thess, voluntear
10 experienced one severe headache in period 1 (DNG given as single substance) which was
assessed as possibly associated with the test proeduct. There were no sericus or significant
adverse events reported.

Regarding laboratery parameters, the cbserved deviations from the normal rangs in the
poststudy examination and from the prestudy values for each volunteer wers considered by
tha clinical trial directer 1o be of no clinical relevance.

Pharmacodynamic Results: not applicable
Pharmacokinetic Results:

The pharmacokinetic results for DNG are summarized balow:

Parameter Unit Test Reference
Crmax [modmil} 45.15 42.23
Geo-Mean

AUC(D-tazt) [R*madmi] 481.83 458 07
Geo-Mean

AUC [h=na/mil} 522.80 503,92
Gao-Mean '
tmax [R] 1.39 1.38
Arith.-Mean

tirz [h] 4.88 10.40
Aritn.- Mzan

The 30% confidence intervals calculated for the two target parameters AUC (area under the
curva) and Cmax {Mmaximum substance concentration) were within the acceptance limits for
bioequivalence. Theraefore, binequivalence was established forthe comparison of 2 mg DNG
administered alones as a tablet 1o the fixed reference formulationof 2 Mg DNG +« 2mao EV as a
coatad tablet, :

Conclusions:

The test and referance preparations ware both well tolerated. Mo serious or unexpected AEs
were raported.

Bioeguivalence was demonstrated for 2 mg DNG when given as a single substance (tablet)
compared to the fixed formulation 2 mg DNG + 2 mg EV (coated tablet). Therafore, the 2 mg
DMG monopreparation may be administered as a progestogen additive separately in
combination with the administration of 2stregen hormone replacement therapy (HRT).

TT 11: 530% confidence intervals for assessment of bicequivalence

Pharma- Anzlyte | Treatmeants Mean Lower Upper Lower Uppar Bic-

cokinetic ratio % confidance | confidence | equivalence | equivalence | equivalence

oaramstar limit %G i 1 ™ Birmit %% firmit T% criterion

AT DMNGE est vs, 1037 ov.0 111.0 80 125 fulfilled
reference

Crmax DG test ws. 106.9 100.3 114.0 o] 143 fulfilled
rafarence

Reviewer’s comment: Combined administration of DNG 2 mg together with EV 2 mg has no effect on DNG 2
mg PK. The Division has agreed that no additional DDI studies are required to investigate the potential drug
interactions between DNG and EV. Reference is made to the minutes of the pre-IND meeting held on March 17,
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A.1.16. Studies B475 and B476

PK and Biotransformation of *H-labelled DNG after Oral and 1.V. Administration of about 0.1 mg DNG

Protocol No: B475 and B476

Phase: 1

Clinical Study Center: o
Clinical Study Dates: 1979

SUMMARY

These studies were performed to investigate the PK of *H-labeled DNG. The study was performed as a single-
center, open-label study in 5 healthy women aged 30-38 yr. In the first period, the women received a gelatin
capsule containing 101.3 ug *H-labeled DNG. After 10 weeks washout, approximately 80 pg *H-labeled DNG
in (ethanol/propylengylycol/sorbitol solution) was injected IV. Blood samples were collected up to 72 h after
administration. Urine was collected in the periods from 0-6 hr, 6-12 hr, 12-24 hr, and thereafter in 24 hr periods
up to Day 5 after administration. Feces were sampled in 24 hr intervals.

In study B475, total radioactivity in plasma, whole blood, urine, and feces as well as radioactivity of the freely
extractable fraction (toluene extractable) in plasma was determined by means of LSC. The freely extractable
fraction was supposed to contain the parent compound and lipophilic metabolites. In study B476, DNG was
measured by LSC after thin layer chromatography. Mean PK parameters are summarized below.

Table A-16-1: Summary of Single Dose Pharmacokinetic Studies with *H-DNG

#Subjects HV/P1 . Mean Pharmacokinetic Parameters of DNG 2
Study/ Entered’  (Age: [""-ﬂﬁll'." Fecal
Protocol  Completed Meam:  Treatments Analyte EXCIENON  excretion
{Comny) (ME) Range) (%% of dose) (% of dose) Cmax Tmax ATUC(0-24h) AUC{0-=) TI/2
ng/ml h ngh/ml  ngl/ml h
B475/ B476 5F/SF HV (348 "HDNG 1013uz DNG 18 1 16.7 39
{Germany) 30-38)  (Gelatin capsule)
‘H-DNG 20 ug (iv. DNG 15.7 6.3
soluiion)
HDNG 1013z Total 710+643 100+11 1765514 3174+744 117218
{Gelatin capsule) radicactivity
HDNG 80 ug iv.  Total §7.9+793 127115 28744 3782454126225
solution) radicactivity

1 HV=Healthy Volmteers, P=Patients
E ziven a5 mean T standard deviation
3 within 5 days

4 Unit: b - (% of the dose /1)

The total radioactivity in whole blood and plasma showed a parallel time-course with the whole blood
concentrations lower than the plasma concentrations. The maximum plasma concentration of total and freely
extractable radioactivity occurred within 2 hr after oral administration. The AUC of the freely extractable
fraction amounted to approximately 65% of the AUC of the total radioactivity. The plasma elimination half-life
of total radioactivity was 11.7 hr after oral and 12.6 hr after IV administration, those of the freely extractable
fraction were 8.4 hr and 9 hr, respectively. The difference between the total radioactivity and the free fraction
was attributed to the hydrophilic metabolite fraction. The elimination of this fraction was considerably slower
with a terminal elimination half-life of about 19 hr after both oral and IV administration.

54% of the applied dose was already renally excreted within the first 24 hr after oral administration. Renal
excretion within 5 days amounted to 71.9% of the applied dose. After IV administration 50.8% were renally
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excreted within the first 24 hr and 67.9% within 5 days. The total excretion via feces amounted to 10.9% of the
applied dose within 5 days after oral administration and to 12.7% after [V administration. The total amount of
radioactivity excreted in urine and feces up to the 5th day amounted to 82.7% of the applied dose after oral
administration and to 80.6% after IV administration, respectively (Study B475).

The volume of distribution at steady state is 46 liters after IV administration of 84.5 pg *H-labeled DNG (Study
B476).

Reviewer’scomment: The major route of excretion was via the kidney.
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A.1.17. Study B427

Dienogest (STS557): Characterization of Binding to Different Receptor Proteinsand CBG and SHBG

Protocol No: B427

Phase: Preclinical

Clinical Study Center: O @
Clinical Study Dates: 1992

SUMMARY

Estrogen and progesterone receptor binding of DNG and other steroid hormones was determined using human
uterine cytosol. The binding to androgen receptors was determined in cytosol of castrated rats, that to
glucocorticoid receptors in livers of adrenalectomized female rats and that to mineralocorticoid receptors in
kidneys of adrenalectomized female rats. The competitor steroids were tested in concentration ranges from 10
'9.10” mol/l, the ligand concentration was 8 nmol/l. The incubation was overnight at 4°C. The resulting
binding affinities of DNG and other progestogens are presented in Table A-17-1.

Table A-17-1: Relative Binding Affinities of Dienogest in Comparison to Other Progestins for Binding to Human Uterine
Progesterone and Estradiol Receptors, Rat Glucocorticoid Receptor, Rat Kidney Mineralocorticoid Receptor and Rat
Prostate Androgen Receptor

Competitor Progesterone | Glucocorticoid Mineralocorticoid | Androgen Estrogen
Steroid receptor receptor receptor receptor receptor
*[R5020] *dexamethasone] | *[aldosterone] *[R1881] | *[estradiol]
RBA values [%]

Progesterone 30 10 100 <001 <0.1
RS5020 100 17 53 <1 <01
Gestodene 76 28 290 72 <0.1
3-Ketodeso-

gestrel 180 9.6 <0.01 9 <0.1
Levonorgestrel 250 0.95 79 33 <01
Dienogest 3.6 0.96 <0.01 0.84 <0.1

* Ligand = 100 % affinity by definition

The progesterone receptor binding of DNG was 10 times less than that of progesterone and 3.6% of the
synthetic progestogen R5020. The R5020-receptor-complex dissociated very slowly (t, = 388 min), whereas
progesterone and DNG dissociated in a much shorter time (progesterone: t,, = 74 min, DNG: t,, = 32 min). In a
Scatchard plot analysis, the dissociation constant of R5020 was 5.32 x 10” mol/l and that of DNG as ligand 1.12
x 10" mol/l, which is approximately one order of magnitude less than that measured with R5020. DNG was
practically not bound to the mineralocorticoid and to the estrogen receptor. There was a slight binding to the
androgen and the glucocorticoid receptor. Relative binding affinities of DNG towards SHBG and cortisol
binding globulin (CBG) were determined using diluted stripped human pregnancy serum or purified human
SHBG; *H-cortisol and *H-DHT were used as ligands in a final concentration of 8 nmol/l. The incubation
period was 2 hr at 4°C. The relative binding affinities of DNG and other progestogens are presented in Table A-
17-2.
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Table A-17-2: Relative Binding Affinities of DNG in Comparison to Other Progestins
for Binding to Human SHBG and CBG.

Competitor steroid Human pregnancy serum SHBG purified Human pregnancy Human pregnancy
SHBG serum, SHBG removed serum, CBG
by chromatography
RBA values (%)

Progesterone <0.1 <0.1 <0.1 53
Gestodene 65 70 <0.1 <0.1
3-keto-desogestrel 4 8 <0.1 <0.1
Levonorgestrel 45 50 <0.1 <0.1
DNG <0.1 <0.1 <0.1 <0.1
DHT 100 100 <0.1 0.6
Cortisol NM NM NM 100

NM: Not measured

In contrast to other progestogens, DNG did not bind to SHBG and CBG.
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A.1.18. Study A00560

Kinetic Experimentswith M 18575. Absor ption, Distribution, and Excretion in Ratsand Dogs

Protocol No: A00560
Phase: Preclinical

Clinical Study Center: ®) @)
Clinical Study Dates: July 7, 1993 — March 28, 1994
SUMMARY

"C-DNG with a specific activity of 6.15MBq/mg was used for the experiments, radiochemical purity was >97%.
Fresh blood plasma (anticoagulant: heparin sodium) was used for the experiments. For the separation of protein
bound DNG from unbound DNG the method of centrifugal ultra-filtration (1000 x g, 4°C, 20 min) was used.
DNG concentrations in plasma were 100, 250 and 1000 ng/ml. Blood plasma protein binding ratio of '*C-DNG
was 89.6-89.8% in female rats, 87.0-92.8% in female dogs, 90.7-92.0% in female monkeys and 93.5-94.5% in
healthy adult women.

For the determination of the blood cell to plasma distribution ratio, '*C-DNG was added to blood; the final DNG
concentration was 500 ng/ml. Fresh blood from female rats, female dogs, female monkeys, and healthy adult
women was incubated for 5, 15, and 30 min at 37°C, hematocrit value was measured, and radioactivity in blood
and blood plasma was estimated. The blood cell to plasma distribution ratio was calculateed from the
radioactivity concentration obtained in blood and blood plasma and hematocrit value. The blood plasma
reversibility ratio in vitro was 7.3-10.4% for rats, 17.8-19.7% for dogs, 14.5-16.2% for monkeys and 13.3-
15.5% for humans.
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A.1.19. Study B463

The Influence of Certostat 30 (Valette) and Minisiston on the Elimination of Nifedipine as well as the
Influence of the Progestin Dienogest and Levonorgestrel (LNG) Contained in the Two Products on the
Accumulation of Ethinyl Estrdiol

Protocol No: B463

Phase: Phase 3/4

Clinical Study Center: @
Clinical Study Dates: March 1993 - August 1993

SUMMARY

Purpose: The primary aim of the study was to examine the influence of the oral contraceptives Valette (0.03 mg
EE + 2 mg DNG) and Minisiston (0.03 mg EE + 0.125 mg LNG) on the CYP 3A4 activity by means of the
model substance nifedipine.

Design: The study was performed as a single-center, open-label, randomized, parallel-design study in healthy
young women aged 21-32 yr. 25 volunteers were included (12 received DNG+EE and 13 LNG+EE) and 23
completed the study. There were 2 drop outs, one due to pregnancy and one due to an AE (bleeding).
Each of the volunteers received a single dose of 10 mg nifedipine on Day 21 of the control cycle and on
treatment Day 21 of the treatment cycle. Serum samples for the determination of nifedipine and its major
metabolite dehydronifedipine were taken up to 23.5 hr after nifedipine intake. In the treatment cycle, the oral
contraceptives were taken over 21 days beginning on Day 4 of the menstrual cycle. The serum concentrations
of EE, DNG, and LNG were determined on Days 1 and 21 of the treatment cycle. Furthermore, the trough
levels of EE, DNG, and LNG were determined in the mornings of Days 7 and 14. Concentrations of nifedipine
and its metabolite dehydronifedipine were determined by means of a validated gas chromatography with
electron capture detector (GC-ECD). DNG, EE, and LNG were determined by means of validated RIAs, for the
determination of EE in the presence of LNG a HPLC separation was performed before the RIA.
Target variables were:

e AUC (0-23.5 h) for nifedipine and dehydronifedipine

e AUC (0-24 h) for DNG, LNG, and EE,

° Cmax, Cmina CL, MRT, Tinaxs and ty,.

Results: The clinical and laboratory tolerability during the study was acceptable. No SAEs were reported, no

clinically significant laboratory anomaly was observed. The most frequent AEs were headache, breast
tenderness and nausea.

AUC(0-20), Cpax, and CL, of nifedipine remained unchanged with co-administration of EE/DNG.

Table A-19-1: Statistic Comparison of PK Parameters (Nifedipine alone vs. EE/DNG + Nifedipine)

Analyte Parameter Mean Ratio (%)
Nifedipine Crax 97.9
AUC(0-00) 97.6
CL 101.8

Reviewer’'s comment: This study with DNG in combination with EE was performed for the development of an
oral contraceptive containing 2 mg DNG and 0.03 mg EE. The study was performed in 1993 according to EC-
GCP and therefore, is not complete to today’s expectation level of a clinical study in the US and 90% Cls were
not reported. Co-administration of EE/DNG did not result in changes of AUC(0-es), C,., and CL,, of
nifedipine. Therefore, it can be concluded that Co-administration of 0.03 mg EE/2 mg DNG has no effect on 10
mg nifedopine PK
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A.2. Clinical Pharmacology Filing Memo

New Drug Application Filing and Review Form

Office of Clinical Pharmacology

General Information Abou

the Submiszion

Information

Information

NDA Number 22-252 Brand Name Qlaira

OCP Division DCP3 Generic Name Estradiol Valerate /
Dienogest

Medical Division DRUP Drug Class Combination oral
contraceptive (COC)

OCP Reviewer Chongwoo Yu, Ph.D Indication(s) Primary: prevention of

pregnancy

Secondary: treatment of
heavy and/or prolonged
menstrual bleeding

OCP Team Leader

Myong Jin Kim, Pharm. D.

Dosage Form

Immediate release (IR)
film-coated tablets

Secondary Reviewer

Myong Jin Kim, Pharm. D.

Dosing Regimen

Once daily 4-phasic (plus
placebo phase), 28 day,
sequential regimen

Date of Submission

July 2, 2009

Route of Administration

Oral

Estimated Due Date of OCP Review

March 2, 2010

Sponsor

Bayer Healthcare
Pharmaceuticals

PDUFA Due Date

May 2, 2010

Priority Classification

Standard

Division Due Date

April 11, 2010

Clin. Pharm. and Biopharm. Information
At included Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed
STUDY TYPE
Table of Contents present and sufficient to A
locate reports, tables, data, etc.
Tabular Listing of All Human Studies X
HPK Summary b4
Labeling b
Reference Bioanalytical and Analytical b 4 B472, A12603, A2T0ED, A2T059
Methods
I. Clinical Pharmacology
Mass balance: X 3 5475 B476 _B475
Ispzyme characterization: X 1 ADDEBO
Bloodiplasma ratio: X 1 AD0SED
Plasma protein binding: b 1 AD0580
Pharmacokinetics (e.g., Phase ) -
Healthy Volunteors-
single dose:
multiple doss: X 4 A25711, B276, B471, B4T72,
Patienis-
single dose:
multiple dose:
Dose proportionality -
fasting !/ non-fasting single dose: A 1 B308
fasting / non-fasting multiple doss:
Drug-drug interaction studies -
In-wivo effects on primary drug: 2 A24058 A30020
In-vivo effects of primary drug: 3 ARZ4, ADTTES, B4B3
In-vitra: X 2 B452 ADS426
Subpopulation studies -
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ethnicity: X 1 A00681

gender:

pediatrics: NA Pediatric waiver request

geriatrics:

renal impairment:

hepatic impairment:

PD:
Phase 1: X 5 B468, AD3128, B470, AD2263, B709
Phase 2 X 3 AD0S84, A14191, A25364
Phase 3:
PKI/PD:
Phase 1 and/or 2, proof of concept: X 1 A33022

Phase 3 clinical trial:

Population Analyses -

PK:

PD:

. Biopharmaceutics

Absolute bioavailability: X 1 B501

Relative bioavailability -

solution as reference: X 2 A29972, AVBEI

alternate formulation as reference:

Bioequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies: X 2 A29143, BODS

Dissolution:

(IVIVC):

Bio-wavier request based on BCS

BCS class

lll. Other CPE Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Immunogenicity profile

Thorough QT study X 1 A35653
Literature References X 14
Total Number of Studies 52

Other comments

Comments

QBR questions (key issues to be 1. Dosing regimen
considered) 2. Drug-drug interaction potential
3. Food effect
4. Specific population
5. Thorough QT
6. Acceptability of the pediatric waiver request
7. Sufficient bioanalytical assay validation information?
8. Acceptability of the in vitro dissolution comparison between formulations
Other comments or information not 1. Given that the time course of estradiol in plasma after oral administration is
included above influenced by a large pool of circulating estrone sulfate and the back conversion

of estrone sulfate to estrone and estradiol, the Division requests the Sponsor to
add the mean PK parameters of estrone sulfate to Table 1 in Section 12.3 of
the Sponsor's proposed label.

* An Optional Inter-Division Clinical Pharmacology Briefing was held on Thursday, March 11, 2010. The attendees are as follows: C
Yu, HY Ahn, D Bashaw, MJ Kim, H Kim, D Tran, L Lee, S Cho, L Soule, G Willett, J Lazor, G Burckart, L Zhang, S Choe, ¥ Xu, L
Zhou, JE Lee, D Jappar, L Jain, A Agrawal
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Filing Memo

Clinical Pharmacology Review

NDA: 22-252

Compound: Qlaira™ (Estradiol Valerate [EV] / Dienogest [DNG])
Sponsor: Baver Healthcare Pharmaceuticals

Date: 8/14/2000

Reviewer: Chongwoo Yu, PhD.

Introduction:

This New Dmg Application (NDA) for EV and DING was submitted for the primary indication of prevention of pregnancy, and for the
secondary indication of treatment of heavy and/or prolonged menstrual bleeding in women without organic pathology who choose to use
an oral contraceptive (0C) as their method of contraception. The initial IND for this EV/DNG combined oral contraceptive (COC) was
filed under IND 64,809 on November 17, 2004 for the indication of prevention of pregnancy. Subsequently, INDL  ®) @) was submitted
on () (@) for the treatment of dysfunctional uterine bleeding (DUB) in women desiring oral contraception.

The investigational product contains the two active substances, EV and DNG 1n combination or EV alone in a sequential application
regimen, consisiing of 4 phases with active tablets and one placebo phase. A blister pack of EV/DNG (28 film-coated tablets) confains
1n the following order:

Cyele Days 1-2: EV 3 mg (dark vellow tablets)

Cycle Days 3-7: EV 2 mg + DNG 2 mg (medium red tablets)

Cycle Days 8-24: EV 2 mg and DNG 3 mg (light vellow tablets)

Cyele Days 25-26: EV 1 mg (dark red tablets)

Cyele Days 27-28: placebo {white tablets)
One film-coated tablet is to be taken daily for 28 consecutive days.

The investigational product 'le'.rzan'I contains EV as estrogen component instead of ethinyl estradiol (EE). After intake, EV is rapidly
hydrolyzed presystemically into 17B-estradiol, which is the major natural estrogen in humans. and valeric acid. Currently, EV is
approved only as an injectable product (Delestrogen™) in the US (NDA 09-402, approved on July 15, 1954). The progestogenic
component of Qlaira™. the 19-norprogestin DNG. is currently marketed in combination with EE as combined oral contraceptive (COC;

such as Valerte™) and in combination with EV as hormonal therapy (HT) such as Climodien® 2/2 in several European and non-European

countries. DNG is considered to be an new molecular entity (NME) in the US.

Qlaira™ will provide the first COC containing EV instead of EE in the US. The Qlaira™ tablets are currently approved for marketing m
26 European Union Member Countries (initial approval on November 3. 2008) and Australia for the indication prevention of pregnancy.
Intreduction inte the market under the trade name Qlaira™ occurred in May 2000 in some of these countries. Another DNG-containing
COC (with EE) was initially approved on February 14, 1995 in Germany under the trade name Valette”. This product has subsequently
been approved in 36 countries and is marketed in 20 countries. In all countries except Australia, it 1s marketed as 21 tablets containing
EE 003 mg and DNG 2 mg (7 of 28 days are tablet-free); in Australia 1t 15 marketed as 21 active tablets plus 7 placebo tablets. EV
and/or DG are also marketed for indications other than the prevention of pregnancy (e.g., Climodien™: EV 2 mg / DNG 2 mg, 28
tablets) outside of US.

The clinical development program of combined EV and DNG for OC has led to a regimen consisting of 4 active phases, each phase
containing different doses of EV, etther alone or in combmation with different doses of DNG. This sequence is followed by 2 davs with
placebo tablets. The 4-phasic sequential regimen 15 ammed af ensuring sufficient estrogen levels in the first half of the cycle, the period
during which endometnial proliferation is promoted under the mnfluence of estrogens. In an extensive dose-finding process. it was
decided by the Sponsor that a step-up combination of 5 days with EV 2 mg / DNG 2 mg followed by 17 days with EV 2 mg / DNG 3 mg
15 the lowest possible combination able to provide sufficient ovulaton inhibition. The Sponser beleves that 'le'.ram provides
endometrial stability and subsequently better cycle control compared to monophasic approaches can be obtained.

Sponsor’s submission of proof of the clinical efficacy of Qlaira™ is based on the low number of pregnancies in 3 large clinical Phase 3
studies, 1.e., Smdies A39818 in North America and A35179 in Europe (pivotal Pearl Index studies) and A35644 (pivotal with regard to
bleeding patterns and cycle control). Two pivotal Phase 3, double-blinded, placebo-controlled clinical studies (Studses A29849 in US
and Canada and A42568 in Europe and Australia) were conducted to demonstrate the efficacy and safety for treating swvmptoms of DUB.
The follo&fmg Table gives an overview of the studies as part of the climical pharmacology and biopharmaceutics development program
of Qlaira .
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Srady Na.
Location

Shorr ritls

Volunresrs
inchided’
complered

Alain abjecrive

Bicavailability (BA) study reports

ATOSTR Eelative bipavailability EV/DING mablatz vs. suspension | 3635 pm ralative BA
53.1.1 A3G0TD
AZ9143 7 Food affect smdy with 2 mg EV /3 mgz DG rahlets IR pm FK (effact of food)
5.3.1.1 A20143
BOOE Food affect sdy with DING tablas 2412 vm. | PE (effact of food)
5.3.1.1 BOME
B301/ Abzolute bioavailability of DNG 2310 y.m FPEK (abzal BA)
5.3.1.1 B5Q]
AVED § Felativa broavailabihity of Climadien 202 and I19/18 pm. | FE(relative BA]
5.3.1.1 AVES Climodien /3
Healthy voluntesr pharmacokinstics (PK) and inital tolerahility study reports
A25T1 Multiple dose PE study with EV/DNG tablets 18/16 v.£ PE {multiple dozing)
T3 257
PE of *H-labelled DNG after ozal and iv. 55y £ PHE (blood, plasma, urine,
admmittration of about 0.1 mg DNG facas)
PE of *H-labelled DNG after oral administration of 66 v.L PE {plazma, urine, feces,
0.1 mgke meiabalite profile)
Investization on dose ineanty of DING PE 1412 v £ PH {dose linearity)
Tolerability after single dosez of 0.5 and 2 me DNG 19719 v £ Tolerability single doze
PE of DNG 2 mg after single and multiple dosizg 16/ld vi | PEisingle and wultiple
dasing)
PE of Climodien 23 (2 mg EV + § me DMNG) after 16/15 pom. le and mwultipls
singla snd multipls dosmg
PHE of Clhimodi=n 22 (2 mz EV + 2 mzx DMNG) after 16/15 pam. le and wultpls

single :nd multiple dosing

*pre-Good Clini
(3333 ADOSE
DN and 13 L1

cal Practice (GCPY study, "not all voluntesrs i thess studi
1, 18 volmtaers received DING and 6 placeba; insmdy B4

e3 received DD

MG (o study ADIGEL

63 (133 4 B463), 12 voluntears received

G m ostudy BA6E (5.3.4.1 B468) (mancformation doza), 32 velmteers recarved DING and 12 LG
v. = young, £ = female, m. = male, p.m. = postmenapansal

Study No. Short title Veolanteers | AMoin objective
Laocation included!

completed

Patient PK and inital tolerability study reports

Bdso* Tolarability of DN G in 24 endometrial cancer patients | 2424 £ Tolerability (21 davs of
33325469 (mean age: | treatmeent |

60)
AD4431 0 Effactivenass and tolarability of 20 mz DG per day 2021 v.f. Tolerability mulapls dose
5332 A0443] | over 24 weeks in the treatment of sndomatnioss

Intrinsic factor PE study reports

ADDERL S Tolerability and FE of a z:ingle o1el dose of DING in 2424 v £% | Tolerability, PE (plasma,

5333 AD0ARL

haalthy ad

1t Tapanasa famalas

(Tapanasza)

urine)

Extrinzic factor PKE study repor

ts

5.3.3.4 A30020

eryiuomycin

Effect of EV on DG FE 1616 p.m. | PE (interaction)

Effact of DNG om EV PK 1424 pm. | PK{mteraction)

Diruz-drug interactioa (DDI) study with CTP 344 1616 pan. | steady state PE (unzle and

mdusar — rifampisin mmltiple dosmg, mtaraction)
30020 DD study with CYP 344 inhibitors — ketoconazels and | 24724 pom. | steady state FE (single and

wnltiple dosing, interaction)

5.3.3.4 B4e3

-

Influence of 0.03 mg EE + 2 mg DIMNG and 0,03 mg
+ 0125 mg lavenorgastrel (LNG) on mifedipima PE

25723 y.£F

PE {simgle and multiple
danng, mteraction)

Healthy volunteer pharmacodynamics and pharmacokinetics / pharmacodyoamics study reports

B4sg* Determination of antigonadotropic activity and 21721 v.£ FD{antizonadotropic
5341 B48 tramsformation dosa of DG and afunt

44/44 pm.” | endometrial effect)
AD3I1I2E S Determination of the nansformation dose of DNG 403% pm. | PD (endometrial effect)
5341 A031
B470 / Datarmumation of tha svulation mkbetion dose of DG | 2271 3 f PD {ovulation mhibition)
53 E 7
ADI2ERT Pulzation pattern of zonadotropin secietion under DNG | 1515 v £ PD i antizonadotropic

5341 AD2263

and DNG +~ EE

affect)

*pye-Crond Clinical Practice (GOP) study, "not all walunteers in thess studies
006EL), 18 volmteers received DING and § placebo; instudy B463

333a

cerved [

MG (m study A00RE]

3.2.4 B463), 12 voluntesrs raceived

DING and 13 LMNG; in study B46E (5.3.4.1 B468) (fansformation dose), 32 volhmteers recetved DING and 12 LNG
v. = young, f = famala, m = mals, p.m. = postmenapanzal
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Smdy Wo. / Short tils Volunears | Main objective
Location included’
completed
Healthy volunteer pharmacodynamic: and pharmacohinetics / pharmacodynamics study reports (cont"d)
ADDgR4 /S Tnhibation of orvolation T - firet approach regimen 2321 y f PO {orulation inhibition)
5.3.4.1 AQGDDRI
Al4l9Lf Inhibition of ovulation IT — first approach vs. modified | 1927176 PD {evulation inhibition)
534] A1479] | regimen yf
A25364 1 Inhibation of ovalation I —EV/DNG tablets vs. DNG- | 203/183 FD (ovulation mhabition)
5341 A25364 | increassd regimen y£
A33022 ¢ Plasma lipids, hemostatic variakles and carbohydrate 5830 A PR ofElL, E2 and DING
5.34.1 A33022 | metzbolism (32 section 2.7.4)
i § 24 Effoctz on hormonasz,
PE over multple treamment eycles (described here) milyead Tiids. i
for PE {zes section 2.7.4%
A3B220f Hemostatie vanahkles (se2 section 2740 29736 Effects on hemostasis
5341 A3BMI0 (= section 2.7.4)
B709 /¢ Estrozemc effects of estradiol sulfamate in comparison (4947 pm. | PD (estrozeme zetivity of
to EE. EV and placebo different estrozens)
A35653 Thorouzgh QT study 5340 pm | Effects on cardiac
5341 A35653 1epolanzation

¥. =young, f = femzle, m = male, p.m. = postmenapaunsal

Drug Product Formulation:

Qlaira™ tablets were developed as immediate release (IR) film-coated tablets. During the clinical development program of Qlaira™. only
slight modifications of the formulation were implemented, with the final formmulation used in all pivotal, Phase 3 efficacy trials and
supporting pharmacolunetic (PK) smdies. In the Phase 2 ovulation inhibition study (Study A25364), while all other tablets of the
sequential application regimen were identical with the to-be-marketed (TBM) formulation, two tablets (1 tablet containing EV 2 mg /
DNG 1 mg [SHT00658FA] and 1 tablet containing DNG 2 mg only [SHTO06600AA]) were co-administered to achieve the EV 2 mg /
DNG 3 mg dose level of the EV/DNG regimen, which in the final EV/DNG formulation (TBM formulation: SHT00658M) is one tablet.
Per Sponser, smulanty of in vifre dissolution was demonstrated for the fablet confamnmg EV 2 mg / DNG | mg. the tablet contammng
DNG 2 mg and the final formulation containing EV 2 mg / DNG 3 mg. The Sponsor concludes that the in vitre dissolution data showed
complete and comparable dissolution of all the formulations used. The composition of the TEM film-coated tablets 1s summanzed in the
Table below:

SH T00655EA
3.000 mg

SH TO0658GA
2.000 mg

SH T00658M
2.000 mg

SH TO065SHA | SH T00G5SP
1.000 mg -

Esiradiol valerate,

D!cuog;st-

Lactose monchvdrate
Maize starch

2000 mg

3.000 mg i =

Maize starch,
pregelatinized
Povidone 23

Mapnesinm stearate
- Hypromellosel O
Macrogol 6000

Titanmum dicwsace

Fermnic oxude prgment
vellow

Fermc oxrde prgment red
Tale

Total

23.000mg | 53000 mag 83.00000 ma 230000 mg | $2.0000mg

Absorption
« EV: After oral administration, EV is completely absorbed. Cleavage to 17p estradiol and valeric acid talkes place during
absorption by the intestinal mucosa or in the course of the first liver passage. This mives rise to estradiol (E2) and its
metabolites, estrone (E1) and estrone sulfate (E1S). Per Sponser, Maximum serum E2 concentrations of 70.6 pg/mL are
reached between 1.5 and 12 hours after single ingestion of a tablet containing EV 3 mg on Day 1 (Study A25711). In g
women. the measured E2 plasma levels are a composite of the endogenous E2 and the E2 generated from Qlaira . Per
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Sponsor, during the treatment phase of EV 2 mg and DNG 3 mg, maximum and average serum E2 concentrations at steady
state are 66.0 pg/mL, and 51.6 pg/mL, respectively. Per Sponsor, stable minimum E2 concentrations were maintained
throughout the 28-day cycle and ranged from 28.7 pg/mL to 64.7 pg/mL (Study A25711).

¢  DNG: Orally adnunistered DNG 15 rapidly and almost completely absorbed. Per Sponsor, maximum serum concentrations of
80.5 ng/mL are reached at about 1 hour after single oral administration of a Qlaira™ tablet containing EV 2 mg / DNG 3 mg
(Study A29972) and bioavailability is about 91% (Study B501). The PE of DNG are dose-proportional within the dose range
of 1-8 mg (Study B304). For DNG, steady state is reached after 3 days of the same dosage of DNG 3 mg in combination with
2EV 2 mg Trough, maximum and average DNG semum concentrations at steady state are 11.8 ng/ml., 82.9 ng/ml., and 337
ag/ml., respectively (Study A25711). The mean accumulation ratio for AUC ;4 was determined to be 1.24 (Study B276).

Distribution

« EV:Inserum. 38% of E2 is bound to SHBG, 60% to albumin and 2-3% circulates in free form. E2 can slightly induce the
serum concentrations of SHBG in a dose dependent manner. Per Sponsor, on Day 21 of the treatment cycle, SHBG was
approximately 148% of the baseline, and decreased to about 141% of the baseline by the end of placebo phase, Day 28 (Study
A25711). An apparent volume of distribution of approximately 1.2 L'kg was determined after IV administration.

¢ DNG: A relatively lugh fraction (10%) of circulating DNG 15 present in the free form, with approximately 90% being bound
non-specifically to albumun. Per Sponsor, DNG does not bind to the specific transport protemns SHBG and CBG (Study B427).
The Sponsor believes that any influence on physiological transport processes for endogenous steroids is conseguently unlikely.
The volume of distribution at steady state (Vgo;) of DNG 1s 46 1 after the intravenous administration of 85 pg 3H-dienogest.

Metabolism

« EV: After oral administration, approxmmately 3% of the dose 1s directly bicavailable as E2. E2 undergoes an extensive firsi-
pass effect and a considerable part of the dose administered is already metabelized in the gastrointestinal mucosa. Together
with the pre-systemic metabolism in the liver, about 95 % of the erally administered dose becomes metabolized before entering
the systemic circulation. The main metabolites are E1 and E15.

¢ DNG: Per Sponsor, DNG is nearly completely metabolized by the known pathways of steroid metabolism (hydroxylation,
conjugation) {Studies B478 and B455), with the formation of endocrinologically mostly mnactive metabolites. The metabolites
are excrefed very quickly so that in plasma unchanged DNG is the dominating fraction (Study B478). The total clearance
following the intravenous administration of 3H-dienogest was caleulated as 5.4 L' (Study B478).

Excretion

¢  EV: The plasma half-life of circulating E2 is about 90 min  After oral administration, however, the situation differs. Because
of the large circulating poel of ES, as well as enterohepatic recirculation, the terminal half-life of E2 after oral admimistration
represents a composite parameter which is dependent on all of these processes and is in the range of about 13-20 hours. E2 and
its metabolites are mamly excreted in urine, with about 10% being excreted in the feces.

¢«  DNG: Per Sponsor, the plasma half-life of DNG 15 approximately 11 hours (Study A25711). DNG 1s excreted n the form of
metabolites which are excreted at a urinary to fecal ratio of about 3:1 after oral administration of 0.1 mg'kg. Following oral
admunistration, 42% of the dose 1s eliminated within the first 24 hours and 63% withun 6 days by renal excretion. A combined
86% of the dose 1s excreted by urine and feces after 6 days (Study B478).

Drug-Drug Interactions:

Effects of Other Drugs on Combined Hormonal Contraceptives

DNG is a substrate of cytochrome P450 (CYP) 3A4. Interactions can occur with drugs that induce CYP enzymes which can result in
increased clearance of sex hormones. The effect of the CYP 3A4 inducer rifampicin was studied in healthy postmenopausal women. Per
Sponsor, coadministration of 600 mg rifampicin daily with EV 2 mg / DNG 3 mg tablets led to significant decreases in steady state
concentrations and systemic exposures to DNG and E2 (Study A24058). CYP3A4 inhibitors may increase plasma levels of DNG. In a
study investigating the effect of CYP 3A4 inlibitors (400 mg ketoconazole daily or 1500 mg erythromycin daily). the Sponsor concludes
that steady state AUC 14 DNG and E2 plasma levels were increased (Study A30020).

Effects of Combined Hormonal Contraceptives on other Drugs

The Sponsor has submutted information/data in support of their following conclusions: i vitro studies with human CYP enzymes did not
indicate an inhibitory potential of DNG at clinically relevant concentrations (Study B482). Combined administration of DNG 2 mg
together with EV 2 mg has no effect on DNG 2 mg PK (Stdy AR34). The same holds true for EV, whereby combined administration of
EV 4 mg together with DNG 4 mg has no effect on EV 4 mg PE (Study A07769). The Division has agreed that no additional drug-dmg
interaction (DDI) studies are required to investigate the potential drug interactions between DNG and EV. Reference is made to the
munutes of the pre-IND meeting held on March 17, 2004

Specific Population and Waivers:

« Renal / hepatic impairment patients: The Sponsor has provided acceptable justification for not conducting studies in renal
and’or hepatic impaired patients for use of EV/DNG in premenopausal women. If and when approved, appropriate language
for renal and/or hepatic impairment will be included 1n the product label at the time of approval. Reference 1s made to the
letter that the Division sent to the Sponsor on June 13, 2005, The Sponser believes that no special risk for these patients is to
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be expected, because EV 15 transformed into the natural 17p-estradiol, which is also produced endogenously in the target
population and because DING 15 metabolized before excretion and its metabolites are pharmacologically inactive. Furthermore,
DNG was shown to be safe in clinical use up to doses of 20 mg/day over 6 months per Sponsor (Study A04431).

#  Liver impaired patients: No studies were performed in patients with impaired liver function because severe liver diseases are
already considered as contraindication for COCs.

*  Pediatric Study waiver request: No studies were performed in children because Qlaira™ is not indicated before menarche. The
Sponsor requests a full waiver from the requirement to submit data adequate to assess the safety and efficacy of EV and DNG
in all relevant pediatric subpopulations.

Food Effect:

Per Sponsor, PK of DNG when given as a tablet containing DNG 2 mg was not affected by concomitant intake of 2 high-fat meal (Study
BOO08). The effect of concomitant food mtake on the PK of EV and DNG was investigated in Study A29143 using the tablet contamning
EV 2 mg / DNG 3 mg, as a representative tablet of Qlaira™. The Division has agreed to this approach of using one dose (EV 2 mg /
DNG 3 mg) to be sufficient for investigation of food-effect as this tablet contains the highest amount of DNG in any of the tablets
included in Qlaira™. Reference is made to the minutes of the pre-IND meeting held on March 17, 2004, In this food effect study in
healthy postmenopausal women, the Cp,, of DNG was decreased by 28% uader fed conditions and the Cpgy of E2 was increased by 23%
while AUC values for both DNG and E2 remained unchanged. The Sponser concludes that Qlaira™ tablets can be taken without regard
to meals during all phases of the 'Qlairaﬂ'I regimen. The Sponsor believes that this is further supported by the fact that all of the clinical
trials with the Qlaira™ tablets were performed without any restrictions concerning food intake and that the clinical efficacy and safety of
the drug was demonstrated in these clinical studies. Therefore, no special recommendation concerning food intake is considered to be
necessary by Sponsor regarding the patient information. The Sponsor proposes rt(E)l (El:):llm\-'jng language on the label: (0) (4)

Thorough QT Study

In study A35653, the potential effect of Qlaira™ to delay cardiac repolarization was investigated in healthy postmenopausal women.
Placebo tablets, a fixed combination of EV 2 mg / DNG 3 mg and a supraphysiologic dose of DNG 10 mg (5 x 2 mg tablets,
SHTO0660AA) were given once-a-day over a period of 4 days. For the active treatments with DNG, no QT/QTc prelongation was
observed. As expected, the positive control moxifloxacin showed a clear QTcF prolongation from time points 30 nunutes up to 24 hours
post-treatment.

Bioanalytical Method validation:

Validated analytical methods were vsed in the in vivo studies. A radicimmunoassay (RIA) was used for the quantitation of DNG in
serum or plasma. This RIA was cross-validated vsing liquid chromatography - mass spectrometry (LC-MS). All of the PK studies
performed during the development of Qlal’raﬂ'I tablets have used the RIA method for the measurement of DNG in human serum. For the
guantitation of E2. E1, and EIS, a validated liguid chromatography — tandem mass spectrometry (LC-MS/MS) method was used.
Bioanalytical method validation reports are submiftted for review.

Recommendation:

The Office of Clinical Pharmacology/Division of Clinical Pharmaceology 3 finds that the Clinical Pharmacology section for NDA 22-252
is fileable.

Comments for the Sponsor:

«  Given that the time course of estradiol 1n plasma after oral admimstration 1s influenced by a large pool of circulating estrone
sulfate and the back conversion of estrone sulfate to estrone and estradiol, the Division requests the Sponsor to add the mean
PK parameters of estrone sulfate to Table 1 in Section 12.3 of the Sponsor’s proposed label.

Page 140 of 140



Application Submission

Type/Number Type/Number Submitter Name Product Name
NDA-22252 ORIG-1 BAYER Qlaira
HEALTHCARE
PHARMACEUTICA
LS INC

This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.

CHONGWOO YU
03/30/2010

MYONG JIN KIM
04/02/2010



CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

On initial review of the NDA/BLA application for filing:

Content Parameter Yes| No | N/A | Comment
Criteriafor Refusal to File (RTF)
1 | Has the applicant submitted bioequivalence data comparing to-be- X
marketed product(s) and those used in the pivotal clinical trials?
2 | Has the applicant provided metabolism and drug-drug interaction X
information?
3 | Has the sponsor submitted bioavailability data satisfying the CFR X
requirements?
4 | Did the sponsor submit data to allow the evaluation of the validity of the X
analytical assay?
5 | Has a rationale for dose selection been submitted?
6 | Is the clinical pharmacology and biopharmaceutics section of the NDA
organized, indexed and paginated in a manner to allow substantive review
to begin?
7 | Is the clinical pharmacology and biopharmaceutics section of the NDA X
legible so that a substantive review can begin?
8 | Is the electronic submission searchable, does it have appropriate X
hyperlinks and do the hyperlinks work?
Criteriafor Assessing Quality of an NDA (Preliminary Assessment of Quality)
Data
9 | Are the data sets, as requested during pre-submission discussions, X
submitted in the appropriate format (e.g., CDISC)?
10 | If applicable, are the pharmacogenomic data sets submitted in the X
appropriate format?
Studiesand Analyses
11 | Is the appropriate pharmacokinetic information submitted?
12 | Has the applicant made an appropriate attempt to determine reasonable X
dose individualization strategies for this product (i.e., appropriately
designed and analyzed dose-ranging or pivotal studies)?
13 | Are the appropriate exposure-response (for desired and undesired effects) X
analyses conducted and submitted as described in the Exposure-Response
guidance?
14 | Is there an adequate attempt by the applicant to use exposure-response X
relationships in order to assess the need for dose adjustments for
intrinsic/extrinsic factors that might affect the pharmacokinetic or
pharmacodynamics?
15 | Are the pediatric exclusivity studies adequately designed to demonstrate X | Pediatric waiver
effectiveness, if the drug is indeed effective? submitted
16 | Did the applicant submit all the pediatric exclusivity data, as described in x | Pediatric waiver
the WR? submitted
17 | Is there adequate information on the pharmacokinetics and exposure- X

response in the clinical pharmacology section of the label?

General




CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
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18

Are the clinical pharmacology and biopharmaceutics studies of X
appropriate design and breadth of investigation to meet basic
requirements for approvability of this product?

19

Was the translation (of study reports or other study information) from X
another language needed and provided in this submission?

ISTHE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE? _ Yes

If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and provide
comments to be sent to the Applicant.

e None

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter.

e Given that the time course of estradiol in plasma after oral administration is influenced by a large pool of

circulating estrone sulfate and the back conversion of estrone sulfate to estrone and estradiol, the Division
requests the Sponsor to add the mean PK parameters of estrone sulfate to Table 1 in Section 12.3 of the
Soonsor’s proposed label.

Chongwoo-Yw 8/14/2009
Reviewing Clinical Pharmacologist Date
Myong Jin Kim 8/14/2009

Team Leader/Supervisor Date
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Filing Memo

Clinical Pharmacology Review

NDA: 22-252

Compound: Qlaira™ (Estradiol Valerate [EV] / Dienogest [DNG])
Sponsor: Bayer Healthcare Pharmaceuticals

Date: 8/14/2009

Reviewer: Chongwoo Yu, Ph.D.

Introduction:

This New Drug Application (NDA) for EV and DNG was submitted for the primary indication of prevention of pregnancy, and for the
secondary indication of treatment of heavy and/or prolonged menstrual bleeding in women without organic pathology who choose to use
an oral contraceptive (0C) as their method of contraception. The initial IND for this EV/DNG combined oral contraceptive (COC) was
filed under IND 64,809 on November 17, 2004 for the indication of prevention of pregnancy. Subsequently, IND| ®® was submitted
on ®®@ for the treatment of dysfunctional uterine bleeding (DUB) in women desiring oral contraception.

The investigational product contains the two active substances, EV and DNG in combination or EV alone in a sequential application
regimen, consisting of 4 phases with active tablets and one placebo phase. A blister pack of EV/DNG (28 film-coated tablets) contains in
the following order:

Cycle Days 1-2: EV 3 mg (dark yellow tablets)

Cycle Days 3-7: EV 2 mg + DNG 2 mg (medium red tablets)

Cycle Days 8-24: EV 2 mg and DNG 3 mg (light yellow tablets)

Cycle Days 25-26: EV 1 mg (dark red tablets)

Cycle Days 27-28: placebo (white tablets)
One film-coated tablet is to be taken daily for 28 consecutive days.

The investigational product Qlaira” contains EV as estrogen component instead of ethinyl estradiol (EE). After intake, EV is rapidly
hydrolyzed presystemically into 17B-estradiol, which is the major natural estrogen in humans, and valeric acid. Currently, EV is
approved only as an injectable product (Delestrogen®) in the US (NDA 09-402, approved on July 15, 1954). The progestogenic
component of Qlaira™, the 19-norprogestin DNG, is currently marketed in combination with EE as combined oral contraceptive (COC;
such as Valette™) and in combination with EV as hormonal therapy (HT) such as Climodien®™ 2/2 in several European and non-European
countries. DNG is considered to be an new molecular entity (NME) in the US.

Qlaira™ will provide the first COC containing EV instead of EE in the US. The Qlaira™ tablets are currently approved for marketing in
26 European Union Member Countries (initial approval on November 3, 2008) and Australia for the indication prevention of pregnancy.
Introduction into the market under the trade name Qlaira® occurred in May 2009 in some of these countries. Another DNG-containing
COC (with EE) was initially approved on February 14, 1995 in Germany under the trade name Valette®. This product has subsequently
been approved in 36 countries and is marketed in 20 countries. In all countries except Australia, it is marketed as 21 tablets containing
EE 0.03 mg and DNG 2 mg (7 of 28 days are tablet-free); in Australia it is marketed as 21 active tablets plus 7 placebo tablets. EV
and/or DGN are also marketed for indications other than the prevention of pregnancy (e.g., Climodien®: EV 2 mg / DNG 2 mg, 28
tablets) outside of US.

The clinical development program of combined EV and DNG for OC has led to a regimen consisting of 4 active phases, each phase
containing different doses of EV, either alone or in combination with different doses of DNG. This sequence is followed by 2 days with
placebo tablets. The 4-phasic sequential regimen is aimed at ensuring sufficient estrogen levels in the first half of the cycle, the period
during which endometrial proliferation is promoted under the influence of estrogens. In an extensive dose-finding process, it was
decided by the Sponsor that a step-up combination of 5 days with EV 2 mg / DNG 2 mg followed by 17 days with EV 2 mg / DNG 3 mg
is the lowest possible combination able to provide sufficient ovulation inhibition. The Sponsor believes that Qlaira™ provides
endometrial stability and subsequently better cycle control compared to monophasic approaches can be obtained.

Sponsor’s submission of proof of the clinical efficacy of Qlaira™ is based on the low number of pregnancies in 3 large clinical Phase 3
studies, i.e., Studies A39818 in North America and A35179 in Europe (pivotal Pearl Index studies) and A35644 (pivotal with regard to
bleeding patterns and cycle control). Two pivotal Phase 3, double-blinded, placebo-controlled clinical studies (Studies A29849 in US
and Canada and A42568 in Europe and Australia) were conducted to demonstrate the efficacy and safety for treating symptoms of DUB.
The following Table gives an overview of the studies as part of the clinical pharmacology and biopharmaceutics development program of
Qlaira™.
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Study No. / Short title Volunteers | Main objective
Location included/
completed

Bicavailability (BA) study reports
AZSGT2 S Relative bioavailability EV/DING tablets vs. suspension |3635 pm | relative BA
5.3.1.1 A29972
AT9145 /7 Food effect study with 2 mg EV / 3 mg DING tablets 3835 pm | PE (effect of food)
5311 A28043
BOOE Food effect study with DING tablets 2422 v, | PE (effect of food)
5.31.1 BOOS
B301/ Absolute bioavatlability of DMNG 2220 vm | PE (absol BA)
5.3.1.1 B30l

AVED [/
53.1.1 AVES

Felative broavailability of Climodien 2/2 and
Climodien 273

19718 p.ooo

PE (relative BA)

Healthy volunteer pharmacokinetics (PK) and inital tolerability study reports

Multiple dose PE study with EV/DING tablets 18716 w.£ PE (multiple dosing)
PE of *H-lzbelled DNG after oral and iv. 5/5v.£f FE (bleod, plasma, urine,
admmistration of about 0.1 mg DING feces)

PE of *H-lzbelled DNG after oral administration of 6/6 v.£ PE (plazma, urine, feces,
0.1 mzkg metabolite profile)
Investigation on dose linearity of DING PE 1412 v f FE (dose linearity)
Tolerability after single doses of 0.5 and 2 mz DNG 19719 v £ Telerability single dose
PE of DNG 2 mg after single and mmltiple dosing 1616 w.f FE (single and multipls
PE of Climodian 273 (2 mz EV + 3 mg DMNG) after 1615 poa. | PE (single and multipls
single and multiple dozing doszing)

PE of Climodien 272 (2 mg EV + 2 mg DNG) after 1615 pm. | PE (single and multple

single and multiple dosmg

dosi

=

#pra-Good Clinical Practice (GCPE) study, "not all volunteers in thesa studies received DNG (m study A0DEEL

(5.3.33 A00621), 18 volunteers received DNG and 6 placebo; in study B463 (5.3.3 4 B463), 12 voluntesrs recerved
DING and 13 LING; in study B468 (3.3 4.1 B463) (wansfermation desa), 32 volmteers received DMNG and 12 LNG

¥. = young, £ = female, m. = male, p.m. = postmenopausal

+ 0,125 mg levonorgestrel (LNG) on nifedipine PE

Study No. / Short title Volunteers | Main objective
Location ineluded/
completed
Patient PKE and inital tolerability study reports
Bdso*= Tolerability of DING i 24 endometiial cancer patients 2424 ¢ Telerability (21 davs of
5.3.3.2 B4&89 {mean age: | treatment )
&80)
AD4431 7 Effactivensss and tolerability of 20 mz DNG per day 20121 vy f. Tolerability multiple dosa
3332 A04431] | owver 24 weeks in the reatment of endometriosis
Intrinsic factor PK study reports
AQDERL /S Tolerability and PK of a single oral dose of DNG in 2424 v £ | Tolerability, PE (plasma,
5333 AC0SE]L | healthy adult Japanase famales (Tapanesse) | urins)
Extrinsic factor PK study reports

AR34 Effact of EV on DNG FE 1616 pom. | PK (interaction}
5334 ARI4
AQTTES Effact of DNG on EV FE 2424 pm. | PK (mteraction]}
5334 A07759
AT4058/ Drug-drug interaction (DDI) study with CYP 344 16/16 pom_ | steady state PE (zingle and
5334 A24058 | inducer — rifampisin mltiple dosmg, ntaraction)

DDI study with CYP 3A4 mhibitors — ketoconazole and [ 2424 pm. | steady state PK (single and

erythromycin mltiple dosing, mteraction)

Influence of 0.03 mg EE + 2 mg DG and 0.03 mg EE | 25/23 v.£% | PK (zinzle and multipls

dosing, interaction)

Healthy volunteer pharmacoedynamics and pharmacokineties / pharmacodynamics study reports

3341 AQ2263

and DNG + EE

B4sg* Determination of antigonadotropic activity and 21721 v f PD (antizonadotropic
5341 B4sE transformation dose of DNG and affect,
4444 pm ¥ | endometrial effect)
Determination of the transformation dose of DING 40/3% pm. | PD (endometrial effect)
Determination of the ovulation inlubition dose of DG | 22721 v f PD {evulation inhibition]
AQ2263 7 Pulsation pattern of gonadotropin secretion under DWNG | 15/15 v f PD (antizonadotropic

zffect)

*pra-zood Chnical Practice (GCF) stu

v, "not all volunteers in thesa studies received DNG (m study AOOGEL

31, 12 veluntesrs recerved

DMNG and 13 LNG; m study B446E (5.3 4.1 B463) (mansformation dosa), 32 volumteers recerved DING and 12 LNG

v. =young, £ = female, m. = male, p.m. = postmenopausal
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Study Weo. / Short title Volunteers | Mam objective
Location mcluded’
completed

Healthy volunteer pharmacodynamic: and pharmacokinetics | pharmacodynamiecs study reports (cont'd)
A00984 / Inhibition of ovulation I - first approach regimen 2221 v£f [ PD (ovulation inhibition)
5341 A0O0984
Al4191/ Inhibition of ovulation IT — first approach vs. modified |192/178 PD (ovulation mmhibition)
5341 A1419] [regimen yf
A25364 ) Inhibition of ovulation III -EV/DNG tablets vs. DNG- | 203/185 PD (ovulation inhibitien)
5341 A25364 | increased regimen yf
A33022/ Plasma lipids, hemostatic variables and carbohydrate 58/50 yf |PE ofEl, E2 and DNG

5341 A33022 | metabolism (see section 2.7.4)

PK over multiple treatment cycles (described here) 24 Effects on hormones,

analyzed lipids, hemostasis
for PK (see section 2.7.4)

A3B220/ Hemostatic vartables (se2 section 2.7.4) 29726 Effects on hemostazis
5341 438220 (see section 2.7.4)

B709 / Estrogenic effects of estradiol sulfamate in comparison |49/47 pom. | PD (estrogenic activity of
5341 B70% to EE, EV and placebo different estrogens)
A35653/ Thorough QT study 53/40 p.m. | Effects on cardiac

5341 A35653 repolanization

v. =young, f = female, m = male, p.m. = postmenopausal

Drug Product Formulation:

Qlaira™ tablets were developed as immediate release (IR) film-coated tablets. During the clinical development program of Qlaira™, only
slight modifications of the formulation were implemented, with the final formulation used in all pivotal, Phase 3 efficacy trials and
supporting pharmacokinetic (PK) studies. In the Phase 2 ovulation inhibition study (Study A25364), while all other tablets of the
sequential application regimen were identical with the to-be-marketed (TBM) formulation

complete and comparable e composition of the TBM film-coated tablets is summarized in the

Table below:

SH T0065SEA | SHT00658GA | SH T00658M | SHT00658HA | SH T0065SP
- Estradiol valerate, 3.000mg | 2.000 mg 2.000 mg 1.000 mg -

Dienogest/(6) @) -|  2.000mg 3.000 mg - -
Lactose monochydrate

Maize starch

Maize starch,
pregelatinized

Povidone 25
Magnesium stearate

I Fproneiee 0
Macrogol 6000
Titanium dioxide

Ferric oxide pigment
yellow

Ferric oxide pigment red
Tale

Total 83.000 mg 83.000 mg 83.00000 mg 83.0000 mg 82.0000 mg
weight

Absorption
e EV: After oral administration, EV is completely absorbed. Cleavage to 17 estradiol and valeric acid takes place during
absorption by the intestinal mucosa or in the course of the first liver passage. This gives rise to estradiol (E2) and its
metabolites, estrone (E1) and estrone sulfate (E1S). Per Sponsor, Maximum serum E2 concentrations of 70.6 pg/mL are
reached between 1.5 and 12 hours after single ingestion of a tablet containing EV 3 mg on Day 1 (Study A25711). In  young
women, the measured E2 plasma levels are a composite of the endogenous E2 and the E2 generated from Qlaira”. Per
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Sponsor, during the treatment phase of EV 2 mg and DNG 3 mg, maximum and average serum E2 concentrations at steady
state are 66.0 pg/mL, and 51.6 pg/mL, respectively. Per Sponsor, stable minimum E2 concentrations were maintained
throughout the 28-day cycle and ranged from 28.7 pg/mL to 64.7 pg/mL (Study A25711).

¢ DNG: Orally administered DNG is rapidly and almost completely absorbed. Per Sponsor, maximum serum concentrations of
90.5 ng/mL are reached at about 1 hour after single oral administration of a Qlaira” tablet containing EV 2 mg / DNG 3 mg
(Study A29972) and bioavailability is about 91% (Study B501). The PK of DNG are dose-proportional within the dose range
of 1-8 mg (Study B306). For DNG, steady state is reached after 3 days of the same dosage of DNG 3 mg in combination with 2
EV 2 mg. Trough, maximum and average DNG serum concentrations at steady state are 11.8 ng/mL, 82.9 ng/mL, and 33.7
ng/mL, respectively (Study A25711). The mean accumulation ratio for AUC g 54y Was determined to be 1.24 (Study B276).

Distribution

e EV: In serum, 38% of E2 is bound to SHBG, 60% to albumin and 2-3% circulates in free form. E2 can slightly induce the
serum concentrations of SHBG in a dose dependent manner. Per Sponsor, on Day 21 of the treatment cycle, SHBG was
approximately 148% of the baseline, and decreased to about 141% of the baseline by the end of placebo phase, Day 28 (Study
A25711). An apparent volume of distribution of approximately 1.2 L/kg was determined after IV administration.

e DNG: A relatively high fraction (10%) of circulating DNG is present in the free form, with approximately 90% being bound
non-specifically to albumin. Per Sponsor, DNG does not bind to the specific transport proteins SHBG and CBG (Study B427).
The Sponsor believes that any influence on physiological transport processes for endogenous steroids is consequently unlikely.
The volume of distribution at steady state (V4 ;) of DNG is 46 1 after the intravenous administration of 85 ng 3H-dienogest.

M etabolism

e  EV: After oral administration, approximately 3% of the dose is directly bioavailable as E2. E2 undergoes an extensive first-
pass effect and a considerable part of the dose administered is already metabolized in the gastrointestinal mucosa. Together
with the pre-systemic metabolism in the liver, about 95 % of the orally administered dose becomes metabolized before entering
the systemic circulation. The main metabolites are E1 and E18S.

e DNG: Per Sponsor, DNG is nearly completely metabolized by the known pathways of steroid metabolism (hydroxylation,
conjugation) (Studies B478 and B455), with the formation of endocrinologically mostly inactive metabolites. The metabolites
are excreted very quickly so that in plasma unchanged DNG is the dominating fraction (Study B478). The total clearance
following the intravenous administration of 3H-dienogest was calculated as 5.4 L/h (Study B478).

Excretion

e  EV: The plasma half-life of circulating E2 is about 90 min. After oral administration, however, the situation differs. Because
of the large circulating pool of ES, as well as enterohepatic recirculation, the terminal half-life of E2 after oral administration
represents a composite parameter which is dependent on all of these processes and is in the range of about 13-20 hours. E2 and
its metabolites are mainly excreted in urine, with about 10% being excreted in the feces.

e DNG: Per Sponsor, the plasma half-life of DNG is approximately 11 hours (Study A25711). DNG is excreted in the form of
metabolites which are excreted at a urinary to fecal ratio of about 3:1 after oral administration of 0.1 mg/kg. Following oral
administration, 42% of the dose is eliminated within the first 24 hours and 63% within 6 days by renal excretion. A combined
86% of the dose is excreted by urine and feces after 6 days (Study B478).

Drug-Drug Interactions:

Effects of Other Drugs on Combined Hormonal Contraceptives

DNG is a substrate of cytochrome P450 (CYP) 3A4. Interactions can occur with drugs that induce CYP enzymes which can result in
increased clearance of sex hormones. The effect of the CYP 3A4 inducer rifampicin was studied in healthy postmenopausal women. Per
Sponsor, coadministration of 600 mg rifampicin daily with EV 2 mg / DNG 3 mg tablets led to significant decreases in steady state
concentrations and systemic exposures to DNG and E2 (Study A24058). CYP3A4 inhibitors may increase plasma levels of DNG. In a
study investigating the effect of CYP 3A4 inhibitors (400 mg ketoconazole daily or 1500 mg erythromycin daily), the Sponsor concludes
that steady state AUC .4y DNG and E2 plasma levels were increased (Study A30020).

Effects of Combined Hormonal Contraceptives on other Drugs

The Sponsor has submitted information/data in support of their following conclusions: In vitro studies with human CYP enzymes did not
indicate an inhibitory potential of DNG at clinically relevant concentrations (Study B482). Combined administration of DNG 2 mg
together with EV 2 mg has no effect on DNG 2 mg PK (Study AR34). The same holds true for EV, whereby combined administration of
EV 4 mg together with DNG 4 mg has no effect on EV 4 mg PK (Study A07769). The Division has agreed that no additional drug-drug
interaction (DDI) studies are required to investigate the potential drug interactions between DNG and EV. Reference is made to the
minutes of the pre-IND meeting held on March 17, 2004.

Specific Population and Waivers:

e Renal / hepatic impairment patients: The Sponsor has provided acceptable justification for not conducting studies in renal
and/or hepatic impaired patients for use of EV/DNG in premenopausal women. If and when approved, appropriate language
for renal and/or hepatic impairment will be included in the product label at the time of approval. Reference is made to the
letter that the Division sent to the Sponsor on June 15, 2005. The Sponsor believes that no special risk for these patients is to
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be expected, because EV is transformed into the natural 17f-estradiol, which is also produced endogenously in the target
population and because DNG is metabolized before excretion and its metabolites are pharmacologically inactive. Furthermore,
DNG was shown to be safe in clinical use up to doses of 20 mg/day over 6 months per Sponsor (Study A04431).

e Liver impaired patients: No studies were performed in patients with impaired liver function because severe liver diseases are
already considered as contraindication for COCs.

e Pediatric Study waiver request: No studies were performed in children because Qlaira™ is not indicated before menarche. The
Sponsor requests a full waiver from the requirement to submit data adequate to assess the safety and efficacy of EV and DNG
in all relevant pediatric subpopulations.

Food Effect:

Per Sponsor, PK of DNG when given as a tablet containing DNG 2 mg was not affected by concomitant intake of a high-fat meal (Study
BOO08). The effect of concomitant food intake on the PK of EV and DNG was investigated in Study A29143 using the tablet containing
EV 2 mg / DNG 3 mg, as a representative tablet of Qlaira” . The Division has agreed to this approach of using one dose (EV 2 mg /
DNG 3 mg) to be sufficient for investigation of food-effect as this tablet contains the highest amount of DNG in any of the tablets
included in Qlaira™. Reference is made to the minutes of the pre-IND meeting held on March 17, 2004. In this food effect study in
healthy postmenopausal women, the C,,, of DNG was decreased by 28% under fed conditions and the C,,, of E2 was increased by 23%
while AUC values for both DNG and E2 remained unchanged. The Sponsor concludes that Qlaira” tablets can be taken without regard
to meals during all phases of the Qlaira” regimen. The Sponsor believes that this is further supported by the fact that all of the clinical
trials with the Qlaira™ tablets were performed without any restrictions concerning food intake and that the clinical efficacy and safety of
the drug was demonstrated in these clinical studies. Therefore, no special recommendation concerning food intake is considered to be
necessary by Sponsor regarding the patient information. The Sponsor proposes the following language on the label: ®®

Thorough QT Study

In study A35653, the potential effect of Qlaira” to delay cardiac repolarization was investigated in healthy postmenopausal women.
Placebo tablets, a fixed combination of EV 2 mg / DNG 3 mg and a supraphysiologic dose of DNG 10 mg (5 x 2 mg tablets,
SHTO00660AA) were given once-a-day over a period of 4 days. For the active treatments with DNG, no QT/QTc prolongation was
observed. As expected, the positive control moxifloxacin showed a clear QTcF prolongation from time points 30 minutes up to 24 hours
post-treatment.

Bioanalytical M ethod validation:

Validated analytical methods were used in the in vivo studies. A radioimmunoassay (RIA) was used for the quantitation of DNG in
serum or plasma. This RIA was cross-validated using liquid chromatography - mass spectrometry (LC-MS). All of the PK studies
performed during the development of Qlaira™ tablets have used the RIA method for the measurement of DNG in human serum. For the
quantitation of E2, E1, and E1S, a validated liquid chromatography — tandem mass spectrometry (LC-MS/MS) method was used.
Bioanalytical method validation reports are submitted for review.

Recommendation:

The Office of Clinical Pharmacology/Division of Clinical Pharmacology 3 finds that the Clinical Pharmacology section for NDA 22-252
is fileable.

Commentsfor the Sponsor:

e  Given that the time course of estradiol in plasma after oral administration is influenced by a large pool of circulating estrone
sulfate and the back conversion of estrone sulfate to estrone and estradiol, the Division requests the Sponsor to add the mean
PK parameters of estrone sulfate to Table 1 in Section 12.3 of the Sponsor’s proposed label.
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Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X 4 B473, A12603, A37060, A37059
Methods
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single dose:
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single dose:
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fasting / non-fasting single dose: X 1 B306
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Drug-drug interaction studies -
In-vivo effects on primary drug: X 2 A24058, A30020
In-vivo effects of primary drug: X 3 AR34, A07769, B463
In-vitro: X 2 B482, A05426
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PK/PD:
Phase 1 and/or 2, proof of concept: X 1 A33022

Phase 3 clinical trial:

Population Analyses -

PK:

PD:

. Biopharmaceutics

Absolute bioavailability: X 1 B501

Relative bioavailability -

solution as reference: X 2 A29972, AV69

alternate formulation as reference:

Bioequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies: X 2 A29143, BO08

Dissolution:

(IVIVC):
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Thorough QT study X 1 A35653
Literature References X 14
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Acceptability of the in vitro dissolution comparison between formulations

© No ok 0N =

Other comments or information not 1. Given that the time course of estradiol in plasma after oral administration is
included above influenced by a large pool of circulating estrone sulfate and the back
conversion of estrone sulfate to estrone and estradiol, the Division
requests the Sponsor to add the mean PK parameters of estrone sulfate to
Table 1 in Section 12.3 of the Sponsor’s proposed label.
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