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ADDENDUM TO CLINICAL PHARMACOLOGY REVIEW

NDA: 21-529

Submission Date: January 16, 2006
Generic Name: Etonogestrel implant
Brand Name: Implanon™

Sponsor: Organon USA Inc.

Date: June 16, 2006

Reviewer: Myong-Jin Kim, PharmD
Team Leader: Ameeta Parekh, PhD
Background:

Implanon™ (etonogestrel implant, NDA 21-529) is a progestin-only contraceptive for subdermal
use. On October 29, 2004, the application received an approvable action based on three
deficiencies. The deficiencies were 1) eoncerns about the quality of the clinical data from Study
34507, 2) labeling was not finalized, and 3) incomplete inspection of the sterilization facility
. The overall Human Pharmacokinetic Section of this NDA was acceptable to b(4)
the Office of Clinical Pharmacology and Biopharmaceutics/Division of Pharmaceutical
Evaluation II (see the Clinical Pharmacology and Biopharmaceutics Original NDA review,
October 26, 2004).

The application received its second approvable action on June 14, 2005 (see Addendum to
Clinical Pharmacology and Biopharmaceutics Review, June 8, 2005). To address the issue of the
adequacy of the clinical data to support approval of Implanon, the sponsor was advised to submit
new clinical trial data from a clinical trial(s) that has been conducted in accordance with Good
Clinical Practices. In addition, the sponsor was advised to submit an acceptable plan for a post-
marketing monitoring program for Implanon-related insertion and removal adverse events in U.S.
patients.

In response to the June 14, 2005 Approvable Letter, the sponsor submitted their complete
response on January 16, 2006. In this new submission, no new clinical pharmacology studies
were submitted for Clinical Pharmacology review.

Recommendation:
The overall Human Pharmacokinetic Section of NDA 21-529 submitted on September 30, 2003 is

acceptable to the Office of Clinical Pharmacology/Division of Clinical Pharmacology 111.
Labeling comments outlined in this addendum should be conveyed to the sponsor as appropriate.
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ADDENDUM TO CLINICAL PHARMACOLOGY AND
BIOPHARMACEUTICS REVIEW

NDA: 21-529

Submission Date: December 14, 2004

Generic Name: Etonogestrel implant

Brand Name: Implanon™

Sponsor: Organon USA Inc.

Date: June 6, 2005

Reviewer: Myong-Jin Kim, PharmD, HFD-870
Team Leader: Ameeta Parekh, PhD, HFD-870

Pharmacometrics: He Sun, PhD, HFD-870

Background:

Implanon™ (etonogestrel implant, NDA 21-529) is a progestin-only contraceptive for subdermal
use. On October 29, 2004, the application received an approvable action based on three
deficiencies. The deficiencies were 1) concerns about the quality of the clinical data from Study
34507, 2) labeling was not finalized, and 3) incomplete inspection of the sterilization facility

. The overall Human Pharmacokinetic Section of this NDA was acceptable to
the Office of Clinical Pharmacology and Biopharmaceutics/Division of Pharmaceutical
Evaluation II (OCPB/DPE-II).

In response to the October 29, 2004 Approvable Letter, the sponsor submitted a class 2, complete
response on December 14, 2004. This submission consists of the following sections:

1. Sponsor’s response to Good Clinical Practice Issues
2. Revised Labeling

3. Status of Facility Inspection

4. Safety Update Report b(4)

5. Foreign Registration History

The revised Clinical Pharmacology section of the product label is attached to this addendum
(Appendix A). The Absorption section was revised based on the following data from 3 studies:

Study n | Etonogestrel (ENG) concentration
{(pg/mL) Mean (SD)

34502 | Year I (Week 48-53) 15 1 260.5 (94.3)

Year 2 (Week 98-104) | 15 | 190.6 (64)

Year 3 (Week 150-155) | 11 | 177.2 (68.8)

34508 | Year 1 (Day 366) 10 ] 196
Year 2 (Day 731) g8 1194
Year 3 (Day 1096) 6 | 156

069001 | Year ! 16 11921 (47.2)
Year 2 (23 month) 12 | 153.6 (32.3)

The effect of body mass index on ENG concentrations was evaluated using a population PK
model approach. The pharmacometrics review by Dr. He Sun is attached here (Appendix B).

h(4)



Recommendation:

The overall Human Pharmacokinetic Section of NDA 21-529 is acceptable to the OCPB/DPE-IL.
Labeling comments outlined in this addendum to Clinical Pharmacology and Biopharmaceutics
Review should be conveyed to the sponser as appropriate.
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Appendix B:

PHARMACOMETRICS REVIEW

NDA: 21-529

Product: Implanon

Sponsor: Organon USA Inc.

Type of Submission: Original NDA

Indication: Prevention of pregnancy
Primary Reviewer: Myong-Jin Kim, Pharm.D.
Team Leader Ameeta Parekh, Ph.D.
Pharmacometrics: He Sun, Ph.D.
OBJECTIVES:

(1) To estimate % of subjects with serum etonogestrel (ENG) concentrations > 90-120 pg/mL at
the end of 1, 2 and 3 years post implantation of Implanon, (2) to estimate the average number of
days at which serum ENG concentrations are >90-120 pg/mL for subjects with a body mass index
(BMI) between 17 and 30.

METHODS:

(1) To establish a population PK model for ENG implant including all possible covariates, (2) to
simulate the ENG concentrations as a function of time for all included subjects, (3) to estimate %
of subjects with serum ENG concentrations >90-120 pg/mL at the end of 1, 2, and 3 years post
implantation, and the number of days at which mean serum ENG concentrations are >90-120
pg/mL for BMI 17 - 30.

There were a total of 845 subjects. Single ENG concentration was observed for each subject
randomtly distributed across ~ 150 to 1,800 days post implantation. The dataset provided by the
reviewer was reformatted for NONMEM use. The raw observed ENG concentration vs. time plot
is given below:

Observed ENG cone. vs time ]
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RESULTS:
PopPK Modeling:

Several user models were generated, compiled and tested. The models tested include a model that
has two release rates from the depot compartment to mimic the drug release characteristics from
an implant. Flip-flop mechanism was observed. The final population P model included BMI as
covariate for volume of distribution (Vd). The drug elimination rate constant (Ke) was not well
estimable due to a lack of observation at early times of post-implantation. Therefore, search of
covariates for Ke was also not successful. The final population PK parameters are as follows:

Kr (day) = 0.000219

VA (L) =159 +6.83 * BMI (Mean Vd = 317 +/- 55)

Ke (day”) = 29.6 (no real physiological meanings. The t1/2 of ENG is about 1 day from other
studies.)

Inter-subject variability for Ke = 45%
Inter-subject variability for Kr = 22%
Residual variability = 14%

Some goodness-of-fit and observed-predicted correlation plots are provided below, where IPRE =
individual model predicted values and DV = observed values.
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Effect of BMI on ENG concentrations as a function of time:

The figure below is a superimposed plot of observed ENG concentrations vs. time, and the mean
predicted ENG concentrations vs. time with a BMI between 17 and 30.

Observed ENG conc. and theoratical line vs time
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Estimations:

(1) The percentage of subjects with ENG concentrations > 90 — 120 pg/mL at the end of 1 ~ 3.5
years was calculated using the data derived from 100 replicated simulations with 845 subjects

(without a BMI sub-grouping).

% of subjects with ENG concentration > the cutoff value at the end of 1 — 3.5 yrs

ENG (pg/mL) Year 1 Year 1.5 Year 2 Year 2.5 Year 3 Year 3.5
>120 98.22 97.96 94.12 88.0 82.78 79.55
> 110 99.46 98.98 96.59 95.18 93.88 89.77
> 100 100 100 100 97.44 97.96 92.05
> 90 100 100 100 100 100 93.18

(2) For subjects with BMI between 17 and 30, the mean duration at which serum ENG

concentrations are > 90-120 pg/mL is about 3.5 years after insertion of Implanon. However, it
appears that serum ENG concentrations decrease with an increase in BMI. Due to a nature of
large variability in ENG exposure from Implanon, it should be noted that likelihood of subjects
with BMI > 26 to have ENG concentrations < 90-120 pg/mL at the end of 3 years is greatly
increased and should be a concern.
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1. Executive Summary

Implanon (etonogestrel implant) is a progestin-only contraceptive for subdermal use. The
implant is a co-axial rod with a length of 4 cm and a diameter of 2 mm. The core contains 68 mg
of etonogestrel (ENG) dispersed in a polymeric matrix « (ethylene vinylacetate
copolymer with a vinylacetate content of 28%), surrounded by a 60 pm skin

(ethylene vinylacetate copolymer with a vinylacetate content of 14%). Using a ready-for-
use disposable applicator, the non-biodegradable implant is designed to be inserted subdermally
at the inner side of the upper arm. After insertion, ENG is slowly released through the rate-
controlling skin over a period of 3 years.

Implanon is approved in Europe, South America, South East Asia, and Australia. Currently, one
ENG product is approved and marketed in the U.S. for the prevention of pregnancy. NuvaRing®
(Organon USA) i1s a combination contraceptive vaginal ring containing ENG and ethiny! estradiol
(EE) designed to release on average 0.120 mg/day of ENG and 0.015 mg/day of EE over a 3-
week period.

The inspection of two Indonesian study sites in early March 2004 revealed several Good Clinical
Practice (GCP) violations. Therefore, the sponsor withdrew 5 studies which were conducted
from these sites. These studies include 2 clinical studies (34506, 34520), 1 clinical pharmacology
study (34503), 1 lipid metabolism study (34510, Indonesia site only), and 1 endometrial histology
study (34514). These 5 studies involved the data from 720 Indonesian women. In result of this
major amendment, the user fee goal date was extended by 3 months for a full review of the
submission.

The pharmacokinetic (PK) profile of ENG during 2 years of Implanon use was evaluated in a
subset of the U.S. Study 069001. Four studies (34502, 34504, 34508, RMO01) were conducted to
evaluate the PK/PD of Implanon. Study 34507 was conducted to assess the absolute
bioavailability of ENG from Implanon. Study 34523 was conducted to evaluate ENG
concentrations in the maternal serum and breast milk of healthy lactating women. In addition, a
single ENG serum concentration measurement was determined just prior to removal of Implanon
in 9 studies (34505, 34509, 34510, 34511, 34512, 34515, 34522, RM02, RM04).

2.2 Recommendation

The Office of Clinical Pharmacology and Biopharmaceutics/Division of Pharmaceutical
Evaluation Il (OCPB/DPE-II) has reviewed NDA 21-529 submitted on September 30", 2003.
The overall Human Pharmacokinetic Section 18 acceptable. Labeling comments outlined in the
labeling section have been conveyed to the sponsor. An addendum will be added to this review
when agreement on labeling is reached. The effect of body mass index will be addressed in the
label.

1.2 Phase IV Commitments
None.

1.3  Summary of CPB Findings

The absorption and release profiles of ENG from Implanon were characterized by initial burst
followed by relatively fast decrease during the first 6 weeks. The mean peak serum ENG
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concentrations (Studies 34502, 34508, 069001, and RMO1) were between 781 and 894 pg/mL and
they were reached within the first few weeks after insertion. Serum ENG concentrations
gradually declined to 192 — 261 pg/mL at the end of 1* year. The mean serum ENG
concentrations were between 156 and 177 pg/mL at the end of 3™ year. The bioavailability of
Implanon was about 100%. In the U.S. Study 069001, the C,.x of ENG ranged from 323-1560
pg/mL (mean, 781 pg/mL) and occurred at 24-263 hrs (median, 144 hrs) after insertion. At 2
weeks following implantation, the mean ENG concentration was 441 pg/mL. The mean ENG
concentrations slowly declined to 192 pg/mL at 1 year and to 160.3 pg/mL at 2 years. The in
vivo release rate of ENG was approximately 60 pg/day at 3 months and slowly decreased to 30
pg/day after 2 years of use. After implant removal, serum ENG concentrations rapidly declined
and within 1 week these concentrations were below the detection limit of the assay. The mean
half-life of ENG was 34.6 hrs (range, 21-56 hrs). Following a slow IV bolus dose of 150 ug
ENG, the total volume of distribution was 201.1 + 149.2 L and the mean t;, was about 25 hours.
The clearance was relatively constant over 2 years of treatment, ranging from 8.5 L/hr at | year
and 7.0 L/hr after implant removal.

Effect of body weight/body mass index (BMI)

The effect of body weight/BMI on ENG concentrations was evaluated using a population PK
model approach. The pharmacometrics review by Dr. He Sun will be added to this review as an
addendum once the analysis has been completed. Appropriate recommendation related to the
effect of body weight/BMI on ENG exposure will be incorporated in the label based on this
analysis.

Body weight and BMI contributed to the observed differences in mean ENG serum
concentrations. Serum ENG concentrations were inversely related to body weight and decreased
with time after insertion. However, the absence of in-treatment pregnancies limits the ability to
predict at what ENG serum concentration a woman would be at risk of pregnancy. It cannot be
excluded that the contraceptive effect in obese women during the 3™ year of use may be lower.

The clinical experience with Implanon in obese women in the 3" year of use is limited. In
addition, the clinical studies included women with body weight between 80% and 130% of their
ideal body weight. In the clinical and clinical pharmacology studies, 13 subjects with body
weight > 70 kg (n=12, 70-80 kg; n=1, >90 kg) were exposed to Implanon for > 3 years while 131
subjects (n=109, 70-80kg; n=21, 80-90 kg; n=1, >>90 kg) were exposed for 2 - 3 years.

ENG concentrations in breast milk

During the 4-month lactation period, the mean breast milk ENG concentrations were ] 78482
pg/mL, 15378 pg/mL and 131£78 pg/mL at 1, 2, and 4 months after Implanon insertion,
respectively. The mean maternal serum and mean breast milk ENG concentrations decreased
over time. The mean breast milk over mean maternal serum ENG concentration ratio did not
change over time and remained between 0.44 and 0.50. The mean daily ingested infant ENG
doses were about 20£9 ng/kg/day, 15+8 ng/kg/day and 10+6 ng/kg/day at 1, 2, and 4 months after
insertion, respectively. The mean transfer of ENG to the infant was approximately 20 ng/kg/day
at Month 1. This was about 1.7 % of the maternal daily dose/kg of 1200 ng/kg/day for a mean
.matemal body weight of 55.9 kg. The mean daily infant ENZ dose calculated with the
assumption that the infant had drunk 150 mL/kg/day showed a gradual decrease over time during
the 4 treatment months. The calculated mean daily ingested infant ENG doses were about 27412
ng/kg/day, 23+12 ng/kg/day and 20=11 ng/kg/day at 1. 2, and 4 months after implantation,
respectively.
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In Vitro In Vivo Correlation (IVIVC)

The sponsor has attempted to develop an IVIVC model (a Level A correlation) using a
formulation with a single release rate. Although there was an association between the in vitro
release and in vivo performance, the data did not support the validation of IVIVC.

The in vivo absorption rates were calculated by means of numerical deconvolution using the
mean serum ENG concentrations during Implanon use and serum ENG concentrations after i.v.
administration as reference formulation, followed by linear regression on in vitro release rates and
corresponding in vivo absorption rates. Bioavailability studies for IVIVC development were
performed in 8 healthy female subjects with the implant in situ for 2 years (Study 34507). The
established IVIVC model was used to predict the ENG serum concentrations during the use of the
implant in Study 34507. The mean (SD) absolute internal prediction error (PE) was 2.0 + 1.7%
(range, 0.4 - 4.8%). The IVIVC was used to predict the in vivo performance for a formulation «
with the similar release rate obtained from another batch with no changes in manufacturing. The
mean (SD) absolute external PE was 19.7 £ 16.7% (range, 0.4 — 50.7%).

Sex hormone binding globulin (SHBG)

Mean SHBG concentrations decreased significantly after insertion of implant (from pre-
implantation, 43.1 & 20.9 nmol/L to Month 1, 25.3 + 17.2 nmol/L), and remained at these levels
until Month 9 (27 £ 19.3 nmol/L). A trend toward return to baseline was observed after Month 9.

2. Question-Based Review

2.1  General Attributes

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

Physico-chemical properties

e  Structural formula:

e JUPAC Name: 17a-ethyl-17-hydroxy-18-methyl-11-methylene-4-estren-3-one

e Molecular Weight: 324.46 '

¢ Molecular Formula: Cy,H530,

¢ Chemical Name: (17a)13-ethyl-17-hydroxy-11-methylene-18,19-dinorpregn-4-en-20-yn-
3-one

¢ Appearance: White to practically white crystalline powder which may have a slight odor

¢ Solubility at 22°C: n-Hexane, 2 mg/mL; Ethanol (96%), 60 mg/mL.; Ethyl Acetate, 60
mg/mlL; Water, practically insoluble

e Melting Range: 196.5 - 199.5°C
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Drug Formulation

Implanon is a coaxial rod consisting of an ethylene vinyl acetate (EVA) copolymer core (28%
vinyl acetate) containing 68 mg ENG, surrounded by a 60 um skin of EVA (14% vinyl acetate).
The implant is 40 mm in length with a diameter of 2 mm.

Nameos of Ingredients Quantity Function
{mg/impiant) . 2.0 rm
Active ingredient skin -

I o WA
Etonogestrel (Org 3236) 885 Orug substance —"%“4 Yo WA
(micronized} Y

Other ingredients

Ethylene vinylacetate Core polymar
copolymer

{28% vinylacetate)
Ethylene vinylacetate . Skin polymer -
copolymer m

{(14% vinylacelate) slonogasirel (68 my) dispersad in
EVA 28 1 VA

After insertion, ENG is slowly released through the rate-controlling skin. The in vitro release rate
1s approximately 60-70 ug/day during week 5-6, declining to about 35-45 ug/day at the end of the

1% year, to about 30-40 ug/day at the end of 2™ year and approximately 25-30 ug/day at the end of
the 3" year.

What is the proposed mechanism of action?

The contraceptive effect of Implanon is primarily achieved by suppression of ovulation.
Secondary effects include changes in the cervical mucus (which increase the difficulty of sperm
entry into the uterus) and changes in the endometrium (which reduce the likelihood of
implantation).

What are the proposed indication, dosage and route of administration?

Implanon contains 68 mg of the synthetic progestin ENG. After the implant is inserted
subdermally at the inner side of the upper arm with a disposable applicator, a continuous release
of ENG occurs, proposed to provide contraceptive protection for up to 3 years.

General Clinical Pharmacology

What is the basis for selecting the response endpoints, i.e., clinical or surrogate endpoints,
or biomarkers (also called pharmacodynamics, PD) and how are they measured in clinical
pharmacology and clinical studies?

Ovulation suppression is a surrogate endpoint for prevention of pregnancy. Progesterone
concentrations > 10 nmol/L were used as a threshold level for occurrence of ovulation. The
assessment of clinical efficacy was based on the occurrence of pregnancies during the treatment
period. Pregnancies were categorized as those that occurred pre-treatment (prior to implantation),
in-treatment (with implant in place), and post-treatment (after removal of implant).

Four clinical studies (Studies 069001, 34505 34507, and 34507 CDN) were evaluated for
efficacy and safety. There were ne pregoascio., during the two-year treatment. Of 2135 subjects
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who entered into the 3 year of treatment, 195 (90.7%) subjects completed the treatment. No
pregnancies were reported in the third year.

Are the active moieties in the plasma (or other biological fluid) appropriately identified and
measured to assess pharmacokinetic parameters and exposure response relationships?

Blood samples for determination of ENG, progesterone, estradiol, and SHBG were collected after
implantation.

What are the characteristics of drug absorption?

Four studies (069001, 34502, 34508, RMO01) evaluated the mean serum concentrations of ENG
during 2 — 5 years of treatment with Implanon.

After subdermal insertion of Implanon, ENG was rapidly released into the circulation and was
about 100% bioavailable. The mean peak serum concentrations in PK studies ranged between
781 and 894 pg/mL and were reached within the 1 few weeks after insertion. The release rate of
ENG decreased gradually over time with mean concentrations of ENG declining to between 192
and 261 pg/mL at the end of one year. Over the additional 2 years of treatment, mean serum
ENG concentrations remained relatively stable reaching levels between 156 and 177 pg/mL.

In Study 069001, the absorption/release profile of ENG following implantation was characterized
by an initial burst effect (mean C,.x, 781 pg/ml, range, 323-1560 pg/mL, median T, of 144 hrs,
range, 24-263 hrs) followed by a slow decline in concentrations over time. At 2 weeks following
implantation (visit Month 0, 336 hr), the mean ENG concentration was 441 pg/mL. The mean
ENG concentrations slowly declined to 192 pg/mL at 12 months and to 160.3 pg/mL at 24
months.

In study 34508, Cpax of 472-1270 pg/mL (mean, 813 pg/mL) was reached in Tpa, of 1-13 days
(mean, 4 days). Serum concentrations of ENG after 1, 2, and 3 years were 150-261 pg/mL
(mean, 196 pg/mL), 135-265 pg/mL (mean, 194 pg/mL), and 111-202 pg/mL (mean, 156 pg/mL),
respectively.

Figure 1. Mean serum ENG concentrations over time (Studies 34502, 34508, 069001, RM01)
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* The PK profile of Implanon is characterized by an initial increase in serum ENG
concentrations, followed by a slow and gradual decrease over time.

¢ The initial burst is caused by the temporary higher release of ENG from the tips of the
implant that are not covered by the rate-controlling EV A-skin.
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The release rate 1s 60-70 ug/day in week 5-6 and decreases to approximately 35-45 pg/day at the
end of the 1% year, to approximately 30-40 pg/day at the end of the 2™ year, and then to
approximately 25-30 pg/day at the end of the 3" year.

Table 1. Comparison of ENG exposures following NuvaRing® (Product Label) and Implanon

(Study 069001)
Mean (SD) PK Parameters of ENG following NuvaRing® (source: Product Label)
1" Week | 2" Week | 3" Week | Cpax Trnax ti CL
(pg/ml) | (pg/nl) | (pgmL) | (pg/mL) | (hr) (hr) (L/hr)
ENG | 1578 (408) | 1476 (362) | 1374 (328) | 1716 (445) | 200.3 (69.6) | 29.3 (6.1) 3.4 (0.8)
Mean (range) PK Parameters of ENG following Implanon (Study 069001)
1% Year 2" Year Croax Tonax ti2 (hr)
(pg/mL) (pg/mL) (pg/mL) (hr)
ENG | 192 160.3 781 (323-1560) median, 144 (24-263) | 34.6 (21-56)

-NuvaRing® (Organon USA, ENG/EE vaginal ring) designed to release on average 0.120 mg/day of ENG and 0.015
mg/day of EE over a 3-week period.

What are the characteristics of drug distribution?

ENG is 98.4% bound to serum proteins, predominantly albumin (66%) and to a lesser extent
(32%) to SHBG. Following a slow IV bolus dose of 150 ng ENG, the total volume of
distribution was 201.1 + 149.2 L.

What are the characteristics of drug metabolism?

In vitro data show that ENG is metabolized in liver microsomes by the cytochrome P450 3A4
isoenzyme. CYP3A4 is involved in the oxidative metabolism of ENG with the formation of 6f3-
hydroxy-ENG and 6, 13 ethyl-dihydroxylated metabolites being among the major metabolites
observed.

What are the characteristics of drug elimination?
ENG is primarily eliminated in urine, bile and feces.

The parameters }, and 1, were estimated following removal of the implant at Visit Month 24
(Study 069001). Serum ENG decreased gradually, with a mean t;,; of 34.6 hrs (range, 20.7 - 55.9
hrs). ENG serum concentrations were undetectable within one week after removal. Following a
slow I'V bolus dose of 150 pig ENG, the mean t,,» was about 25 hours and the clearance was
relatively constant over 2 years of treatment, ranging from 8.5 L/hr at 1 year and 7.0 L/hr after
implant removal.

Lactation study

During the 1* month after Implanon insertion, about 100 ng of ENG may be ingested by the child
per day based on an average daily milk ingestion of 658 mL. Based on daily milk ingestion of
150 mL/kg, the mean daily infant ENCr dose calculated after one month of ENG release is
approximately 27 ng/kg/day. This corresponds to approximately 2.2% of the weight-adjusted
maternal daily dose and to approximately (.2% of the estimated absolute maternal daily dose.
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Table 2. Mean (SD) ENG concentrations, the ingested volume of breast milk/kg body weight
infant/day (Vi) and PK parameters for all subjects

Parameter Ionth 1 Monith 2 fdonth 4

(Units) N Mean ) N dean SD M tean SD
ENGssrum (pgfmL) 41 |3o00] 1307 | 38 | 2478} 772 | 3 | 2781 e07
ENGmn {poimL) 41 | 1777 sto | 38 | 1531 7re | o33 | 1314 | 7ea
Milk over Serum ratio 40 0.448 | 0. 1?.’6 38 0.442 0‘.181 37 0.468 | 0.256
Vamdmbikgiday) 41 142 | 248 as | 1010 288 38 806 | 243
Dirvant’ {nigyligidaiy} 41 L1oss| o1 | a8 | 1z00 | 788 | 37 | 1045 cor
Hypathetical Damed (ngfkgiday) | 41 28,65 1229 38 22,96 | 1164 37 20,19 | 1149

~dally ENG dose per kg ingested Dy the infantbased on’ "éctLia! amotirt of brem ngested
? daily ENG dose per ka based on a hynathetical breast millk velume of 150 mLikatday taken from the literature

¢ The mean transfer of ENG to the infant for up to 4 months was highest at Month 1 and
amounted to 19.86 ng/kg/day. Concentrations decreased with time. In the comparison of the
Dingant’ an overall statistically significant difference was found with time.

o The initial release rate of Implanon is about 67 ug ENG per day after insertion. This results
in a maternal daily ENG dose per kg of around 1200 ng/kg/d for a mean maternal weight of
55.9 kg. With a daily ingested infant ENG dose of 19.86 ng/kg/d at Month 1, it can be shown
that 1.7 % of the maternal daily dose per kg was ingested by the infant via breast milk.

e With a daily infant ENG dose of 26.65 ng/kg/d at Month 1, calculated with a milk
consumption of 150 mL/kg/d, it can be shown that 2.2% of the maternal daily dose per kg
would be ingested by the infant via breast milk.

e The mean maternal serum ENG concentration decreased over time and this decrease was
accompanied by a decrease in mean breast milk ENG concentration

e The milk over serum ENG concentration ratio did not show a statistically significant change
over time

2.3 Intrinsic Factors

What intrinsic factors (race, body mass index, and organ dysfunction) influence exposure
and/or response and what is the impact of any differences in exposure on the
pharmacodynamics?

Race

No formal studies were conducted to evaluate the effect of race on the PK of Implanon.

Body Weight/Body Mass Index (BM¥)

Body weight and BMI contributed to the observed differences in mean ENG serum
concentrations. Serum ENG concentrations were inversely related to body weight and decreased
with time after insertion. However, the absence of in-treatment pregnancies limits the ability to

predict at what ENG serum concentration a woman would be at risk of pregnancy. It cannot be
excluded that the contraceptive effect in obese women during the 3" year of use may be lower.
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Figure 2. Mean (SE) of time-integrated averaged ENG concentrations over consecutive 3-month

intervals during treatment stratified for BMI categories
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o ENG concentrations for subjects with BMI <20 kg/m” were about 47% and 29 % higher than
subjects with BMI > 25 kg/m”and 20 - 25 kg/m>, respectively. ENG concentrations for
subjects with BMI 20-25 kg/m” were about 13% higher than subjects with BMI > 25 kg/m®.

The clinical experience with Implanon in obese women in the 3™ year of use is limited. In the
U.S. clinical trial (069001, a 2-year study), women enrolled were between 80% and 130% of their
ideal body weight with weights ranging from 42 to 101 kg and 24% of women weighing >70kg.

Table 3. Baseline BMI of subjects (Clinical studies, 069001, 34505, 34507, 34507 CDN)

BMI (kg/m”)  [Study 069001 (n=330)] Study 34505 (n=100) Study 34507 (n=635) | Study 34507 CDN
(n=52)
n (%) n (%) n (%) n (%)
<20 46 (13.9) 29 (29.0) 116 (18.3) 11(21.2)
>20-22 84 (25.4) 27 (27.0) 153 (24.1) 14 (26.9)
>22-24 74 (22.4) 29 (29.0) 178 (28.0) 11(21.2)
>24-26 46 (13.9) 10 (10.0) 100 (15.7) 5(9.6)
>26 80 (24.2) 5(5.0) 88 (13.9) 11(21.2)
Mean (SD) 23.6 (3.6) 21.7(2.8) 22.7(2.8) 22.8 (3.3)

Table 4. Exposure to Implanon by body weight category and duration of use

Body weight Exposure in years (n)

category <1 year 1 -2 years 2 - 3 years > 3 years

<50 kg 182 157 127 59

50 - 60 kg 539 423 292 96

60— 70 kg 442 344 239 46

>70 kg 248 188 131 13
70 — 80 kg 201 151 109 12
80 -90 kg 42 35 21 0

> 90 kg 5 1 1
Total 1411 1112 789 214

Studies 069001, 34502, 34505. 34507, 34507 CDN, 34508, 34509, 34510 (excluding Indonesian center), 34511, 34512, 34514

(excluding Indonesian center), 34515, 34522, 34523)
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Renal Impairment

No formal studies were conducted to evaluate the effect of renal disease on the PK of Implanon.

Hepatic Impairment

No formal studies were conducted to evaluate the effect of hepatic function on the PK of

Implanon. However, steroid hormones may be poorly metabolized in patients with impaired liver

function.

24 Extrinsic Factors

Drug-Drug Interactions
No formal drug interaction studies were conducted.

2.5 General Biopharmaceutics

The drug substance, ENG is produced by Diosynth B.V., Oss, Netherlands.

No pharmacopoeial methods are available to test the in vitro release rate over the lifetime of the

implant. Therefore, the sponsor developed

method

to measure the in vitro release profile in water at 37°C over several years.

In the method, the release medium (100.0 mL

water at 37 £ 0.2°C)

is analyzed every 24 hours for ENG content, and substituted subsequently. The concentration of
ENG is determined using an UV-spectrophotometer fitted with a flow-through cell.

Figure 3. In vitro release rate in water of ENG from Implanon batches (inean values per week)
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In general, all Implanon batches showed similar in vitro profiles in water for at least 3 years.
For batch P.90.1040 (clinical lot # C'P 090032), the in vitro release profile was higher than the

other batches. The sponsor considered this to be normal manufacturing variance.
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Figure 4. Mean release rate profiles of batches in ethanol/water
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¢ The accelerated in-vitro release test was able to distinguish the batch P90.1040 profile from
the other profiles.

Accelerated in vitro release rate

In the accelerated in vitro release rate method, the release medium (100.0 mL 90% ethanol, 10%

water) at 45 + 0.2°C was analyzed every 24 hrs for ENG content, and substituted
subsequently. The concentration of ENG was determined using an UV-spectrophotometer fitted
with a flow-through cell. To correlate the release rate of the water and 90% ethanol methods,
several batches were tested in both media.

Figure 5. Correlation between release rates of ENG from Implanon in water (37°C) and in
ethanol/water, 90/10 (45°C)
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* A strong correlation was observed between the released quantities after 6, 12, and 18 days in
90% ethanol and after 1, 2, and 3 years in water.

What are the differences between the clinical and the to-be-marketed formulations?
All formulations used in the clinical trials are identical and the same as the to-be-marketed
formulation, except for the lot used in one study (Study 34504). The implant used in Study

34504 was a leached implant prepared by extracting approximately 20 mg of ENG using ethanol-
water mixtures. This resulted in a release rate of approximately 40 ug/day.
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Formulation

Clintcal Batg hros Market Formaula
Lsachsd
Componernts implanon™ mplant used In Implanon™
study 34504
Etonogestral (Active Ingrediermt) 68 mg S0 mg BB myg b 4
EWA Copotymer (28% Vinylacetats: Core Polymer) )
EVA Copolymer (14% Vinylacetate: Skin Polymer)

Table 5. List of batch numbers used in clinical trials

Fiber coda P.83.1.006
Balch number |CP c82007 | CP 088068
Study BAR0Z 245065
24500
R RMO2
READQH

In Vivo/In Vitro Correlation

Bioavailability studies for IVIVC development were performed in 8 healthy female subjects with
the implant in situ for 2 years and 1.v. administrations of ENG before insertion, after 1 year in situ
and after removal of Implanon (Study 34507). To develop a Level A IVIVC model, the sponsor
used a formulation with a single release rate. Therefore, the consistency of this IVIVC
relationship was not demonstrated with two or more formulations with different release rates.

The in vivo absorption rates were calculated by means of numerical deconvolution using the
mean serum ENG concentrations during Implanon use and serum ENG concentrations after i.v.
administration as reference formulation, followed by linear regression on in vitro release rates and
corresponding in vivo absorption rates (data from Study 34507).

Evaluating the predictability of a Level A correlation:

Internal predictability:
¢ Calculation by numerical convelution of ENG serum concentrations for Study 34507
from IVIVC model to predict in vivo absorption rates.
External predictability:
e Calculation by numerical convelution of ENG serum concentrations for Study 069001
from IVIVC model to predict in vivo absorption rates.

Figure 6. The in vitro release rates versus the in vivo absorption rates
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A linear relationship between the in vitro release rate (R,) and in vivo absorption rate (Rgps)
over the in vitro release range 47-83 ug/day for Implanon was developed resulting in the
IVIVC model Ryps = -1.3492 + 0.6982 R,

Figure 7. Observed and predicted ENG serum concentrations in Study 34507 (internal

predictability).
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The developed IVIVC model was used to predict the ENG serum concentrations during the
use of the implant in Study 34507 (internal predictability). The mean (SD) absolute
prediction error (PE) was 2.0 + 1.7% (range, 0.4 — 4.8%).

Figure 8. Observed and predicted ENG serum concentrations in Study 069001 (external

predictability)
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For external predictability, the developed IVIVC obtained from the data collected for batch
CP090032 (Study 34507) was used to predict the in vivo ENG concentrations for batch
CP092124 (Study 069001). The mean (SD) absolute PE was 19.7 + 16.7 % (range, 0.4 —
50.7%). Limiting the prediction to the in vitro release of range 47 -- 83 pg/day corresponding
to Day 275 and Day 9 respectively, the mean + SD PE was 15.4 + 16.1% (range, 0.8 -
46.5%).

Analytical

The pharmacokinetics of ENG were evaluated using two validated radioimmunoassay (RIA)

methods. All serum samples collected in the clinical pharmacology studies were analyzed using

an analytical method developed and validated by NV Organon, except for one study. The b(4)
samples from Study 069001 were analyzed using a method developed and validated by

b(4)
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Release Specification

The initial release rate of the product was determined in water for the 1% 3 days to asses the onset
of release. A bath was used instead of for improved control of the
temperature of the release medium. A 100 mL tube with a screw cap was used. The
medium is stirred at 750 rpm

The release test and specification for Days 1-3:

Medium: Water,

Volume: 100 mL

Stirring Rate: 750 = 20 rpm b\l},
Temperature: 37+£0.2°C

Detection: UV spectrophotometry absorbance

Sampling Frequency: every 24 hrs

Specification:

An accelerated test was developed to obtain information about long-term release behavior. The
in-vitro release rate was determined on Days 6, 12, and 18 in 90/10 ethanol/water at 45°C. The
speed was controlled y

The accelerated test and release specification:

Medium: 90% ethanol/10% water,
Volume: 100 mL
Stirring Rate: 750 + 20 rpm
Temperature: 45+ 0.2°C
Detection: UV spectrophotometry absorbance b(4)
Sampling Frequency: every 24 hrs (for 18 days)
Specification: Day 6:
Day 12
Day 18.

The following release rate acceptance criteria were proposed based on the performance of the
clinical and stability lots without an IVIVC:

Final accepted release specification j

Sum of Days 1 — 3, in water

Day 6, (90/10 ethanol/water)

Day 12, (90/10 ethanol/water)

Day 18, (90/10 ethanol/water)
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4. Appendices

4.1 Individual Study Reviews

Study 34507: An open, multi-center, efficacy and safety study of Implanon in healthy female
volunteers (Austria)

An open, multi-center, non-comparative efficacy and safety study, with a PK subset in one center
was conducted in healthy female subjects. The objectives of the PK sub-study were to assess the
bioavailability of ENG, 3 months, 1 and 2 years after implant insertion and to evaluate ENG
concentrations as function of time over a long period of time. Eight subjects aged 18-40 years,
with body weights between 80 — 130 % of their ideal body weight participated in the PX study
from the Vienna, Austria study center. A bolus injection (5 min mfusion) of 150 ug ENG was
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given one or two months before implant insertion, after one year with the implant in situ and
during a spontaneous menses after implant removal (after approximately two years). By
combining the ENG serum concentrations due to ENG release from the implant with the
estimated clearance, the in-vivo release rate (ug/day) and bioavailability (%) of the implant were
calculated. Blood samples were taken prior to each i.v. administration and at regular intervals
thereafter up to 4 days (96 h). Additional blood samples were taken every 3 months after implant
insertion and just prior to removal of the implant.

One or 2 months before implant insertion, each subject received a slow i.v. bolus dose of 150 ug
ENG between days 1 and 7 of a menstrual cycle. Another i.v. bolus dose was given after 1 year
with the implant in situ. After removal of the implant (2 yrs after implant insertion), a washout
period was observed until the first spontaneous menstrual bleeding. Then, another i.v. bolus dose
was given between days 1 and 7 of that first cycle.

Blood samples for serum concentration determinations were taken pre-dose, 1, 2, 5, 10, 15, 30,
and 45 minutes and 1, 1.5, 2,4, 6, 8, 12, 16, 24, 36, 48, 72, and 96 hours after i.v. administration.
Additional blood samples were taken 3, 6, 9, 15, 18, and 21 months after implant insertion and
just prior to removal.

The in vivo absorption rate (Ray) was calculated by multiplying the serum ENG concentration
released from the implant (Cinpy by the estimated clearance determined after the i.v. bolus
administration of ENG. The bioavailability of the implant was calculated using the following
formula:

F(%) = (Raps/Rin vivo) X 100, where R, vivo=0.8 x in vitro release rate

For the batch used (CP090032) the in vitro release rates were 75, 55, and 40 ug/day after 3
months, 1 year, and 2 years, respectively.

Table 6. Mean (SD) for the PK parameters of ENG due to ENG release from Implanon

Time after Implant insertion
Phiarmacokinetic Parameters B
3 hm‘s 1. Year 2 Years
ENG serum concentration {pgimL) 38804 767 2236+ 48.0 1890 +£42.0
In vivo absarption rate (11gideary) 50053 1572 4167 +8.82 3027 «4.18
Bioavailability {%4) 99,93+ 26,20 94,48 +20.05 94.60 + 13.06

* During the 2-year study period the mean ENG in-vivo release rate was found to decrease with
time from approximately 60 ug/day after 3 months to 30 ug/day after 2 years with the implant
in situ.

e The mean bioavailability was approximately 95 - 100%.

* The mean ENG serum concentration due to ENG release from the implant was found to
decrease with time from approximately 340 pg/mL (range, 272 — 481 pg/mL) after 3 months
to 190 pg/mL (range, 139 - 254 pg/mL) after 2 years with the implant in situ.

* The total ENG clearance was found to remain constant during the 2-year study period at
approximately 7.5L/hr. The mean clearance before implant insertion, after one year with the
implant, and after implant removal was observed to be 7.33, 8.46 and 6.93 L/h, respectively.
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Table 7. Mean (SD) for the PK parameters calculated by means of fitting a 2-compartment PK
model to the ENG serum concentrations following a slow i.v. bolus dose of 150 ug ENG

Timing of 1Y injection in relalion to impfant insertion
Pharmacokinetic Parameters

Before 1 Year After Remaoval
n B i 6
Elimiration s (h) 2503 t;6;74 23531250 2835877
Visa(L) 201121882 | 2463752 | 203121086
CL {Lh) 7334278 BA6+265 8.93 + 158

*  With a clearance that remained similar during the 2-year study period and a bioavailability
that did not change, it can be concluded that the decrease in ENG serum concentration can
solely be ascribed to a decrease in in-vivo release rate of the implant.

Study 34502 (Phase II, Thailand): A PD/PK study with a one-rod implant containing ENG in
healthy female subjects

An open-label, single-center, PK/PD study was conducted in Thailand to investigate the PK of
ENG, the effect of ENG on ovarian function, and the effects of ENG on bleeding pattern in 15
healthy female subjects (20-37 years old, BMI of 17-26 kg/m?). SHBG and ENG were measured
once every 2 weeks in the 1% 3 years following the implant insertion (from weeks 1-6, 24-29, and
48-53). During the 4" and 5" year of treatment, ENG was measured once every week (from
weeks 11-14, 24-27, 37-40, and 50-53) while SHBG was not measured. ENG was measured just
prior to removal and 24, 48, and 96 hours after removal. No pregnancies occurred during
treatment.

Table 8. Summary table of SHBG

Iean % change SHBG®
SHBG{nmaolf)

Assessment N Mean SD Median | Mean SO tedian
Screening 15 57.2 28.4 70

\Week 1-6 15 42.8 211 41 -36.4 12.0 33
\Week 24-29 15 526 26.1 50 20,5 26.5 25
Week 48-53 16 58 8 268 55 -10.2 21.5 i
Week 72-77 15 76.3 38.4 71 25.4 0.7 12
\ieek 98-104 15 825 387 82 ke 26.6 28
VWaek 124-129 11 85.8 420 o1 203 36.6 ]
Week 150 -155 14 D7 32.8 68 1.0 74.9 7

3

% change of within-subject mean SHBG from basefine {i.e. last screening vatue}

. ¢ ) ‘ .

¢ During the 1* year mean and median SHBG concentrations were below screening values.
Thereafter, values returned to close to or above the screening values.

Appears This Way
On Original
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Figure 9. Mean, median, interquartile and P05-95 ranges of mean ENG concentrations measured
during treatment
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* During the 1™ 6 weeks after implant insertion the within-subject mean ENG concentration
was on average 635+243.3 pg/mL (n=15). The maximum concentrations ranged from 265 to
1710 pg/mL (mean of 894 pg/mL), and they were attained between Day 9 and 23 (mean of
10.4 days). Thereafter, concentrations decreased slowly with time (5® year: 145.5+64.4
pg/mL, n=7).

Figure 10. Mean, median, interquartile and P05-95 ranges of mean ENG concentrations
measured post-removal
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Table 9. Serum post-removal of ENG concentrations
[org 3236 Org 3236 (pg/ml)
(L n Mean 5D Minimum| Median | Maximum
| AL remgval 14] 166.2 75.8 7 N
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Study 34508 (Phase II): An open, bi-centre, randomized comparative study on ovarian activity
in healthy female volunteers with an all EVA one-rod implant (Org 3222) releasing 60 ug 3-
ketodesogestrel (Org 3236)/day or with Norplant

An open label, bi-center, randomized study was conducted to compare the effects of Implanon on
ovarian function and bleeding pattern with those of Norplant. Subjects were randomly assigned
to Implanon or Norplant treatment. The mean age of 16 subjects in the Implanon group was
29.5+6.6 yrs. The mean BMI was 22+2. The duration of the treatment was 24 months. Serum
samples were taken just before implantation and at 0.25, 0.5, 0.75, 1, 2, 4, 8, 12 (optional), 24, 48
and 72 hours post-insertion. Blood samples were taken at monthly intervals thereafter. In
addition, ENG concentrations were to be assed twice weekly during the treatment monitoring
periods. On the day of implant removal, serum samples were taken just before removal and
subsequently at 0.5, 1, 2, 4, 8, 24, and 48 hours post-removal to determine concentrations of
ENG. Nine subjects completed 2 years and 7 completed 3 years of treatment.

b

Figure 11. Relative changes from baseline (mean, SD) of time-integrated mean SHBG
concentrations of Implanon (single line) and Norplant (dotted line)
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Figure 12. Median, iﬁi&i{ﬁaxﬁle raﬁge and P0O5-P95 rang;(;fvﬁiriﬁ;ihgvg}é{éa mean serum ENG
concentrations assessed during the 1 4 weeks after implant insertion
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e After Implanon insertion, serum ENG showed a rapid rise, resulting in concentrations >90
pg/mL after on average 6 hrs (range, 2 — 8 hrs).

¢ Maximum concentrations were attained between Day 1 and 13 and, on average at Day 4.
These maximum concentrations ranged between 472 and 1270 pg/mL, with a mean of 813

pg/mL.

Figure 13. Median, interquartile range and P05-P95 range of time-integrated serum mean ENG
concentrations assessed during treatment
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* At Day 366, the time-integrated serum concentrations were on average 196 pg/mL and
ranged from 150 to 261 pg/mL (n=10). At Day 731 (after 2 years), the time-integrated
concentrations were on average 194 pg/mL and ranged from 135 to 265 pg/mL (n=8). At
Day 1096 (after 3 years), these concentrations were on average 156 pg/mL and ranged from
111 to 202 pg/mL (n=6).

Figure 14. Median, interquartile range and P05-P95 range of time-integrated mean serum ENG
concentrations assessed after removal of the implant
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*  After removal of the implant, ENG concentrations showed a decrease resulting in values <90
pg/mL after on average 42 hrs (range, 0-126 hrs, n=15).

 The concentrations on the 1* post-removal day were on average 138 pg/mL and ranged from
53 to 185 pg/mL (n=15). On the 2™ day, they averaged 73 pg/mL and ranged from 10 to 113
pg/mL (n=15); whereas on the 3" day, they averaged 48 pg/mL and ranged from 10 to 88
pg/mL (n=14).

Study 069001 (Phase IlI): PK of ENG during 2 years of Implanon use in a subset of population
(n=20)

An open-label, non-comparative, multi-center, clinical trial was conducted in 330 healthy female
subjects with normal menstrual cycles to determine contraceptive efficacy and safety of Implanon
during 2 years of use, with subsets for PK measurements. The objective of this subset study was
to evaluate the PK parameters of ENG in a subset of 20 subjects participating in the main efficacy
and safety study at one study center. The implant was inserted on the inside of the upper arm
between the 1% and the 5™ day of the subject’s menstrual flow. Blood samples for determination
of ENG concentrations were drawn at pre-dose (immediately prior to implant insertion), 0.25, 0.5,
0.75, 1, 2, 4, 8, and 24 hr post-insertion on Day 1, once every 24 hr from Day 2 to Day 14, then
every month during treatment (Months 1-24). The elimination rate was evaluated by collecting
blood samples at 0 (just before implant removal), 0.5, 1, 2, 4, 8, 24, 48, 72, and 96 hr post-
removal of implant (Month 24). Serum SHBG levels were measured from blood samples
collected at 0 (immediately prior to implant insertion) and once every month during treatment.
The mean baseline BMI of 330 subjects was 23.6+2.6 (range, 16.5 — 33.8)

Of 20 subjects enrolled in the PK subset, 8 subjects underwent early removal of the implant
(Subjects 02, 06, 12, 13, 14, 16, 19, 20). The mean age of subjects was 27.9 + 6.7 yrs (range, 18
— 39 yrs), and the mean weight was 64.0 = 11.9 kg (range, 42 — 92 kg). The subset population
was predominantly Caucasians (2 Asians, 2 Blacks, and 16 Caucasians). Twelve women
completed the 24 months treatment period. PK parameters (Cipax, tmax, Az, ti2) Were estimated
using non-compartmental methods (WinNonlin Version 1.1).

Figure 15. Mean (SD) Serum Concentrations of ENG over Time
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* The absorption/release profile of ENG following implantation was characterized by an initial

burst effect (mean Cp,, of 781 pg/ml., median Ty, of 144 hrs) followed by a slow decline in
concentrations over time.
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e The C,« ranged from 323-1560 pg/mL and occurred at 24-263 hrs following implantation,
except for Subject 03 (Caucasian, 24 yrs old, 72 kg, 168 cm) whose highest serum
concentrations were measured during Month 1.

e At 2 weeks following implantation (visit Month 0, 336 hr), the mean concentration was 441
pg/mL. After the initial burst release, mean ENG concentrations slowly declined to 192
pg/mL at 12 months and to 160.3 pg/mL at 24 months.

Table 10. Individual PK Parameters and summary statistics for ENG

Subdect Cmax (pglmil TmaAR {hours ! LAHMBDAR thours~1) PL/2 (hours}
TT007 L3 ~]
11002 3.6
11003 33,9
11004 2T
11005 23,3
1100& 437
11008 248.7
1100¢ 24.8
1inia ki
11912

11013

11014

*Tmax for this subl
in the caluoulati
Values nok esti

: Estimabes o

TE: Tmax estimates cosrrasspond oo Visiv
e The parameters A, and t,, were estimated following removal of the implant at Visit Month 24
(or following early removal of the implant for subjects who discontinued early from the
study). Serum ENG decreased gradually, with a mean t;, of 34.6 hrs (range, 20.7 — 55.9 hrs).
ENG serum concentrations were undetectable within one week after removal.

e For 3 subjects (11, 12, 20), A, and t;, were not estimable.

Mont

Figure 16. Mean (SD) serum concentrations of SHBG over time
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e Mean SHBG concentrations decreased significantly after insertion of implant (from pre-
implantation, 43.1 + 20.9 nmol/L to Month 1, 25.3 &+ 17.2 nmol/L), and remained at these
levels until Month 9 (27 + 19.3 nmol/L). A trend toward return to baseline was observed
after Month 9.

Study 34523: An open, non-randomized, group comparative study to evaluate the effects of
Implanon compared to the use of an IUD on lactation and to study the transfer of ENG to breast
milk in lactating healthy female volunteers {Thailand)
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A single-center, open-label study was conducted in 42 mothers (aged 18 — 40 years, BMI of 18 —
29) and their 42 children (28 — 56 days post-partum) in Thailand to determine the concentrations
of ENG in breast milk and compare these to the concentrations in the maternal serum. Maternal
blood and breast milk samples were taken prior to implant insertion and 1, 2, and 4 months after
Implanon insertion. An additional maternal serum sample was taken just prior to implant
removal. The 24-hour volume of breast milk was to be determined by weighing of the infant to
the nearest 10g before and after each breast-feeding prior to the start of treatment and after 1,2
and 4 months of treatment. No pregnancies occurred.

The 24-hour volume was defined as the sum of all feedings in 24 hours, measured by the
newborn’s weight difference from before to after the feeding divided by 1.03 (specific gravity of
the breast milk). The daily ENG dose per time point given to the infant via breast milk was
calculated as Diggan’ (ng/kg/d) = ENGu (ng/mL) X Vi (mL/kg/d) where ENG,,x is the breast
milk concentration and Vi is the volume of breast milk ingested by the infant over a period of
24 hrs per kg body weight of the infant at corresponding time pomts The daily ENG dose per
time point was calculated using the following formula: Diygn * (ng/kg/d) = ENG i (ng/mL) x 150
(mL/kg/d) assuming milk intake of the infant is defined as 150 mg/kg/d.

Table 11. Mean (SD) ENG concentrations, the ingested volume of breast milk/kg body weight
infant/day (Vi) and PK parameters for all subjects

Faramatar Month 1 Wonth 2 honth 4

{Unitz) M hlean sD N kdsan sD I Mean b
ENGeeum {pg/mL} 41 o0l 1307 38 3478 72 3B 2781 a0y
EMGmng ixg/mL) 41 177.7 213 38 1521 7iE 2] 131.4 781
Iilkk over Serum ratio 40 G448 | 01768 38 0442 { 0181 37 0498 | 0.256
Yok (mLskQd av) 41 ‘1 14.2 245 28 1010 28.8 32 ang 24.2
Dintsrn’ (Nglegclary) 41 1085 | 419 28 1608 | 7.8 37 1045 | 627
Hypothestical Dimaef® (ngikgpdawy | 47 2665 | 12.29 38 2286 | 184 37 2099 1 11.49

., daily ENG dose per kg Tngested by he T S Besed on e atluf amGUnt of Tres st ik Ingasted
“ daily ENG dose per kg based on a hypothetical breast milk valume of 150 mbsdg! ‘day taken from the literature

¢ The mean transfer of ENG to the infant for up to 4 months was highest at Month 1 and
amounted to 19.86 ng/kg/day. Concentrations decreased with time. In the comparison of
the Dintant an overall statistically significant difference was found with time. The Djp
was significantly higher for Month 1 compared to Month 2 and the dose was significantly
higher for Month 2 compared to Month 4.

¢  The initial release rate of Implanon is about 67 ug ENG per day after insertion. This
results in a maternal daily ENG dose per kg of around 1200 ng/kg/d for a mean maternal
weight of 55.9 kg. With a daily ingested infant ENG dose of 19.86 ng/kg/d at Month 1, it
can be shown that 1.7 % of the maternal daily dose per kg was ingested by the infant via
breast milk.

¢ With a daily infant ENG dose of 26.65 ng/kg/d at Month 1, calculated with a milk
consumption of 150 mL/kg/d, it can be shown that 2.2% of the maternal daily dose per kg
would be ingested by the infant via breast milk.

¢ The mean maternal serum ENG concentration decreased over time and this decrease was
accompanied by a decrease in mean breast milk ENG concentration

¢ The serum ENG concentration was significantly higher for Month 1 (399 pg/mL)
compared to Month 2 (347.8 pg/mL) and the concentration was significantly higher for
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Month 2 compared to Month 4 (278.1 pg/mL). This is most likely caused by a decrease
of the release rate of the implant.

e The mean daily infant ENG dose calculated with the assumption that the infant had drunk
150 mL/kg/d (Dmfam ) showed a gradual decrease over time during the 4 treatment
months. In the comparison of the Dinant” an overall statistically significant difference was
found with time and also for Month 4 minus Month 1 and Month 3 minus Month 2.

¢ The milk over serum ENG concentration ratio did not show a statistically significant
change over time

Table 12. Time comparisons performed on the log-transformed ENG concentrations, milk/serum
ENG concentration ratio and Djyan

Paramater onih 2iMonth 1 ratic . Month 4/Month 2 ratlo Month 4/Month 1 ratio

LCLR PER UCLR LOLR PER LICLR LCLR PER UCLR
ENG secun 0.82 0.87° 092 675 0790 084 085 0,69° 0.73
ENG 0.74 0.87 1.02 are 0.82° 098 061 o.72" 0.85
NS 0.84 0.5 118 G0 1.08 125 | oss 1.08 1.24
Dirtant’ 0.63 o7 0.89 gis6 0.88° 079 | 04z 0.50 0.59
Dintant® 0.74 0.87 102 0.70 083" 098 081 0.72° 0.8s

Data were taksn from Analyses 9-1 o 9-5 In Appendix B

® slatistically significant. dnfn-ren:e (£ 0,083
ENG: etonogestrzl; D.,,:,ﬂl singested by t anlt; l)m,.m, aalcuiated vdth the treast milk value of

150 mlskgiday taken from the lteralure: PER point estictiote of the ratin;  LO2LR: lbwer 955 aonfidence nit of the
ratio: UCLR: upper 95% confldence 1imit of ihe ratic

Study RM01 (China, PK/PD, Supportive study b/c of GCP could not be confirmed)
A PK/PD study with Implanon in healthy female subjects (CHINA)

An open-label, non-comparative, PK/ED study was conducted in China to evaluate the effect of
ENG on pituitary-ovarian function and bleeding pattern of menstrual cycle in 16 healthy Chinese
female subjects (mean baseline weight: 59.8 + 5.4 kg, range: 50 ~ 70 kg). In addition, the PK
profile of ENG was observed after implantation. Blood samples were taken at ~4 weeks or
earlier, -2, 2, 4, 6, 24, 26, 28, 48, 50, and 52 weeks after implant insertion. During the 2™ year,
blood samples were taken at 72, 74, 76, 98, 100, and 102 weeks after insertion. In the 3" year,
blood samples were taken at 124, 126,:128, 150, 152, and 154 weeks after insertion, in the 4™ and
5% year at 170, 172, 174, 192, 194, 208 210, 218, 220, 234, and 236 years after insertion. Upon
removal, blood samples were taken immediately after removal, and 1, 2, 3, and 4 days after
removal. Serum concentrations of E,, progesterone, ENG, and SHBG were determined. The
SHBG concentrations were determined by Farmos immunoradioassay or by Delfia
fluoroimmunoassay. The ENG concentrations were determined by RIA. Three subjects (006,
011, 106) discontinued after 11, 23, and 10 months of use, respectively, due to prolonged
bleeding and spotting. Thirteen subjects completed the study. No pregnancy occurred.

Figure 17. Mean (SD) serum concentrations of ENG after Implanon
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* The mean serum ENG concentrations reached the peak value of 627.3 + 257.8 (322 — 1061)
pg/mL 2 weeks after implantation, and then declined to 364.3 £ 106.5 pg/mL at Week 6. The
serum concentrations of ENG continuously decreased to 198.4 + 52.3 pg/mL at the end of the
1% year.

¢ Serum ENG concentrations maintained stable from Week 70 to the end of the study: ranging
from 160.5 +43.6 to 178.5 + 63.3 pg/mL in the 2™ year, 157.6 + 38.7 to 169.0 + 29.2 pg/mL
in the 3" year and 156.3 % 39.7 to 180.6 + 47.9 pg/mL in the 4” year. In the 5° year, the
mean serum ENG concentrations slightly declined to 145.0 + 45.8 (Week 208), 135.8 +36.4
pg/mL (Week 210), and 152 £35 pg/mL (4.5 years).

* A rapid decline of serum concentrations of ENG from 139.5 + 43.5 pg/mL t0 23.3 + 11.8
pg/mL was observed after 4 days implant removal.

Figure 18. Mean (SD) serum SHBG concentrations during the first 3 years after Implanon
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* Serum SHBG levels significantly decreased (29.6+15.7 nmol/L at 4 weeks, 37.1+18.7 nmol/L
at 26 weeks) during the 1* half year after implantation compared to the baseline levels
(47.1£20.7 nmol/L at -2 weeks). SHBG levels significantly exceeded the baseline levels
from Week 72 (59+20.2 nmol/L) and remained elevated up throughout the study.

Table 13. Distribution of maximum serum progesterone values (nmol/L)

Heaks nfter placessnt

ic‘tcgery -4 to ¢ 0-6 21-2% 46-51 70-75 $5-10% 120-13% 1464351 170-173 192-199 07-212 217-122 234-239
N 16 16 16 14 14 13 13 13 13 13 13 13 13
;<10m1/1 ) 15(93.8} ¢ 15{100) 14{100) 14{100; 10{76.9) 13(X00) YL{B4.8) 12{(%2.3) 13(100} 13(1e0) 13 (206} 13(100)
10-25mol/1 1 (6.2) 166,20 0 0 s B o 205,40 o 0 o 0 o
sed0mmol/l 15(92.8) 0 0 0 s o 0 0 1.7 e o o o

+ juside of () ia parcentage

* No subject had progesterone levels exceeding 10 nmol/L during the 1% 75 weeks. During
Week 95 to 101, 3 of 16 subjects (003, 013, 014) had maximum progesterone levels of 22.8,
14.5, and 10.4 nmol/L, respectively.

*  Subject 003 and 013 had maximum progesterone levels of 12.6 and 10.1 nmol/L during Week
146 to 151.
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A PK Integrated Analysis of Implanon

The compiled database contained data from the following 4 studies: 069001 (U.S.), 34502
(Thailand), 34508 (Finland/Sweden), and RMO01 (China). To compare the serum ENG
concentrations in these studies, the AUCs of consecutive 3-months intervals (defined as 91.5
days) were calculated for each subject by linear interpolation of the observations. By dividing
these AUCs by 91.5 days, time-integrated average ENG concentrations were obtained for
consecutive intervals starting with the 6-9 month intervals. Time-integrated average ENG
concentrations calculated for consecutive 3-month intervals were used as dependent variables in a
repeated measurement analysis.

Table 14. Demographics of 59 subjects

Parameter study protocol
088001 34502 34568 RMO1% Teral
Number of observaticns +T 15 13 14 5g
Age {y=ars)

Mear (SO} 272687 28.0¢5.4) IN.E D 32.3 {2.43 28.2 (6.0
Min — Max 18-39 20-37 2022 ZP-385 318-39
18-24 years N(Ye; 8{47.1; 8{53.3) & 19 (32.2)
25-29 years N{%ey 24{31.8; 2132 21014 3: 91832
30-40 years N(%e} T{41.2) 5 (33.3) 12 {B5 71 21 (52.5)

Welght (xg)
ean (50} 62.3 {10.8) 527 {6.8) 58.2 8.2 59.9 (5.8 58.5 (8.4}
Rin — Max 42-80.8 A2-64 554395 B5C-70 42-80.8
< 45 KG N(%} 1{3.2) 3 {20.0) Q (43 4 (5.8
45-250 kg N(% 3 1(5.¢) 24¢13.3) a < 3{a.1
50-<60 kg BN} 5 (2.4 948G F53.8) 5 (42.9) 27 {45.8;
B0-=70 kg N{He) B3 35,3 187 G {46 2y B {42 9 19 (22.2)
= 7O kg Nywiy 4 (235} o a 2 (14,3 G (10.2)
Body mass index (kg/m?)
ean (SO 22.9 (2.4 2.3 (2.8) 2240 {2.2) 22.92.2; 22,527
Mir-Max 18 @.21.6 17.5-26.3 18.5 - 255 18.4-27.3 16.9-31.6
< 20 kgim* N(%e} 1i8.9% 3 {20.0} 2415 43 1713 71193
2026 kgim? Ni%e) 12 (70.5) 9 (GG.0) 10 {78.9) 11 {78.6) 42 (71.25
* 25 kg'm? N Yo 4 {23.5} 3 {20.0) 14{7.7) 2{14.3y 10 (16.9)

Figure 19. Mean (SE) of time-integrated averaged ENG concentrations over consecutive 3-
month intervals (AUCs/91.5) during treatment stratified for BMI categories (<20 kg/m?, 20-25
kg/m?, 25 kg/m?)
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Table 15. Results of repeated measurements analysis based on the reciprocal time profile

Independent vaciables :Iiegression SE FP-value
coefficiont

Infercept 4.88 Q.07

Reclprocal of time {1/T) BY. 7S 10.35 =C.5001

(13 B = 20 kgim® Q 3844° 0.1032 G 0018

(2 205 BMI kgim®< 25 kg/m? Q 1266° 0.07245

(3y 25 kg/m? = BMI [SX°)

Time-integrated average change of basetine in “.0114" 3.0053 G 0835

body weight

- implies that the mean is exp{0.38443=1.47% (47%) ang axp(Q.1268)= 1.13 (13%) largor than the mean
associated with {3} and that the mean of (1) s exp{0.3844-0 1266 =1 28=29%;, larger than the mean of
).

“* imples that 5 kg Increase of body weight gives a mean ievel that 15 expiS*-0.011)=0.94 (6% kawer
mean in compartson with no change in body weight

e ENG concentrations for women < 20 kg/m’ were on average about 47% higher than
women with BMI >25 kg/m®.

e ENG concentrations for subjects 20-25 kg/m’® were on average about 13% higher than
subjects with BMI >25 kg/m”.

* Subjects with BMI <20 kg/m” showed an average 29% higher serum ENG concentrations
than the majority of subjects (71.2%) with BMI between 20 and 25 kg/m”.

» The interaction of time and BMI categories was not significant (p=0.25) indicating that
this observed difference of 47% and 13% between mean time-integrated averaged ENG
concentrations was consistent over time.

IVIVC for Implanon

Two types of in vitro/in vivo correlations were attempted by using two different approaches. In
the first approach, the correlation between the in vitro release rate and the in vivo release rate
was attempted. The second approach investigated the correlation between the in vitro release
rate and the in vivo absorption rate. The difference between the two in vitro/in vivo correlations
reflects the difference between the amount of ENG released in vivo and the amount absorbed in
vivo (the amount of ENG that has actually entered the circulation).

Correlation between in vitro and in vivo release rates

Implants used in clinical studies were tested for residual ENG content after being removed from
study subjects at various times up to 5 years of use. The amount of ENG released in vivo (in situ)
was calculated by extracting the amount remaining in the implant after removal from the mean
content of the batch of implants. The in vivo released amounts of ENG at various in-situ time
periods (as calculated from the ENG determinations of the ex-vivo implants) were compared with
the in vitro released amounts in water measured during the same time periods.

Table 16. In vivo/in vitro correlation of release rates

Fiber Coda Batch Corrgdation 1 vivolln vitro released amounts of ENG
Coefficiert (R) Slope
P £8.1006 . CP 088007 ey 028
P 058086
P 60.1040 CP 090032 077
TD 93,1249 CP oG2124
TD 65.1223 2P 005160 0.5
MEAN VALUES A
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There is a linear correlation between the in vivo and in vitro released amounts. It can be seen
from the slopes that the mean in vivo released amount is approximately 20% lower than the in
vitro released amount. One likely explanation is the formation of a tissue capsule around the
inserted implant. The capsule may act as an additional membrane that causes a decrease in the
release rate of ENG in situ. It can be concluded that the mean in vivo release rate of ENG from
Implanon is approximately 0.8 times the in vitro release rate.

Correlation between in vitro release rate and in vive absorption rate (Report, R&DRR

NL.0038861)

Data from the following studies were used: Study 34507 (batch CP090032) in 8 healthy female
subjects with the implant in situ for 2 years and i.v. administrations of ENG before insertion, after
1 year in situ and after removal of Implanon, and Study 069001 (batch CP092124) in 20 healthy
female subjects with the implant in situ for 2 years.

To develop an IVIVC model, the in vivo absorption rates were calculated by means of numerical
deconvolution using the mean serum ENG concentrations during Implanon use and serum ENG
concentrations after i.v. administration as reference formulation, followed by linear regression on
in vitro release rates and corresponding in vivo absorption rates (data from Study 34507).

Internal predictability: calculation by aumerical convolution of ENG serum concentrations for
Study 34507 from IVIVC model to predict in vivo absorption rates.

External predictability: calculation by numerical convolution of ENG serum concentrations for
Study 069001 from IVIVC model to predict in vivo absorption rates.

Figure 20. The in vitro release rates versus the in vivo absorption rates

7017 y = D.6982x - 1.3402
60 - R = 0.9783

Invivoabsorption rateg/day)

20 30 40 50 60 70 a0 24

I vitro retease rate {gg/day)

® A linear relationship between the in vitro release rate (Riet) and in vivo absorption rate (R )
over the in vitro release range 47-83 pg/day for Implanon was developed resulting in the
IVIVC model Ry = -1.3492 + 0.6982 R,

Appears This Way
On Original
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Table 18. External prediction data for Study 069001

corvolution

inwive data

OQbserved in vitro data Caleulated by WIVC Calculated by] Observed Prediction errors
. ) convolution | in vivo data.
Time | Time | Time |!n vitro release | in vivo @bsorption[Cum. absorbed] i vive ENG | I vivo ENG Prediction |Absolute
{(hours)| (days)] (weeks)| rate {ng/day) rate {pg'day) i vivo (mg) [ conc. {pgfmL}{ cone. (pgimL)| error (PE}| PE (%)
ohserved praicted predicted predicted obsered { %01
1 o1 020 0.102 26.9 26.9
2 0.3 720 0.174 352 352
] 0.4 G6.4 0.240) 60,7 507
4 0.8 536 0.304 449 44.9
& o7 62.9 0,367 497 497
[ 0% 50,1 0.427) 45,3 46.8
7 1.0 59.4 0.488 42.7 42.7
g 11 58.0 0.544 432 432
Y 1.2 58,6 0,801 455 46.5
10 1.4 bE.E 0.858% 35.5 355
11 1.8 582 Q7173 34.9 4.9
12 17 56.2 Q.78 2.5 22.5
13 1.9 54,5, 0,822 2 35.8
14 2.0 2.8 0.876 24.5 24.5
31 4.4 50.6 1.72€ 1.4 1.4
a1 a7 44.G 3.073 R =31 1
92 121 40.6 4.331 . -0.g 0.8
22 17.4 376 5.460] .3 PR 16
163 21.9 36 §.579 A 4.5 4.5
183 Z6.1 KCRS 7518 2121 7.2 72
214 0.8 2.9 8.835] 201.7 5.1 S
Observed in vitro data Calculated by IVIVC Calculated by|  Observed Prediction errors

Time | Time | Time | v#o release | fn vive absorption] Cum. absorbed| in vivo ENG | 1n vive ENG | Fredicton | Absolite
{hours) | {days)! (weeks)] rate (poyday) rate {pgiday) 0 vivo (mg) eone. {pa/mb)| sonc. (pgimLif error (PE)| PE (%)
obgerved predicted predicted predicted observed (%

0858 244 249 9.58¢ 1961 1.7 1.7
BE00 275 0.3 10.5684, 190.5 38 3.8
7320 305 43.6 11,475 186.2 0.4 (.
054 336 44.0 12.389) 182.4 a9 6.9
8784 384 52.3 13.271 178.2 7.2 iz
9628 257 56.7 14,137 1711 [0 a7
10248 427 B1.0 14.957 187.3 0.6 [1X23
10992 468 65.4 18.774 161.4 4.4 EX

11712 483 6a.7 168.537 165.8 14.€ 14.6
12456 519 41 17.304 161.5 17.7 17.7
13176 549 8.4 18.037| 149.7 184 18.1
13920 580 Bz9 18.781 146.9 18.5 8.8
1454C §10 87.1 16.486 144.0 14.1 14.1
15384 541 914G 20,202 14 241 241
15104 G71 959 20.889 1 145.5 16.59
16842 702 100.3 21,686 1 1.4 10.4
17568 732 104.6 21.8 22.240) 1 3 i 228 22.8

e The mean = SD absolute PE was 19.7 + 16.7 % (r.

ange, 0.4 — 50.7%A)". Limitin

to the in vitro release of range 47 - 83 pg/day corresponding to Day 275 and Day 9
respectively, the mean + SD PE was 15.4 + 16.1% (range, 0.8 — 46.5%).

Dose-finding studies

g‘the predictiérl

Dose-finding studies (Diaz S et al. Contraception 1991;44:393-408 and SDGRR 2904) were
performed to determine which subdermal ENG dose was sufficient to inhibit ovulation.
Prototype ENG-containing implants (either .
and contained about 7 - 28 mg of ENG) were used in the dose-finding studies. The initial daily

in vitro release rate was between 10 and 40 pg/day. The in vitro release rates measured at various
periods in time were compared with serum progesterone levels. Only women with serum
progesterone levels above 9.5 nmol/L on one or more occasions during implant exposure were

scored positive for having experienced ovulation

capsules or EVA rods covered
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Diaz S et al. Inhibition of ovulation

ENG > 0.09 ng/mL 57/59 blood gamples (97%)

ENG < 0.09 ng/mL 39/75 blood samples (52%)

¢ There were 3 pregnancies with ENG implants with a release rate of 20 mcg/day or less but no
pregnancies were reported with ENG implants with 30 mcg/day and 40 mcg/day.

¢ ENG implants releasing approximately 40 mcg/day and providing ENG concentrations above
0.09 ng/mL showed efficient contraception protection (Diaz et al. 1991).

Table 19. Combined serum progesterone data (Diaz et al 1991 & SDGRR 2904)

Qgcurrence of serum Foancentrations compatible wath ovulation
Dose of ENG {nurol and percentuges)
(RRin ug / day Diaz 1991 1 SDGRR 2904 Average
niN % i niN % %
40 - 31 1728 38 - - 36
30-21 2726 LR ES 30 367 24.1
20- 10 12 £33 36.4 23/44 522 44.3
< 19 G112 75.0 G210 90.0 B2.5

e data available
* Based on the data collected, the sponsor decided to develop an implant that would give an in
vitro release rate of approximately 30 pg/day at the end of 3 years. Taking into account that
the release rates of implant systems decrease by about a factor of two during their semi-
steady state release period, an initial release rate of approximately 60 pg/day was required.
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Office of Clinical Pharmacology and Biopharmaceutics

New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA Number 21-529 Brand Name Implanon
OCPB Division (I, IT, XII) DPE II Generic Name Etonogestrel implant
Medical Division DRUDP: Drug Class Progestin
OCPB Reviewer Myoqg_-_dﬁn Kim Indication(s) Contraception
OCPB Team Leader Ameeta Parekh Dosage Form Implant

Dosing Regimen 68 mg ENG, every 3 years

Date of Submission SEP-30-2003 Route of Administration Subdermal

Estimated Due Date of QCPB Review

Sponsor

Organen USA Inc.

PDUFA Due Date

OCTOBER-30-2004

Priority Classification

3S

Division Due Date

Clin. Pharm. and Biopharm. Information

“X” if included
at filing

Number of

studies

submitted

Number of
studies
reviewed

Critical Comments If any

STUDY TYPE

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

Tabular Listing of All Human Studies

HPK Summary

Labeling

Reference Bioanalytical and Analytical
Methods

I. Clinical Pharmacology

Mass balance:

Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics (e.g., Phase I) -

Healthy Volunteers-

single dose:

multiple dose:

Patients-

single dose:

mulitiple dose:

Dose proportionality -

fasting / non-fasting single dose:

fasting / non-fasting multiple dose:

Drug-drug interaction studies -

In-vivo effects on primary drug:

In-vivo effects of primary drug:

In-vitro:

Subpopulation studies -

ethnicity:

gender:

pediatrics:

geriatrics:

renal impairment:

hepatic impairment:

PD:

Phase 2:

Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:
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Il. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference:

Bioequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

(IVIVC):

Bio-wavier request based on BCS

BCS class

lll._Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

17

Total Number of Studies

Filability and QBR comments

“X” if yes Comments

Application filable ?

applicabley
For exampile, is clinical formulation the same as the to-be-markeled
one?

Comments sent to firm ?

Comments have been sent to firm (or attachment included). FDA
letter date if applicable.

QBR questions (key issues to be
considered)

Other comments or information not
included above

Primary reviewer Signature and Date

Myong-Jin Kim, Pharm.D.

Secondary reviewer Signature and Date

Aimeeta Parekh, Ph.D.

CC: NDA 21-529, HFD-850 (L. Lesko, S. Huang), HFD-580 (B. Wesley, S. Monroe), HFD-870 (H. Malinowski, J.

Hunt, A. Parekh), CDR (B. Murphy)

CP&B Briefing attendees on October 7, 2004: S. Apparaju, J. Bullock, L. Furlong, S. Huang, J. Hunt, K. Lam, J. Lazor,
H. Malinowski, A. Mitra, S. Monroe, S. Ottiz, A, Parekh, H. Sun, B. Wesley.
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Filing Memo

Clinical Pharmacology and Biopharmaceutics Review

NDA: NDA 21-529

Compound:  Etonogestrel subdermal implant
Sponsor: Organon USA Inc.

Date: NOV-14-2003

Reviewer: Myong-Jin Kim

Background:

Implanon (etonogestrel subdermal implant) is a progestin-only contraceptive for subdermal use
and it contains 68 mg of etonogestrel (ENG). It is designed to continuously deliver ENG for a
period of up to 3 years. ENG is the biologically active metabolite of desogestrel and is
formulated for use as a single rod for subdermal use. After insertion, ENG is slowly released
through the rate-controlling skin. It is proposed that plasma concentrations of ENG are inversely
related to body weight and decrease with time after insertion. The clinical experience with
Implanon in obese women in the 3™ year of use is limited.

Formulation:

Implanon is a co-axial rod consisting of an ethylene vinyl acetate (EVA) copolymer core (28%
vinylacetate) containing 68 mg ENG, surrounded by a 60 um skin of EVA (14% vinylacetate).
All formulations used in the clinical trials are identical and the same as the to-be-marketed
formulation, except for the lot used in Study 34504. The implant used in Study 34504 was a
leached implant prepared by extracting approximately 20 mg of ENG using ethano!l-water
mixtures. This resulted in a release rate of approximately 40 ug/day.

Table 3 List of formulations
Clinivat Batohes Market Formula
Leached
Components Implanon™ Irep lant ussd in Implanon ™ b(4)
study 34504
Eloncgssire {Sclive Ingredient’ 68 mg 50 mg 82 mg
EVA Copalymer [28% Virglacetate: Core Polymir
EWA Copolymer [14% Vinylacetate: Skin Polymer)
Table 4 List of bateh numbersused in clinical trials
Fiteer ooda P.23.1.008 P.aliq.040 TRE3. 1249 TDE5.1223
Batch number | CP 088007 CP Q48088 CP 083135° | CP 080037 CPOMz124 CP 0gs 160
Study 34502 34506 - B4R0d 34608 S| 34R23
34k03 34504 34807 SABITEOM
R0 3aL08 34509 ESIARY
RMO2 34510
RRigd 34511
34612

* CP 088135 was a leached implant, prepseed from katch CF 088007
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Dose Finding Studies: Prototype ENG-containing implants were used in these studies. They
differ from the final Implanon design with respect to their dimensions and materials as well as in
their ENG content and ENG release ratg.
¢ Report SDGRR 2904 and a study performed by Diaz et al, Contraception 1991;44:393-
408

Study 069001 (Phase IIX): PK of ENG during 2 years of Implanon use in a subset of population
(n=20)
¢ An open label, noncomparative efficacy and safety Phase III study in healthy female
subjects with subsets of PK measurements, ophthalmological assessments, carbohydrate
metabolism, lipid metabolism and endometrial morphology.
¢ ENG and SHBG concentrations were measured.
e Cmax, Tmax, t1/2, and A, were estimated.

Studies 34502, 34503, 34504 (using a leached implant), 34508, RM01: ENG serum
concentrations over time (PK/PD) in healthy female subjects
e 17B-estradiol (E2), progesterone (P) and SHBG were measured.

Studies 34515, 34507: Absolute bioavailability of ENG from Implanon
e The sponsor did not analyze the data from the Study 34515 due to protocol-related
procedural errors.

Study 34523: (ENG concentrations in breast milk and serum, n=42 women and their children)
¢ A single-center, open-label, group-comparative study conducted in Thailand to compare
ENG concentrations in breast milk and in maternal serum in a four-month lactation
period.
¢ The mean of the ENG concentrations in serum and breast milk and the ratio, the ingested
volume of breast milk/kg body weight of infant/day, and the daily ENG dose ingested by
the infant are assessed at month 1, 2 and 4.

Studies 34505 (pilot efficacy/safety), 34506 (pilot efficacy/safety), 34509, 34510, 34511,
34512, RMO02, RM04: A single ENG serum concentration measurement just prior to removal of
Implanon.

Implanon PK Meta-Analyses:
1) Compiled database from Studies 34502, 34503, 34508, and RMO1
o Because there were some differences between the serum concentrations of ENG in the
various Implanon studies, a meta-analysis was performed to examine the effect of
demographic variables, time from insertion, and in-treatment body weight changes on the
observed serum concentrations of ENG.

2) Report SDGRR 5138-Integrated analysis of ENG measurements

¢ A meta-analysis to evaluate the relationship between ENG serum concentrations
(determined just prior to implant removal at various times during the study) and body
weilght.

e Evaluable pre-removal samples from 1063 subjects in studies 069001, 34502, 34503,
34505, 34506, 34507, 34507CDN, 34508, 34509, 34510, 34511, 34512, 34515, RMO1,
RM02 and RM04.

¢ The sponsor concluded that ENG concentrations are lower with longer duration of use
and higher body weight. When the individual ENG values were extrapolated to a 3-year
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use of Implanon a similar trend was seen: highest serum concentrations for women with a
body weight < 50 kg followed by intermediate concentrations for the 50-60 and 60-70
subsets and the lowest for subjects > 70 kg.

IVIVC:

Two types of IVIVC were determined using two different approaches; (1) the correlation between
the in vitro release rate and the in vivo release rate was determined (SDGRR 4675, SDGRR
4676), and (2) the correlation between the in vitro release rate and the in vivo absorption rate was
determined (R&DRR NL0038861).

Recommendation:
The Office of Clinical Pharmacology and Biopharmaceutics/Division of Pharmaceutical

Evaluation II find that the Human Pharmacokinetics and Bioavailability section for NDA 21-529
is fileable.

Myong-Jin Kim, Pharm.D. Date
Ameeta Parekh, Ph.D., Team Leader Date
Appears This Way

On Original
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The analysis to address effect of weight on drug
éxposure is currently ongoing.



