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Synopsis ' : -

Mirena® (levonorgestrel releasing intrauterine system, LNG-IUS) is an intrauterine device/system
(TUD or TUS) intended to release the progestin drug levonorgestrel (LNG) at an approximately
nominal rate of 20 pg/day for 5 years. Each device contains a total of 52 mg of levonorgestrel. The

sponsor believes that the device achieves contraception in women primarily due to high local
concentrations of levonorgestrel (in the uterus) rather than the serum concentration.

A total of 6 studies were submitted in the Human Pharmacokinetic and Bioavailability section of

this NDA involving pharmacokinetics in women. The formulation of the [UD was changed a few
times (formulations A, B, C and D) and D is the intended “to-be-marketed” formulation.” Although
formulation C was used in the pivotal clinical trials, there is limited in vivo data available forD. —
Upon review, it was found that there was negligible difference between C and D, and a difference in -
performance bétween C and D is not expected clinically. Nevertheless, in support of equivalence
between C and I, the sponsor has submitted substantial information on the ir vitro and in vivo (ex-

“vivo) dissolution profiles of the drug from formulations B, C and D, and an IVIVC analysis. In
_addition, at OCPB’s request, the sponsor has provided limited (3-month) clinical data with the to-
be-marketed formulation more recently in their submission dated 8/25/00.

Recommendatton——— —

Based on the review, NDA 21-225is acceptablc from a Chmca] Phannacology and

Biopharmaceutics perspective. The suggested labelmg changes are mcludcd in the section “Labeling
Comments” arid have been finalized.

Phase IV Commitment: The sponsor is urged a) to collect data on 5-year comparative dissolution
profiles for compositions C and D, and (b) continue the ongoing 1-year long clinical study with
final formulation (composition D) and present in vivo and ex vivo data followmg its completion.

i [5, Dated I\I lé/lovo

Lauuva J. Unatterjee, Ph.D., -
Office of Clinical Pharmacology and Blopharmaccutxcs (OCPB)

Division of Pharmaceutical Evaluation I

FT signed by Ameeta Farekh, Ph.D. LS ( Dated- I/ / 6 Zﬂﬂ

CC: NDA 21-225, HFD 870 (H. Malinowski, A. Parekh, DJ. Chatterjee), HFD-580 (L. Furiong, J. Best), CDR (B. Murphy). [A
Briefing for NDA 21-225, held on 11/13 /2000, was attended-by J. Hunt , R. Agarwal, L. Furiong, A. Parekh and DJ. Chatterjee]
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BACKGROUND

Questions addressed in this section: — -

What is the pharmacologic rationale for use of this drug?

What is the main goal of therapy?

What are other available alternatives? "

What CPB studies have been submitted in support of this NDA? —

-

Progestin-only contraceptives primarily work by blocking ovulation, although less consistently than
combinations of estrogen and progestin. Another TUD (PROGESTASERT) that releases low
amounts of progesterone locally is belicved to be effective due to local effects on the endometrium.
According to the Medical Officer’s review of this application, “The mechanisms of action of ITUDs
are still largely unknown. The levonorgestrel IUS has progestational effects on cervical mucus,
tubal motility and endometrial histology, which all may contribute to contraceptive efficacy. Thefe
s some evidence that IUDs inactivate sperm. At least one study suggests that the levonorgestrel IUS

. prevents implantation. However, which (if any) of these mechanisms is most important is simply
not known.”

~ In the development of LNG IUS, four compositions, named Compositions A, B, C, and D have been
used-Composition A was the first system developed although limited work was done with it.
Compositions B and C are the systems that have been utilized for the majority of clinical studies,
and Composition C is also the product marketed in Europe and Asia. At a request from OCPB,
minimal clinical data following use of formulation D was submitted recently (August 25, 2000).
For details, see section under “BIOPHARM?” within this review.

This ITUD is designed to deliver ‘approximately 20 pg of LNG daily for 5 years from the implant.
The main intended goal of this product is contraception. Currently, several other progestin-
_ containing products are available for use as contraceptives. These include progestins from oral,

intramuscular; subdermal implant and TUD dosage forms or in combination with estrogens in oral
‘pills’. :

Six full study reports have been submitted that summarize clinical pharmacology and
biopharmaceutics related information in support of this NDA. A significant amount of in vitro — in
vivo correlation (IVIVC) information has been submitted supporting waiver of a bioequivalence
study that should have otherwise been conducted to ‘link’ the clinical and to-be-marketed
formulations. -

This review follows a ‘Question-Based’ zpproach.




N4 21.225 —
- Submission Date: January 31, 2000

MIRENA®

e Clinical PK/Biopharm. Section

OVERALL SUMMARY OF FINDINGS

BIOPHARMACEUTICS

* submitted, discussions with the CMC reviewer, a specification of
" release of the lots (in —  was finalized on 11/ 16/00 and communicated to the sponsor via

From the in vitro and in vivo evidence submitted, formulation D is not expected to perform any
different in vivo as compared to forrulation C. Hence, a waiver for a linking bioequivalence -
study may be granted.

The IVIVC has been established using ® as the medium.
The same method should be used in future to determine long term release rate and dxssolutlon
profiles.

For short-term release methods (specifically to release lots) the sponsor has proposed a
dissolution method using ? . Sponsor reports
release rates 12% higher with—==as compared to — (approxxmately) with a strong
correlatxon between the two. From a review of the submitted data, the release rates with —
may be as high as.” ——" (with Composition C) Thxs was also considered while settmg
release spec1ﬁcat10ns

In one pregnancy reported after 12 months of use of this IUS, the ex vivo release rate was
determined to be only:. —— (Composition A, dissolution method not mentioned clearly)
from a system designed to deliver 20 pg/24hr. Hence, the release rate specification for release
of the to-be-marketed batches should not be too wide.

/_-'-—/’————
Sponsor is proposing a . _, specification for release of lots based on their
long experience with the C formulation marketed in Europe. Based on the information —

for initial

~teleconference. .

From a review of a huge volume of dissolution data ﬁ'om clinical and marketed batches of
formulations B and C, it was observed that although release rates were around 20 pg/24hrs (in
— to begin with, there was at least 2 30 - 40 % drop in the release rates in 5 years. In many
occasiors, the release rates at the end of 5 years were in the range of ~—~———

This is also reflected in the drop in serum LNG concentration with time (years).

_Sponsor mentions ‘weight change’ and ‘chemical extraction’methods while describing lorg-

term dissolution and release rate determination procedures. -It has been this reviewers
assumption (verified with sponsor via T-CON dated 10/20/2000) that for all ‘residual LNG’ data
presented in the [VIVC analysis, a chemical extraction method was used. The ‘weight change”
method is a crude and inaccurate procedure to determine the amount of LNG remaining, -
especially after clinical use. In fact, in Study Report 1211 involving formulations B and C, a
release rate determination comparison between the ‘weight change’ and chexmcal extraction’
methods lead to determination of a 30% lower rate with the latter.

PHARMACOKINETICS =~ —

There is a significant drop in the LNG serum concentrations over the time period (5 years) for
whizh the product is intended to be used. At the end of 4-5 years of use, the serum levels of
LNG reduce to almost half the initial (0-1 year) levels. However, this reduction of LNG serum

levels may not strictly correlate with efficacy (occurrence of pregnancy) as evidenced by
sustained efﬁcacy of this product for 5 years.
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- o Thesystemic exposure of LNG from this device (based on LNG serum levels) is significantly
lower when compared to Norplant (LNG implant) or oral LNG. However, thelocal __ -
concentration of LNG (especially in the endometrium) may be appreciably high (=100 fold)
from this device as compared to oral LNG administration (based on data presented in Table S in T
this review, Medical Officer’s review and Norplant label). .

» With prolonged concomitant use of this JUS with estradiol, there might be an increase of LNG
serum concentrations over time due to increased binding of estradiol to SHBG. However, this i
increase in LNG concentrations is not significantly large, and exposure of LNG even in such
cases will be much below levels seen following Norplant or other oral LNG administration
(based on data in Table 3, Medical Officer’s review and Norplant label). -

* Marginally higher blood levels of LNG were achieved with Formulation C as compared to—

Formulation B (refer to Table 2 and Figure 3). -
o “There is a potential for secretion of LNG in breast milk.

PHARMACODYNAMICS

* Results of clinical studies indicate that the mechanism of contraceptive effect of the LNG IUS is
multi-modal. Inhibition of ovulation is not observed consistently in LNG TUS users. Although
the dose of LNG release from the TUS is very low, it has an effect on gonadotropin secretion,
which disturbs follicular-development, and in addition to the local effect on the endometrium,

— contributes to contraceptive efficacy. ' '

* _ Adistinct relation between low serum levels of LNG from this device to failure of efficacy
(pregnancy) could not be established. Adthough serum LNG concentrations are relatively much
lower following LNG IUS use compared with that after oral and implant products of LNG, the

-concentrations of LNG in the endometrium are much higher following LNG IUS use compared
with that following the administration of an oral. Thus, the bioavailability assessed from serum .
'LNG concentrations may necessarily not be relevant for the contraceptive effects of LNG IUS ~

~ (based on-data presented in Tables 5, 6 and Medical Officer’s review). -~

- ANALYTICAL - — -

The analytical methods used in the studies supporting the NDA are acceptable.

L4BELING

The Clinical Pharmacology section of the Physican’s Package Insert has been modified and these
changes have been incorporated on the “N: Drive”. :
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- rQ. Are the clinically tested (CT) and the ‘to-be-marketed (TRM)’ formulations same? - I

No. As mentioned in a previous section, the sponsor made several changes to the formulation

during the product’s almost 25 years of development history. Among the 4 (A, B, C and D)

formulations, majority of the clinical safety and efficacy data generated to support this NDA was

with the C formulation (which is also currently marketed in Europe and Asia), while D i is the

fermulation ‘to-be-marketed’ in US. Following a request from OCPB, limited clinical data with
~formulation D was submitted recently (August 25, 2000). The following table lists the details of the

formulations:

- Table : LNG IUS formulations used in clinical trials

Component/Description | ] c;m.poonbnA ]

c«'npoolthna

‘§ T-Body
Composition (wiw): i
Removal Thread
Composition (wiw): l
Membrane
c o~
- Filler

——

]cumomonc](:onwommbl .

antmipism

Elastomar
Unfiilled elastomer

Pglymaer tor elastomer

—_ - Composition

PSS

Hormone-Elasstomer Core

- - NG Cortterst (mg)
. = - LNG:elastomer (wiw) |

Compostion ]--

—— N/Av = Not available

Q. How different are compositions C and D?

Based on the above table and discussions with the CMC l‘CV'iCWCl: composition D has essentially the
same polymer as C;-but fom a different manufacturer. Moreover, there is also a minor dlﬁ'erence in
the ~—— manufacturing process for the ""--polymcrs inCand D.

This difference in the two compositions can be considered minor in relevance to the ultimate
clinical performance. In vitro release comparing formulations B, C and D and limited in vivo data
from formulation D has also been provided.

Q. What informatiop is necessary to ensure equivalence of the CT and TBM formnlatibns?
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The absolute ideal information would be ensuring bioequivalence of the two formulations for the ,
total length of intended use of the product, i.e., 5 years. However, it is almost impossible to expect
availability of such data. Serum levels of ¥ NG did not correlate with different release rates of LNG
from the devices (Figure A below). Moreover, since serum levels of LNG from the device may not

correlate with either efficacy or side effects of the product, a traditional bioequivalence study would
not be appropriate in this case. :

Reisase Rats ( 11 g/dey)

In lieu of the above, an IVIVC (in vivo - in vitro correlation may be evaluated to obtain-a sense of -
equivalence. However, because of the nature of the product, a conventional IVIVC analysis (as
described in the guidance document involving oral extended release products) is not possible (since
serum levels may neither correlate with safety/efficacy, nor release rate). -

In the absence-of a traditional IVIVC model (as in this case), this reviewer believes that the
following (in the order of priority) is essential to prove pharmaceutical equivalence-of the two

— - formuiations: - —

1) Invitro — Employing an exact similar dissolution method for the two, formulation C (CT) and D i
' (TBM), should show a similar in vitro dissolution profile throughout the intended period of
- -product use (5 years). e - }
2) In utero - The two formulations should deliver-similar absolute amounts of drug at similar time
intervals while implanted in the uterus.  — o
3) Invivo - Serum levels of LNG from the two formulations should be similar at comparable time
- points following insertion of the device. [This inVivo serum data will be supportive provided (1)
and (2) have already be=n established]. —_—— I

Q. What information has the sponsor provided to ensure equivalence of the CT and TBM
formulations?

The sponsor has provided the following in considerable detail:

* A level A IVIVC analysis for formulations B and C

* In vitro dissolution profiles of formulation C and D and a comparison of the two

 In vivo serum levels of LNG following use of the TBM formulation (D) at 1,2 and 3 months.-
only -

»  Ex-vivo release rate comparisons between C and D
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IVIVC Development

The sponsor has developed an IVIVC model with the B and C formulations. Since serum levels of
LNG might really not correlate with clinical outcome, the absolute amount of drug deliveréd from
“the device (while implanted in the uterus) is a more important determinant of in vivo pcrformancc
The following has been established in the IVIVC analysis: —-

o Exvivo (followmg use and removal of device) release rates of LNG was expressed as a first
order equation, and were comparable between formulations B and C using - as the
dissolution medium. When the rates for B were compared between — .nd”

— , there was a slight dlﬂ'erence (see figures and table below) - the rate of changc
in refease rate was lower ip ——

o~

- Ex-vivo Release Rate Constants for Composition B and C [R. Rate = A.¢-k-t]

Composition/ ] No of jUSs Dissolution % (SE) day™ A(SE)ug/dsay | - Reforance
-Protocol Analyzed Medium )
: — IND ~——  Data |
amenament Set I
— B/ 89532 a7 — | 41x10°(22x109 | 18.0(0.59) | [Seriai 003 1
B - Cr89532 280 45x10°8.1x10% | 19.8(0.17
—B/e216 124 ~——- | 20x10*(90x10°)] 19.8(025 | (Serial 006) Aw:ndx -

. Usmg a similar first order equatjofi to construct % LNG released wnh t1me showed -
comparability between B and C (as below) .
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Ex-vlvonmnhcommaonmmc tqmmomamchmmm

posttion/ | No of 1USs ﬂ'§§ A(SE);- Raference \
Protocol | Analyzed day — ng _ R
1T : ’ IND ——  Data Set
- ‘ : _ smendment
- Breesz |- 48 41x10° (73x109) 485042 [Serial 03] P
/89532 a7 aZX10°@4x109 | 516022) o -
- _ B/e216 . | 6 . 43x10°(12x10%) | #1.0(070) | (serialo0s] | Appendix :
- s ondix | .

—— o To demonstrate the IVIVC, the in vitro dissolution data were divided into 50-day intervals, and
the mean of the dissolution rates during each interval was assigned to the 50-day interval. Ina
similar fashion, the times for LNG TUS removal were divided into 50-day intervals, and the-
amount of LNG released in vivo at those time points determined. Plots were constructed for % -

—— LNG released in vivo (based on amount remaining) versus either % released in vitro or ex vivo
(following figures and table). Note: Initial loading amount is different for B and C.

® “ -
f
> [ 4
£ o .z.
i z - £ &
I 3 i
3 i
g g
- 2 »f
o -
; »
’ ' " g ' - T v v T T ’ .
. :o » C e - . ° ow » » . 0 ]
_____ & o LNG Reinassd i i . % of LNG Relessed Ex vivo
—. —— ) — Cmpmme® — - OppmtanC [ —
- Copdnt == Cupmet o . —
Level A correlation.for-Composition B and C wtilizing ) Level A correlation for Composition B and C utilizing ex-
long-term dissolution as the in vitro measurement __ vivoreleaseas the in vitro measurement ’

Relationship between /n utero release and long term dissolution or ex vivo dissolution
(Equation: Y =mn*X +b)

In Utero Release and /n Vitro Dissolution

Composition m b ' T
- T8 118 .60
. C 1.15 223

In Utero Releass and Ex Vivo Dissolution

Composition . m : ’ b —
B 1.10 . s34
c T 044




—

- NDA 21-225 . , MIRENA®
Subsmission Date: January 31, 2000 - Clinical PK/Biopharm. Section

« Following the establishment of this IVIVC, there was a change in the dissolution method
(- —_—_ _, and the above
relationship was re-constructed for formulation C plotting % released in vivo against we new in
vitro release rate. The m and b values for C were 1.35 and 2.13, respectively. This showed that
approximately, a similar IVIVC relationship existed with the new dissolution method.

IVIVC Validation -
According to the agency’s guidance on IVIVC, the model needs to be internally and externally-
validated. That generally involves development of systems with different release rates and checking
- whether the % released in vivo can be predicted from the model and the value of % released in vitro.
For this product such a model was not developed. However, the sponsor also presents the following
that might substitute for internal validation: o

Figurel ° Tl T

/— -

IVIVC for in utero release and long term /n vitro dissolution rate for Compositions B and C (Y = m*X + b)

Composition m (SE), mg*day/ug b (SE). mg
5 =

Statistical analysis indicated the equivalence of the two slopes (p = 0.33), and an overall correlation
( = 0.83) of the long-term dissolution rate and the LNG amount remaining in the TUS: The values
of b are slightly different numerically, and the difference is due to variability or a lag in the initial
dissolution. As in the case of the ex vivo release rate, the long-term dissolution rate data also

. correlate linearly with the in utero release. In addition, because in vivo release correlates with both
the ex vivo release rate and the long-term dissolution rate individually, the latter two measures ofin
vitro release rate correlate with each other. ) '

10
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Sponsor subimitted limited clinical data from formulation D following a discussion at a pre-NDA

meeting. This data is only till 3 months of use (and will continue till 1 year). Althoughnotrue — =
external validation is possible with this limited data, this data prov.dcs assurance that formulation D
releases the drug in comparable amounts as compared to composition C in the first 3 months.

Reviewer’s Coni;ients on IVIVC -

Figure 1 should be interpreted as, higher the amount remaining in the device (or the shorter is the ¢
duration of its use), the higher is the release rate that may be achieved from it (conversely, if the’
release rate is higher, it indicates that the device has been in use shorter). The IVIVC presented is
not exactly similar to traditional models for IVIVC that are generally developed for oral extended
release formulations designed for QD or more frequent administration. The nature of the current
product and minimal correlation of efficacy/safety with serum drug levels makes development and
validation of such 2 model almost impossible. This reviewer believes that sufficient evidence has
been presented in this analysis to assume that an IVIVC relationship exists.

This device is desiéned to sit in the uterus and deliver locally the desired amount of LNG. So, —
theoretically, just if the in vitro dissolution profile and rates match between the CTF and the TBM
prototypes, there is no reason to believe that the in vivo performance of the two formulations will .

- differ significantly. Such evidence has also been provided (see below).

Comparison 6f In vitro Dissolution between Formulations C and D

Using the ‘modified long-tern dissolution method’ ( — 1s medium) the sponsor shows
comparability of formulation C with pilot and production batches of D for a 1-year period. Please
refer to Tables 1-2 (F2 comparison) and Figures 1-5 within Attachment 1 for details of the

comparative dissolution between formulations Cand D. - _ —

Reviower’s Comments on Release Rate Comparison - T

..The'in vitro releagé ;Ateproﬁlcs appear to be identical (for all practical purpos_cs) when éompaxed -

between the production C and D batches. However, this comparison is only for ong year, and needs
to be followed for the total period of intended use (i.e., 5 years). The sponsor should be encouraged
to do such analysis, and submit the results when they are available.

In Vivo Use of TBM Formulation D

During a teleconference between the sponsor and OCPB (pre-NDA period), it was decided that fora
planned safety study with formulation D, sponsor should collect serum samples and determine ex
vivo release of the devices. The sponsor recently (8/25/2000) submitted a study report with data
following 3 months of clinical use of the TUS in 16 patients. Serunrlevels were determined at
months 1, 2, 3, and ex vivo release was compared to the initial amounts of LNG in the devices
(please refer tables 2 —4 and figure within Attachment 2 for a details of the results).

11
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Reviewer’s Comments on in vivo study with formulation D
o Formulations C and D show comparai :¢ serum LNG levels at 3 months (approx. 230 pg/mL).
o Although no long-term (over 3 months) information on ex vivo release profile was available,
data provided in this study indicates that a) the device does deliver the drug (since LNG levels
_ were detectable in serum), b) that the serum level of LNG at 3 months is in the similar range as
observed with forrulations B and C (both of which were safe and effective) and c) that there is
no evidence of an initial burst effect.

4

e Inorder to determine the amount of LNG delivered the residual amounts in the devices after

three months were compared with a mean value of initial LNG amount from all the devices
used. In 3 months only a negligible amount (1.8 mg, based on a 20 pg/24 hr release, = 3.5% of
initial load) of LNG was expected to be released. Hence, there were some negative values for
the amount released in 3 months, which made this ex vivo analysis less meaningful for this short
period of time. '

Dissolution Specifications -
Method: The release rate test is conducted on =fUS for a period of two weeks. In this release rate
test, each TUS is placed in a bottle filled with ——— of dissolution medium[ ,
< The TUSs are allowed to stabilize in the dissolution medium at — for —

- ~—~————— After stabilization, the bottles are placed ina" . The medium
Is — = - . The concentration of LNG in the dissolution medium is
determined bty —— [he mean release rate of the last four days is calculated for each TUS, and the
mean relezse rate of the == [USs tested is reported as the short-term in vitro release rate. '

Sponsor Recommends:

. for initial release of lots

—--Reviewer recommends: =~ e—— for initial release of lots

Upon review of the release rate data submitted with .~ it was observed that release rates in

—— might be 30 — 40 % lower when compared with the —— medium. Moreover, there might be
as much as a 40% drop in release rate in the final year of device use compared to the initial rate.
Yence, the lower limit of the release specification need to be raissd in order to maintain in vivo
release of LNG within the safe and effective range over 5 years. The above specification was (based
on information provided on clinical lots) finalized upon-discussions with the CMC team, and was
communicated to the sponsor via teleconference on 11/16/2000.

PHARMACOKINETICS

Q. What is the PK profile of levonorgestrel?

The PK of LNG has been described in many studies before, and many of its PK parameters are
described in the respective labels of approved products, either from a combination with estradiol, or
by itself. According te “The Pharmacologic Basis of Therapeutics” (Goodman and Gilman, 9
edition), LNG is almost completely absorbed orally (BA 94%, or 100 % when administered in
combination with estradiol) with V, of 1.7 L/Kg, half life = 15 hours, CI of 1.5 ml.min’kg and =

o 12 —
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52% of the dose is excreted in the urine. About 37% of the drug is bound to albumin. Wbcn
coadministered with estradiol, clearance and albumin binding decrease and half-life i increases from
an increased drug * inding to SHBG.

According to the sponsor, thc most important metabolic pathway occurs in the reduction of the A4-
3-oxo group and hydroxylations at positions 2, 1B, and 168, followed by conjugation. Most of the
metabolites that circulate in the blood are sulfates of 3, 5p-tetrahydro-LNG, while excretion

‘occurs predominantly in the form of glucuronides. Some of the parent LNG also circulates as the
17B sulfate. —_ -

Due to the availability of sufficient knowledge on the PK of LNG (as above), an attempt has not
been made in the current submission, to delineate the ADME characteristics of LNG. “The sponsor
has monitored the serum levels of LNG during prolonged useof several formulation of the IUD.

S~

Q. What is the PK profile of levonorgestrel from this IUD?

"~ This section lists a summary of all PK studies conducted with different formulations of the TUS.

(i) Report B073/1207: Serum levonorgestrel concentration during 78 month use of LNG IUD
The-objective of this open-label study was to compare the clinical performance and contraceptive
efficacy of the Nova T (a copper IUD) and the LNG TUS (Mirena) over 78 months. The
pharmacokinetic objective was to investigate serum concentrations of levonorgestrel (LNG) in
subjecte using the LNG TUS for a minimum of 5 years (60 months) and 2 maximum of 6.5 ycars (78
months). Fifteen subjects received 20 pg/24 h of LNG from an [US (Composition B) containing
approximately 46 mg of LNG.

The clinical plan was to enroll 3000 subjects between the ages of 18 and 38 years, who were

" regularly exposed to the risk of pregnancy, and were willing to rely solely on the Nova T IUD or

LNG TUS for contraception. Serum LNG concentrations were analyzed after in utero administration
of LNG as vart of the LNG-IUS. Blood samples fer the determination of LNG in serum were drawn
at 3,12, 24, 36, 48, and 60 months.after insertion of the TUS, and at 63, 66, 69, 72, 75, and 78
months after insertion. Serum LNG concentrations were determined by using a specific validated

Fifieen subj ects were enrolled in the pharmacokinetic arm of the study. The mean age of the group

was 32.4 years (range 23 to 38 years) and the mean weight was 55.5 kg (median 58 kg; range 50 to
84 kg). Twelve svbjects completed the 5 years of the original protocol and three subjects remained
upto 6.5 years. Serum analyses revealed that LNG concentrations were detectable until 6.5 years
(78 months) after initial insertion of the [US. Mean serum LNG concentrations were 176 + 41

pg/mL at 12 months (N= 8), 95 + 23 pg/mL at 60 months (N = 12), and 76 +32 pg/mL at 78 months
(N =3). Table ! (and Figure 1) shows mean serum LNG concentrations from 12 to 78 months.
Results indicate that the i{UD may maintain sustained levels of LNG beyond the intended 5 year
period.
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Table 1: Serum LNG concentrations (Mean +SD) after insertion of LNG IUS

Time N Serum LNG Concentration -
(Months) Msan £ SD (pg/mL) —1-
12 8 176+ 41
24 1 14 ~ 13739
36 13 - 1211225
48 4 108 £ 20
80 12 85423
63 i 88215 S
66 11 81125 _
60 10 T - 90+20
2 14 - 102+ 30
75 5 121 +43
78 3 78232

Figure 2 - Serum LNG Concentration (mean t s.d.) vs. Time
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TUS - Serum LNG concentration with the new formulation (Composition C) compared to the

original one (Composition B) -

The objectives of this randomized, double blind, Phase 3 study were to evaluate the 5-year clinical
performance and safety of the LNG IUS with the reformulated TUS. The pharmacokinetic objectives
of the study were to determine and compare the serum-concentrations and release rates of LNG in
subjects using 1 of 2 compositions of the LNG IUS for 1 year. This study was designed to compare
the clinical performance and contraceptive efficacy of 2 different compositions of the LNG IUS
Jver 5 years.

The clinical plan was to enroll 4G0 subjects (350 Composition C and 50 Composition B) between
the ages of 18 and 38 years, who had at least 1 pregnancy, were regularly exposed to the riskof -~
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pregnancy, and were willing to rely solely on the LNG IUS for contraception. The first 99 subjects
enrolled in the study at a single predetermined center were randomized to either the Composition B
or the Composition C TUS. Composition B was the clinical LNG IUS, which contained h..mone-
releasing sleeve of the elastomer , and Composition C contained a hormone-releasing
sleeve of elastomer —=———— The remaining subjects in the study were given the Composition C
TUS. Blood samples for the determination of LNG in serum were drawn at 3, 6, 12, 24, 36, 48 and
60 months after insertion of LNG IUS. Serum LNG concentrations were determined by using a

‘specific validated RIA. Ninety-nine subjects (49 Composition C, 50 Composition B) were enrolled
into the pharmacokinetic arm of the study. The median and mean serum LNG concentrations from

3 to 60 months at each time point are shown in Table 2. Figure 2 shows the mean serum
concentration — time_profile.

1

Table 2: Serum LNG concentrations by time and composition

- Elastomer Elastomer’ ——
Composition C ' - Composition B
Median Mezn Median Mean

Time N Conc. Cone. 80 Rengs | N Cone. Cone. sD Range
(months) (pe/mbt) | (pg/mL {po/mL) | (pg/mL i
13 41 195 204 83 - f 144 170 82 —
6 40 185 196 98 | —— V'45-t 153 1681 64 —
12 K] 177 180 86 | ——— 37 133 142 51 —_
24 R 158 192 140 | —— 1 29 |~ 141 155 55 —
36 28 139 143 5 |— |25 114 127 39 —
43 27 126 140 50 — 2B 13 130 48 —
60 | 19 142 159 |30 | — |26 129 137 42 —_

E

Statistical analyses revealed 3-month median serum LNG concentrations of 195.00 pg/mL and -
144.00 pg/mL for Compositions B and C, respectively. The median concentration at 60 months
_ decreased to 142.00 pg/mL for Composition C. Median serum LNG concentrations were higher in
the Composition C treatment group for the first 3 years, when compared with the Composition B .
treatment group. Thereafter, they were similar. Analysis of variance (ANOVA) revealed a
signiticant difference (p = 0.02) in serum LNG concentrations between the two compositions.
Serum LNG concentration changed statistically significantly (p < 0.0001) over time when the
concentrations at 12 months and after were compared with those at 3 months.
The serum LNG AUC, ¢, ;.0 Was calculated for subjects with serum samples collected at the3and ~ —
60-month time points, and who had not missed more than one of the other time point (N = 38).
There was no significant difference between the 2 compositions for AUC, moits- (P = 0.17) The log--
transformed ratio (Comp. C/Comp. B) was 116.5 % (90% CIL, 96.9 - 140.1).

Statistica] analyses revealed 3-month median serum LNG concentrations of 195.00 pg/mL and
144.00 pg/mL for Compositions B and C, respectively. The median concentration at 60 months
decreased to 142.00 pg/mL for Composition C. Median serum LNG concentrations were higher in
" the Composition C treatment group for the first 3 years, when compared with the Composition B
treatment group. Thereafter, they were similar. Analysis of variance (ANOVA) revealed a
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significant difference (p = 0.02) in serum LNG concentrations between the two compositions.

Figure 3 - Serum LNé Concentration vs. Time (Composition B vs. C)
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Serum LNG-concentration changed statistically significantly (p < 0.0001) over time when the
concentrations at 12 months and after were compared with those at 3 months.

The serum LNG AUC, ¢ moness Was calculated for subjects with serum samples collected at the 3 and
'60-month time points, and who had not missed more than one of the other time point (N = 38).
There was no significant difference between the 2 compositions for AUC, ¢ pones. (P = 0.17) The log
transformed ratio (Comp. C/Comp. B) was 116.5 % (90% C1, 96.9 - 140.1).

(iii)Report B336/1274: Levonorgestrel oIasma concentrations durmg 6 Months of use
with 10 ug/24 h releasing mtrauterme device

The objective of this open-labetstudy was to compare the clinical performance of the LNGIUS —
_ with the Nova T copper releasing IUD. The pharmacokinetic objectives were to evaluate the

stability of serum LNG concentration upto 6 months Ten female subjects recexved 10 pg/24 hof
LNfJ dehvered via an JUS. -

The clirical plan was to enroll 60 women who, immediately after a first trimester abortion, had
agreed to the insertion of an IUD or IUS. A subgroup of 10 subjects gave informed consent
allowing blood sampling for serum LNG concentrations to be carried out in association with
scheduled blood sampling for E2, progesterone, luteinizing hormone (LH), and FSH concentrations
according to the protocol. Blood samples for the determination of LNG in serum-were drawn at 1, 2,
3, and 6 months of usz of the JUS. Serum LNG concentrations were determined by using a specific
validated RIA. All serum samples-collected were analyzed in a single assay session.

Mean serum LNG concentrations at the 1-, 2-, and 3-month time points, 98.9 + 35.5 pg/mL, 86.6 +
25.1 pg/mL, and 90.0 + 41.8 pg/mlL, rcspectlvcly (N = 10). At the 6-month time point, a 29%

reduction in mean serum concentration, (70.0 + 7.9 pg/mL) was seen with a large variation in serum
LNG concentrations.
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" Results of-the study indicate decreasing LNG concentrations at 6 months of use, which would
suggest a limited period of IUS use with the 10 pg/24 h release. - — -

(iv) Report B089/1243: Report on Levonova (Composition C) in menopausal use: Combmed
hormone replacement therapy with LNG IUD and subcutaneous estradiol implants

The purpose of this open-label study was to test the efficacy of the LNG TUS to oppose estrogen
stimulus on the endometrium, and to assess safety and acceptability as part of hormone replacement
therapy (HRT). The pharmacokinetic objective was to evaluate the pharmacokinetics of LNG and
sex hormone binding globulin (SHBG) in menopausal women after 1 year of treatment with the
LNG IUS and concurrent estrogen replacement therapy. Subjects received 20 pg/24 hLNG
(Composmon C) from the LNG IUS and 50 pg/24 h estradiol (E2) transdermally for the first 4
weeks. Frori1 4 weeks until termination, each subject continued to receive 20 ug/24 h LNG from the
TUS, in addition to-20 pg/24 h or 60 pug/24 h estradiol subcutaneously, from the implant. The
clinical plan was to enroll 46 postmenopausal females with natural menopause confirmed by a
follicle stimulating hormone (FSH) level greater than 30 TU/L, who had not used HRT for 2 weeks
before entering the study. Physical and gynecolog:cal examinations, and vital signs were used to
evaluate the good health of the subjects.

____Subjects were randomized to 1 of 2 treatment groups at the time of study entry. Each subj ect

received the LNG TUS and transdermal E2 patches (50 pg/24 h). After 4 weeks, transdermal E2

treatment was discontinued and subcutaneous therapy begun. Group 1 received one subcutaneous

estradiol implant releasing 20 pg/24 h and Group 2 received three subcutaneous estradiol implants

releasing a total of 60 pg/24 h. - '

Forty-six subjects (23 per treatment group) were enrolled in the study and completed both the

transdermal and subcutaneous estrogen replacement therapies while using the LNG TUS. The mean

ages and weights were 51.7 years (range 44 to 60 years) and 69.9 kg (range 52 to 107 kg) and 523

years (range 46 to 66 years) and 63 kg (range 47 to 85 kg) for Group 1 and Group 2 respectlvcly

Blood sampres were drawn for serum LNG concentrations at 4, 8, 12, 30, and 56 weeks post }
inserion of the LNG IUS. Blood samples for SHBG were drawn at 0, 4, 5, 6, 7, 8, 12, 30, and 56 T
weeks post insertion of the LNG TUS. Serum samples were assayed separately’ for LNG and SHBG.. - -
"LNG (.oncentranons were determined by a specific validated RIA. SHBG concentrations were

determined usinga - Tables 3 and 4 summarize mean

serum concentrations of LNG and SHBG, rcspectlvely
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Tqble 3: Mean serum concentrations of LNG with concurrent doses of E2

=LNG with 20 pgr24 h 2

LNG with 60 pg/24 h E2
_ _{Sroup 1) {(Group 2)
Time N Mean + SD (nmoilL) N Mean £ SD (nmolll)
(weeks) : :

4 20 0924029 23 1113042

8 2 0911028 21 1.09+0.39

12 20 0.88+0.27 -2 1.06 +0.39

30 20 0.81+0.29 21 1.06+0.45

56 16 0774022 20 0.96 1 0.40

312.5 pg/mL = 1 nmollL

T..ble 4: Mean Serum SHBG concentrations with 20 pg and 60 pg doses of E2

MIRENA®
Clinical PK/Biopharm. Section

-

Time (weeks) SHBG with 20 ug/24h E2 SHBG with 60 ug/24h E2
~  {Group 1) - (Group 2)
N Mean £ SD (nmol/L) N Mean £ SD {nmol)
0 22 66.14 + 27.36 23 72.96 £ 3345
4 22 53.09 + 19.00 23 £8.39 + 29.64
8 22 51.14 £ 17.21 23 55.74 £ 26.23
12 22 54.82 £ 33.53 23 56.13 + 26.87 B
-1 30 21 58.00 + 34.47 22 61.27 £28.37
1 56 17 56.24 + 28.42. 21 65.57 £ 33.06

__Mean serum LNG concentrations were highest (Group 1: 0.92'% 0.29 nmol/L, -Group 2:
1.11 + 0.42 nmoVL) 4 weeks after insertion of the system. Mean LNG concentrations decreased

_si ignificantly (p < 0.001) over time in both groups. Serum concentrations at week 56 were
0.77 + 0.22 nmoV/L for Group 1 and 0.96 + 0.40 nmol/L for Group 2. Compared with Group 2, LNG
concentrations in Group 1 were statxstlcally 51gmﬁcantly lower throughout the study (p 0.03).

first 4 weeks and then remamed consistent through the duration of the study. Baselmc, Week 4, and ..

Week 56 concentrations (nnol/L) were 66.14 + 27.36, 53.09 = 19.00, and 56.24 + 28.42
respectively for Group 1 and 72.96  33.45, 58.39 + 29.64, and 65.57 + 33.06 respectively for
Group 2. Group 2 serum SHBG concentrations were higher than Group 1 throughout the study,
however, the difference was not statistically significant (p = 0.46).

(v) Literature Reports:

Due the a long (= 20 years) product development history of this product, there are some literature
references on this product thai provides useful PK information

a) Serum and tissue concentrations of LNG during use of the LNG JUS.
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[Nn]sson CG, Haukkamaa M, Vierola H, Luukkamen T. Tissue concentration of Ievonorgestrel
in women using a ]evonorgesu'cl-releasmg TUD. Clin. Endocrinol. 1982; 17:529-36]

The objective of the study was to detcrminc the LNG concentrations in endometrial, myom&rial -

Fallopian tube and fat tissue in women using a LNG IUS compared w1th women receiving oral
LNG. : A —

Thirteen healthy, regularly menstruating women between the ages of 41 and 49 years, who were

_ scheduled for hysterectomy due to uterine fibroids, were enrolled in the study. Thirty-six to 49 days

_before surgery, 9 subjects were inserted with a LNG IUS containing 63 mg of LNG, designed to
release 30 pg/24 h. The remaining 4 women were given Cyclabil® tablets containing 2 mg estradiol
valerate and 250 pg LNG, each day for 7 days before surgery. Immediately after the uterus had been

removed, tissue samples were obtained. In addition, a blood sample was obtained at the time of the

" removal of the uterus. Plasma LNG concentrations were determined by using a specific validated
RIA. Methods for determining LNG concentrations in endometrial, myometrial, Fal]oplan tube, and
fat tissue were deve]oped and validated for this study.

““Results of the study are summarized in Table 5. Mean LNG concentration in plasma and fat was
lower in the LNG TUS group than in the oral group; the difference between treatment groups for
LNG concentrations in plasma was statistically-significant (p < 0.15) but not for the fat
concentration (p < 0.05). There appeared to be a linear relationship between LNG concentration in
plasma and fat (r = 0.82, N = 11). The mean concentrations of LNG in the myometrial and fallopian
tissues were similar when comparing the 2 groups. The endometrial LNG concentrations were much
higher in the TUS group (808 ng/g wet weight) than in the oral group (3.5 ng/g wet weight).

Table 5: LNG concentrations by tissue type and route of administration

Tissue ius N Oral N
- Mean ¢ SD "~ Mean +SD
Plasma(pg/mL) 202+ 102 7 5§59 (+ 209) 4 -
Fat (ng/g wet 1.23+046 | 7 . 4.41.£1.08 4
weight) =~ — -1 S B
_Myometrum . I Rl -
__ng/g wet weight 2431186 6 |7 142046 4
pg/mg protein -34+23 4 25+15 4 -
Endometrium - - 2
ng/g wet weight 808 ¢ 511 4 35 2
pg/mg protein 6937 £ 3126 4 44 — N
Faliopian Tube
ng/g wat weight 1.8 3 1.7 2
pg/mgq protein © 17 3 19 2

In conclusion, the LNG concentrations in myometrial, Fallopian tube, and fat tissue were of the
same order relative to wet tissue weight in both the TUS and orally treated groups. The only
statistically significant difference between the groups was a higher LNG concentration in fat tissue
in the oral group when compared with the TUS group. This was correlated with higher plasma
concentrations seen 12 hours after oral administration compared with low, steady plasma
concentrations via the in utero route. Endometrial LNG concentrations were many fold higher in the
TUS group than in the orally treated group. This was expected as the LNG is released directly in the
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endometrium. If the weight of the different organs in which tissue concentrations were determined
is considered, the total amount of the LNG was lowest in the endometrium. ’

_b) Secretion of LNG in milk during use of the LINGIUS ~
[Heikkil?a' M, Haukkamaa M, Luukkainen T. Levonorgestrel in milk and plasmaof breast-feedfng
women with a levonorgestrel-releasing IUD. Contraception 1982; 25:41-9]

The objective of this study was to investigate plasma and breast milk concentrations.of LNG for a 3-
month duration in subjects using the LNG IUS beginning 6 weeks after delivery of a full-term
healthy baby. - .

Ten breast-feeding, amenorrheal women were emrolled in the study. Five subjects each received
LNG IUSs releasing 10 pg/24 h and 30 pg/24 h at six weeks postpartum. Blood samples for plasma
concentrations of LNG were drawn at 0 (time of insertion), 1, 2, 3, 4, 6, 8 and 12 weeks after '
insertion. Plasma and milk-LNG concentrations were determined by using a specific validated RIA.

ean plasma concentrations were 207 + 64 pg/mL and 235 + 87 pg/mL for the 10 and 30 pg/24

h TUSs, respectively. Differences between the 2 groups could be seen in the first 3 to 4 weeks, when-

-plasma LNG concentrations of the 30 pg/24 h IUS were higher than those of the 10 ng/24 h TUS.
These higher concentrations dropped rapidly over the first few weeks and both concentrations from
both groups were similar thereafter. LNG concentrations in the 10 pg/24 h group were consistent
throughout the time studied. Mean breast milk LNG concentrations were similar, 56 + 35 pg/mL
and §7 + 34 pg/mL for the 10 and 30 p1g/24 h TUSs, respectively, throughout the study. The plasma
to milk ratio was 100:15 during the first week after insertion and 100:25 at the end of the 3-month
period. No correlation between plasma and breast milk concentrations was observed. The amount of
LNG excreted per day in 600 mL of breast-milk is approximately 0.1% of a daily dose of 30 pg, or
0.03 pg_The daily dose reaching an infant via breast-feeding is 0.1% of a daily 30 g dose. Ona
body weight basis, the amount received by the infant is approximately 1.2% of the adult amount.

FHARMACODYNAMICS - | | -

Q. What is the pharmacodynamic nature of levonorgestrel from this TUS?

The following are some of the conclusions that can be drawn from some of the pharmacodynamic
evaluations that have been made with this TUS and reported in the NDA either as literature
references, or as study reports:

o According to progesterone concentrations in one study comparing this LNG-TUD with a copper
TUD, 15/17 cycles in women using the LNG-TUDs were ovulatory, whereas only 8/17 cycles
showed normal follicular growth and rupture as judged by ultrasound. In ovulatory cycles, the
peak progesterone corcentrations were lower than in the copper IUD control subjects. The
preovulatory estradiol and LH peak concentrations were also lower than in control subjects.

- SHBG concentrations were lower in LNG-IUD users than in copper IUD users.
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,  According to the serum concentrations of E2 and progesterone in another study, the hormone

4 profiles were divided into four types of reaction: A) anovulatory, B) anovulatory but with high
follicular activity, C) ovulatory but with luteal insufficieity;a..d D) ovulatory. Among the 29
treatment cycles, there were 10 D-type, 3 C-type, 13 B-type and 3 A-type of ovarian reactions:
44.8% of the cycles were ovulatory (C + D) and 55.2% were anovulatory (A + B). In general,
serum concentrations of levonorgestrel were low in ovulatory cycles and were high in
anovulatory cycles. The difference was statistically significant. There were marked individual

- differences. The decline of serum LNG from the 1st (492 pmol/L) to the 6® (320 pmol/L)
treatment months was 34.9% on average. The amenorrheic cycles coincided mostly with the

“hormonal profile of ovulatory types, which indicated that the cause of amenorrhea is due to the
local effect of levonorgestrel on the endometrium. The levonorgestrel concentrations were
mgmﬁcantly correlated with serum SHBG, r = 0.8856, p less than 0.001, and with E2,r=.
0.4661, p < 0.05.

o In one clinical study, an attempt was made to relate etﬁcacy failure (pregnancy) with serum
concentration of LNG from the LNG-IUD (as in table 6 below).

Table 6: Pregnancies occurring with currently marketed product (Composition C) in Europe

Leiras Reference | Plasma/Serum LNG Duntlon of Treatment Comment
- No. {pp/mi) {mo)
) (7) SWE s s B
S
(1) SWE - { 18 Urerine perforation; IUS detected intra-
i o sbdominally
SWE . ,.@ 4 IUS was not detected at time of delivery.
_ T ¢ Expuigion priof 10 conception suspected

LEI03348-99 / o - '
LEI02995-98 - 45
LEI02992-98 / »- N

- LEI025556-58 Not detectable L] Expuision priot 10 pregnancy suspected
LEI02532-98 / 18 , =

o The sponsor presents some data relating the nominal release rate (dose) to the effect in some
“dose-finding” studies. It was observed that 20 and 30 pg/24h systems were comparable in their
efficacy and safety profiles and comparable to or better than the Nova T (copper IUD) system.
These was one pregnancy (among 30 women) from the 10 pg/24h system after 7 months of -
usage (serum-level of LNG ' ——  at that time). Moreover, it was determined that the lower-
rate systems were not adequate for the 5-year period. Also, the higher rate (50 pg/24h) systems
were suppressing ovulation, and it was difficult to maintain the delivery rate at that level for 5
years. All these facts led to the choice of 20 pg/24h as the optimal dose. -

| Q. Has the selection of dose been appropriate?

Y TN
.

e More thorough and better-designed dose finding studies may have been conducted to determine
the ‘real’ minimum effective dose. But, considering the nature of the product, those studies
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needed to be Tong and burdensome. Based on the studies that the sponsor conducted, the 20
pg/24h selected dose seems to be roughly optimal considering efficacy, safety as well as a
practically achievable delivery rate that can be maintained (at least theoretically) for 5 years.
However, it has not been clearly determined by the sponsor what may be the threshold release
rate below which there is a high probablhty of device failure.

. Based ona dxscusswn with the Medical Officer (Dr. L. Furlong) assxgned to the NDA, it was
ascertained that the Medical Officer found the dose selection satisfactory.

ANALYTICAL METHODOLOGY

_ W Are the analytical methods used appropriate?

During the 25-year history of development of this product, several analytical methods were used for
assay of LNG in serum. With time, better methods were available which reduced the errors for the
assay.

Radloxmmunoassay (specxﬁc for LNG) was most commonly used for the assay of LNG in biological
fluids. The assays were highly specific for LNG, sensitive, sufficiently accurate and precise. For
most values of LNG between 100 — 500 pg/ml (common levels obtained in the clinical studies), all
within and between-run accuracy and precision c.v. values were within ~ Concentrations <

T sopg/ul was generally associated with higher % c.v values: However, lower % c.v. values {

was obtained with a more recent method. The HPLC method utilized for higher concentrations of
LNG (residual LNG in devices etc.) had precision and accuracy c.v. values within «——

Based on the above information, the assay methods used to generate the data within thisNDA is ~
— acceptatle. " i

LABELING COMMENTS

The relevant section of the label has been edited and that section along with the suggested
corrections are included below. Please ncte that a majority of the chznges in this section has already
been made by the Medical Officer, and this reviewer is in agreement with those changes

Additional changes are also included herein. -

CLINICAL PHARMACOLOGY
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FILING MEMORANDUM
NDA#: 21-225 '
Product/Activc Ingredient/s: ~ Mirena (52 mg levonorgestrcl @ 20 pglday for 5 ycars)
Indication: Contraception
Submission Date: January 31, 2000 —
. Sponsor: Berlex Laboratories -

Type of Submission: Original NDA
~ Reviewer: Dhruba J. Chatterjee, Ph.D.
Today’s Date: _ March 20, 2000.

‘ Synbbsis N _
Mirena® (levonorgestrel-releasing intrauterine device) is composed of a T-shaped frame on
which a reservoir containing 52 mg levonorgestrel (ENG) is mounted. This reservoir is covered
with a membrane that regulates the release of LNG from the system at the rate of 20 pg/day. One
application of this system is intended for a 5-year period of use.

The sponsor has listed four formulations (A, B, C and D) in the NDA during the long drug
development history for this product (please see attachment). Most of the clinical trials were
performed using formulations B and C. These formulations differ mostly in polymer
composition. Extensive in vitro — in vivo (IVIVC) correlation has also been presented comparing
formulations B and C. The ‘to-be-marketed’ formulation D has a different supplier for the
incorporated elastomer as compared to C. No clinical trial/study was performed with this
formulation (D). A formal bxoeqmva]cnce study for a product of-this kind (5 — year IUD) may not
be feasible. Detailed IVIVC may provide relevant information on relative performance of—
formulations B, C and D. :

“Accordin g to a teleconference between the sponsor and members of OCPB (please refer to

minutes of TCON dated 8/10/99 attached) and the pre-NDA meeting (1/27/98), it was decided
that the above formulation difference will NOT be a filing issue. The NDA ‘will be reviewed in

__light of the IVIVC and the rcspective in vitro performance of the formulations._ The sponsor was
- requested to collect plasma and ex-vivo data on LNG (from a clinical trial that has already been

planned with formulation D) and submit the mformanon at least 90 days prior to the NDA action
date. The protocol for this clinical study (IND —  and amendments submitted
between Feb 8 and March 21, 2000) with formulatmn D appears satisfactory from an OCPB

perspective.

Recommendation

Based on the above facts and all the other information provided (see attached list of studies) in
the NDA, this application is file-able from a Clinical Pharmacology and Biopharmaceutics
perspective. The following should be communicated to the sponsor: - '

1. The review clock may be extended (as previously decided) if the in vivo clinical results with
Formulation D are rot obtained 90 days prior to the NDA action date.

e _ .. Pagelof2 _



2. The sponsor 1s expected to submit detailed analytical methods and validation reports as soon
as they can.

3. To help the review process, the sponsor is requ&ted to submit electronic summary of reports
for all PK and/or Biopharmaceutics related studies (including all IVIVC results).

| DhrubCharkges, PhD. . — o }/2?[@

Pharmacokinetics Reviewer _ - S
Office of Clinical Pharmacology and Biopharmaceutics ”
Division of Pharmaceutical Evaluation I

-
-

FT Signed by Ameeta Parckh, Ph.D. (Team Leader), 51 _Date 3/ ""7//"/4__

-

B Xttéchmcnts """ L . -

» CC: NDA 21-225, HFD-870 (S. Huang, A. Parekh, D.J. Chatterjee), HFD-580 (LFurlong,
. J. Best), CDR (B. Murphy).

U
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6.5.2  Tabular summary of studies Included In item 6 '\

Table 2: Tabular summary of studies Included in ltem 6 . L

1 .
IUS = Inta uterine sysiem; LNG = Levonorgestiel; Mlg = Manulaciure; NA = Nol available '

 Report No. Type of Study Study Design Number of Female | Dosage Form : Dose Batch NoJMIg. Applicant Conclusion
(SAG/Leiras) ' ‘ i Subjects . Slte /Date Mig. , |
[Protocol No.] ; _[Age Range/Mean) i
B8073/1207 Pharmacokinetics, Open-label, 15 "~ Test i Test Test Serum conceniration of
(8216} 6.5 years * randomized, (23-38/32.4) LNG 1US i One LNG 060782, 080782, LNG was delected (or -
' comparalive study 20ug/24 h ll‘US for 0907682, 100782, | 6.5 years after lnsertion | '
Compostion B duration of 130782/Leiras, of the LNG JUS. !
Relerence 8 months Turkuy, !
Npva T, 200 mm' Finland/1982 .
[ ) : ' HF23/NA/NA 4 '
B078/102- Pharmacokinetics Double blind, Jost (new) Test Test Tesl' Chanaae In aelagtomer .
89532-07 randomized, 49 LNG IUS One LNG 92543/Leiras, — ol thelUS | |
(89532} comparative study (25-38/32.8) 20ug/24 h WS for Turku, did not signiticantly .
! : b Compostion C duration of Finland/1989 elfect the salety and | |
: : 80 mpnths efficacy over live years | '
' use when comparedto | -
‘ Relerence Tost n the IUS with the oriainal | .
' 50 LNGiIUS One LNG 73181/Leiras, elastomer’  — .
(23-38/32.9) 20pg/24 h .. lusfor Turku, —_ !
i - Composiion B « duration ol Finland/1987
' | 60 months -
. ) N |
- B8336/1274 Phamacokinetics Open-label 10 LNG IUS Ona LNG 140579 | Serum LNG
! [Protocol (NA) 10pg/24 h S tor iLelras, Turku, concentrat jon
; | number not \ . b , ‘Compostion A duration ol 6 Finland/1979 decreased 299 ai 6
o ‘ avallable] ' ‘ , months months, suggesting ks
; o limied use.
. |
l i

]
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o |

! Talile:: Tabular summary of studies Included In litem 6 (Continued)

. ||
Report No. Type ol Study Study Design Number of Female | Dosage Form | Dose i Batch NoJ/Mig. Applicant

(SAG/Leiras) ' Subjects : i Site/Date Mfg, Conclusion '
_[Protocol No.] : {Age Range/Mean) !
B8089/1243 Pharmacokinetic Open-label, two Group 1 Group 1 ‘ s s Subjects with higher | -
[90513] - sludy with trealment 23 LNG IUS One LNG IUS 120112, 120102/ estradioldose had | |
\ estrogen therapy randomized, (44-60/51.7) Composition C for duration of Leiras, Turkuy, significantly higher | :
| paraliel ; 20 pg/24 h 56 months Finland/ 1991 serum LNG !
' ‘ ‘ . Patch cdncentrations |
8146400, {p = 0.03). |
Group 2 Group 2 Palch 81347000, |
| 23 Estraderm® One patch B139700 and .
' (46-66/52.3) Transdermal applied’ B132900/NA/NA i
. paich transdermally implant i
50 pg/24 hand | twice a week al 1185200/Lelras ;
estradiol implant 3-and 4-day Turkuy, :
20 pg/24 h intervals for four Finland/1991 D
weeks followed |
‘ by !
l Imglant =
| Group 1 |
' One implant | .
T . ‘. ’ subculaneously ‘
i ) - ; implanted and
1 kept for 56 '
: weeks '
: , . r 1
Three implants i
ubculaneously :
; a'mplanled, and l
' . kept for 56 !
| ‘ weeks |
A
;

IUS = Intra wlering system; LNG = Levonorgesirel; Mig = Manufacture; NA = Not available. LN

| S A o

02°d* L I0A ‘9 way

{
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’Tabloz: Tabular summary of studies included In Item 6 (Continued)
. ' |
Report No. Type of Study Study Design Number of Female | Dosage Form Dose Batch No/PlanvDate | Applicant Conclusion
(SAG/Leiras) Subjects Manufactured
_[Protocol No.] (Age Range/Mean)
B074/1211 in vitro NA N/A Composition B N/A ' Composiion B Both compostitiorys had
(8216, 89532) LNG IUS 060782, 080782, simiar LNG rele@ase
' 20 pg/24 h 090782, 100782, 73181/ patlerns during one
i Leiras, Turku, year in wero
LNG lUS Finland/1982
20 pg/24 h Compostion C
) 92543/Leiras,
L Turku, Fintand/1989 .
B8330/102- Invitro NA " NIA ili N/A | Composition B - | Both compositions had
89532-08 : LNG IUS ' 73181/Leiras, . similar LNG rele@ase
(89532] 20 pg/24 h Turku, Fihland/1987 palterns during five
i i Compostion C years in uiero
| LNG IUS 92543/Lelras,
20 pg/24 h Turky, Finland/1989

¢

I2°d "’ L “IOA ‘Q way

N/A = Not applicable; LNG = Levonorgestrel; IUS = Intra utretine system
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/N
agreed tnat interim data fréi'n this study may be bubmitted iew of this NDA is ongoing. The
four compositions are summarized inTable 10. _ -

"~ Table 10: LNG JUS formutations used in clinical trials
Component/Description | Composition A |  Composition B~ | Composition C | Composition D } -—
T-Body i
Composition (wiw): | —
Remova! Thread ’
- Composition (w/w): |

————

Membrane
Composttion:
- Filler

Elastomer
Unfilied elastomer

Polymer for elastomer i Po s et e,

[

, . ‘Composition : — — ——
- | Hormone-Elastomer Core ,
Compositior: - - - P
- LN2 Conten: (mg! - T 52 ' 52- :
- LNC:elastomer (wiw) - . , ~— ; —_— !
N/Av = No: available

Information about batches of LNG IUS used in the key-studies in-this submission is tabulated in Table

11. A more dezailed accounting of the formulation and manuiacture changes for Compasition 8, Cand -
D was submittes to the Agency in an IND amandmeni [Seria! No. 011) on September 23, 1999. This
informztion is alss availadle in htem 4, voi. 1, D.27 . - '

68 -invive parforfance 97 the LNGIUS -

. As discussed previously in Section 6.8, serum LN3 concentrations and derived pharmacokinetic
Parameters are not appropriate to assess in vivo periormance of the LNG IUS. More direct and more
appropriate evaluation oi in utero release periormance was based on laboratory test protedures ort -
the used 1USs obtaineg at various times during the clinical studies. In utero release of LNG from the
IISs removed during and at the end of the two clinical studies (Protocol 8216 and Protoco! 82532)

Wes evaluated using three methode. namely: lose of weight of the 1US, ex vivo release rats and
determination o remaining (residual) LNG by chemical extraction. Results and discussion of in utero
relegse oi IUSs used in two clinical studies can be found in Report 8074 (1385 Composition B IUSs
available upte 5 years irom Protocol 8216, and 6 Composition B and 37 Composition C IUSs available «
during the first 14 months of Protocol 82532) and Repart 8330 (50 Composition B IUSs and 340

‘ CO’“_DOSition C'IUSs available up to 5 years from Protocol 82532). Report B074 and Report B330 are
Provided in nem €. vol. 13, p. 265 and Hem 6. vol. 15, p. 1 respectively. Additional data analysis methods

B liem 6, Vol. 1 , F. 34
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i T roxt Tablc 7: co rloon of I.NO ms compoomom Used In the Phase 3 Clinical Trials (B And C) and the Planned Marketed Product (D) :
' | ComponentDescription | Composition B | Composliiion|C | Composition D | Comments ;
f [ Membrane . o | i
' ’ Malerlal Description ’ ! - ! |
. (Trade name) [Supplier(s)]: ;
Meimbrane |
' A i
- Elastomer b i
! | s AT .. l
t’-‘ .
" S— : — !
f i
- ’. 1 e ’
- Filler
; Composition: , :
| . -Filler T
A ps———
Manufacturing Process: . | T ——— "
, , t : |
L :
' l
| - ‘
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Compasition A | Composition B. | Composition C COr;pocltion D
When Deveioped | - . . . N .
i (approximate) 1978 - 1981 1982 - 1987 1889 - ptesent I 1996 - present
Study Type i Report Numbers for Studies Using the Specified Compasition?
| CLINICAL PHARMACOLOGY - —
Studies on LNG Release and - B073/1207 -
Plasma Leavels B336/1274 _
_ B074/1211 B074/1211
—_— B330/102- 8330/102-
i 808532-08 89532-08
Studies on Endomaetrial BoO711203 : - o
Histology B072/1204
Studies on Effects of Cervix |- ~ B077/1206 -
and Vagina -
Clinical Pharmacology During ¥ B081/1268 )
Hormone Replacament __
~ | Therapy
Studies to Evaluate Dosage i - Protocol No.
T Form Perfarmance® 303700° -
| CONTRACEPTION
« Controlled Trials with AYSS/LE102- -
CRFs L 98042-01°
_ B075/1208 -
—- (B071/1203)
(B073/1207)
- (B077/1206)
_ (B076/1044) -
- o . —B078/102- B078/102-
89532-07 89532-07
- - (B330/102- (B330/102-
89532-08) 88532-08)
AV971LE102-
— 92533-01
- Contralled Trials / No B079/1231
CRFs - _ _

Table: Compesitions Used in the Clinical Pharmacolo
Described in the Mirena® NDA 21-225'

»

[Stnchin -

gy and Contraception Studies

' The inmrmaiion in this lable has besn extractad (with ons excaplion - sea FooInots 3) from the Table of All Studies

NDA 21-225 (in tem 8.7 - integrated Summary of Safety). Please refer 1o the
Table of All Siudles for additianal information pertalning 10 the abave studies, and for inlormatian about the
compositions used in all studies for which only publications are available and in other non-contraception studies. A
CCpy of the Table of Ali Studles (NDA ltom 8.7.4) ia provided for the convenience of the raviewer,

2 Interim reports are listed in paranthesis immediately following the corresponding final study report.

that was submitted in the Mirena

? This Phasa 1 study is ongoing; in accordance with an agreement reached

results from this study will Le submifted during the NDA review period.
. Repon No. AYS@/LE102-98042-01 is a reevaluation of the siudy described In Report No, BO75/1208.

previously with the Division, interim
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When Dovolopcd
—{approximate)

Compasition A

Composition B

Camposition C

Composition D

1978 - 1961

11962 - 1887

1080 - pregent

1996 - present

Study Type-

Report Numbers for Studive Using the Spacified Composition’

CONTRACEPTION (cont.)

= Uncontrolled Trials / with
CRFs

BOB3NLE102-
96505-01

AX86/102-
89346-03

- B346/LE102-

91543-02

AY08/LE102-
82505-01

AZ3INE102-
82528-01

- Uncontrolied Triais /No

-GRFs

- B081/1230

B082/1212

- Other Studies / No CRFs

B084/1256

BO8SAE102-
95503-01%

* Partly ihe came population as in the study described in Repart No. B084/1258

.- - e —y——




Date: August 10, 1999 Time: 11:30-12:20 PM Location: Parklawn; 17B-43-
IND — Drug: Levonorgestrel-Releasing Intrauterine System
Indication: Contraception o

Sponsor:-Berlex Laboratories, Inc.

_ Type of Meeting: Guidance

Meeting Chair:- Ameeta Parekh, Ph.D.
External Lead: Herman Ellman, M.D.
Meeting Recorder: Jennifer Mercier, B.S. ; -

FDA Attendees: : . . .
John Hunt - Deputy Director, Office of Clinical Pharmacology and Biopharmaceutics (OCPB; HFD-860)
-~ Ameeta Parekh, Ph.D. ~Team Leader, OCPB @ Division of Reproductive and Urologic Drug Products
=~ (DRUDP; HFD-580) ' ' B
Moo-Jhong Rhee, Ph.D. — Team Leader, Division of New Drug Chemistry I1 (DNDCII) @ DRUDP
(HFD-580) _ :
Jeanifer Mercier, B.S. - Regulatory Project Manager, DRUDP (HFD-580)

External Attendees: ~ , v
Herman Ellman, M.D. - Director, Endocrinology and Fertility Control, Clinical Research and -
Development i
Rolf Krattenmacher, Ph.D. — Associate Director of Project Management, Female Health Care . -
Brenda Marczi, Ph.D. - Associate Director, Drug Regulatory Affairs - S
Armen Meilikian, PRD. — Associate Director, Clinical Pharmacology - T——
—Jo-Arin Ruane~ Manager, Drug Regulatory Affairs - - —_
.. Hannu Allonen, M.D., Ph.D. - Director, R&D ' Project Management o T -
- Pasi Merkku, Ph.D. - Product Development Manager, Head of Pharmaceutical Development -
- Pirjo Saliinen - Project Manager -
Heikki Voipio — Director, Regulatory Affairs

Meeting Objective: To discuss the [VIVC submission dated May 24, 1999.

Discussion: : .

¢ the sponsor has linked formulation changes from Composition B to Composition C

* the sponsor is now using Composition D as the to-be-marketed formulation because they are no
longer able to obtain the polymer fom ————

- » the IVIVC data submitted in the May 24, 1999 submission is attempting to link Composition Cto .
Corm.position D o

( _
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* the sponsor plans to begin a clinical study using the to;be-marketed product following submission of -.
the NDA; ¢ ring that time, the sponsor will collect some dry blood levels as additional data to
validate the IVIVC - :

- blood samples will be monitored, in addition to ex-vivo release information from removed IUS; this
pattern can be compared to previously submitted data to strengthen the [VIVC |
" ® the new information can be submitted within the review cycle and would not be considered a filing

issue

* the sponsor is reminded that information submitted less than 90 days before the action date would
result in the extension of the clock : : : o

Decisions made:

o the sponisor will submit additional data during the review clock for validation of the IVIvC
¢ the sponsor will submit the protocol for the study prior to initiation

Unresolved decisions: None ' 7 ' -

Acfi;ﬁ ftems{ -

¢ Fax meeting miutes to sponsor within 30 days

s b7 -

Mir{utds P - . : Concurrence, Chair
infu {s/ r_eparer e,
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8.8 Overdose and Drug Abuse Information =

Not applicable since use of product will always be under strict medical supervision.

S—=

item 8, Vol. 207, P. 153




