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1. EXECUTIVE SUMMARY

The Applicant submitted a New Drug Application (NDA) for LCS16, a levonorgesterel (LNG) 
intrauterine system (IUS) containing 19.5 mg of levonorgestrel with an initial release rate of 17.5 
μg/day for the indication of prevention of pregnancy for up to 5 years. LCS16 is the third LNG-IUS 
product the applicant is seeking approval for. 

Two other LNG-IUS products, LCS12 (Skyla®) and Mirena®, are owned by the same company.
Mirena® (NDA021225, approved in 2000) contains 52 mg LNG with initial in vivo release rate of 20 
μg/day. Mirena® is approved for intrauterine contraception for up to 5 years, and for treatment of 
heavy menstrual bleeding in women who choose to use intrauterine contraception as their method of 
contraception. Skyla® (NDA 203159, approved 2013) contains 13.5 mg LNG with initial in vivo
release rate of 14 μg/day and is indicated for prevention of pregnancy for up to 3 years. In comparison 
to Mirena®, LCS16 and Skyla® (LCS12) not only have lower daily release rate, but also have smaller 
T-frames with a silver ring for ultrasound detection. 

To establish the safety and efficacy of LCS16, the applicant conducted a pivotal Phase 3 trial 310042/
PH-37274 and a supporting Phase 2 clinical study 308901/ A46796 evaluating contraceptive efficacy, 
bleeding patterns, as well as safety parameters.

No specific clinical pharmacology studies were conducted with LCS16. The PK and PD 
characterization of LCS16 up to five years is based on the Phase 3 studies, where a dense sampling 
scheme in a subset of women and sparse sampling in all subjects were conducted for PK 
characterization of LCS 16. PD characteristics included effects on ovulation, cervix, and endometrium 
in a subset of women in the Phase 3 studies.

1.1 Recommendations 

The clinical pharmacology information in the submission is acceptable to support the approval and for 
inclusion in the product labeling.  

1.2 Phase 4 Commitments

No Phase 4 commitments from a clinical pharmacology perspective.

1.3 Summary of Clinical Pharmacology Findings

In vivo release rate
The release of LNG from the LCS16 starts after placement in the uterine cavity. The release rate is 
approximately 17.5 μg/day after 24 days and is reduced to approximately 15.3 μg/day after 60 days 
and to 9.8 μg/day after 1 year. It then declines progressively to approximately 7.9 μg/day after 3 years 
and 7.4 μg/day after 5 years. The average LNG in vivo release rate is approximately 9 μg/day over the 
period of 5 years.

Absorption, Distribution, Elimination (ADE)
Absorption
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Non-compartmental analysis using data from subset population in the Phase 3 study indicated 
that the maximum serum concentration (Cmax) of LNG was 302 ng/L (CV = 56.3%; N=6). 
Cmax was reached after 7.5 days (median) with the range of 3 to 364 days. Thereafter, LNG 
serum concentration of LNG decreased slowly to the mean value (Cav) of 99.6 ng/L (CV 
=14.7%) over the 5-year duration (N=3). PK parameters obtained from the non-compartmental 
analysis are comparable to those derived from the population PK analysis.
 
Distribution
The apparent volume of distribution of LNG is reported to be approximately 1.8 L/kg. More 
than 98% of circulating LNG is protein-bound, mainly to sex hormone binding globulin 
(SHBG) and, to a lesser extent, serum albumin. LNG administration also affects SHBG 
concentrations. Data from the Phase 3 study indicated that SHBG concentration declined by 
about 30% during the first 3 months (N=6) after insertion of LCS16 and remained relatively 
stable thereafter until the end of the 5-year observation period (N=3), except that the 
concentration had a surge at 12 month. The sharp increase of mean concentration at 12 month 
was primarily driven by one subject (160735, 196.3 nmol/L at 12 month).
 
Elimination (No new data related to elimination [including metabolism and excretion] of LNG 
submitted to this NDA. Data related to elimination of LNG were previously reviewed under the 
Mirena® and Skyla® NDAs.)

Following an intravenous (iv) administration of 0.09 mg LNG to healthy volunteers, the total 
clearance of LNG is approximately 1 mL/min/kg and the elimination half-life is approximately 
20 hours. 
 

o Metabolism 
Following absorption, LNG -OH position to form sulfate 
conjugates and, to a lesser extent, glucuronide conjugates in serum. Significant amounts 

-tetrahydrolevonorgestrel are also present in 
serum, along with much smaller - -
hydroxylevonorgestrel. LNG and its phase I metabolites are excreted primarily as 
glucuronide conjugates. Metabolic clearance rates may differ among individuals by 
several-fold, and this may account in part for wide individual variations in LNG
concentrations seen in individuals using LNG–containing contraceptive products. In 
vitro studies have demonstrated that oxidative metabolism of LNG is catalyzed by CYP 
enzymes, especially CYP3A4.

o Excretion  
About 45% of LNG and its metabolites are excreted in the urine and about 32% are 
excreted in feces, mostly as glucuronide conjugates.
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Drug Product Formulation
Phase 2 Formulation vs Phase 3 Formulation
The formulations of LCS16 used in the Phase 2 and Phase 3 clinical studies were slightly 
different.  

 
 

 Given that the safety and efficacy of 
LCS16 was mainly evaluated based on the Phase 3 data, the bridging between Phase 2 and 
Phase 3 formulations is not necessary.

Phase 3 Formulation vs To-Be-Marketed (TBM) Formulation
The phase 3 and TBM have the same formulation of the drug reservoir. However, compared to 
the phase 3 formulation, minor modifications were made to the TBM formulation,  

 According to 
ONDP (Dr. Mark Seggel), these changes do not impact the drug reservoir or the drug release 
mechanism and no bridging study is needed. The compositions of LCS16 during development 
are presented in Table 4.

Drug-Drug Interactions (DDI)
No clinical or in vitro DDI study was conducted under this NDA. Contraceptive effect of Kyleena is 
mediated via the direct release of LNG into the uterine cavity and thus is unlikely to be affected by 
drug interactions via enzyme induction or inhibition.

Specific Populations
Renal/hepatic impairment
No formal studies have evaluated the effect of renal or hepatic disease on the disposition of 
LNG released fromLCS16. Theoretically, serum concentration of LNG could be elevated in 
women with impaired renal or hepatic function. However, the average daily dose (release rate) 
of LCS16 over 5 years is, more than 10 times and initially more than 5 times lower than the 
doses that are given during the treatment with combined oral contraceptives. Thus, no critical 
concentrations are expected during the use of LCS16 in women with renal or hepatic 
impairment.

Bioanalytical Method Validation
Validated analytical methods were used in clinical studies. Acceptance criteria and assay performance 
for each analyte were in compliance with the Bioanalytical Method Validation Guidance and therefore 
found to be acceptable. 

2. QUESTION BASED REVIEW

2.1 General Attributes

2.1.1 What is LCS 16?
LCS16 (KyleenaTM) is a LNGIUS containing 19.5 mg LNG for the proposed indication of prevention 
of pregnancy for up to 5 years. LCS16 consists of a hormone-elastomer reservoir mounted on the T-
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shaped polyethylene frame (T-body). The reservoir is covered by a polydimethylsiloxane (PDMS) 
membrane . The in vivo release rate is estimated to be 17.5 μg/day
after 24 days. This rate decreases progressively to 9.8 μg/day after 1 year and to 7.4 μg/day after 5 
years. The average in vivo release rate of LNG is approximately 9 μg/day over a period of 5 years.

2.1.2 What are the highlights of the chemistry and physical-chemical properties of the drug 
substance and the formulation of the drug product as they relate to clinical pharmacology and 
biopharmaceutics review?

Active substance
The active pharmacologic ingredient in LCS16 is LNG. LNG USP is a white  
powder chemically described as (-)-13-Ethyl-17-hydroxy-18,19-dinor- -pregn-4-en-20-yn-3-one. It 
has a molecular weight of 312.4, a molecular formula of C21H28O2, and the following structural 
formula: 

Formulation
Kyleena consists of a T-shaped polyethylene frame (T-body) with a steroid reservoir (hormone 
elastomer core) around the vertical stem. The white T-body has a loop at one end of the vertical stem 
and two horizontal arms at the other end. The reservoir consists of a whitish or pale yellow cylinder, 
made of a mixture of LNG and silicone (polydimethylsiloxane), containing a total of 19.5 mg LNG. 
The reservoir is covered by a semi-opaque silicone membrane, composed of polydimethylsiloxane and 
colloidal silica. A ring composed of 99.95% pure silver is located at the top of the vertical stem close 
to the horizontal arms and is visible by ultrasound. The polyethylene of the T-body is compounded 
with barium sulfate, which makes it radiopaque. A monofilament blue polypropylene removal thread is 
attached to a loop at the end of the vertical stem of the T-body. The polypropylene of the removal 
thread contains <0.5% phthalocyaninato(2-) copper as a colorant (see Figure 1). 

Figure 1. Schematic illustration of the system

2.1.3 What is the proposed mechanism of action and therapeutic indications(s)?
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The contraceptive effect of LCS16 is mainly achieved via local progestogenic effect within the uterine 
cavity and cervix, including thickening of cervical mucus preventing passage of sperm into the uterus, 
inhibition of sperm capacitation or survival, and alteration of the endometrium. The proposed 
indication for Kyleena is prevention of pregnancy for up to 5 years.

2.1.4 What are the clinical and clinical pharmacology data submitted to support the approval of 
LCS16?
To establish the safety and efficacy of LCS16, the applicant conducted a pivotal phase 3 trial 310442/
PH-37274 and a supporting Phase 2 clinical study 308901/ A46796 evaluating contraceptive efficacy, 
bleeding patterns, as well as safety parameters (Table 1).

The pivotal Phase 3 trial was a multicenter, open-label, randomized study to assess the safety and 
contraceptive efficacy of LCS12 and LCS16 for originally a maximum of three years, but extended up 
to five years (extension phase) for LCS16. In this study, a total of 1452 women from 18-35 years old 
were assigned for LCS16 assessment and 707 subjects continued in the extension phase (after year 3). 
From these, 550 subjects completed study at year 5. Majority (80.2%) of the 1452 women were 
Caucasian, 11.0% were Hispanic, 5.1% were black, 1.2% were Asian and 2.6% were reported as other. 
The mean age of subjects was 27.1 years, the mean weight was 68.7 kg and the mean BMI was 25.32 
kg/m2 (overweight: 25.4%, obese 15%, and severe obese 2.2%). This trial was conducted in the US 
under IND 073505. Trial 310442/ PH-37274 (5-year data) and population PK analysis report (R-9266, 
based on data from 310442/PH-37274) were reviewed in details because they provide clinical 
pharmacology information related to the 5-year use of LCS16.

The Phase 2 Study 308901/A46796 was a multicenter, open-label, randomized, dose finding study to 
investigate LCS12 and LCS16 compared to Mirena® for a maximum of 3 years. Data from Study 
308901/A46796 were used to develop the population PK model for LNG and were reviewed in NDA 
203159 for Skyla® and are not reviewed in details again in this NDA. One thing to be noted, the phase 
2 formulation contains only  mg of LNG while the phase 3 formulation contains 19.5 mg of LNG. 

Table 1. Clinical studies/reports support the approval of LCS16.
Studies/Reports in which LCS16 were tested
Study No. Study Design Main objectives regarding to PK/PD parameters
308901/A46796 
(Phase 2, Europe)

Multicenter, randomized, 
open-label, 3-arm (LCS12, 
LCS16 and Mirena®) 
parallel group dose finding 
study for 3 years 

PD: Ovarian, cervical function and hormone 
concentrations (n=15 for LCS16); 
endometrial history (n=28 for LCS16)
PK of LNG and SHBG (n=12 for LCS 16)

310442/PH-37274
(Phase 3, Europe, 
US, Canada, Latin 
America)

Multicenter, randomized, 
open, 2 arm (LCS12 and 
LCS16), parallel group 3 
years (up to 5 years for 
LCS16 only)

PD: Ovarian, cervical function and hormone 
concentrations (n=19 for LCS16); 
endometrial history (n=30 for LCS16)
PK of LNG and SHBG, serum silver ion 
concentration (n = 13 for LCS16)

R-9266
(modeling and 
simulation)

Population PK Evaluation 
(serum concentrations and 
release rate of LCS16) of 
phase 3 Efficacy study 
310442/PH-37274 (5 
years)

Characterize the population PK of LNG in 
the LCS16 treatment arm over the period of 
5 years in study 310442/PH-37274
Investigate the impact of covariates (body 
weight and age) on clearance of LCS16
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Based on the population PK approach, the in vivo release rate of LCS16 was 17.5 μg/day at day 25 and 
declined to 9.79 μg /day at 1 year and 7.89 μg/day at 3 years after insertion. Thereafter, the release rate 
remained relatively stable until the end of year 5 (7.44 μg/day). The calculated average release rate 
over the entire time of LCS16 use was 8.99 μg/day. Per ONDP reviewer Dr. Hansong Chen, the 
estimated in vivo release rates are acceptable.

2.2.3 What are the PK characteristics of LCS16?
No dedicated PK study was conducted for LCS16. The Phase 2 study (308901/A46796) was conducted 
with a different formulation while the Phase 3 and TBM formulations are deemed the same. Therefore, 
only the PK data of the TBM product is described. Based on the data from the phase 3 trial (310442/
PH-37274), the PK of LCS16 was characterized using the following:

Non-compartmental analysis: a dense sampling scheme in a subset of women 

For the PK subset (also called “Subset 3” in the study report), 12 planned, 11 enrolled, 6 remaining 
after year 3. These 6 subjects were given the option to enter extension phase, 3 out of the 6 subjects 
entered the extension phase and completed the five-year trial. 
PK parameters for LCS16 estimated from non-compartmental analysis are summarized in Table 2. For 
all PK parameters, the arithmetic means with the coefficient of variation (CV, in parentheses) are 
given, except for Tmax, Tmin and Tlast, where the median and the range (in parentheses) are provided. 

After insertion of LCS16, the arithmetic mean of maximum serum concentration (Cmax) of LNG was 
302 ng/L (CV = 56.3%; N=6). Cmax was reached after 7.5 days (median) with the range of 3 to 364 
days). For the complete treatment period of 5 years (N=3), the systemic exposure (AUC0-tlast) had an 

the average concentration (Cav, 
calculated as AUC0-tlast/Tlast) had an arithmetic mean value of 99.6 ng/L (CV =14.7%). Minimum 
concentrations (Cmin, arithmetic mean 60.6 ng/L, CV=14%) were reached towards the end of the 
study after about 5 years. 

Table 2. Arithmetic Mean (%CV) PK parameters of LNG observed after insertion of LCS16 over the 
5-year period (N=3) and the 3-year period (N=6) in the phase 3 trial (PH-37274). 

Cmax
(ng/L)

Tmax
(d)

Cmin
(ng/L)

Tmin
(d) 

Clast
(ng/L)

Tlast
(d)

AUC(0-last)
(ng*d/L)

Cav
(ng/L)

LCS16
5-years

N=3

220
(30.7%)

4
(3-8)

60.6 
(14%)

1788 
(1650-
1819)

65.1
(22.5%)

1819 
(1788-1832)

180488
(11.8%)

99.6 
(14.7%)

LCS 16
3-years

N=6

302
(56.3%)

7.5
(3-364)

93.5
(43.4%)

559
(385-916)

122.3
(53.4%)

1086
(1084-1096)

153168.7
(50.1%)

140.8
(50.2%)

Population PK analysis: a sparse sampling scheme at one sample per subject

Previously, a population PK model was developed using the Phase 2 study 308901/A46796 and Phase 
1 study 92085 (Report No.:A57551) data of LCS12 and it was subsequently refined using the phase 3 
trial 310442/A52238 of LCS12 (data up to 3 years of treatment only; Report No: A57552). Both 
reports were reviewed by Dr. Li Li for the approval of Skyla® (LNG IUS, LCS12, Bayer, NDA 
203159) in year 2012 and found to be acceptable from a clinical pharmacology perspective (Dr. Li Li’s 
Clinical Pharmacology review dated 12/05/16 under NDA 203159).
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The previously developed population PK model which was then optimized in the present analysis 
(final model). Based on the final model, total and unbound LNG concentrations were estimated for all 
subjects with at least one valid PK measurement (LNG or SHBG serum concentration above the 
LLOQ or a residual content measure).

The mean serum concentrations of total LNG decrease slowly from average concentrations (%CV) at 1 
month of 164 (39.1%) ng/L to average concentrations at 5 years of 89.7 (39.3%) ng/L. The predicted 
mean of unbound LNG decreases from 2.42 (24.5%) ng/L at 1 month to 1.27 (24%) ng/L at 5 years of 
treatment (only about 1.5% of total LNG is unbound). Please see the appended R-9266 study report 
review for the summary statistics of the total and unbound LNG concentrations for the complete study 
population.

2.2.4 What are the ADME characteristics of LNG released from LCS16?
The ADME of LNG after release from Kyleena is described in Section 1.3.

2.2.5 Is there a depot effect after LCS16 removal?
Not likely. No study was conducted to measure the LNG serum concentration after LCS16 removal. 
However, there was no sign of a depot effect with Mirena® (a higher-dose product). Specifically, the 
data from study A10982 showed that LNG concentrations declined immediately (within 1 day) after 
Mirena® removal, and were undetectable at 7 days after removal.

2.3 Intrinsic Factors

2.3.1 What intrinsic factors (age, race, weight, and organ dysfunction) influence exposure (PK 
usually) and/or response, and what is the impact of any differences in exposure on efficacy or 
safety responses?

Relationship between Body Weight and Exposure/Contraceptive efficacy and safety
Based on the population PK analysis, the impact of body weight on LNG clearance was significant. 
Clearance (CL/F) increased linearly by 0.84% per kg body weight for the body weight range within 
trial 310442/PH-37274 (39 to 160 kg, median 65 kg with corresponding CL/F values of 188-432 L/h 
for the range and 240 L/h for the median, respectively). Due to the effect of body weight on the 
clearance of LNG, the LNG exposure is higher for lower body weights.

In the pivotal phase 3 trial 310442/ PH-37274, 250 women had BMI over 30 kg/m2 and 1198 women
had BMI lower than 30 kg/m2 (Table 3). Although the Pearl Index (PI) 2

was higher than that in women with BMI lower than 30 kg/m2, 0.56 vs. 0.24, BMI subgroups are too 
small (overlapping CIs) to show differences in efficacy of Kyleena, per clinical reviewer Dr. Ronald 
Orleans.

Note: The PI is the primary variable and defined as number of unintended pregnancies per 100 woman 
years.

Table 3. Cumulative (5-year) analysis of PI by subgroup – All subjects treated with LCS16 in the 
phase 3 trial, 310442/PH-37274. (Source: Table 9-2 of Amended Clinical Study Report PH—37274,
page 84/162)
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All samples were stored at or below -15 ºC (nominally -20 ºC) and analyzed within four years after 
sampling, most of them within two years after sampling. 

Details of the method description and validation can be found in study report A01291 revised version 3 
“Determination of LNG by RIA and SHBG by TR-FIA from A52238/310442.” 

Table 5. RIA for serum LNG concentration
Calibration Range 10 to 2000 ng/L
Lower limit of quantitation (LLOQ) 30 ng/L
Upper limit of quantitation (ULOQ) 600 ng/L
Inter-assay Standard Precision (% CV) 4.3 %
Inter-assay Standard Accuracy (% Bias) 98.0 to 102.0 %
Accuracy at LLOQ 99%
Precision at LLOQ 6.4%
Inter-assay QC Precision (% CV) 6.8 to 14.0%
Inter-assay QC Accuracy (% Bias) 90.0 to 102.0%
Stability in plasma at or below -15 ºC (nominally -20 
ºC)

715 days 

Incurred sample stability at or below -15 ºC 
(nominally -20 ºC)

1383 days (<4 years) A long 
term stability of LNG in human 
serum sample stored at or below 
-15 ºC for at least 4 years was 
measured in a partial validation 
study 2011033*

*Report for study 2011033 (R-11086) was submitted on 06/16/16 in response to our information request Sent to 
the Applicant on 06/07/16 via email.

Report R-11086 provided the results of the long-term stability experiments for samples stored at a 
nominal temperature of -20 C for 1, 2, 3, and 4 years. The following concentrations were tested and 
are listed together with the acceptance ranges of 15% of the nominal value:

Stability is demonstrated for a period of storage of at least 1,100 days for all concentrations. Stability is 
also demonstrated for a period of storage of at least 1,478 days for all concentrations at and above 197 
ng/L. The low concentration tested did not fulfill the ± 15% acceptance criteria, as the sample 
concentration was experimentally determined to be 126% of the nominal concentration.  We found the 
validation report to be adequate for the following reasons:

1. The number of samples affected was very small. In the phase 3 trial 310442, only 12 out of 
4299 samples analyzed (9 LCS16 samples and 3 LCS12 samples) were stored for more than 
1,100 days, which corresponds to 0.28% of the total number of samples analyzed. Of these, 
one concentration was below the lower limit of quantitation, and another one was determined to 
be above 197 ng/L. The 10 remaining samples (7 LCS16 samples and 3 LCS12 samples) had 
concentrations between 47.1 and 182 ng/L.

2. Over reporting of PK concentration of these 10 samples by ~11% (126-115%) is not expected 
to have an impact on the safety or efficacy of the product.

SHBG serum concentration
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The concentration of SHBG in human serum was determined with a time-resolved fluoroimmunoassay
(TR-FIA). The detailed analytical conditions are presented in Table 6.

All samples were stored at or below -15°C (nominally -20°C) and analyzed within four years after 
sampling, most of them within two years after sampling.

Details of the method description and validation can be found in study report A01291 revised version 3 
“Determination of LNG by RIA and SHBG by TR-FIA from A52238/310442.” 

Table 6. TR-FIA for serum SHBG concentration
Calibration Range 6.30 to 200 nmol/L
Lower limit of quantitation (LLOQ) 9.80 nmol/L
Upper limit of quantitation (ULOQ) 197 nmol/L
Inter-assay Standard Precision (% CV) 1.4 %
Inter-assay Standard Accuracy (% Bias) 99 to 101 %
Accuracy at LLOQ 100%
Precision at LLOQ 0.4%
Inter-assay QC Precision (% CV) 2.4 to 7.3 %
Inter-assay QC Accuracy (% Bias) 89% to 111 %
Stability in plasma at or below -15 ºC 
(nominally -20 ºC)

6 years and 8 
months 
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4. 1.1 Review for Phase III trial 310442/PH-37274 
(Review focuses on LCS16 PK characterization with non-compartment analysis)

BACKGROUND:
No dedicated clinical pharmacology study was conducted with LCS16. The characterization of LCS16 
PK profile was mainly based on the phase 3 trial by non-compartmental analysis via intense PK 
sampling in a subset of subjects and by population PK analysis via sparse sampling of one 
measurement per subject. The population PK analysis was reviewed separately in the population PK 
study report R-9266. Therefore, the current individual study review mainly focused on non-
compartmental analysis of LCS16 using data from the 6 subjects.  

OBJECTIVE:
Characterization of the PK profile of LNG released from LCS16 over 5 years.

STUDY ENDPOINTS:
PK parameters including Cmax, Cav, Cmin, Clast, Tmax, Tlast, Tmin and AUC (0-Tlast) for LNG

STUDY DESIGN, TREATMENT AND SUBJECTS
Trial 310442/PH37274 was the pivotal LCS16 efficacy trial with regards to the efficacy and safety 
assessment of LCS16. It was a large, multicenter, randomized, open-label, 2-arm, parallel-group, phase 
3 trial to investigate the efficacy and safety of the two doses of LCS, LCS12 and LCS16, for a 
maximum of three years in nulliparous and parous women. The women in the LCS16 group were 
given the option to continue into an extension phase (single arm, open-label) with treatment up to 5 
years.

Twenty-four (24) subjects were planned for the PK subset study (also called Subset 3 in the protocol) 
with 12 subjects per treatment arm (LCS12 and LCS16). One LCS with either 12 mcg/day (LCS12) or 
16 mcg/day (LCS16) LNG initial in vitro daily release rate was inserted into each subject. After a 
successful insertion, the LCS was to remain in the uterine cavity until its removal at the end of the 
study or on premature discontinuation of the subject from the study. 

Multi-center, open-label, randomized study to assess the safety and contraceptive efficacy of 
two doses (in vitro 12 mcg/24 h and 16 mcg/24 h) of the ultra low dose levonorgestrel 
contraceptive intrauterine systems (LCS) for a maximum of 3 years in women 18 to 35 years 
of age and an extension phase of the 16 mcg/24 h dose group (LCS16 arm) up to 5 years
Protocol Number: PH-37274
Phase: 3

Principal Investigator:
138 principal investigators at 138 recruiting study centers. 
109 centers continued in the extension phase (extension of 
LCS16 treatment).

Clinical Study Centers:
Argentina (5), Canada (13), Chile (3), Finland (15), France 
(8), Hungary (8), Mexico (4), Netherlands (9), Norway (5), 
Sweden (11), USA (57)

Clinical Study Dates: 08/20/2007-06/07/2013
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BIOANALYTICAL METHOD
Serum concentrations of LNG and SHBG were analyzed in .
Samples taken after year 3 were analyzed by the same assay at the same labs. 

Determination of LNG in serum
LNG was determined in human serum with an RIA method based on the specific antiserum preparation 
and tritium labeled LNG. The serum samples were extracted with diethyl ether, phase separation was 
achieved by centrifugation and by freezing the aqueous layer. Separation of the antibody-bound LNG 
from unbound was achieved by charcoal suspension. The radioactivity (3H-LNG) was measured by 
means of scintillation counter.

All samples were stored at or below -15 ºC (nominally -20 ºC) and analyzed within four years after 
sampling, most of them within two years after sampling. 

The detailed analytical conditions are presented in Table 1. Details of the method description and 
validation can be found in study report A01291 revised version 3 “Determination of LNG by RIA and 
SHBG by TR-FIA from A52238/310442.” 

Table 1 RIA for serum LNG concentration
Calibration Range 10 to 2000 ng/L
LLOQ 30 ng/L
ULOQ 600 ng/L
Inter-assay Standard Precision (% CV)
Inter-assay Standard Accuracy (% Bias) 98.0 to 102.0 %
Accuracy at LLOQ 99%
Precision at LLOQ 6.4%
Inter-assay QC Precision (% CV) 6.8 to 14.0%
Inter-assay QC Accuracy (% Bias) 90.0 to 102.0%
Stability in plasma at or below -15 ºC 
(nominally -20 ºC)

715 days 

Incurred sample stability at or below -15 ºC 
(nominally -20 ºC)

1383 days (<4 years) A long term stability of 
LNG in human serum sample stored at or 
below -15 ºC for at least 4 years was measured 
in a partial validation study 2011033*
(submitted on 06/16/2016).

*Report for study 2011033 was submitted on 06/16/16 in response to our information request sent on 
06/07/16 via email. 

Determination of SHBG in serum
The concentration of SHBG in human serum was determined by means of a commercially available 
96-well plate TR-FIA obtained from 

All samples were stored at or below -15°C (nominally -20°C) and analyzed within four years after 
sampling, most of them within two years after sampling.
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The detailed analytical conditions are presented in Table 2. Details of the method description and 
validation can be found in study report A01291 revised version 3 “Determination of LNG by RIA and 
SHBG by TR-FIA from A52238/310442.” 

Table 2. TR-FIA for serum SHBG concentration
Calibration Range 6.30 to 200 nmol/L
LLOQ 9.80 nmol/L
ULOQ 197 nmol/L
Inter-assay Standard Precision (% CV)
Inter-assay Standard Accuracy (% Bias) 99 to 101 %
Accuracy at LLOQ 100%
Precision at LLOQ 0.4%
Inter-assay QC Precision (% CV) 2.4 to 7.3 %
Inter-assay QC Accuracy (% Bias) 89% to 111 %
Stability in plasma at or below -15 ºC 
(nominally -20 ºC)

6 years and 8 months 

DATA ANALYSIS
The PK parameters of Cmax, Cav, Cmin, Clast,Tmax, Tlast, Tmin and AUC0-tlast for LNG were 
calculated using the model-independent (compartment-free) method. The sponsor reported geometric 
means of majority of PK parameters. In order to report the arithmetic mean of all the PK parameters, 
the reviewer ran all the analysis again using Phoenix 64 

RESULTS
Serum LNG concentration 

PK parameters for LCS16 and LCS12 are summarized in Table 3. For all PK parameters, the 
arithmetic mean with the coefficient of variation (CV, in parentheses) are given, except for Tmax, 
Tmin and Tlast, where the median and the range (in parentheses) are provided. The concentrations 
time profile over the completed period of 5-years (LCS16) and 3-years (LCS12) and for the first 3 
months after insertion (LCS 12 and LCS 16) is shown in Figure 1.

After insertion of LCS16, the arithmetic mean of Cmax of LNG was 302 ng/L (CV = 56.3%; N=6). 
Cmax was reached after 7.5 days (median) with the range of 3 to 364 days. For the complete treatment 
period of 5 years (N=3), the systemic exposure (AUC0-tlast) had an arithmetic mean value of 180488 

0-tlast/Tlast) had an 
arithmetic mean value of 99.6 ng/L (CV =14.7%). For Cmin, an arithmetic mean 60.6 ng/L (CV=14%, 
N=3?) was reached towards the end of the study after about 5 years.
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Table 3. Arithmetic Mean (%CV) PK parameters of LNG observed after insertion of LCS16 over the 
5-year period (N=3) and of LCS16 and LCS12 over the 3-year period (N=6 [LCS16], N=7 [LCS12]) in 
the phase 3 trial 310442/PH-37274.

Cmax
(ng/L)

Tmax
(d)

Cmin
(ng/L)

Tmin
(d) 

Clast
(ng/L)

Tlast
(d)

AUC(0-last)
(ng*d/L)

Cav
(ng/L)

LCS16
5-years

N=3

220
(30.7%)

4
(3-8)

60.6 
(14%)

1788
(1650-
1819)

65.1
(22.5%)

1819
(1788-1832)

180488
(11.8%)

99.6 
(14.7%)

LCS 16
3-years

N=6

302
(56.3%)

7.5
(3-364)

93.5
(43.4%)

559
(385-916)

122.3
(53.4%)

1086
(1084-1096)

153168.7
(50.1%)

140.8
(50.2%)

LCS 12
3-years
N=7*

191.7
(54.6%)

2
(1-16)

47.9
(62.7%)

733
(546-1085)

72.5
(40.1%)

1085
(1083-1135)

82594.1
(42%)

75.8
(42.4%)

*include 2 subjects each with one concentration value < LLOQ (PID160734 and PID160753) which were set to 
½ LLOQ for evaluation. 
AUC0-tlast = area under the drug concentration vs time curve from time 0 to 3 years after insertion or to until 
removal of the IUS at 5 years after insertion;
Cav = average steady state concentration (AUC0-Tlast/Tlast); 
Clast = last observed concentration; 
Cmin = minimum observed concentration; 
Cmax = maximum observed concentration; 
CV= coefficient of variation; 
d = day; 
N= number of subjects; 
Tlast = time to reach Clast; Tmin = time to reach Cmin; Tmax = time to reach Cmax.
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Figure 1. Arithmetic mean concentrations of LNG (ng/L) in serum after insertion of LCS16  over 
the complete study period of 5 years (N=6 for 3 years and N=3 for 5 years) and over 3 years for 
LCS12 (N=7) in the phase 3 trial (PH-37274, large graph: up to 5 years, small graph: first 3 
months after insertion) 

Serum SHBG concentration 
SHBG concentrations for LCS16 and LCS12 are summarized in Table 4. For all concentrations, the 
arithmetic mean values with %CV are given. The concentration time profile over the completed period 
of 5-years and for the first 3 months after insertion is shown in Figure 2.

After insertion of LCS16, mean SHBG serum concentrations declined from 96.1 (45.2%) nmol/L at 
baseline to 67.1 (50.9%) nmol/L at 3 months after insertion. The SHBG concentrations remain 
relatively stable thereafter until the end of the 5-year observation period, except that the concentration 
had a surge at 12 month. The sharp increase of mean concentration at 12 month was primarily driven 
by one subject (160735, 196.3 nmol/L at 12 month).

After insertion of LCS12, SHBG serum concentrations declined from 71.9 (38.3%) nmole/L at 
baseline to 58.8 (36%) nmol/L at 3 months after insertion. After that, nearly plateau-like serum 
concentrations were observed with a tendency to increase towards the end of the observation period. 
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Table 4. Arithmetic Mean (%CV) of SHBG serum concentration observed after insertion of LCS16 
and LCS12 over the 5-year period (N=3) and the 3-year period (N=6 [LCS16], N=7 [LCS12]) in the 
phase 3 trial (PH-37274). 

(nmol/L) Baseline C (0.5) C (3) C (6) C (12) C (18) C (24) C (36)
LCS16 
(N=6)

96.1
(45.2%)

87.7 
(57.3%)

67.1
(50.9%)

63.2
(42.2%)

84.8 
(72.4%)

45.6 
(47.4%)

54.9
(39.9%)

63.5
(48.6%)

LCS12
(N=7)

71.9
(38.3%)

*59.3
(31.4%)

58.8
(36%)

58.1
(26.5%)

60.0
(25.6%)

47.9 
(34.7%)

50.3 
(39.1%)

62.4
(30.2%)

C (42) C (48) C(54) C (60)
LCS16
(N=3)

#55.1
(57.6%)

44.5
(16.5%)

57.2
(33.9%)

47.0
(30%)

C (x) = observed concentration at x months after insertion
*n = 6, Subject 160729 had missing data at Month 0.5.
#n = 2, Subject 160702 had missing data at Month 42.

Figure 2. Arithmetic mean concentrations of SHBG (nmol/L) in serum after insertion of LCS16  
over the complete study period of 5 years (N=6 for 3 years and N=3 for 5 years) and over 3 years 
for LCS12 (N=7) in the Phase 3 Efficacy study (PH-37274, large graph: up to 5 years, small 
graph: first 3 months after insertion)
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4.1.2 Population study report: Report R9266
Title: Population pharmacokinetic analysis of levonorgestrel delivered via the intrauterine 
system LCS16 in female subjects in phase III trial 310442/PH-37274

BACKGROUND
Previously, a population PK model was developed using the Phase 2 study 308901/A46796 and Phase 
1 study 92085 (Report No.:A57551) data of LCS12 and it was subsequently refined using the phase 3 
trial 310442/A52238 of LCS12 (data up to 3 years of treatment only; Report No: A57552). Both 
reports were reviewed by Dr. Li Li for the approval of Skyla® (LNG IUS, LCS12, Bayer, NDA 
203159) in year 2012 and found to be acceptable from a clinical pharmacology perspective (Dr. Li Li’s 
Clinical Pharmacology review dated 12/05/16 under NDA 203159).

In the current analysis, this previously developed model was applied to the study findings of residual 
content/serum LNG and SHBG measurements from the 5-year phase 3 trial 310442/ PH-37274.The 
model was optimized and the impact of two covariates, body weight and age, was tested on the PK of 
LNG. Subsequently, individual exposure parameters of total and unbound LNG were estimated. 
Finally, an estimation of the in vivo release rate based on the analysis of residual content of LNG in 
used IUS was performed.

OBJECTIVES
Characterize the population PK of LNG in the LCS16 treatment arm from the phase 3 trial 
310442/PH-37274, including variability, by applying the population PK model developed in 
analysis 15904/A57552 to residual content, serum LNG concentration, as well as serum SHBG 
concentration data from the LCS16 treatment arm from the phase 3 trial 310442/PH-37274.

Investigate the impact of the covariates body weight and age on the individual LNG exposure.

Estimate individual total and unbound LNG serum concentrations after 1 month (30 days), 3 
months (90 days), 1 year (365 days), 2 years (2x365 days), 3 years (3x365 days), 4 years 
(4x365 days), 4.5 years (4.5x365 days, rounded to full days) and 5 years (5x365 days): C1m, 
C3m, C1y, C2y, C3y, C4y, C4:5y and C5y, using the population PK model, as these 
concentrations cannot be derived directly from the sparsely sampled PK data. The unbound 
LNG serum concentration was calculated using SHBG and total LNG serum concentrations.

Estimate in vivo release rates on day 25 (24 days after insertion), after 2 months (60 days after 
insertion), after 1 year (365 days after insertion), after 3 years (3x365 days after insertion), after 
4 years (4x365 days after insertion), after 4.5 years (4.5x365 days after insertion), after 5 years 
(5x365 days after insertion) and on average (average release rate from insertion until 5 years 
(5x365 days) after insertion.

DATA
The dataset contained data from 1329 subjects (1306 included in the analysis) with a total number of 
2289 serum LNG concentrations (2253 included in the analysis) and 2436 serum SHBG concentrations 
(2374 included in the analysis), and 866 measurements of the residual content of LNG in the LCS16 
system after removal (854 included in the analysis). 

METHODS
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The predictive performance of the existing population PK model (O4:run061 from report A57552, 
model scheme listed in Figure 1, further referred to as existing model) for observations in trial
310042/PH-37274 was tested via a visual predictive check. In addition, this model was applied to all
data from trial 310442/PH-37274 with fixed- and random-effects fixed at the original estimates. 
Subsequently, the performance of the model was evaluated with standard modeling diagnostic tools. In 
a next step, the existing model was optimized by re-estimating certain model parameters (due to a 
sparse sampling scheme and because of sufficient amount of prior information, only few parameters 
were re-estimated.). Model development was geared towards an adequate description of individual 
exposure in order to acquire reliable Empirical Bayes Estimates of model parameters associated with 
inter-individual variability (IIV). Once a satisfactory base model with appropriate fixed- and random-
effects had been found, the relationship between IIV on the apparent clearance (CL/F) and SHBG 
baseline (SBL) and the covariates body weight, height, age, BMI, lean body mass and fat mass were 
explored via a graphical (exploratory) analysis. Potential covariate relationships were further evaluated 
via a model-based statistical covariate analysis. Using the developed population PK model, individual 
total and unbound LNG serum concentrations were calculated after 1 month, 3 months, 1 year, 2 years, 
3 years, 4 years, 4.5 years and 5 years. Finally, the in vivo release rate of LNG for LCS16 was 
estimated using the model and residual content data of LNG from time of LCS16 insertion up to 5 
years.

Figure 1. Model scheme of the final population PK/PD model LNG/SHBG for both LCS treatments 
LCS12 and LCS16 from analysis A57552 (Source: Figure 6.2.1 of Report R-9266)

For the release from the LCS two release processes are assumed (one release through the membrane and the other one through 
the open ends of the device). A two-compartment model to describe the PK of LNG is chosen. SHBG has an influence on the PK 
of LNG since only the unbound LNG is cleared. The effect of LNG on SHBG is modeled by introduction of a delay compartment. 
The production and elimination of SHBG is descr bed by a one-compartment model. Solid lines denote a mass flow, dashed lines 
indicate an indirect influence.
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RESULTS

Population PK model optimization
The previously developed population PK model which was then optimized in the present 
analysis (final model) provides an adequate description of LNG and SHBG serum 
concentrations and residual content data from trial 310442/PH-37274 after insertion of LCS16 
in all subjects with at least one valid PK measurement (LNG or SHBG serum concentration 
above the LLOQ or a residual content measure).

The final population PK model consists of the following components:
o The LNG release from the LCS system e into the central compartment, representing the 

serum LNG concentration here, is described by a combination of a zero-order release and a 
time-dependent first-order release.

o The biphasic LNG disposition in the serum is described by a two-compartment model with 
LNG binding to albumin (here assumed to be constant) and to SHBG in serum. It is 
assumed that from serum only unbound LNG can be eliminated and distributed to 
peripheral tissue.

o The change in endogenous SHBG in serum over time is described using a one-compartment 
model assuming a constant, zero-order, endogenous SHBG synthesis rate, and a first-order 
elimination rate. It is assumed that the SHBG synthesis is inhibited by LNG where the 
effect of the LNG concentration on the SHBG synthesis rate is linear and delayed.

o Inter-individual variability was identified on the apparent clearance (CL/F) of LNG and on 
the parameter for the SHBG serum concentration at baseline (SBL) with covariance 
between the two terms.

Covariate analysis
The correlation between body weight and CL/F that was identified in the previous analysis is 
also valid for the present analysis. CL/F of LNG increases linearly with 0.84% per kg body 
weight for the body weight range within trial 310442/PH-37274 (39 to 160 kg, median 65 kg 
with corresponding CL/F values of 188-432 L/h for the range and 240 L/h for the median, 
respectively). Age does not have a significant effect on the PK of LNG in trial 310442/PH-
37274.

Calculation of individual concentrations
Based on the final model, total and unbound LNG concentrations were estimated for all 
subjects. The summary statistics of the total and unbound LNG concentrations for the complete 
study population are listed in Table 1 and Table 2. The mean serum concentrations of total 
LNG decrease slowly from average concentrations (%CV) at 1 month of 164 (39.1%) ng/L to 
average concentrations at 5 years of 89.7 (39.3%) ng/L. The predicted mean of unbound LNG 
decreases from 2.42 (24.5%) ng/L at 1 month to 1.27 (24%) ng/L at 5 years of treatment (only 
about 1.5% of total LNG is unbound).
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Table 1. Summary statistics of total LNG serum concentration estimated based on the 
population PK model for the complete LCS16 study population at pre-defined time points 
(Source: Table 7.3:6 of Report R-9266)

Table 2. Summary statistics of unbound LNG serum concentration estimated based on the 
population PK model for the complete LCS16 study population at pre-defined time points 
(Source: Table 7.3:7 of Report R-9266)
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Determination of in vivo LNG release rate
The model used for the determination of in vivo LNG release rate was identical to the approach 
for the release process used in the population PK analysis. The developed release model in the 
population PK model, i.e., the combination of a zero-order release and a time-dependent first-
order release, was fitted to the residual content data only to estimate in vivo release rates. All 
the in vivo release rates are listed in Table 3. Based on the population PK approach, the in vivo 
release rate of LCS16 was 17.5 μg/day at day 25 and declined to 9.79 μg /day at 1 year and 
7.89 μg/day at 3 years after insertion. Thereafter, the release rate remained relatively stable
until the end of year 5 (7.44 μg/day). The calculated average release rate over the entire time of 
LCS16 use was about 9 μg/day.

Table 3. Model-based estimated in vivo release rates from LCS16 (Source: Table 7.4:8  of 
Report R-9266)

Reviewer’s Comments:
The sponsor’s analyses appear to be reasonable. 

4.2 Cover Sheet OCPB Filing/Review Form

Time point Days after insertion In vivo release rates (μg/day)
Day 25 24 17.5

2 months 60 15.3
1 year 365 9.79
3 years 1095 7.89
4 years 1460 7.61

4.5 years 1643 7.52
5 years 1825 7.44

Mean over 5 years 1825 8.99
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Criteria for Refusal to File (RTF)
RTF Parameter Assessment Comments

1. Did the applicant submit bioequivalence data 
comparing to-be-marketed product(s) and those 
used in the pivotal clinical trials?

Yes No N/A

2. Did the applicant provide metabolism and 
drug-drug interaction information? (Note: RTF 
only if there is complete lack of information)

Yes No N/A

3. Did the applicant submit pharmacokinetic 
studies to characterize the drug product, or submit 
a waiver request?

�Yes No N/A

4. Did the applicant submit comparative 
bioavailability data between proposed drug 
product and reference product for a 505(b)(2) 
application?

Yes No N/A

505 (b)(1)

5. Did the applicant submit data to allow the 
evaluation of the validity of the analytical assay 
for the moieties of interest?

Yes No N/A

6. Did the applicant submit study reports/rationale 
to support dose/dosing interval and dose 
adjustment?

�Yes No N/A

7. Does the submission contain PK and PD 
analysis datasets and PK and PD parameter 
datasets for each primary study that supports 
items 1 to 6 above (in .xpt format if data are 
submitted electronically)?

Yes No N/A

8. Did the applicant submit the module 2 
summaries (e.g. summary-clin-pharm, summary-
biopharm, pharmkin-written-summary)?  

Yes No N/A

9. Is the clinical pharmacology and 
biopharmaceutics section of the submission 
legible, organized, indexed and paginated in a 
manner to allow substantive review to begin?
If provided as an electronic submission, is the 
electronic submission searchable, does it have 
appropriate hyperlinks and do the hyperlinks 
work leading to appropriate sections, reports, and 
appendices?

Yes No N/A

Complete Application
10. Did the applicant submit studies including 
study reports, analysis datasets, source code, input 
files and key analysis output, or justification for 
not conducting studies, as agreed to at the pre-
NDA or pre-BLA meeting?  If the answer is ‘No’, 
has the sponsor submitted a justification that was 
previously agreed to before the NDA submission?

Yes No N/A
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Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) Checklist
Data 
1. Are the data sets, as requested during pre-
submission discussions, submitted in the 
appropriate format (e.g., CDISC)? 

Yes No N/A

2. If applicable, are the pharmacogenomic data 
sets submitted in the appropriate format? Yes No N/A

Studies and Analysis 
3. Is the appropriate pharmacokinetic information 
submitted? Yes No N/A

4. Has the applicant made an appropriate attempt 
to determine reasonable dose individualization 
strategies for this product (i.e., appropriately 
designed and analyzed dose-ranging or pivotal 
studies)?

Yes No N/A

5. Are the appropriate exposure-response (for 
desired and undesired effects) analyses conducted 
and submitted as described in the Exposure-
Response guidance?

Yes No N/A

6. Is there an adequate attempt by the applicant to 
use exposure-response relationships in order to 
assess the need for dose adjustments for 
intrinsic/extrinsic factors that might affect the 
pharmacokinetic or pharmacodynamics?

Yes No N/A

7. Are the pediatric exclusivity studies adequately 
designed to demonstrate effectiveness, if the drug 
is indeed effective?

Yes No N/A

General 
8. Are the clinical pharmacology and 
biopharmaceutics studies of appropriate design 
and breadth of investigation to meet basic 
requirements for approvability of this product?

Yes No N/A

9. Was the translation (of study reports or other 
study information) from another language needed 
and provided in this submission?

Yes No N/A
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