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1. EXECUTIVE SUMMARY
This is an original 505(b)(2) NDA submitted by Tolmar International Limited on 02 July 2019, seeking
marketing approval for leuprolide acetate for injectable suspension (proposed name – FENSOLVI) for
the treatment of pediatric patients 2 years of age and older with central precocious puberty (CPP).
FENSOLVI 45 mg is available as an injectable suspension of leuprolide acetate, and is the same product
as Tolmar’s currently marketed Eligard 45mg (NDA 021731) for the palliative treatment of advanced
prostate cancer. It differs only in terms of labeling and intended use. Based on an agreement with the
Agency (pre-NDA meeting preliminary comments dated January 9, 2019 and pre-NDA written responses
to additional questions dated January 23, 2019), the Sponsor submitted only the drug substance and drug
product specifications in Module 3 of the CTD. NDA 021731 (right of reference provided) serves as the
reference for all other non-clinical and Chemistry Manufacturing and Controls (CMC) information.
The proposed dosing regimen for FENSOLVI is to administer it as a 45 mg single subcutaneous injection
once every six months. The dose of FENSOLVI does not require individualization for each child.
NDA 213150 is primarily supported by a pivotal pharmacokinetic (PK)/ pharmacodynamic (PD) study
(TOL2581A) which assessed the effectiveness of leuprolide acetate for injectable suspension, 45 mg for
treatment of children with CPP. Apart from the findings of this study, the sponsor is referencing Lupron
Depot-Ped (NDA 20263) with respect to class labeling language used for the pediatric indication of CPP
and some metabolism data under section 12.3 of the product label. However, Tolmar does not have right
of reference for NDA 20263. While the package insert for Lupron Depot-Ped (NDA 20263) also includes
reproductive toxicity and carcinogenicity data with respect to the active ingredient leuprolide acetate, the
original data for reproductive toxicity and carcinogenicity in NDA 20263 were derived from Lupron
Depot (NDA 019943). Tolmar is able to bridge to both the Lupron Depot and Lupron Depot-Ped
information based on the fact that their product has the same active moiety (leuprolide acetate) as those
products.
It is to be noted that FENSOLVI and Lupron Depot-Ped differ in the route of admininistration
(subcutaneous versus intramuscular), and in the recommended dosage to be administered. However,
reference to Lupron Depot-Ped is not needed for clinical pharmacology and efficacy/safety relevant
sections in the proposed label since the Sponsor can report the results from Study TOL2581A or use their
own leuprolide product, Eligard for class labeling.
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Table 1

Composition of FENSOLVI Reconstituted Drug Product

Reconstituted Drug Product

Leuprolide acetate delivered
Approximate leuprolide free base equivalent
PLG polymer delivered
NMP delivered
Approximate administered formulation weight
Approximate injection volume

45 mg
42 mg
165 mg
165 mg
375 mg
0.375 mL

(Source eCTD module 1.14.1.3. 04006141 Draft Labeling Text rx0619, Table 3)

3.2.1

Mechanism of Action:

Leuprolide acetate, a GnRH agonist, acts as a potent inhibitor of gonadotropin secretion (LH and follicle
stimulating hormone (FSH)) when given continuously in therapeutic doses. Following an initial
stimulation of GnRH receptors, chronic administration of leuprolide acetate results in downregulation of
GnRH receptors, reduction in release of LH, FSH and consequent suppression of ovarian and testicular
production of estradiol and testosterone respectively. This effect is reversible upon discontinuation of
drug therapy.

3.2.2

Pharmacokinetics:

The Sponsor conducted a single PK/PD study (TOL2581A) in support of this 505(b)(2) application. The
pharmacokinetics (absorption, distribution, metabolism and elimination) of leuprolide are covered in
details in Section 3.3.
3.2.2.1 Drug-drug Interactions
The Sponsor did not conduct any drug-drug interaction studies. Drug-drug interactions are not anticipated
because leuprolide acetate is degraded primarily by peptidases rather than cytochrome P450 enzymes and
is weakly bound to plasma proteins.
3.2.2.2 Special Populations
3.2.2.2.1
Renal Impairment
No PK or PD studies were conducted with leuprolide acetate for injectable suspension, 45 mg in renally
impaired patients.
3.2.2.2.2
Hepatic Impairment
No PK or PD studies were conducted with leuprolide acetate for injectable suspension, 45 mg in
hepatically impaired patients.
3.2.2.2.3
Pediatric
Leuprolide acetate injection 45 mg was studied in pediatric patients in Study TOL2581A. Females age 2
to 8 years (inclusive) or males age 2 to 9 years (inclusive), with a confirmed diagnosis of CPP within 12
months of baseline visit (Day 0) but had not received prior GnRH agonist treatment for CPP were eligible
to be included in the study. Details of the findings of the study are discussed in Section 3.3.
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3.2.3 Pharmacodynamics:
The pharmacodynamic effects of leuprolide on GnRH receptors in pituitary, on basal LH and FSH, and on
serum estradiol and testosterone are covered in details in Section 3.3.

3.2.4

QT Prolongation:

QT studies are not applicable in this age group.
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3.3

Clinical Pharmacology Questions

3.3.1

Does the clinical pharmacology information provide supportive evidence of
effectiveness?

Yes. The standard of care for patients with CPP is to treat with with GnRH agonists (GnRHa) such as
leuprolide acetate. Treatment with leuprolide results in suppression of abnormal hormone release and
pubertal development, and normalization of growth and skeletal maturation rates.
The primary objective of the study to achieve a post-GnRHa stimulation test serum LH levels below 4
IU/L was achieved for 80% of subjects. Basal serum LH anf FSH levels decreased by greater than 70%
from baseline at week 4 and remained at this level for the duration of the trial. During the trial, sustained
exposure to leuprolide resulted in mean basal serum estradiol levels to remain low and below the level
indicative of suppression (73.4 pmol/L).
Study schematics for Study TOL2581a is shown in Figure 2.
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Figure 3

Mean (±SD) Serum Leuprolide Concentrations after Subcutaneous Injection of
Leuprolide Acetate for Injectable Suspension, 45 mg (n=60)

(Source: Reviewer generated plot)

Pharmacodynamics
Serum Leutenizing Hormone Concentrations:
Following subcutaneous administration of leuprolide acetate injection, serum leuprolide levels showed an
immediate rapid increase (burst phase). Mean serum LH levels at baseline were 3.4 ± 9.7 IU/L, and
increased by nearly 12-fold above basal levels 4 hours post injection to a mean of 43.4 ± 43.7 IU/L and
then began to decline after 6 hours. Mean basal serum LH levels were 0.8 ± 1.601 IU/L at Week 4 and
the levels remained more or less constant for the rest of the treatment (Figure 4).
Fifty-two (52) of the 59 subjects (88%) from the ITT population with LH values at 6 months showed LH
suppression with serum levels below 4 IU/L after the GnRHa stimulation test.
The GnRHa stimulation test at screening and after the burst in serum leuprolide concentrations following
the first administration of leuprolide acetate for injectable suspension, 45 mg, resulted in substantial
increases in gonadotropin concentrations for a short time in GnRHa-naïve subjects. Release of LH and
FSH were suppressed once subjects received sustained delivery of leuprolide acetate.

Serum FSH:
Mean serum FSH levels at baseline were 3.9 ± 2.5 IU/L, and reached a maximum level of 26.3 ± 12.5
IU/L 6 hours post injection and began to decline to concentrations between 0.99 and 1.45 IU/L from
Weeks 4 to 48. At 36 weeks, FSH levels (1.4 ± 0.8 IU/L) remained below baseline until the end of
treatment at 48 weeks (1.5 ± 0.9 IU/L) (Figure 4).
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Serum estradiol and testosterone:
Serum estradiol was measured using two different assays, the first method used chemiluminescent
microparticle immunoassay and the second method used a LC-MS/MS high sensitivity assay. Values
obtained using the LC-MS/MS assay only will be reported in this section. Mean serum estradiol levels at
baseline were 92.5 ± 93.9 pmol/L and dropped to 54.2 ±94.0 pmol/L. Mean basal serum estradiol levels
remained low for the duration of the study and were below the level indicative of suppression
(73.4 pmol/L) (Figure 4).
There were only 2 males in the study. Average (n = 2) basal testosterone concentration decreased from a
baseline value of 9.90 nmol/L to 0.85 nmol/L at Week 4. Basal testosterone levels remained low through
Week 48 of treatment.

Figure 4

Mean (±SD) Serum LH, FSH, Estradiol and Testosterone concentrations after
Subcutaneous Injection of Leuprolide Acetate for Injectable Suspension, 45 mg
(n=60)

(Source: Reviewer generated plot)
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3.3.2

Is the proposed general dosing regimen appropriate for the general patient population
for which the indication is being sought?

Yes, the proposed general dosing regimen of FENSOLVI administered as a 45 mg single subcutaneous
injection once every six months is appropriate for children with CPP. The dose of FENSOLVI does not
require individualization for each child.
3.3.3

Is an alternative dosing regimen and management strategy required for
subpopulations based on intrinsic factors?

The Sponsor did not evaluate the intrinsic factors on the pharmacokinetics of leuprolide acetate injection.
Literature reported population PK/PD modeling (see citation in Section 3.2.2.6.4) showed BMI and age
had no effect on variability in PK parameters for a different leuprolide product, leuprorelin. However, the
population PK/PD modeling that the Sponsor cited is based on adult data from prostrate cancer patients
(age range 56-92 years, BMI range 22.6 – 35.3 kg/m2) and healthy adults (age range 23-31 years, BMI
range 21.0 – 30.0 kg/m2). Exploratory analysis of observed leuprolide trough concentrations in Study
TOL2581a did not show any correlation to age or body weight (Section 3.2.2.2.4).
3.3.4

Are there clinically relevant drug-drug interactions and what is the appropriate
management strategy?

The Sponsor did not conduct any drug-drug interaction studies. Drug-drug interactions are not anticipated
because leuprolide acetate is degraded primarily by peptidases rather than cytochrome P450 enzymes and
is weakly bound to plasma proteins.
3.3.5

Is the to-be-marketed formulation the same as the clinical trial formulation, and if not,
are there bioequivalence data to support the to-be-marketed formulation?

Leuprolide acetate for injectable suspension, 45 mg is the same product as Tolmar’s currently marketed
ELIGARD® 45mg (NDA 021731) for the palliative treatment of advanced prostate cancer. It differs only
in terms of labeling and intended use. Study TOL2581a used ELIGARD for evaluation of PK/PD of
leuptolide in children with CPP.
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4.

APPENDICES

TOL2581A was the only study conducted by Tolmar in support of this application.

4.1

Summary of Bioanalytical Method Validation

4.1.1

How are leuprolide, LH, FSH, estradiol and testosterone identified and what are the
analytical methods used to measure them in serum?

Leuprolide in serum was quantitated using a validated high-performance LC-MS/MS method and
automated extraction. Commercial diagnostic kits were used for analysis of the LH, FSH, and
testosterone. Two methods were used for estradiol analysis: a commercial diagnostic kit and a high
sensitivity liquid chromatography tandem mass spectrophotometric (LC-MS/MS) method. All assays
were validated in accordance to appropriate regulatory guidances.
Leuprolide:
(b) (4)
The method for analysis of leuprolide in serum was developed and validated by
using a validated high-performance LC-MS/MS method and automated extraction.
The initial validation range for the LC-MS/MS method was over a range of 100 pg/mL to 100,000 pg/mL.
The method was modified slightly to decrease the lower limit of quantitation (LLOQ) when it was
determined that the original method was not sufficiently sensitive. The modified method for leuprolide
was validated over a range of 25 pg/mL to 50,000 pg/mL. Both methods were validated according to
predefined criteria for precision, accuracy and stability of the analyte.
Estradiol:
The method for analysis of estradiol in serum was developed and validated by (b) (4) using a liquid
chromatography with tandem mass spectrophotometric detection (LC-MS/MS) using a solid phase
extraction procedure to remove interferences. Human serum samples (200 μL) containing the analyte and
internal standard were processed through the extraction process, and subsequently were evaporated to
dryness and derivatized with dansyl chloride before being analyzed by LC-MS/MS. The validated range
of the assay was 10–1000 pg/mL (36.71-3671 pmol/L). Estradiol concentrations at or below the LLOQ of
36.713 pmol/L were reported as “< 36.713 pmol/L.” A few aliquots had sample volumes less than 200
μL. For these samples, 100 μL aliquots were diluted 1:2 and LLOQ values were reported as “< 73.426
pmol/L.”
Leutenizing Hormone:
Serum luteinizing hormone levels were quantitated using the sandwich principle in which a biotinylated
monoclonal LH-specific antibody and a monoclonal LH-specific antibody labeled with ruthenium
complex reacted to form a sandwich complex (first incubation). Subsequent to this step, streptavidin
coated microparticles were added to bind the complex to the solid phase via interaction of biotin and
streptavidin. Microparticles were magnetically captured on the surface of the electrode and unbound
materials removed. A photomultiplier measured and amplified the induced chemiluminescent emission
after voltage was applied to the electrode. According to (b) (4), the kit manufacturer, the method was
validated over a linear range of 0.100 IU/L to 200 IU/L.
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Table 4.1.2-1: Bioanalytical Methods Summary
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(Source: eCTD for NDA 213150, Module 5.3.1.4 Bioanalytical Report LA, pp 23-24)

The parameters and validation metrics used for the LC-MS/MS assay are presented in Table 4.1.2-2.
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Table 4.1.2-2: Parameters and Validation Metrics for LC-MS/MS Assay (No. B1529008)

(Source: eCTD for NDA 213150, Module 5.3.1.4 Validation Report E2HS, page 10)
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