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I. SYNOPSIS

PANRETIN™ Gel contains the active ingredient: LGD1057. LGD 1057 is a naturally-
occurring retinoic acid isomer 9-cis-retinoic acid, an endogenous substance in humans.
The proposed indication of panretin (alitretinoin) gel in this NDA is for the first-line
topical treatment of cutaneous lesions in patients with AIDS-related Kaposi's sarcoma.

In the NDA, pharmacokinetic data from Phase 1-2 studies conducted by the applicant
are presented. Based on agreements reached at the End of Phase 2 Meeting between
FDA and the applicant (11/20/85), no pharmacokinetic data were collected in the pivotal
Phase 3 studies of PANRETIN™ Gel in patients with KS. '

An oral soft gelatin capsule dosage form of LGD1057 (PANRETIN™ Capsules) is also
being evaluated for possible development as an oral agent for the systemic treatment of
Kaposi's sarcoma and for the treatment of other cancers and dermatologic diseases.
Pharmacokinetic data from Phase 1-2 studies of PANRETIN™ Capsules are described
in the NDA. In addition, the pharmacokinetics of orally administered 8-cis-retinoic acid
have been assessed in healthy male subjects and in patients with solid tumors. Data
from these studies are also summarized in this NDA. However, these data were
considered only as supportive material to those of topical gel, not as the data for
independent oral formulations. "

As an endogenous substance in humans, 9-cis-Retinoic acid has been shown to be
present at concentrations ng/mLinupto % of fasting patients prior to therapy.




A mean peak concentration of 2.7 ng/mL has been observed in healthy individuals
ingesting a vitamin A-rich meal. "

Plasma concentration monitoring of 9-cis-retinoic acid and metabolites was conducted
during studies assessing the safety, tolerance and efficacy of PANRETIN™ Gel applied
topically on patients with Kaposi's sarcoma (KS) lesions and patients with cutaneous T-
cell lymphoma (CTCL) lesions. The single-time point samples were analyzed using one
of three validated analytical methods, = = -

o - . - -

The very low or undetectable 9-cis-retinoic acid concentrations found after topical
application of 9-cis-retinoic acid in patients is consistent with the rapid elimination and
lack of accumulation observed following repeat oral administration of 9-cis-retinoic acid.
The pharmacokinetics of orally administered 9-cis-retinoic acid have been evaluated
following single- and repeat-dose administration to healthy volunteers, patients with
advanced cancer, and patients with severe plaque psoriasis. Cmax values at the lower
oral dose levels (5 mg/m?) were approximately fold greater than the highest
observed S-cis-retinoic acid concentration in patients applying PANRETIN™ Ge| for the
treatment of cutaneous KS. The single oral dose pharmacokinetics are approximately
dose-proportional over a mg/m? to mg/m? dose range. Cmax values occurred
within one to three hours foliowing dosing. Across studies, terminal elimination phase
half-life values were *  hours. No demographic groups having altered 9-cis-retinoic
acid pharmacokinetics were identified. Following repeat once-daily oral dose
administration of lower doses of 9-cis-retinoic acid mg/m?), repeat dose Cmax and
AUC values were similar to Day 1 values. A dose-related apparent induction of oral
clearance of S-cis-retinoic acid was observed in most studies at higher total daily dose




levels (  mg/m?). Following repeat twice-daily oral dose administration, the extent of
induction appeared to be related to the total daily dose administered. In all studies,
repeat dose terminal elimination half-life values were similar to values observed
following single dose administration. Pre-dose concentrations in patients receiving
repeat doses were generally less than % of Cmax values and were routinely observed
only at dose levels 3 mg/m?, indicating that there is minimal accumulation of drug on
a repeat once-daily or twice-daily dose regimen. 4-oxo-9-cis-Retinoic acid has been
identified as a major circulating metabolite of 9-cis-retinoic acid and was quantitated in
many of the studies. Following both single-dose and multiple-dose administration, )
plasma concentrations of this metabolite ranged from being approximately one-half the
concentration of parent compound to being equivalent to the concentrations of parent
compound. Little isomerization of 9-cis-retinoic acid to all-trans-retinoic acid (ATRA),
13-cis-retinoic acid or 9,13-di-cis-retinoic acid was observed. Low oral dose mg)
administration of 9-cis-retinoic acid did not appear to affect the total body retinoid pool
as assessed by plasma retinol concentrations. Administration of higher oral doses A
mg) of O-cis-retinoic acid resulted in dose-related decreases in plasma retinol
concentrations ofupto  %.

Based on in vivo and in vitro studies, metabolism of 9-cis-retinoic acid occurs through
oxidation to 4-hydroxy and 4-oxo metabolites; isomerization to ATRA, 8,13-di-
cis-retinoic acid and 13-cis-retinoic acid, and glucuronidation of parent compound,
4-oxo-9-cis-retinoic acid and possibly other aglycones. The oxidative metabolites are
capable of binding to and activating retinoid receptors: however, they are less potent
and efficacious than 9-cis-retinoic acid. This metabolite profile is qualitatively very
similar to that observed for 8-cis-retinoic acid in preclinical models. Based on three in
vitro methods, TnEr MA1, '1A2,12C9, and '3A4 appear to be
involved in the human oxidative metabolism of 9-cis-retinoic acid.

The in vitro free fraction of 9-cis-retinoic acid in human plasma was determined using
ultrafiltration methods. A high degree of non-specific binding (31.9%) to the
ultrafiltration apparatus precluded accurate determination of the free fraction; however,
the fraction of radiolabel present in plasma ultrafiltrate was less than %, suggesting
that the binding of 9-cis-retinoic acid to human plasma proteins is very high.

In this NDA, the applicant made a request for biowaiver of the in vitro performance test.
Although some preliminary experiments for the development of an in vitro performance
assay were conducted, no method proved suitable for soluble PANRETIN™ Gel, and
therefore, no such assay has been implemented.
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Il. RECOMMENDATIONS .
The phamacokinetic studies provide an understanding to the systemic exposure of
9-cis-retinoic acid and support a recommendation for the approval of this NDA from the
Clinical Pharmacology-and Biopharmaceutics standpoint. The General Comments and
the Labeling Comments should be conveyed to the sponsor.

. £% W\A%ﬁg/% /8/ (9[8[
= vA'tiqur Rahmé%h.D. Da Z (.lBhn Duan, Ph.D. Date

Team Leader Reviewer
Division of Pharmaceutical Evaluation | Division of Pharmaceutical Evaluation |
( CC: NDA 20-886 original

HFD-150 Division File

HFD-150  AChapman

HFD-150 RWhite

HFD-150 JJohnson

HFD-850 LLesko

HFD-860  HMalinowski, MMehta, ARahman, JDuan
HFD-340 Vishwanathan

CDR Barbara Murphy




~

lil. TABLE OF CONTENTS
I. SYNOPSIS 1
ll. RECOMMENDATIONS 4
lil. TABLE OF CONTENTS 5
IV. SUMMARY . 6
A. OVERVIEW OF THE ANALYTICAL METHODS 6
B. FORMULATIONS USED DURING PANRETIN™ GEL DEVELOPMENT w7
C. PHARMACOKINETIC SUMMARY .8
1. Endogenous 9-cis-Retinoic Acid COREEPITGUORS ..ot tesesi 8
2. Absorption and Pharmacokinetics of 9-cis-Retinoic Acid Following Topical Application................... 9
3. Pharmacokinetics of 9-cis-Retinoic Acid F. ollowing Oral Application.......................... .. 12
4. Pharmacokinetics of 9-cis-Retinoic Acid in Special POPUIGHONs......oveeoooo 13
3. Metabolic Fate of 9-cis-Retinoic Acid..oiiiiiiiii S e e e i 13
6. Binding of 9-cis-Retinoic Acid 1o Human Plasma PrOteins .......ooooeeosoooooo 15
V. GENERAL COMMENTS 16
VI. LABELING COMMENTS 17
APPENDIX | DRAFT PACKAGE INSERT 18
APPENDIX II BIOPHARMACEUTICS SUMMARY 24
APPENDIX Ill IN VOVO STUDY DATA SUMMARY 30
APPENDIX IV IN VIVO ANALYTICAL METHODS SUMMARY 36
APPENDIX V. FORMUATIONS USED IN CLINICAL TRIALS 37
APPENDIX VI SYNOPSES OF INDIVIDUAL STUDIES 38
1. PHASE 1-2 EVALUATION OF PANRETIN™ GEgL IN PATIENTS WITH CUTANEOUS T-CeLL LYMPHOM.A (Mycosis
FUNGOIDES).... 38
2. PHASE 1-2 EVALUATION OF PANRETIN™ GEgL IN PATIENTS WITH CUTANEOUS KAPOSI'S SARCOMA......... 39
3. PrROTOCOL L1057-93-0] 41
S Sy o O T03-02 oo 44
5. STUDY AGN 192013/ALRT1057-00] 47




.- s . mam s wmt  wien & Lt i W™ e L e

IV. SUMMARY

A. Overview of the analytical methods

-




B. Formulations Used during PANRETIN™ Gel Development

Alcohol-based gelled solutions containing 0.01%, 0.05% and 0.1% LGD1057 were
developed for use in Phase 1-2 studies. A 0.5% LGD1057 gel was also developed for
evaluation of the phafmacokinetics and toxicity in rats following topical application. A
0.1% gel formulation was the only formulation used during the Phase 3 studies in
patients with cutaneous KS (L1 0577-31, ALRT1057-503/504). The PANRETIN™ Gel
formulation applied in Phase 3 studies was modified relative to the formulations applied
in the Phase 1-2 studies to eliminate two of the three antioxidants which were found to
be unnecessary for adequate stability. The minor differences in the clinical formulations
between Phase 1-2 and Phase 3 would not be expected to affect the dermal absorption
of 9-cis-retinoic acid. Table 1 provides the composition of the various PANRETIN™ Gel
formulations, and the clinical studies in which they were used.

TABLE 1. Composition of Formulations Used during PANRETIN™ Ge| Development

Toxicology Studies Clinical Studies
Phase 1-2 Phase 3
Ingredients (%w/w) 0.01% 0.05% 0.5% 0.01% 0.05% 0.1% 0.1%
Gel Gel Gel Gel Gel Gel Gel

LGD10572
I Dehydrated Alcohol, USP
Polyethyiene glycol 400, USP

I Hydroxypropyl cellulose, NF
»Butylated hydroxytoluene, NF

i L ] ] J |

I 1 1 1 1 !

] ] ] ! ] ] |

* LGD1057 quantities include a 5% overage untii consistent manufacturing was demonstrated.

b qe overage allowed for evaporative loss during manufacturing.

Phase 1-2 Studies: L1 057-84-01T, L1057-64-02T, L1057-94-03T, L1057-84-04T, L1057-84-05T, L1 057-94-07T,
L1057T-21, L1057T-22, L1 057T-24, L10577-25, and L10577-30.

Phase 3 Studies: L1057T-31, ALRT1 057-503/504,




C. Pharmacokinetic summary @

1. Endogenous 8-cis-Retinoic Acid Concentrations

8-cis-retinoic acid is an endogenous substance formed in vivo from dietary or nutritional
sources of vitamin A. "The development of a sensitive assay for quantitation
of 9-cis-retinoic acid in human plasma permitted determination of the endogenous
systemic exposure to 9-cis-retinoic acid (from dietary or nutritional supplement sources)
in plasma samples from fasting patients with severe plaque psoriasis prior to receiving
therapy. Plasma samples were assayed using this method with aLLQ of ng/mL.
8-cis-Retinoic acid was present at concentrations ng/mL in 13 of 45 (29%)
patients with evaluable pre-therapy samples. The highest observed pre-therapy
concentration was ng/mL. Thus, in this study, 29% of evaluable predose samples
from fasting patients had plasma 9-cis-retinoic acid concentrations . ng/mL prior to

receiving therapy:.

Measurable concentrations of 9-¢js-retinoic acid also were observed in a study which
evaluated the effect of dietary liver administration on plasma concentrations of
8-cis-retinoic acid and other retinoids. Plasma concentrations of 9-cis-retinoic acid and
other retinoids were determined following ingestion of fried turkey liver (2 graw
weight/kg body weight, equivalent to approximately 3300 1U vitamin A) by ten healthy
male volunteers. Plasma samples were obtained prior to and at eight time points over
24 hours following liver ingestion and analyzed by to determine concentrations of
retinoid isomers and metabolites. Fasting endogenous 8-cis-retinoic  acid
concentrations were less than =~ ng/mL in all volunteers, increased to g mean (+SD)
of 2.7 ng/mL + 1.1 ng/mL within four hours following liver ingestion and decreased to
less than quantifiable concentrations ng/mL) by hours (Table 2).
All-trans-retinoic acid (ATRA), 13-cis-retinoic acid and 4-0x0-13-cis-retinoic acid were
all quantifiable in endogenous fasting samples and also increased following liver
ingestion. Thus, dietary ingestion of foods containing vitamin A and its derivatives can
lead to quantifiable systemic exposure to 8-cis-retinoic acid. This non-therapy-related
exposure to 9-cis-retinoic acid may be expected to contribute to the overall systemic
exposure to 9-cis-retinoic acid following therapeutic application of PANRETIN™ Gel.




