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which act through altering gene expression in the nucleus of the cell, The RXR
receptors (RXRa, B and y) have biological activity unique from that of the RARs. The
RXRs ac as effector proteins for the endogenous ligand, 9-ci§-retinoic acid_
(9-cis-RA, alitretindin). a retinoid pan-agonist that binds to and activateslotrLthe
RAR and RXR families of receptors. When activated, the RXRs act as trénscription
factors that regulate processes such as cellular differentiation and proliferation,
apoptosis, and insulin sensitization.

The RXRs are unique in the NR superfamily, in that they also have the ability to form
heterodimers with numerous other members of the NR superfamily,'includiné' the
RARs, the thyroid hormone receptor (TR), the peroxisome proliferator—activafiir
receptor (PPAR), the vitamin D receptor (VDR), and a number of other NRs whose
ligands have yet to be identified (orphan receptors), i.e., transcription factor NGFI-B,
liver X receptor (LXR), pregnane X receptor (PXR), famesoid X receptor (FXR) and
RXR-interacting protein 14 orphan nuclear receptor (RIP14), among others. The
ability of the RXRs to form heterodimers with various receptor partners that are
important in cellular function and in physiology implies that the biological activities of
RXR activators may encompass a greater diversity than those compounds that
activate the RARs.

Bexarotene is a synthetic compound that exerts its biological action through
selective binding and activation of the three RXRs (RXRa, B and ). It binds with high
affinity to the RXRs, demonstrating only weak binding to the RARs. These selective
binding and transactivation properties distinguish it from other retinoids which either
bind selectively to and activate the RARs (e.g., all-trans-retinoic acid [ATRA]), or
which bind to and activate all six retinoid feceptors (e.g., 9-cis-RA). By virtue of the
selective interaction of bexaréténe with the RXRs, bexarotene is thought to have the
ability not only to modulate an overlapping, but in addition a distinct set of genetic
responses winen compared to ATRA.

- -
—-
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Bexarotene is also a selective activator of RXR:NR heterodimers. Bexarotene
produces only weak activation of the RXR:RARB, RXR:RARYy, and RXR:VDR
heterodimers at high concentrations (>1 uM), and fails to activate either RXB:RARa
or RXR:TR. However, heterodimers of RXR:PPARa, RXR:PPARYy, RXR: béFleB
RXR:LXR and RXR:PXR are all transcriptionally activated by bexarotene. ~

Although the activity of bexarotene has not been explored in models of CTCL,
studies have demonstrated that bexarotene inhibits the growth of tumor cells, and
prevents the formation ahd causes regression of established mammary tumors in
the rat. Bexarotene also induces adipocyte differentiation and acts as an insulin
sensitizer in pre-adipocyte cells, by lowering hyperglycemia and hyperinsulinerpia in
rodent models of non-insulin dependent diabetes (NIDDM). The mechanismbf’ T
action and the various pharmacological effects of bexarotene are discussed in detail
in Section 5.1.0. of the NDA submission for Targretin® capsules (NDA 21-055,
Volume 10, pg. 120).

6.3.2.2. Summary of Nonclinical ADME

The absorption, distribution, metabolism, and excretion of bexarotene have been
studied in rats, mice, and dogs. Bexarotene has been administered to these species
via topical application (rats), and by oral and/or intravenous (IV) administration. The
results of these studies have been presented in detail in Section S5A of this;~
submission and in Section 5.3.0. of the NDA submission for Targretin® capsules
(NDA 21-055, vol. 42, pg. 001). A summary of the primary results and conclusions
of these studies is presented below: :

APPEARS THIS WAY
Or GRIGINAL
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6.3.2.2.1. Phamacokinetics following Topical Application

The pharmacokinetics of bexarotene following topical administration was-¢..amined

e

in two studies in rafs: : "
In a multiple dose study in male and female Sprégue-Dawley rats , _
(RR-845-94-008.a), bexarotene, in an ethanolic gel formulation (3H-labeled
bexarotene, 1.0% solution), was applied topically once daily at doses of
approximately 120 mg/m? (20 mg/kg) to males and 150 mg/m? (25 mg/kg) to females
(n=6/sex), for 7 days. Phamacokinetic parameters are presented in Table 6.3-B.

.
-

Table 6.3-B.  Pharmacokinetic Parameters in Male and Female Rats FqlAIS.Wing;
Daily Topical Administration of 1.0% Radiolabeled Bexarotene'™ for
7 Days (RR-845-94-008.a)

Dose C tmax AUCq24

(11 1 4
Sex (mg/m?3)t (ng/mL) (hr) (ng-hr/mL)
M ~120 332+ 181 3.83+4.54 3450 + 1140
F -150 55.7+29.8 8.67+13.3 846 + 348

" Formutated as Lot 2LG-89A (1.0% active).
M: male, F: female

Bexarotene showed systemic absorption following topical application. Male rats
exhibited increasing daily plasma bexarotene concentrations throughout the study
(based on 6-hour monitoring data) and also exhibited greater plasma drug
concentrations than female rats. v

In another study (RR-815-94-008), bexarotene, in an ethanolic gel formulation (1 0%
gel strength), was applied topically to male and female Sprague-Dawley rats once
daily at doses of approximately 120 mg/m? (20 mg/kg) to males and 150 mg/m?

(25 mg/kg) to females (n=4/sex), for 28 déys. In this study, no overall sex
differences were established ih plasma concentrations, although in contrast to the
7-day study, a trend toward higher drug expdsure was observed in females

- ———
—

compared to males (Table 6.3-C).
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Table 6.3-C. Plasma Bexarotene Concentrations in Male and Female Rats
Following Daily Topical Administration of 1.0% Bexarotene™ for
28 Days (RR-815-94-008) e
% -] Plasma Bexgrotene
| Concentratigh Range
Day of Sample Time Point (hr) Sex (n ) ~
1 6 ) M BLQ ~-246
F BLQ - 397
28 6 M BLQ-162 _
F BLQ-288 |
8 M BLQ ~ 181
F BLO--223
10 M BLQ -~ 157
F BLQ -~ 517 .

™ 1% Bexarotene formulated in ethanoiic gel Lot 2LG-89A (1.0% active).

BLQ = Below Limit of Quantitation (150 ng/mL)

M: male, F: female

The metabolism and excretidn 6f bexarotene following topical application was

measured in rats in the 7-day multiple dose study (RR-845-94-008.a). Total feces

»

R
b

and urine were collected at the end of each 24-hour period and assessed for

radioactivity (°H content). Radioactivity was present-in each daily collection of fecal
and urine samples. The radioactivity appearing in the excreta was mainly detected

in the feces, with little measurable in urine. The total amount of radioactivity

detected in the excreta indicated that a low percentage (<10%) of the applied dose
was absorbed into the systemic circulation. Extracts of fecal samples from selected

animals were analyzed for metabolites. Of 17 feces samples analyzed
radio-chromatographically for metabolite content, 32% to 79% of the _total" :
radioactivity existed as bexarotene metabolites with the remainder being

' bexaroténé. In summary, metabolism and excretion data from the 7-day topical

pharmmacokinetic study indicated that radioactivity from topically-applied radiolabeled

bexarotene can be detected in excreta and is mainly contained in feces, as both

parent compound and metabqlités.
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6.3.2.2.2. Pharmacokinetics following Oral and IV Administration

The oral and IV phaﬁnacokinetics of bexarotene have been characterized primarily
in Sprague-Dawley rats and in beagle dogs, the toxicology species used 95?"_
bexarotene. The most pertinent conclusions drawn from the ADME stu;ii'és i
conducted in these two species are summarized below:

* The general pharmacokinetics and metabolism of bexarotene are similar in the
two species. Mean systemic pharmacokinetic parameters in rats and dogs are
summarized in Table 6.3-D.

Table 6.3-D. Systemic Pharmacokinetic Parameters for Bexarotene m
Sprague-Dawley Rats and Beagle Dogs After Single Intravepous
Dose Administration (RR-845093-018.a and RR-845-93-022.a)

Rat
PK Parameter Male Female Male Female
ti2 (hr) 2.33+0.110 2.8310.420 5.67+3.47 3.82+1.36
A (br') 0.299+0.0140 | 0.249+0.0395 | 0.172+0.112 0.206+0.083
CL (mUminkg) 16.4+4.39 8.47+0.563 2.78+0.817 3.6510.90
Vss (LUkg) 1.95+0.0379 1.3110.0964 0.614+0.314 0.563+0.177

e Bexarotene is orally bioavailable, but bioavailability is dependent on formulation
and bexarotene particle size.

e For Targretin® capsules (500 mg/m? dose), which contained micronized
bexarotene in PEG, absolute bioavailability was 83.1% + 16% in dogs.

 Absolute bioavailability of nonmicronized bexarotene (600 mg/m? dose in
sesame oil) in rats was approximately 35%. : '

» Systemic drug exposure following single oral doses is generally dpse-dependeht.
but is less than proportional to dose at high doses, for both rats and dogs.

e There are no consistent sex differences in bexarotene pharmacokinetics in the
two species.

e Repeat dosing leads to induction of oral clearance and a resultant decrease in

plasma drug concentrations.-The magnitude-of this induction of oral-clearance is -~ -~ -

dependent on systemic drug exposure and the induction is generally greater in
rats than in dogs. y

- —
—=
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* Bexarotene is highly protein-bound in plasma (299.9%) in rats and dogs.

* Bexarotene (and/or its metabolites) is widely dis*-huted in.the tissues of rats
following oral dosing. Highest concentrations were measured in the -
gastrointestinal tract and in organs of elimination (liver, kidney). No sfibstantial
retention occurred in any tissue (< 1% radioactivity at 48 hrs).. = -

» Primary oxidative Phase-| bexarotene metabolites in both the rat and the dog are
- and 7-hydroxy-bexarotene and 6- and 7-oxo-bexarotene, respectively.
6-hydroxy-bexarotene is the major circulating metabolite of bexarotene in rats
and dogs.

 Phase-ll metabolites formed are products of the conjugation of parent compound
and Phase-| metabolites with glucuronic acid, taurine and sulfate. Glucuronides
are the most prevalent bexarotene metabolites in bile and feces, with. -
glucuronides of the parent compound predominating in rats and glucuronides of
the hydroxy metabolites predominating in dogs. £

» Elimination of bexarotene and its metabolites is almost exclusively by the
hepatobiliary route with subsequent fecal excretion, with <1% of the dose
excreted in urine.

6.3.2.2.3. Comparison of Topical and Oral Bexarotene

The systemic exposure of bexarotene following oral administration and topical
application was compared in the rat since pharmacokinetic parameters were
determined using both routes for this test species.

In study number RR-845-98-007, bexarotene (micronized, in 10% PEG/aQueous
CMC) was administered orally to male and female Sprague-Dawley rats at dose
levels of 60, 180, and 600 mg/m? (10, 30, and 100 mg/kg, respectively) for 15 days.
In study number RR-845-94-008.a, bexarotene (in ethanoVPEG, 137:60) was
applied demmally to male and female Spra_gue-Dawley rats at dose levels of

-120 mg/m? (-20 mg/kg) and -150 mg/m? (-25 mg/kg), respectively, for 7 days.
These studies were chosen fé; comparison of pharmacokinetics since they

represent the most similar exposure (in terms of days of dosing) for oral and topical

bexarotene delivery routes. The AUCq.o4 values measured in male and femalg -

—
—

animals in both studies are shown in Table 6.3QE.
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Table 6.3-E. Dose-Nomalized AUCq.24 Parameters in Male and Female Rats
Following Daily Oral (Aqueous Suspension) Administration of 60,
180 or 600 ma/m? Bexarotene and Topical (1% Ethanolic Gel)
Administration of 120 mg/mz Bexarotene to Male and Female
Sprague-Dawley Rats : f

i

Dose-Normalized AUC, 5.
Dose Treatment Treatment
Route Sex (mg/m?) Day7 .Day 15
Oral* M 60 - 491 £ 164
Dermal** -120 173157 -
Oral* 180 - 262+ 100
Oral* 600 - 155+ 73
Oral* F 60 - 5§52 + 373
Dermal** -150 34+14 -
Oral* 180 - 363 + 56
Oral* 600 - 286166 ¢

Values shown above are AUC.24n {(nM-hr/imolkg) ~ -

M7= Multiple doses administered (on Days 1-7 and sampled on Day 7); 15 = Multiple doses administered (on
Days 1-15 and sampled on Day 15). :

*Study RR-845-98-007

**Study RR-845-94-008.a

The dose nomalized systemic exposure of the male rat to bexarotene following
dermal application is approximately one half that achieved after ora! dosing. In
female rats, the AUCy24/dose value measured following dermal application of

120 mg/m? (34 + 14 nM-hr/umol/kg) was much less than that measured following
oral dosing at 60 mg/m? (552 + 373 nM-hr/umol/kg). Dose norrriali_zed systemic
exposure of bexarotene to female rats following demmal application is low compared

to that measured following oral administration. -

In contrast to the relatively high systemic exposure observed in male rats, very littlé
exposure was observed in humans after topical application of Targretin® gel.
Ninety-three percent of bexarotene concentratidns in plasma samples measured
following topical application of the 1% gel at frequencies ranging from QOD to TID
were below 5 ng/mL, and maxlimum plasma concentrations observed were only
about 5% of mean Cmax values obtained following oral dosing at the 'recomméhded
dose of Targretin® capsules (300 mg/m? QD) (Section 6.3.3.3.). Morpholggic and
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physiologic differences between rat and human skin may account for the higher
systemic exposure observed in rats following topical application of bexarotene.

6.3.3. ADME in H_umans ’ % ]

= -

This section provides data on the pharmacokinetic disposition of bexarotene in
humans.

Section 6.3.3.1 summarizes the pharmacokinetic information available following

topical application of Targretin® gel, including:
e The ability of bexarotene to penetrate into skin, studied in a pilot nen-clinical
study in human cadaver skin g

* The strengths and compositions of the different gel formulations used in the
clinical studies of Targretin® ge!

» The topical phammacokinetics of bexarotene from a Phase I-li clinical program in
patients with CTCL (Studies L1069-94-04T, L1069T-11, and L1 069T-12), a
Phase Il study in patients with CTCL (Study L1 069T-25), and a Phase I-ll clinical
program in HIV-positive patients with KS (Studies L1069-94-03T, L1069T-07,
L1069T-08, L1069T-13, and L1069T-15). These clinical data are presented
separately by study or program, followed by a combined evaluation of data from
all studies. These data demonstrate that:

- Systemic exposure to bexarotene following topical application of
Targretin® gel is low

- The factors that affect levels of systemic exposure to bexaroten include
surface area of treated lesions, CTCL stage, gel strength, and frequency
of gel application. This is also discussed in further detail in Section 6.3.5.

- No systemic bexarotene accumulation was observed in spite of long-term
application of Targretin® gel

- Demographic characteristics (age, gender, or race) do not have a
statistically significapit effect on bexarotene phamacokinetics following
topical application. This is also discussed in further detail in
Sections 6.3.6.1.106.36.3. -

W
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- Concomitantly administered CYP3A4 inhibitors or inducers do not show a
statistical significant effect of on bexarotene pharmacokinetics following
topical application, though an interaction with such drugs is theoretically
possible. Concomitantly administered gemfibrozil has the potential to
increase bexarotene concentrations. This is also discussed in i_‘rther
detail in Section 6.3.7.1. : = -

Section 6.3.3.2. presents supportive pharmacokinetic data from oral administration

of Targretin® capsules, obtained from clinical studies in patients with CTCL (Studies
L1069-93-01, L1069-23, and L1 069-24), patients with advanced cancers (Studies
L1069-93-01, L1069-93-02, and L1 069-94-02), patients with Type Il diabetes
mellitus (Study L1069DM-01), and healthy volunteers (Study L1069DM-04). "'rhe

results from these studies that pertain to topical application are: K

~

Bexarotene exhibited linear kinetics up to single oral doses of 800 mg/m? and up
to multiple doses of 230 mg/m? QD.

Bexarotene was rapidly eliminated with an estimated half-life of 1 to 3 hours
when determined over a 6-hour sampling interval, and an estimated half-life of
7 to 9 hours when determined over 24-hour sampling interval.

Bexarotene showed minimal accumulation following multiple once-daily dosing.

Bexarotene was primarily metabolized to the oxidative metabolites, 6- and
7-oxo-bexarotene and 6- and 7-hydroxy-bexarotene. The metabolism of
bexarotene is also discussed in further detail in Section 6.3.3.4.

Urinary excretion of bexarotene and its metabolites was minimal. The urinary
excretion of bexarotene is also discussed in further detail in Section 6.3.3.5.

Concomitantly administered gemfibrozil produced elevations in bexarotene
concentrations. Concomitantly administered levothyroxine, atorvastatin or
CYP3A4 inhibitors do not show a statistical significant effect of on bexarotene
phamacokinetics following oral administration. This is also discussed in further
detail in Section 6.3.7.2. )

RPPIARS TUIS WAY
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Section 6.3.3.3 compares and contrasts bexarotene pharmacokinetics following
topical versus oral administration. Systemic concentrations of bexarotene following
topical application of Targretin® gel are compared to concentrations obtaingd-at the

recommended initial oral dose of Targretin® capsules. A

Sections 6.3.3.4 and 6.3.3.5 provide information on the metabolism and excretion of
bexarotene. Data on metabolism were obtained from a series of in vitro studies, and
ex vivo studies conducted in conjunction with studies of Targretin® capsules (Studies
L1069-93-01 and L1069-33-02). Data on excretion was obtained from a Phase |l
study in patients with Type |l diabetes mellitus (Study L1069DM-01). - .

::.

6.3.3.1. Bexarotene Phammacokinetics following Topical Application of Targretin®
Gel |

The ability of bexarotene to penetrate into the skin following application of several
solution-, gel-, or ointment-based formulations has been evaluated in a pilot study
using human cadaver skin. This study assessed the ability of various bexarotene
formulations to penetrate the skin layer. The results of this study are summarized
below (Section 6.3.3.1.1.).

The formutation of Targretin® gel developed for topical application is a gelled
solution (w/w) of bexarotene in a polyethylene glycol (PEG) 400 and dehydrated
alcohol base. The various formulations and gel strengths used in the topical clinical
studies and their gel strengths are detailed in Section 6.3.3.1.2. '

The phammacokinetics of bexarotene has been studied in patients with CTCL and KS
following topical application o,f:f"f argretin® gel. Single-time-point mohﬂoﬁng of
bexarotene concentrations,,wés conducted during a Phase [-Il program evaluating
the safety, tolerance and efficacy of Targretin® gel for the'trea'tméht:bf KS (Sti_n_diés .
L1069-94-03T, L1069T-07, L1069T-08, L1069T-13, L1069T-15), during a.Phas_‘:gF;l-ﬂ
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_program evaluating the safety, tolerance and efficacy of Targretin® gel for the
treatment of CTCL (Studies L1069-94-04T, L1069T-11, L1 069T-12), and during a .
Phase |ll study evaluating the safety, tolerance and efficacy of Targretln -gel for the
treatment of CTCL (Study L1 069T-25). Bexarotene concents atlon data gm each of
these programs were evaluated and analyzed, to deterhine the pharmacokinetics of
bexarotene following topical application. Two approach'es for the analysis :—:\'nd
interpretation of this sparse sample database were employed:

In the first approach, descriptive statistical measures were used to describe patient
demographics and plasma bexarotene concentrations, and the demographics of
patients with high plasma bexarotene concentration values were examined te
identify characteristics that might be associated with- higher plasma bexarotene
concentrations. In this approach, no statistical analyses (other than descriptive
statistics) were conducted on the plasma bexarotene concentrations. Results from
these evaluations for each program (Phase I-I| program in patients with CTCL,
Phase Ill study in patients with CTCL, and Phase I-Ii program in patients with KS)
are presented in Sections 6.3.3.1.3.1. to 6.3.3.1.3.3. Additionally, an overall
evaluation of bexarotene concentration data from all three programs is presented
(Section 6.3.3.1.3.4.).

In the second approach, in order to enhance the possibility of detecting significant
covariate effects on the pharmacokinetics of bexarotene and reduce potential bias,
data from the Phase Ill study in patients with CTCL, from the Phase I-Ii program in
patients in KS, and the Phase I-Il program in patients with CTCL were pooled and
subjected to population analyses. The purpose of these analyses was to determine
if and how patient exposure to Targretin® gel, patient demographics and concomitant
medications correlated with bexarotene plasma concentrations. The methodology
and the results of the populati on analyses are summanzed in Section 6.3.3.1.3.4.,
and are further detailed in Section 6.3.5. :

-—
- by
—
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6.3.3.1.3.  Pharmacokinetics of Targretin® Gel in Patients with CTCL and KS

6.3.3.1.3.1. Plasma Bexarotene Concentrations Following Topical Appliration of
Tar gretln Gel in Phase I-ll Studies in Patients wuth CTCL

j i
Three Phase I-ll open-label, multiple-dose, safety and dose-ranging trialjs‘ (Studies
L1069-94-04T, L1069T-11, and L1069T-12) of Targretin® gel were conducted in
patients with CTCL (RR-845-99-005). The primary clinical objectives of these

studies were to determine the safety, dose-tolerance and potential efficacy of

bexarotene topical gel and vehicle in the treatment of CTCL. Patients were to have
a confirmed diagnosis of CTCL involving up to 50% of body surface area and
possess clinically adequate function of all organ systems. Although the - T
characterization of bexaroter:e topical phamacokinetics was not a primary obféctive,
blood samples for determination of bexarotene plasma concentrations were
obtained. Blood samples were collected pre-dose and every two to four weeks until
Week 24 and every four weeks thereafter in order to determine bexarotene plasma

concentrations.

Prior to protocol amendment, patiénts were started on 0.1% QD, and treatments
were escalated in concentration and frequency every two weeks from 0.1% QD to
0.1% BID to 0.5% QD to 0.5% BID to 1% QD, and to 1% BID. This escalation of
drug exposure was to be interrupted, modified or discontinued if a significant
worsening of the cutaneous T-cell lymphoma plaques or treatment-limiting toxicities
were observed. After protocol amendment, treatments escalated in frequéhcy every
one or two weeks from 1% gel every other day (QOD) to 1% every day (QD) to 1%
twice daily (BID) to 1% three times daily (TID) to 1% four times daily (QID), as
tolerated. In addition, the vehicle gel was to be applied to at least two lesions at the
same frequency as the 1% gel, as tolerated. A total treatment duration of eight
weeks was intended, but patiepf§ who reached and tolerated the treatment regimen
of 1% gel QID were to be allowed to continue at this level-of exposureatthe =

discretion of the investigator.

gt
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A total of 67 patients participated in the studies, conducted at different study sites.
Sixty-six of the 67 patients enrolled had blood samples collected for pharmacokinetic
evaluation. Pharmacokmetlc patients had a mean age of 57. 6 years (median 60;
range 30 — 87), a mean weight of 85.2 kg (median 83.8; range 50.4 - 165 amean
height of 172 cm (median 173; range 147 — 196), and a mean calculated total body
surface area (BSA) of 2.02 m? (median 2.02; range 1 49-2, 89). Thiﬂy-srx
phamacokinetic patients were male and 30 were female; and 56 patients were
“White, 8 were Black, and 2 were Asian.@g—

Patients from the Phase I-Il CTCL program were not graded according to TNM
(Tumor, Node Metastases) staging, but were graded according to an altemate CTCL
staging system. Consequently, the following algorithm was used to retrospectively
convert staging of Phase I-ll patients to TNM staging: Stage was IA, if CTCL stage
was 1, and if the surface area of lesions was lower than 10% of total BSA; Stage
was IB, if CTCL stage was 1, and if the surface area of lesions was 10% or higher
than 10% of total BSA; and Stage was lIA, if CTCL stage was 2. Based on this
staging, 42 pharmacokinetic patients were graded as Stage IA, 18 patients as Stage
IB, and 6 patients as Stage lIA. Patients had lesions covering an average of 10.9%
of their total BSA (median 5.0; range 0.1 — 50). Based on the definitions of disease
stage, mean (+ SD) treated BSA generally increased with increasing disease stage,
being 3.6% = 2.3% for Stage |A patients, 23.8% + 12.8% for Stage IB patients, and
22.8% x 17.9% for Stage IIA patients.

Patients were exposed to escalating frequencies of dosage and gel strengths (0.1,
0.5, and 1.0 %) during the courée of the studies. On at least one occasion,

48 pharmacokinetic patients applled the 0.1% gel strength (QD and/or BID), _.

45 patients applied the 0.5% gel strength (QOD, QD, and/or BID), and 54 patlents
applied the 1% proposed marketed gel formulation (QOD, QD, BIQ, TID, and/ot—
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4QID). During the 1%. gel application, blood samples were collected from eight
patients who were raceiving Targretin® gel QOD, 48 patients being treated QD,

38 patients being treated BID, 17 being treated TID, and one p'atient beihg_treated
QiD. | I A

A total of 965 blood samples (62 pre-dose and 903 post-dose samples) frorﬁ

66 patients, representing a treatment duration of up to 135 weeks, were collected for
determination of plasma bexarotene concentrations. Of the 965 samples,

963 samples were analyzed as two of the collected post-dose samples had
insufficient volume for concentration determination. Forty-two of the .

66 pharmacokinetic patients had at least one post-dose bexarotene conf:éntrélion
that was quantifiable. R - . - '

Systemic concentrations of bexarotene were low following topical application of
Targretin® gel. Of the 901 post-dose samples analyzed, 711 samples (79%) were
found to have bexarotene concentration below the limit of quantification of the assay
used for bexarotene determinatibn (1 ng/mL). Of the 190 post-dose samples with
quantifiable concentrations, 155 concentrations were <5 ng/mL, 15 concentrations
were 25 ng/ml, but <10 ng/milL, 11 concentrations were >10 ng/mL, but <15 ng/mL,
three concentrations were 215 ng/mL, but <20 ng/mL, and six concentrations were
220 ng/mL (Figure 6.3-B).

The highest plasma concentrations tended to be observed within 12 hr of gel
application, and lower concentrations were generally observed at later time points. "
Plasma bexarotene concentrations as a function of time post-dose are summariied
in Table 6.3-G and are plotted by gel strength in'Figure 6.3-C. The time interval
between last application of Targr’etin" gel'and blood collection was available for
874 of the 963 assayed blood samples (90.8%). Only five of 86 blood samples

collected at 48 hr post-dose exhibited quantifiable bexarotene concentrations, and X

these concentrations were generally low. . -
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Table 6.3-G. Distribution of Bexarotene Plasma Concentrations per Time Interval
in Patients Participating in the Phase I-Il CTCL Program (Studies
L1069-94-04T, L1069T-11, and L1069T-12) .

-Number N (%) Bexarotene Coricentration M
Time of Quantifiable ‘ I
post-dose Samples  Samples " Mean + SD Median _Range
Pre-dose 62 0 0 0 “N/A _
T<4hr 166 41 (24.7) 1.02+3.20 0 0-2352
4<T<8hr 243 74 (30.5) 1.10+ 2.86 0 0-24.04
8<T<12hr 113 25 (22.1) 1.19+3.51 0 0-24.17
12<T<16hr 138 22 (15.9) 05141819 0 0-135
16<T<20hr 73 10 (13.7) 02560745 O 0- 424
20sT<24hr 10 2 (20.0) 089412362 0 0- 749
24<T<48hr 43 4 (9.3) 05672243 0 0-11.14
48<T<72hr 10 1 (10.0) 0.713+£2255 0 0- %13
72<T <96 hr 6 0 0 0 < T N/A
T2>96hr 70 4 (5.7) 0.494+3348 0 0-2778 |
(JTotal Post-dose 872 183 (21.0%) 0.84222778 0 0-2778 |

Percentage based on the number of samples within each time interval. :

Notes: Table entries are the number of samples collected within each time interval that have complete dosing
and sampling information. Twenty-nine samples taken post-dose (after Week 1) did not have complete
dosing and sampling information to calculate a post-dose time. Additionally, two samples that had
insufficient volume for bexarotene determination are not included in this table.
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Figure 6.3-C.  Pooled Plasma Bexarotene Concentrations Obtained from
Post-Dose Samples Collected in the Phase I-Il CTCL Program
(Studies L1069-94-04T, L1069T-11 , and L1069T-12)
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Notes: Only plasma bexarotene concentrations measured in samples with known post-dose and gel
formulation strength values are displayed in the figure. Bexarotene concentrations obtained
in four samples collected more than 96 hr after Targretin® gel application are not plotted in
the figure.

Only three patients (in Study L1069T-1 1) had bexarotene concentrations >20 ng/mL

in the Phase I-Il CTCL studies: One patient (Patient 611; 46-year-old White male)

had a bexarotene concentration of 27.78 ng/mL at Week 88, which, based on dosing

data available, appeared to be measured at 137 hours post last dose. Except for a

low concentration of 1.39 ng/mL. at Week 4, this patient had no quantifiable

concentrations in the 25 samﬁlés collected prior to the Week 88 reading.

Furthermore, bexarotene concentrations in six samples collected in the six rﬁonths

following this measurement were not quantifiable. Patient 611 did not take any:

potential concomitant medications that could have altered the phannacok;neticﬁ)f | e
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bexarotene. Due to uncertainty about the accurate recording of the date and time of
the last dosing for this sample, it was excluded from the population phamacokinetic
analyses. Patlent 620 (36-year-old Black female) had a concentratlon of 20.9 ng/mL
at Week 92, measured 2.7 hours from last dose. Bexarotene concentrangns in

24 samples collected prior to Week 92 for this patient did not exceed 9 ng/mL and
this patient was not taking any concomitant medications that could potentially
interact with bexarotene. Patient 625 (49-year-old White male) had three
concentrations above 20 ng/mL (Week 36, 21.6 ng/mL; Week 56, 23.52 ng/mL; and
Week 60, 24.17 ng/mL) for blood samples drawn within 10 hours from last dose.
This patient showed relatively high concentrations throughout the study (mean
10.74 ng/mL), relative to the <5 ng/mL concentrations observed for othér patnents
He was documented as having taken gemfibrozil throughout the duration of {he
study, which may have contributed to the higher concentrations seen. Though the
highest concentrations observed in the Phase -1l CTCL program was measured in
these patients, these plasma concentrations were only about 2 - 3% of mean Cpax
values obtained following oral dosing at the intended dose of Targretin® capsules
(300 mg/m? QD) for treatment of CTCL.

Several patients took systemic concomitant medications with Targretin® gel that
were considered to have the potential to affect the pharmacokinetics of bexarotene
(CYP3A4 inducers or inhibitors, or gemfibrozil: Section 6.3.7.). Thirteen patients
took a concomitant medication known to be an inhibitor of CYP3A4, and three
patients took concomitant gemfibrozil during the time of pharmacokinetic l:',ldod
sampling in the Phase I-ll CTCL studies. The CYP3A4 inhibitors taken by patients-
included erythromycin, fluconazole, omeprazole, ketoconazole, clarithromyecin,
paroxetine, and sertraline. No patient took a CYP3A4 inducer concurrently with
blood sampling. In the majority of the patients who took CYP3A4 inhibitors, the
asscciated bexarotene conce,ﬁ'tration was below the lower quantitation limit. Only
three of 65 samples (4.6%) had a quantifiable bexarotene. plasma concentration

when concomitant CYP3A4 inhibitors were being taken and, in all three cases,-pnor )

and posterior congentrations (also during concomitant administration of CYP3A=4=
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inhibitors) did not achieve quantifiable bexarotene levels. Therefore, concomitant
administration of CYP3A4 inhibitors did not appear to i increase bexarotene
concentrations followmg appucation of Targretin® gel. , : e

Three patients (Patient 609 and 625 in Study L1069T-11, and Patient 612 in Study
L1069T-12) took gemfibrozil in concomitance with Targretin® gel. Patient 609 took
gemfibrozil (600 mg BID PO) during a large part of the study (Week 6 to 64 and

- Week 88 to 132) to control hyperlipidemia. While on gemfibrozil, bexarotene
concentrations in this patient did not exceed 3.5 ng/mL and more than half of the
concentrations measured were below LLQ. Patient 612 was taking gemflbrozll
(300 mg BID PO) at enroliment and continued on this medication throughout the
study. Of the two blood samples taken within 24 hours of dosing, both had _
quantifiable bexarotene concentrations (2.15 and 2.51 ng/mL). Only one patlent
(Patient 625), who took gemfibrozil (600 mg BID PO) throughout the study (74
weeks), had elevated bexarotene levels relative to other patients (average of 11
ng/mL, range of BLQ-24.17 ng/mL, of which 89% of samples [17/19] were above
LLQ). However, this effect was not observed in the other patients on concomitant
gemtibrozil.

The influence of various demographic, disease, dosing, and baseline laboratory
Covariates, and systemically administered concomitant medications on bexarotene
phamacokinetics was examined in a cross-study populatuon pharmacokmetlc
analysis, performed on pooled single-time-point concentration data from patients .
with CTCL and KS. The methodology and results of these analyses are discussed-
in detail in Section 6.3.5 of this submission. Briefly, the results indicated that
bexarotene plasma concentrations cormrelated positively with surface area of treated
lesions (which correlates with CTCL stage), gel strength used, and the frequency of
application. These results are i agreement with results of the evaluation of
bexarotene concentration data-in this- Phase 1-1l program, which showed an increase
in the percént of quantifiable bexarotene concentrations >1 ng/mL per patient, wﬁr_ith o

Ed —
——
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increasing surface area of treated lesions or advancing stage of CTCL
(Figure 6.3-D).

Figure 6.3-D.  Distribution of Samples with Bexarotene Plasma Conce;{atipns
Above 1 ng/mL (expressed as % per patient) as a Funcfion of
Surface Area of Treated Lesions and CTCL Stage in Patients
Participating in the Phase I-l CTCL Program (Protocols . -
L1069-94-04T, L1069T-11, and L1 069T-12)
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Notes: The line in the left pane! is the linear regression line through the plotted data. Horizontal lines
in the right panel are the mean percentages of samples with measurable concentrations for
each CTCL stage.

6.3.3.1.3.2. Plasma Bexarotene Concentrations Following Topical Application of
Targretin® Gel in a Phase Il Study in Patients with CTCL

A Phase lil trial (Study L1069T-25) of Targretin® gel 1% was conducted in_patients
with refractory or persistent early stage CTCL (RR-845-99-004). Patients were to
have had a biopsy-confirmed diagnosis of CTCL (Stage IA, 1B, or lIA); be refractory-
to, intolerant to, or have reached a response plateau for at least six months on at
least two specified prior therapies; have a Kamofsky performance score > 60; be

free of serious concurrent illness; and possess clinically adequate function of all
organ systems. The primary (éﬁnical) objective of this study was to evaluate the
safety, tolerability and efficacy (anti-tumor effects) of Targretin® ge! 1% applied
topically to cutaneous CTCL lesions. The secondary (phamacokinetic) obj'ectivfg'of N

D]
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this study was to evaluate the systemic exposure and the pharmacokinetics of
bexarotene following repeat application of Targretin® gel 1%.

Patients began treaiment with Targretin® gel 1% applied topic;ally once 'e;gry -other
day (QOD). The frequency of application was escalated at one week intérvals to
once daily (QD), then twice daily (BID), then three times daily (TID) and then four
times daily (QID), as tolerated. The frequency of application could be adjusted for
toxicity. Treatment was intended for a minimum of 16 weeks. Treatment could be
continued beyond 16 weeks for any patient as long as tﬁe study remained open and
active, the investigator believed the treatment to be of potential benefit to the patlent
and no unacceptable toxicity occurred. Although all lesions were to be treated , up to
five lesions, representative of the overall extent of cutaneous disease, were to be
selected as index lesions. Patients were evaluated at pretreatment (within 14 days
of initiation of thérapy), baseline (Day 1), every two weeks until Week 4, and every
four weeks thereafter for the duration of treatment. A follow-up evaluation was to be
performed at least four weeks after discontinuation of therapy.

A total of 50 patients participated in the study, of which thirty-eight patients had
single-time-point blood samples collected for pharmacokinetic evaluation. Most of

the pharmacokinetic patients were graded Stage IA (n=21) or IB (n=15), with one

patient each graded as llA and IIB. In phamacokinetic patients, an average of

7.7 lesions (median 8; range 2 - 16), covering an average of 15.8% of the total BSA
(median 8.5; range 0.9 — 90), were treated with Targretin® gel. In general, mean

(+SD) treated BSA increased with increasing disease stage, being 4.4% + 3.9% for

Stage IA patients, and 28.2% + 25.3% for Stage IB patients. The body surface area

of treated lesions was 59.0% for the single Stage A patient, and 14.0% for the

single Stage lIB patient. Patlents had a mean age of 61.3 years (median 63; range -

13 — 85), a mean weight of 82; 1 kg (median 79; range 41.8 — 145.9), a mean height

of 171 cm (median 170; range 150 = 193),and a mear calculated total body surface ~~ =
area (BSA) of 1.97 m? (median 1.96; range 1.33 - 2. 67). Eighteen phannacoklnetlc ;
patients were male and 20 were female, and 30 patients were White and 8 were= < n :-_
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Black. Blood samples were collected at predose (Day 1), Week 2, Week 4, and
every four weeks thereatter for the duration of treatment. Plasma concentrations of

bexarotene were determined using af, e N\

C - __\(Section 6.3.82.). '- | > AN

—

A total of 301 blood samples, representing a treatment duration of upto 100 weeks,
were obtained from 38 patients at 17 study sites for the determination of plasma
bexarotene concentrations. All 38 patients received the 1% gel formulation.
Patients were exposed to escalating frequencies of dosage during the course of the
study. Blood samples were collected from 11 patients while receiving Tgr_gretin_” gel
QOD, 23 patients while treated QD, 20 patients while treated BID, 22 pa-tiente}while
treated TID, and 21 patients while treated QID. Thirty-five of the 38 phannacékinetic
patients had at least one bexarotene concentration that was quantifiable. Of the

301 samples collected, 34 samples were collected pn'br to Targretin® gel application,
and 267 samples were collected post-dose. The timé interval between last
application of Targretin® gel and blood collection was available for 240 of the

267 post-dose blood samples. |

The highest plasma concentrations tended to be observed within 12 hr of gel
application, and lower concentrations were generally observed at later time points.
Blood colléction occurred within 24 hr of the last gel application for 195 of the

240 samples (81.3%), of which the majority of samples were obtained over a time
period of 0-8 hours following dosing (n=131), where concentrations would be
expected to be maximum (Table 6.3-H and Figure 6.3-E).
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Table 6.3-H.  Distribution of Bexarotene Plasma Concentrations per Time Interval
in Patients Participating in Study L1069T-25

Time Number N (%) B--tarotene Concentration (ng/mL)
post-dose of ' Ouanﬁﬁab(l‘? MeanxSD  -Median Range
Samples Samples : - - f .
Pre-dose 34 6 (17.7%) 0.168 + 0.399 0 B -~ 1.460
T<4hr 90 55 (61.1%) 210+ 3.59 0.865 . 0~21.600
4<T<8hr 41 28 (68.3%) 4.05+9.07 1.15 0-54.900
8<T<12hr 20 17 (85.0%) 165+ 1.61 1.10 - 0- 6.150
12<T<16 hr 28 24 (85.7%) 253+3.17 1.39 0-11.983
16<T <20 hr 9 4 (44.4%) 121+£1.55 0 0- 3794
20sT<24 hr 7 3 (42.9%) 0.814+1.099 0 0~ 2504
24<T<48hr 29 18 (62.1%) 1.32+1.92 0.739 0- 8.¢85
4B<T<72hr 3 2 (66.7%) 0.595+0.582 0.621 0- 1.164
72<T <9 hr 2 0 ( 0.0%) 0 0 N/A
T296hr 11 5 (455%) 0.899+1.256 0O . 0— 2004 |
Total Post-dose 240 156 (65.0%) 219+ 4.64 0.899 "0 ~54.900

@) Percentage based on the number of samples () within each time interval.

X

Note:  Table entries are the number of samples collected within each time interval thaf have complete
dosing and sampling information.
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Figure 6.3-E.

Note:

Bexarotene concentration, ng/mL

Pooled Plasma Bexarotene Concentrations Obtained from Samples
Collected in Patients Participating in Study L1069T-25

60 n=229 with non BLQ: n=151
BLQ: n=78

50
25
20
15

10

0 12 24 36 48 60
Time post-dose, hr

Only plasma bexarotene concentrations measured in samples with known
post-dose values are displayed in the figure. Any bexarotene
concentrations obtained in the 11 plasma samples collected more than
96 hr after Targretin® gel application were not evaluated in the population
analysis and are not plotted in this figure.

Systemic concentrations of bexarotene were low following topical application of
Targretin® gel. Of the 267 post-dose blood samples collected, 101 samples (38%)
had concentrations below the assay lower limit of quantitation (<0.5 ng/mL) and
166 samples (62%) had quantifiable plasma concentrations. Of the 166 post-dose ,

samples with quantifiable concentrations, 137 concentrations were <5 ng/mL,
19 were 25 ng/mL but <10 ng/mL, five were 210 ng/mL but <15 ng/mL, two were
215 ng/mL but <20 ng/mL, and three were higher than 20 ng/mL (Figure 6.3-F).
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As evidenced by the generally low and sporadically-detectable plasma bexarotene
concentrations, bexarotene showed minimal accumulation despite long-term
application of gel for up to 100 weeks, over a lesion area that covered up t0 90% of

7

= -

total body surface area.

Figure 6.3-F.  Distribution of the Bexarotene Plasma Concentrations in Samples
Collected from Patients Participating in Study L1069T-25
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While the majority of plasma bexarotene concentrations were low, a few higher
concentrations of bexarotene were observed. All three of the samples with
concentrations over 20 ng/mL (21.6, 47.1, and 54.9 ng/mL) were observed in one
patient (Patient 744) with Stage IB CTCL, who had treated lesions over 45% of her
total body surface area. This patient started applying Targretin® gel TID as early as
Week 4, and apparently applied an inordinately_ large amount of Targretin® gel 1%
over the course of the study, as evidenced by the large number of gel tubes
dispensed to this patient (90 tubes were dispensed to this patient at Week 16, the
study period during which the high concentrations were observed, comparedto a
maximum of 17 tubes to other patients at any study visit). This patient is cons'idered_'
to be uncharacteristic of the population to be treated, in terms of both usage ant_i_ -
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exposure. These plasma concentrations were only about 4 - 5% of mean C,,,,,
values obtained following oral dosing (300 mg/m? QD) with Targretm capsules at
the initial recommended dose for treatment of CTCL. . e

-

Based on limited data, no apparent relationship was observed between -
administration of concomitant CYP3A4 inducers or inhibitors and bexarotene
concentrations. Three patients took an inhibitor of CYP3A4, including clarithromycin
(Patient 741 for two courses of 11 and 25 days), fluconazole (Patient 891 {or three
days), and metronidazole (Patient 6é1 for 13 days). Plasma bexarotene
concentrations in these patients were not elevated relative to concentratlons in
patients not receiving concomitant CYP3A4 inhibitors. Patient 622 took two mducers '
of CYP3A4 during the duration of the study (carbamazepine and phenytoin). No
patient took gemfibrozil concomitantly with Targretin® gel. CYP3A4 inducers and
inhibitors, and gemfibrozil are medications that are considered to have the potential
to affect the pharmacokinetics of bexarotene with Targretin® gel when administered
systemically (Section 6.3.7.).

The influence of various demographic, disease, dosing, and baseline laboratory
covariates, and systemically administered concomitant medications on bexarotene
pharmacokinetics was examined in a cross-study population pharmacokinetic
analysis, performed on pooled single-time-point concentration data from patients
with CTCL and KS. The methodology and results of these analyses are dascussed in
detail in Section 6.3.5. of this submission. Briefly, the results indicated that -
bexarotene plasma concentrations correlated with surface area of treated lesions :
(which correlates with CTCL stage), gel strength used, and the frequency of
application. These results are in agreement with results of the evaluation of
bexarotene concentration data i in this Phase 1lI study, which showed an increase in
the percent of quantifiable bexai'otene concentrations >1 ng/mL per patlent with
increasing surface area of treated-lesions or- advancmg stage 6f CTCL ™~ R
(Figure 6.3-G).
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Figure 6.3-G.  Distribution of Samples with Bexarotene Plasma Concentration
' above 1 ng/mL (expressed as % per patient) as a Function Surface
Area of Treated Lesions and CTCL Stage in Patients Partinipating

in Study L1069T-25 : -
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Notes: Horizontal lines in the right panel are the mean percentages of samples with measurable
concentrations for each CTCL stage.

6.3.3.1.3.3. Plasma Bexarotene Concentrations Following Topical Application of
Targretin® Gel in Phase I-1l Studies in Patients with KS

Five Phase I-1l open-label, controlled, multiple-dose trials (Studies L1069-94-03T,

L1069T-07, L1069T-08, L1069T-13, and L1069T-15) of Targretin® gel (0.5% or 1%,

applied QD, BID, TID, or QID) were conducted in HIV-positive patients with .

AIDS-related cutaneous KS (RR-845-99-006). The primary clinical objectives of

these studies were to determine the safety, cutaneous tolerance and efficacy

(anti-tumor effects) of bexarotene topical gel in the treatment of cutaneous lesions of
KS. Patients were to have a biopsy-proven diagnosis of KS and confirmed serum

HIV antibody; a Kamofsky score 2 60; acceptable organ function and no concurrent
serious active infections. As a secondary objective, blood samples-_v_:_ere-obtgined s mms e

for characterization of bexarotene topical phamacokinetics.

- ——
—
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Patients were equally (1:1) randomized to treatment with either the 0.5% or 1%
(w/w) Targretin® gel topical formutation. Clinical evaluation of topidal Targretin® gel
was to be performed on ‘index’ KS lesions using each patlent’s baseline eyaluation
for comparison, as well as two lesions that remained untreated (contro[ L&lons)
over a 16-week period. The initial treatment period was four weeks. During the first
two weeks, the patients were to be instructed to apply the treatment twice each day
(BID) to the index KS lesions to be treated. Starting with, but not until, the second
2-week period, patients were to be instructed to apply the treatment four times each
day (QID). Patients were to continue treatment in 4-week increments if treatment
was judged by the investigator to be of clinical benefit to the patient and no -
unacceptable toxicity was manifested. Additionally, QD and TID regimens and

escalation of gel strength were available options for escalation or reduction of dosmg

frequency, depending on individual patient tolerance. Each study was planned to
treat up to 36 patients. Blood samples were collected at the end of two and four
weeks of therapy (Days 15 and 29) and every two to four weeks thereafter for
patients who continued beyond the initial four weeks of treatment.

A total of 78 male patients participated in the studies, conducted at different study
sites, of which 45 patients had blood samples collected for pharmacokinetic
evaluation. Pharmacokinetic patients had an average of 4.7 lesions (median 4;
range 1-10) treated with Targretin® gel, which covered an average of 0.2% of their
total BSA (median 0.1; range 0.01 — 1.4). Patients had a mean age of 40.7 years
(median 40; range 23 ~ 53), a mean weight of 73.4 kg (median 71.6; range

54.5 - 95.7), a mean height of 178 cm (median 178; range 163 — 191), and a mean
calculated total body surface area (BSA) of 1.91 m? (median 1.89; range

1.62 - 2.24). Forty-one patients were White, 1 was Black, and 3 were Asian.

Plasma bexarotene concentrations were determined by( - )
- - P The e o -

h“f '
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The 45 patients who had blood collected were exposed to escalating frequencies of
dosage and gel strengths.” Twenty-two patients applied the 0.5% strength
formulation gel, and 37 patients received the 1% strength fonﬁulation gel aver the
course of the studies. Blood samples were collected from 11 batients wl;ﬁ -
receiving Targretin® gel QOD, 23 patients while treated QD, 20 paiients while
treated BID, 22 patients while treated TID, and 21 patiehts while treated QID.

Bexarotene showed no or minimal systemic exposure and accumulation despite
long-term application of Targretin® gel for up to 80 weeks. A total of 303 post-dose
blood samples, collected from 45 patients, were assayed for bexarotene plasma
concentrations, of which 297 samples (98%) had a bexarotene concentration helow
the assay limit of quantification (LLQ of 1 ng/mL). Of the 6 quantifiable sampl.es, all
were obtained from one patient (patient 605, Study L1069T-13), and concentrations
in these samples were lower than 10 ng/mL {

)

The time of blood collection relative to the last application of Targretin® gel was
available for 284 of the 303 blood samples (93.7%) (Table 6.3-1). Blood collection
occurred within 24 hr of the last gel application for 266 of the 284 samples (93.7%).
A total of 18 blood samples were drawn more than 24 hr post-dose, all of which had
bexarotene plasma concentrations below the limit of quantification.

APPEARS THIS WAY
_ON ORIGIHAL
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Table 6.3-1. Distribution of Bexarotene Plasma Concentrations per Time Interval
in Patients with AIDS-Related KS Participating in Studies
L1069-94-03T, L1069T-07, L1069T-08, L1 0697-13, and L1069T-15
Number N (% ’ 9 g tionfng
Time o ( ;ble Bexarotene: ConqentratnogﬁglmL)
post-dose Samples | Samples(? | Mean+SD | Median |# Range
Pre-dose 0 0 ( 0.0%) NA N/A -NA
T<ahr 144 5 (3.5%) | 0.106+0.704 | 0 0-744 |
4<T<8hr 36 1 (2.8%) {0.0497+0.298] O 0174 |
8<T<12hr 39 0 ( 0.0%) 0 0 NA
12<T <16 hr 26 0 ( 0.0%) 0 0 N/A
16<T<20hr 18 0 ( 0.0%) 0 0 N/A
20<T <24 hr - 3 0 ( 0.0%) 0 0 N/A
24<T <48hr 1 0 ( 0.0%) 0 0 N/A
48<T<72hr 2. 0 ( 0.0%) 0 0 NA
72<T<96 hr 4 0 ( 0.0%) 0 0 NA
T>96hr 1 0 ( 0.0%) 0 0 N/Ar~
Total Post-dose 284 6 ( 2.1%) 0.0600 = 0 -
0.5139 |

) Percentage based on the number of samples within each time interval.
N/A - not applicable

Patient CO5 (Study L1069T-13), in whom the six quantifiable concentrations were
measured, was a 36 year old White male of average height (180 cm) and weight
(€3.3 kg), who received Targretin® gel 0.5% up to week 6 (BID followed by TID) and
then switched to 1% gel for the remainder of the study (BID followed by TiD). In
comparison to the mean number of lesions treated in the Phase I-Il KS program
(4.69 £ 2.66), Patient 605 treated a total of eight lesions which covered 0.09% of his
total BSA (compared to a mean total treated BSA of 0.21% in the Phase I-1l KS
program). The patient was compliant with prescribed Targretin® gel therapy, and
took the following concomitant medications of interest systemically during the study:
one CYP3A4 inhibitor (fluconazole) and one CYP3A4 inducer (rifabutin) throughout
the course of the study, one CYP3A4 inhibitor (indinavir) from Week 6 through the
end of the study, and one CYP3A4 inhibitor (nefézadone) from Week 16 through the
end of the study. The six quantifiable concentrations obtained from this patient were
measured within 1.5 to 4.3 hoﬁrs post-dose. One concentration (1.6 ng/mL) was
measured 1.5 hours following administration of the 0.5% gel strength, and thé_'

remaining measurable concentrations were observed following application of the 1%

—-
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gel strength, with the highest plasma concentration (7.4 ng/mL) being observed
155 hours following application of the 1% gel strength. The reason why this single
patient in the KS program had quantifiable concentrations copfd not be detemined.
A -
No apparent relationship was observed between administration of concomitant
CYP3A4 inducers, CYP3A4 inhibitors, or gemfibrozil and bexarotene concentrations.
Thirty-four patients were reported to have taken at least at least one such
medication systemically, in concomitance with Targretin® gel at some time during the
study. Of these 34 patients, 27 patients took at least one CYP3A4 inhibitor,
11 patients took at least one CYP3A4 inducer, and one patient took gemfibrozil.
Four patients took a combination of both CYP3A4 inducers and inhibitor-s.: Degpite
the large number of patients on concomitant medications (27 patients [60%)] on
CYP3A4 inhibitors), the majority of plasma concentrations (98%) were not
quantifiable, indicating that drug-drug interactions are unlikely.

The influence of various demographic, disease, dosing, and baseline laboratory
covariates, and systemically administered concomitant medications on bexarotene.
pharmacokinetics was examined in a cross-study population pharmacokinetic
analysis, performed on pooled single-time-point concentration data from patients
with CTCL and KS. The methodology and results of these analyses are discussed
in detail in Section 6.3.5 of this submission. Briefly, the results indicated that
bexarotene plasma concentrations correlated with surface area of treated lesions,
gel strength used, and the frequency of application. The results of the po;;ulation,
analyses are consistent with results of the evaluation of individual bexarotene
concentration data in this Phase I-ll KS program.

APPEARS THIS WAY
ON ORIGINAL
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| 6.3.3.1.3.4. Plasma Bexarotene Concentrations Following Topical Application of

Targretin® Gel — Combined Assessment of Data from Studies in

| Patients with CTCL and KS

Data from the Phase Il studies in patients with CTCL (Studiés L1 069-945411,
L1069T-11, and L1069T-12), the Phase lii study in patients with CTCL (Study
L1069T-25), and the Phase I-ll studies in patients with KS (Studies L1 069-§4-03T,
L1069T-07, L1069T-08, L1069T-13, and L1069T-15) were pooled and subjected to
cross-study statistical and pharmacokinetic population analyses. The pooled
database included phamacokinetic data from 149 patients. Demographic and
baseline characteristics of pétients in this database and the results of the population
analyses are discussed in detail in Section 6.3.5. However, the results of thg,se
population analyses as well as a descriptive evaluation of individual bexarotene
concentration data in the pooled database are summarized below.

Systemic concentrations of bexarotene were low following topical application of
Targretin® gel. Plasma bexarotene concentrations were quantifiable in only

352 (24.6%) of the 1471 post-dose blood samples collected and assayed in these
149 pharmacokinetic patients across all gel strengths, and 297 of the 362 (82%)
post-dose plasma samples had bexarotene concentrations lower than 5 ng/mL.
When bexarotene concentrations were evaluated for Targretin® gel 1% alone (from
the Phase I-lIl CTCL program and Phase Ill CTCL study), plasma bexarotene
concentrations were quantifiable in only 300 (37.2%) of the 807 post-dose blood
samples collected and assayed. Of the 300 post-dose plasma samples with
quantifiable concentrations, 245 had bexarotene concentrations lower than 5 ng/mtL,
28 were 25 ng/mL but <10 ng/mL, 13 were 210 ng/mL but <15 ng/mL, five were
215 ng/mL but <20 ng/mL, and only nine were higher than 20 ng/mL.

The magnitude of bexarotene 'p'lasma concentrations appeared to depend,» at least in
part, on the strength of Targretin® géi abblied. Most of the noﬁ-quantifiable s
post-dose plasma concentrations were encountered in'the Phase I-Il KS and CrcL.

.
R T
.

programs, in which patients were exposed to the lower Targretin® gel strengths"gf
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0.1% and 0.5%, and in which a less sensitive assay was used (LLQ was 1 ng/mL in
the Phase I-l KS and CTCL programs, relative to an LLQ of 0.5 ng/mL in the
Phase Il study). In the Phase Il L1069T-25 study in which Targretm gel 1% was
used exclusively, 46.1% of samples had post-dose concentrations >1 ng&nL

-compared to 21.1% of samples in the Phase I-I| CTCL program and 2.0% in the

Phase I-ll KS program).

The highest plasma concentrations tended to be observed within 12 hr of gel
application, with lower concentrations generally observed at later timepoints. For
samples where the time interval between the last application of Targreti.n”.» gel and
blood collection was available (1398 of 1569 [89.1%) samples, across all .gel ~ |
strengths), blood collection generally occurred within 24 hr of the last applicaiion of
Targretin® gel (1206 of 1398 samples; 86.3%). The majority of samples were
obtained during the time period 0-8 hr, where concentrations would be expected to
be maximal (n=721).

Minimal accumulation of bexarotene was observed despite long-term application of
gel for up to 135 weeks over a lesion area of up to 90% of total body surface area.
Ninety-six percent of bexarotene concentrations, measured across all gel strengths,
were below 5 ng/mL. Additionally, of a total of 92 samples collected at late time
points (from 96 hrs up to 28 days post dose), 83 had bexarotene plasma
concentrations below the limit of quantification, indicating a lack of drug .
accumulation. The remaining nine plasma samples had low bexarotene levels that
averaged 4.94 + 8.63 ng/mL (median = 1.54 ng/mL).

A total of 54 out of the 149 phammacokinetic patients were reported to have taken at
least one medication of interest (CYP3A4 inhibitors or inducers, or gemfibrozi)
concomitantly with Targretin® gel CYP3A4 inducers and inhibitors, and gemfubrozul
are medications that are considered to have thé potential to affectthe ~

phamacokinetics of bexarotene with Targretin® gel when administered system|cally )

(Section 6.3.7.). Of the 54 patients, 43 patients took at least one CYP3A4 mhlbﬁbr

256



Targretin® gel 51

12 patients took at least one CYP3A4 inducer, and four patients took gemfibrozil.

No apparent relationship was observed between administration of concomitant
CYP3A4 inducers or inhibitors and bexarotene ooncentrations,: However, bexarotene
plasma concentrations were elevated in one of the foLur patients on concgﬁﬂqnt
gemfibrozil (Patient 625, Study L1069T-11, bexarotene concentration rariée of
BLQ-24.17 ng/mL, of which 89% [17/19] of samples were above LLQ).

The influence of various demographic, disease, dosing, and baseline laboratory
covariates, and systemically administered concomitant medications on bexarotene
phamacokinetics was examined in a cross-study population pharmacokinetic_.
analysis, performed on pooled single-time-point concentration data from p:"atients
with CTCL and KS. Covariates studied included demographic variables (age."r
gender, and ethnic origin), disease variables (such as disease popuiation, surface
area of treated lesions, and stage of CTCL), dosing covariates (such as gel strength
and application frequency), baseline laboratory covariates (including renal clearance
and liver function tests), and concomitant medications with the potential to affect
bexarotene phamacokinetics (CYP3A4 inducers or inhibitors, and gemfibrozil).
Model-independent statistical analysis (multivariate stepwise linear regression and
linear mixed effects modeling) and non-linear mixed effects modeling (NONMEM)
were used to examine the effect of these covariates on bexarotene concentrations or

pharmacokinetics.

Results of the population analyses indicated that bexarotene plasma concéntrations
obtained following application of Targretin® gel were positively correlated with the
body surface area of treated lesions (which correlates with CTCL stage), strength of
gel aprlied, and gel application frequency. These results were in agreement with
results of the descriptive evaluation of individual bexarotene concentration data in
the pooled database, which sr}d@ed an increase in the percent of quantifiable
bexarotene concentrations >1 ng/mL. per patient, with increasing surface area of -
treated lesionrs or advancing stage of CTCL (Figure 6.3-H).

L]
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Figure 6.3-H.  Distribution of Samples with Bexarotene Plasma Concentration
above 1 ng/mL (expressed as % per patient) as a Function of Study
and CTCL Stage in Patients Participating in Phase I-1l CTCL
Program (Studies L1069-94-04T, L1069T-11, and L1069T-12), and
Phase lll CTCL Study (Study L1069T-25) - B 2
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Note: The thick horizontal lines are the mean percentages of samples with
measurable concentrations within each program; thin horizontal lines are
the mean percentage of samples with measurable concentrations within
each study and for each CTCL stage.

Results of the population analysis aiso showed no significant effects of
demographics (age, gender, or ethnic origin) or CYP3A4 inhibitors or inducers on -
bexarotene pharmacokinetics. Additionally, no clinically meaningful correlation was
found between laboratory measures of renal (serum creatinine and renal clearance)
and liver function (ALT, AST, bilirubin, alkaline phosphatase, and total proteih) and
bexarotene pharmacokinetics. '

APPEARS THIS WAY
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6.3.3.1.4. Request for Waiver of Requirement for Bioavailability Study for
Targretin® Gel

Targretin® gel is intended for topical application and is a solution of bexargtene in
dehydrated alcohol, USP/NF, and polyethylene glycol 400 (PEG400). U /NF, to
which a gelling agent, hydroxypropy! cellulose, USP/NF, is added to increa_sé
viscosity and form a ge!. _ '

As discussed and agreed with the FDA atthel______\Clinical Meeting held on

21 July 1999 and documented in the meeting minutes (Question 10), Targretin® gel
is eligible for a waiver of the requirement for evidence of in vivo bioavailability or
bioequivalence, since the drug product is “a solution for application to the skip™ and
its bioavailability is considered to be self-evident [CFR 320.22 (b) (3) (i)). o
Consequently, Ligand hereby requests a waiver from the conduct of a bioavailability
study requested in CFR 320.25 (d) (1) (i).

As also discussed and agreed at thC" Slinical Meeting held on 21 July 1999
(Question 10), Ligand is submitting data in this NDA review and submission that
meet the requirements of CFR 320.25 (d) (1) (ii) by describing the pharmacokinetics
of the active drug ingredient.

6.3.3.1.5. QOverall Summary of Bexarotene Topical Absorption and
Pharmacokinetics

The topical pharmacokinetics of bexarotene has been characterized in a non-clinical
study in human cadaver skin and in several clinical studies utilizing Targretin® geI.A
Bexarotene concentration data obtained from sparse blood sampling in a Phase |-l
program in patients with CTCL, a Phase ill study in patients with CTCL, and a Phase
I-Il program in patients with AlﬁS-related KS were pooled and evaluatéd using
descriptive statistical methods. and separately using cross-study population_ _
analyses. The results of the descriptive and population evalu-atior-\s-are suinma_rized

—
m—-

below. - =
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Targretin® gel shows good penetration into the skin. In a non-clinical study utilizing
human cadaver skin, a total of 25.3% of drug was recovered in the epidemis,
demmis, and stratum comeum.

= -~

Systemic exposure to bexarotene following application of Targretin® gel is low.
Plasma bexarotene concentrations, measured primarily within 24 hours of dosing,
were generally very low (<5 ng/mL) and only sporadically quantifiable.
Concentrations were quantifiable in only 300 (37.2%) of the 807 post-dose blood
samples collected and assayed for patients treated with Targretin gel 1% in the
Phase I-ll CTCL program and the Phase il CTCL study. Of the 300 posHiose
plasma samples with quantifiable concentrations, 245 had bexarotene
concentrations lower than § ng/mL, 28 were 25 ng/mL but <10 ng/mL, 13 wefg
210 ng/mL but <15 ng/mL, five were 215 ng/mL but <20 ng/mL, and only nine were
higher than 20 ng/mL. The highest concentrations (47.1 and 54.9 ng/mL) measured
across all studies were obtained in one patient in the Phase Il study, who is
believed to have applied an inordinately large amount of Targretin® gel 1% during
the course of the study (90 tubes of gel dispensed to this patient at one visit,
compared to a maximum of 17 tubes in other patients at any study visit).

FolloWing topical application, the highest plasma were observed within 12 hr of

Targretin® gel application, with generally lower concentrations at later time points.

Accumulation of bexarotene following topical application is minimal. Despite

long-term application of Targretin® gel (0.1%, 0.5%, or 1% gel strengths for up to .

135 weeks) over up to 90% of body surface area in CTCL patients, the large majority
of blood samples had non-quahtifjable (<1 ng/mL) or generally sporadic low

(<5 ng/mL) plasma bexarotene concentrations. -

I
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Systemic concentrations of bexarotene achieved following topical application are

~ related to the extent of topical exposure to Targretin® gel. Results of population
analyses of pooled data from the Targretin® gel studles demonstrated that hagher
bexarotene plasma concentrations were obtained in patients who treate! a larger
surface area of lesions (which correlated with CTCL stage), in patients who utilized a
higher gel strength, and in patients who applied Targretin® gel more frequently.
These results were in agreement with results of a descriptive evaluation of
bexarotene concentration data in the pooled database, which showed an increase in
the percent of quantifiable bexarotene concentrations (>1 ng/mL) in patients, with
increasing surface area of treated lesions or advancing stage of CTCL. The .
correlation between plasma concentrations and gel strength applied was also
evident in the observation that the largest percentage of quantifiable bexarogéne
concentrations were observed in the Phase Ill L1069T-25 study (46.1% had
post-dose concentrations >1 ng/mL in Study L1069T-25 compared to 21.1% in the
Phase I-l CTCL program and 2.0% in the Phase I-ll KS program), in which
Targretin® gel 1% was used exclusively.

Demographic characteristics (age, gender, and ethnic origin) did not have a
significant effect on bexarotene phammacokinetics. No formal studies have been
conducted to evaluate the effect of renal or hepatic dysfunction on bexarotene
pharmacokinetics. However, no correlation was found between measures of renal
function (creatinine clearance) or liver function (liver function tests) and bexarotene
pharmacokinetics, for patients in the Targretin® gel studies. :

No formal studies have been conducted to evaluate drug interactions with Targretin® .

gel. While no evidence for an interaction with concomitantly administered CYP3A4
inhibitors was observed in the Targretin”igel étudies. CYP3A4 inhibitors could
theoretically lead to an increaéé in plasma bexarotene concentrations. Only limited
data were available on corncomitantly admlnlsteredgemﬁbrozll However, _
bexarotene plasma concentrations appeared elevated (concentrations up to

- —
—
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24.77 ng/mil j in one patient applying Targretin® gel who was on concomitant
gemfibrozil.

6.3.3.2. Bexarotehe Pharmacokinetics following Oral Admiﬁistration of_f amretin"

Capsules

The following sections provide information on the phamacokinetics of bexarotene
following oral dosing with Targretin® capsules. Data from the Targretin® capsule
studies, which are considered to be supportive to this NDA submission, have been
previously submitted in their entirety in NDA 21-055 and are therefore only‘

summarized in the following sections. .

This summary of oral pharmacokinetics focuses on data obtained from the use of
Targretin® capsules containing micronized bexarotene. Early in clinical development,
clinical studies were initiated using a Targretin® capsule formulation (SG-1)
containing nonmicronized bexarotene. However, formulations containing micronized
bexarotene (SG-2, SG-3, SG-4, SG-S. and SG-6) were subsequently developed in
order to enhance the content uniformity of Targretin® capsules. Studies in beagle
‘dogs demonstrated that micronization also produced an increase in oral
bioavailability. Consequently, Targretin® capsules containing micronized bexarotene
were introduced into the clinical studies at a dosage level that took the anticipated
enhanzement in bioavailability into account. Therefore, although pharmaéokinetic
evaluations were conducted with both micronized and nonmicronized'Targret.in‘D
capsule formulations, the majority of pharmacokinetic data was obtained with
micronized bexarotene.

The pharmacokinetics of orally gdministeréd bexarotene were characterized in
clinical studies in patients with"édvanced cancers, patients with advanced head and
neck cancer, patients with Type Il diabetes mellitus, patients with CTCL, and normal
volunteers who had been administered Targretin" capsules. The data denlonst_ra}ie N

.
——— 4y "
.
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that the pharmacokinetics of bexarotene after a single oral dose were essentially
dose-proportional over an 18 mg/m? to 800 mg/m? dose range. Following repeat
dosing, mean Cma, and AUCo¢ values were similar to respecti_\}e single-do_sg_values
at most dose levels <230 mg/m? QD, but at dose levels >230 mg/m? Qb § félups
were lower than respective values following single-dose administration i.n' ir,nany
patients, suggestive of an induction of bexarotene oral clearance at these higher
dose levels. However, plasma concentrations in some patients at dose levels as
high as 1000 mg/m? QD did not change with repeat dosing, indicating that there was
not a clear relationship between the reduction in plasma concentrations and dose
level.

Bexarotene was eliminated relatively rapidly from the body following oral ]
administration. This is evident in the estimates of half-life of bexarotene, which
ranged from approximately 1 to 3 hours when determined over a 6-hour sampling
interval, and approximately 7 to 9 hours when determined over a 24-hour sampling
interval. Consistent with its rapid elimination, minimal accumulation of bexarotene
was observed with repeat dosing, even after up to 520 days on study. Additionally,
predose concentrations of bexarotene following multiple dosing were low
(approximately 4-6% of Cpax).

The pharmacokinetics of bexarotene in patients with CTCL were found to be similar
to the pharmacokinetics observed in patients with advanced cancers other than
CTCL. )

The metabolism and renal excretion of bexarotene following oral dosing are detailed

in Sections 6.3.3.4. and 6.3.3.5., respectively. The primary metabolites of

bexarotene observed in plasma following oral dosing were the oxidative metabolites,

6- and 7-hydroxy-bexarotene aﬁd 6- and 7-oxo-bexarotene. Urinary excretion of

bexarotene or its metabolites was minimal. No detectable bexarotene (LLQ of 10 o

ng/mL) or 6- or 7-oxo-bexarotene was observed, and only trace quantities of 6- or
7-hydroxy-bexarotene were found in urine. Consequently, while a mas_s-bmancé;-;f ' s :1
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study was not done, bexarotene is believed to be primarily excreted through
hepatobiliary mechanisms.

The effect of concomitant medications on bexarotene phannai:okinetics fjlovying
oral dosing is further detailed in Section 6.3.7.2. Of the concomitant medica_tions
evaluated (levothyroxine, atorvastatin, gemfibrozil, CYP3A4 inhibitors [azole
antifungals and macrolide antibiotics]), only gemfibrozil was observed to produce
elevations in bexarotene plasma concentrations.

6.3.3.2.1.  Oral Phamacokinetics in Patients with Advanced Cancers

< T
The oral pharmacokinetics of bexarotene were evaluated during one Phase _l:"énd
two Phase I-ll studies in patients with advanced cancers. Two ;'J-f-thé-étudié.s
(L1069-93-01 and L1069-93-02) employed repeat once-daily dosing of bexarotene,
while one study (L1069-94-02) in a limited number of patients employed repeat
twice-daily dosing of bexarotene. Pharmacokinetic results of each of these studies
are presented below. Additionally, data from the two studies that employed repeat
once-daily dosing (Studies L1069-93-01 and L1069-93-02) were combined to
present an overall evaluation of bexarotene pharmacokinetics in an oncology patient
population. Data from the study using twice-daily dosing (Study L1069-94-02) were
not included in this combined assessment due to the limited number of patients and
the different dosing regimen.

Study L1069-93-01 was a Phase | open-label, uncontrolled, multiple-dose,

dose-escalation, safety and efficacy evaluation study of oral Targretin® capsules
administered once daily to patients with proven, advanced cancers
(RR-845-98-010.a, NDA 21 -055, Section 6.7.1 ) A treatment duration qf 4 weeks
was intended, with an allowange to continue treatment in 4-week increments if
clinically indicated. Targreti;xg capsules-weraadministeregl with-food or a-liqqi_d :
dietary supplement. Doses of 5, 20, and 40 mg/m? of the nonrriicrohiied fonnul_a}tion .
and doses of 18, 50, 140, 300, and 400 mg/m2 of the micronized fqrmulation we_fg ’
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administered once daily and serial blood samples were collected on Days 1, 15, and
29, up to 6 hours post-dose, for the determination of plasma bexarotene
concentrations. On pharmacokinetic sampling days, doses were adminisicred with
250 mL of a liquid dietary supplement following a fast of at least 8-hour dgatign.

Of the 52 patients enrolled in the study, 27 had pharmacokinetic eValuatibnsglo of
whom received the nonmicronized formulation and 17 of whom received the
micronized formulation. These 15 (56%) men and 12 (44%) women had a

mean x SD (median, range) age of 54 + 12 (54, 25 to 73) yr and mean + SD
(median, range) weight of 159 + 31 (150, 114 to 224) Ib. The race distribution for
patients with phamacokinetic evaluations was 23 White (85%), two Asian (7%), one
Black (4%), and one categorized as Other (4%). The following summary'b? 2

P

pharmacokinetics pertains to subjects who received the micronized formulatic;n only.

Bexarotene Cmax and AUCo values following either single-dose or repeat daily-dose
administration increased approximately dose-proportionally over an 18 mg/m? to

400 mg/m? dose range (Table 6.3-J). Mean single-dose and repeat daily-dose
plasma bexarotene concentration-time profiles are shown in Figure 6.3-1 and

Figure 6.3-J, respectively. Interpatient variability in Cmax and AUCo. after a single
dose was relatively low, with coefficient of variation values ranging from 10% to
52%. For all patients, tmax Values ranged between 1 and 4 hours after either a single
dose or multiple doses. After multiple, once-daily doses, bexarotene Cnax and
AUCo¢ values were not consistently different from those observed after the first
dose, suggesting no change in bexarotene oral clearance with multiple ddsihg at any

dose level in this study.

Mean bexarotene ty, values after single doses were similar to t,» values observed
after multiple doses. Although the terminal elimination phase was insufficiently

defined for many of the patients, the overall harmonic mean t;, was 1.4 hours-based--

on values after single and multiple dosés of all dose levels of the micronized -
formulation. When measurable, predose concentrations were only a small -

percentage of the subsequent Cmax (Overall mean of 6%), indicating little ~ -
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accumulation of bexarotene after multiple doses of up to 400 mg/m? administered
once daily.

Table 6.3-J. Mean (SD) Bexarotene Pharmaooklnetlc Parameters Afér a Single
Dose and After Multiple Daily Oral Doses of Targretin® Capsules
(Micronized Formulation) to Patients With Advanced Cancers

(Study L1069-93-01)
Parameter

Dose N tmax Crnax Co AUCq, ti2?
(mg/m?) Regimen™ | Obs |  (hn) (ng/mbL) | (ng/ml) | (ng-hr/mL) (h)
18 S 3 133(1.2)] 67( 15 NA 232(102) | 1.0 -
M 6 ]23(14)] 8(38)[ o 266 ( 99) | 1.2 (0.4)
50 S 3 | 1.7(0.6)] 308(121) NA 11010 (527)| 1.9(0.8)
M 6 _121(1.1)] 248(77)| S(4) | 771(28n | £4(0.5)
140 S 3 | 20(.0)] 516( 53) NA  [1701(175) | ¥6(0.4)
M 5 128(1.1)] 324(159) | 14 (12) [1175(585) |[-1.9(0.7)
300 3 4 |23(1.3)] 791 (124) NA 2826 (327) | 2.2(0.9)
M 6 [27(1.0){1111(261) | 15( 5) [3213(677) | 1.8(0.6)

400 S 3 | 3.4(1.2) | 2404 (855) NA [8127(2798) | 2.5 -
M 5 13.2(1.1)11930(957) | 88(89) [ 7322 (4655) | 1.8 (0.1)

5 = Single dose (Day 1); M = Muttiple once-daily doses (Day 15 or 29).
@ ty2 values couid not be caiculated for all profiles; N=2 for dose level 18 mg/m single dose; N=4 for
dose level 140 mg/m muttiple doses; N=') for dose level 300 mg/m2 muitipie doses; and N=2 and 4 for

single and multiple doses of 400 mglm respectively. Standard deviation values are not reported for
N=2 or less.

N Obs. = Number of observations.
NA = Not applicable.
- = Not calculated.

TIEX

APPTARS T‘i"% wWxl
Gl ORIGIRA

266



Targretin® gel 61

Figure 6.3-1. Mean (N=3 or 4) Bexarotene Plasma Concentrations (Logarithmic
: Ordinate) After Single Oral Doses of 18 mg/m? to 400 mg/m?
Targretin® Capsules (Micronized Formulation) (Stucy L1069-93-01)
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Figure 6.3-J. Mean (N=5 or'6) Bexarotene Plasma Concentrations (Logarithmic
Ordinate) After Multiple Oral Doses of 18 mg/m? to 400 mg/m?
Targretin® Capsules (Micronized Formulation) (Study L1069-93-01)
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The metabolic fate of bexarotene was also assessed in this study and the data are
presented in greater detail in Section 6.3.3.4.1.2. Briefly, the predominant

metabolic peaks observed __“were 6- and

7-hyd;oxy-bexaroterie and 6- and 7-oxo-bexarotene. Using selected plasga -

samples from patientsinthisstudy, ______ § suggested that-

exposure to some of the oxidative metabolites could be similar to, or somewhat

greater than, that to bexarotene. Because the binding of bexarotene metabolites to
human retinoid receptors is weak, and the potency of oxidative metabolites in a

human retinoid receptor transactivation assay is low, the contribution of metabolites
to the clinical retinoid receptor activity of bexarotene is probably insignificant. -

=

-

Maptoim )
I

L1069-93-02 was a Phase I-lla open-label, uncontrolled, multiple-cose,
dose-escalation, safety and efficacy evaluation study of oral Targretin® capsules
administered once daily to patients with proven, advanced cancers
(RR-845-98-015.a, NDA 21-055, Section 6.7.2). A treatment duration of 4 weeks
was intended, with an allowance to continue treatment in 4-week increments if
clinically indicated. Targretin® cépsules were administered with food or a liquid
dietary supplement. Doses of 5, 10, 20, 30, 45, and 75 mg/m? of the nonmicronized
formulation and doses of 21, 50, 83, 140, 230, 380, 500, 650, 800, and 1000 n':g/m2
of the micronized formulation were administered once daily and serial blood samples
were collected on Days 1 and 15, up to 6 hours post-dose, for the determination of
plasina bexarotene concentrations. On pharmacokinetic sampling days, doses were
administered with 250 mL of a liquid dietary supplement. o

Of the 60 patients who had pharmmacokinetic evaluations, 18 received the
nonmicronized formulation, and 43 received the micronized formulation. One patient
initially received the nonmicroni;ed formulation and was switched to.the micronized -
formulation on Day 334. Thesg 31 (52%) men and 29 (48%) women had a

mean * SD (median, range) age of 60 + 13(63,27 to 80) yrandmean+SD - . =

(median, range) weight of 161 + 36 (154, 103 to 260) Ib. Most patients (N=45) were )

White (75%). There were also 11 Blacks (18%), one Hispanic (2%), one Afsia_n -(2'%),
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and two categorized as Other (3%). The following summary of pharmacokinetics
pertains to subjects who received the micronized formulation qnly.

Mean single-dose and repeat daily-dose plasma bexarotene éoncentratioﬂlitirqe
profiles are shown in Figure 6.3-K and Figure 6.3-L, respectively. In generai,
interpatient variability in Cmax and AUCo. after a single dose was relatively high,
particularly for doses of 500 mg/m? or more. Single-dose bexarotene C,., and
AUCo values increased approximately dose-proportionally over a 21 ‘mg/m? to

800 mg/m? dose range (Table 6.3-K). Increases in bexarotene mean Cmax and
AUC, values after a dose of 1000 mg/m? were somewhat less than propomona! to
the dose, but the interpatient variability values were substantial for both parameters
The values for tmax were typically 2 to 3 hours after either a_single dose or muft:ple

doses.
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Figure 6.3-K.  Mean (N=3 to 6) Bexarotene Plasma Concentrations (Logarithmic
Ordinate) After a Single Oral Dose of 21 mg/m? to 1000 mg/m?
Targretin® Capsules (Micronized Formulation) (Study L1n69-93-02)
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Figure 6.3-L..  Mean (N=3 to 5) Bexarotene Plasma Concentrations (Logarithmic
Ordinate) After Multiple Oral Doses of 21 mg/m? to 1000 mg/m?
Targretin® Capsules (Micronized Fomulation) (Study L1069-93-02)
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Table 6.3-K. Mean (SD) Bexarotene Phamacokinetic Parameters After Single or
Muttiple Daily Oral Doses of Targretin® Capsules (Micronized
Formulation) to Patients With Advanced Cancers (Study
L1069-93-02) ' .
Parameter ; i . ]
Dose N N [ Coa Ce AUCos =5 | =~ 1@
(mg/m’) | Regimen™| Pts. | Obs. (hn) {(ng/ml) (ng/mL) (oghemt) | (v
21 s 3 3 |1.3(06) | 183( 90) NA 498 ( 260)° | -1.5(0.2)
M 3 3_| 1.3(06) | 189( 58) 2(2) 514 ( 153) | 1.5(0.4)
50 S 3 3 2.0 (0.0) 317 ( 86) NA 946 ( 171) 1.4 (0.3)
M 3 3 2.7 (1.3) 214 (110) 2 (1) 824 ( 396) 1.2 (0.4)
83 S 3 3 | 1.4(0.6) 320 (153) NA . 848 ( 494) 1.4 (0.2)
M 3 4 2.0 (0.1) 186 ( 99) 5 (3) 546 ( 211) 2.3 (0.5)
140 S 4 4 2.6 (1.0) 858 (468) NA 3010 (1228) 2.7 (0.9)
M 3 3 | 14(06) [ 754(256) 14 (8) 2666 (1128) [ 2.8(1.2)
=2
230 S 4 4 3.0(1.2) 1640 (1068) NA 5586 (3544) -gﬂ (0.5)
M 5 4~ 3.5(1.9) 760 ( 575) 45 (64) 2325 (1623) A3 -
380 S 5 5 3.8(1.1) 1959 {(1215) NA 7657 (4789) 29(1.8) |
M 4 4 2.9 (2.3) 850 { 550) 117 (173) 2528 (1268) 2.0 (0.8)
500 S 4 4 2.6 (0.9) 3744 (2429) NA 15496 (9044) 3.4 (2.5)
M 4 4 4.1 (1.6) 1648 ( 794) 66 (44) 6997 (4084) 35 -
650 S 6 6 3.2(1.1) 2792 (1696) NA 11310 (6646) 2.3 (0.6)
M 5 5 3.3 (1.5) 2065 (1710) 66 (58) 7232 (5808) 1.7 (0.4)
800 S 6 6 3.1(1.8) 4138 (2570) NA 15900 (10486) 3.6 (0.9)
M 5 5 4.3 (1.3) 1531 ( 576) 192 (240) 5926 (1707) 1.8 (0.6)
1000 S 6 6 | 3.1(1.6) | 3647 (2605) NA 14746 (12023) | 2.9(0.8)
M 4 4_| 34(22) |1196(222) 64 (30) 4299 (841) 2.7 (1.3)

s = Single dose (Day 1); M = Muttiple once-daily doses (most samples collected on Day 15).
® 1z values could not be caiculated for all patients; Na2 for dose levels 230 mg/m? and 500 mg/m’, muttiple doses; N=3 for

dose leveis 380 mg/m® and 1000 mg/m’, muitiple doses; N=4 for dose level 650 mg/m’, single and multiple doses; and N4

for dose levels 800 mg/m® and 1000 mg/m’, single dose.
® There were five observations for Ce.
N Pts. = Number of patients.
N Obs. = Number of ocbservations.
NA = Not applicable.

- = Not calculated.

Measurable concentrations were achieved for the entire 24-hour dosing interval

following once-daily multiple dosing. However, predose concentrations were only a

small percentage of the subs,eduent Cmax (overall mean of 6%), indicating little -~ -

accumulation of bexarotene after muttipte doses of up to 1000 mg/m* administered”
once daily. Additionally, plasma bexarotene concentrations were low in predose

samples collected for some patients after long-term multiple dosing (233 to

2 e
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520 days), suggesting that there is minimal accumulation of bexarotene even after
long-term repeat daily dosing.

Although intematieﬁt variability was high, at dose levéls of 230 mg/m? an! grgater,
mean bexarotene Cmax and AUCo¢ values tended to be lower after multiple dosing
compared to those after a single dose (Table 6.3-K). Repeat-dose administration of
doses >650 mg/m? did not result in mean AUCo values greater than that observed
‘at the 650 mg/m? dose level, suggesting a dose-dependent induction of oral
clearance of bexarotene. However, some individual patients receiving doses up

to 1000 mg/m? did not have a reduction in bexarotene concentrations with repeated
daily dosing, indicating that relationship of this effect to the dose level was nog‘ '

consistent. I
Although the terminal elimination phase was insufficiently defined for most of the
patients, the overall harmonic mean t, was 1.9 hours based on values after single
and multiple doses. Bexarotene mean ty,, values after single doses did not appear
to be different from those after multiple doses. Despite the apparent induction of
oral clearance of bexarotene in some patients, there was no corresponding change
in half-life values, possibly because the terminal elimination phase may not have
been reached within the relatively short 6-hour sampling periods used in the studies.

The metabolic fate of bexarotene was also assessed in this study and the data are
presented in greater detail in Section 6.3.3.4.1.2. Briefly, the predominaxit '

metabolite peaks observed|

~yere 6- and
7-hydroxy-bexarotene and 6- and 7-oxo-bexarotene. Using selected plasma
samples from patients in this study,l.___ \Auggested that
exposure to some of the oxidative metabolites could be similar to, or somewhat
greater than, that to bexaroten'é’.' Because the binding of bexarotene metabolites to

human retinoid receptors is weak, and the potency of oxidative metabolitesina- - -~~~

human retinoid receptor transactivation assay is low, the contribution of metabglites -
to the clinical retinoid receptor activity of bexarotene is probably insignificant. =

ae
o
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