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1 Executive Summary

1.1

Recommendation

This reviewer finds NDA 21-813 acceptable from a clinical pharmacology perspective provided
the labeling comments are adequately addressed.

1.2
None

Phase IV Commitments



1.3 Summary of Important Clinical Pharmacology and Biopharmaceutics Findings

Bio-E-Gel is a transdermal gel formulation of estradiot (0.06% wi/w) intended for the treatment of
moaderate-to-severe vasomotor symptoms (VMS) [ |
C associated with menopause. The NDA contains 4 supporting phase 1 studies examining
the pharmacokinetics of Bio-E-Ge!l (EST003, EST006, EST007, and EST008. Additional studies

T used a prototype formulation and were not reviewed), 1 phase 2 dose
finding study (EST004), and 1 phase 3 efficacy and safety study (EST005). Estradiol exposure at
all proposed doses was available mainly from phase 1 studies EST007 and EST008 and pre-
dose samplings at weeks 4, 8, and 12 in the phase 3 trial EST005.

The proposed doses of Bio-E-Gel are 0.87, 1.7.[~ ~1 g/day, containing 0.52, 1.02 1
mg/dose estradiol, and delivering systemically g~ 7} mg/24 hours estradiol.
Estradio! exposure linearly increased with dose but at a higher than proportional rate. Exposure to
the proposed doses of Bio-E-Gel is within the range of currently approved topical products.
Furthermore, the 0.87 g/day dose would deliver a rate lower than any other approved product.

Estradiol 24-hour concentration profile is variable with apparent plateaus at steady state for the
lower 2 dose levels. The profile for the 2.6 g/day was limited by reduced number of sampling
points. Apparent elimination half-life is prolonged (means of 55 — 75 hours) and is likely due to
slow absorption rate and endogenous production of estradiol. Distribution, metabolism, and
excretion of estradiol were not examined in this NDA but are well known.

Estradiol metabolites estrone and estrone sulfate concentrations also increased with Bio-E-Gel
application. However, the baseline-unadjusted estradiol:estrone ratio also increased with dose.
The estradiol:estrone ratios were 0.53, 0.98, and 1.3 for 0.87, 1.7, and 2.6 g/day doses,
respectively.

" Application of sunscreen 10 minutes before application of Bio-E-Gel increased the exposure to
estradiol by approximately 55%. No significant change in estradiol exposure was observed when
sunscreen was applied 25 minutes after application of Bio-E-Gel. In the same study, prolonged (7
days) concomitant application of sunscreen to the site of Bio-E-Gel application increased
exposure to estradiol by about 2-fold, regardless of whether it was applied before or after
application of Bio-E-Gel. About 15% of the increase may be attributed to the increase in SHBG
concentration. The cause of the remaining increase in not known.

Exogenous administration of estrogens, particularly via the oral route could significantly increase
the concentration of serum hormone binding globulin (SHBG). The lower 2 doses of Bio-E-Gel
only slightly and not statistically significantly increased mean SHBG concentration by less than
15% following 12 weeks of exposure. The 2.6 g/day dose significantly lncreased SHBG
concentration to a maximum mean increase of 37% after 8 weeks.

Examination of the responses due to Bio-E-Gel suggested that the reduction in frequency and
severity of VMS was dose dependent. g
In term of safety, dose dependent rate of common adverse effects in the reproductive and breas
class was observed as would be anticipated. There was also a high rate of the significant adverse
effect endometrial hyperplasia (11.1%) in the 2.6 g/day dose group. = j

C 3

There was no observed change in estradiol concentration in male partner following direct contact
at 2 and 8 hours post Bio-E-Gel application. Less than 10% of applied estradiol was recovered on
application site at 2 and 8 hours post application. Washing the area with soap and water reduced
residual skin estradiol to about /% of applied dose.

The formulations used in all supporting trials are identical to the to-be-marketed formulation.



2 Question Based Review

2.1 General Attributes
2.1.1  What is Bio-E-Gel?

Bio-E-Gel is a topical formulation of estradiol, an estrogen sex hormone that is used to treat
menopausal symptoms in women. Bio-E-Gel is a homogeneous, transparent and non-staining
hydroalcohoalic gel, containing estradiol 0.06% wiw. (Note: this review refers to the drug product in
this NDA as Bio-E-Gel. {__ v 3)

The structural formula of estradiol is:
oH.

Estrogens are a group of hormones that play an important role in normal sexual and reproductive
development in women. Of the 3 active estrogens (estradiol, estrone, and estriol), estradiol is
most potent. The estrogenic potency of estradiol is 12 times that of estrone and 80 times that of
estriol. Estradiol is primarily converted to estrone by 17-beta-hydroxysteroid dehydrogenase.
Estrone undergoes conversion by 16-alpha-hydroxylation and 17-keto reduction to estriol, which
is the major urinary metabolite. A variety of sulfate and glucuronide conjugates also are excreted
in the urine (In: Goodman and Gilman's, 9 edition).

tn premenopausal women, during the early follicular stages both estradiol and its metabolite
estrone serum concentration are typically between 40 and 60 pg/mL, with estradiol increasing to
200 to 400 pg/mL and estrone to 170 to 200 pg/mL during the late follicular phase. After
menopause, serum estradiol level is reduced to about 5 to 20 pg/mL and estrone concentrations
between 30 and 70 pg/mL.

21.2 Whatare the proposed indications of Bio-E-Gel?
1. Treatment of moderate-to-severe vasomotor symptoms associated with menopause.

2.1.3 What are vasomotor symptoms (VMS) and vulvar and vaginal atrophy (VVA)?

Vasomotor symptoms comprise the symptoms commonly known as ‘hot flush’. It is the halimark
‘of menopause. Hot flushes occur in 75 — 85% of postmenapausal women for an average
duration of 1 — 2 years. The cause of VMS is unknown but believed to occur due to induced
lability in the thermoregulatory center of the hypothalamus with declining levels of estrogen and
progesterone resulting in peripheral vasodilation. Characteristics of hot flush includes sudden
onset of reddening of the skin over the head, neck, and chest. A feeling of intense body heat with
duration of a few seconds to minutes, and rarely for up to an hour, that concludes by sometimes
profuse perspiration. The frequency may be rare to recurrent every few minutes. Each episode
coincides with a surge in LH. The severity is defined as follow:

Mild: - sensation of heat without sweating
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EST006 26,52 Single dose, Upper arm PK in untreated
transfer study male pariner only

EST007 087,17 14 days Upper arm Day 1, Day 14,
. ‘ and trough levels
in between

ESTO008 26 15 days . Upper arm Day 15 (before
sunscreen period
begins)

Table 2: Formulations used in the development of Bio-E-Gel. The proposed commercial
formulation is the same as the formulation used in the phase 3 efficacy trial. )
: Prototype Formulation Propesed Commercial
Component - Functien - (Yo wiw) Fermulation (% wiw)
Estradiol Active 0.06% 0.06%
_ Ethanol,{_ 3 T ] B

Propylene Glycol

Diethylene glycol monoethyl . |
ether .

Carbomer 940
C A

Triethanolaming
C A

Purified Water

Edetate Disodium

—]

C .j T ' T -

2.2 General Clinical Pharmacology
2.2.1 What are the pharmacokinetic (PK) characteristics of the drug-and its major metabolites?

PK of estradiol (E2), estrone (E1), and estrone sulfate (E1-S) from Bio-E-Gel were characterized
mainly in.3 studies, namely EST003, EST007, and EST008. EST003 examined the PK following
once daily doses of 1.25 and 2.5 g Bio-E-Gel for 14 days applied to the front and inner thigh
(Data not shown since site of application and dose are different than the proposed site and dose,
see appendix for study review). EST007 examined once daily doses of 0.87 and 1.7 g Bio-E-Gel
for 14 days applied to the upper arm. Both studies examined PK profiles foliowing the first dose
and 14" dose as well as trough levels of most days in betwéen. Additionally, PK of the 2.6 g dose
may be obtained from the no-sunscreen arm in study EST008 where Bio-E-Gel 2.6 g was applied
to the upper arm once daily for 15 days.

PK profiles for 0.87 and 1.7 g/day doses:

The following 3 figures shows the mean baseline-unadjusted serum concentrations for E2, E1,
E1-S following 0.87 and 1.7 g/day Bio-E-Gel administration. Figure 1 shows 24-hour
concentration profiles following the first dose of Bio-E-Gel. Estradiol concentration is variable but
increased following application of Bio-E-Gel. There appears to be a plateau of concentration that
did not decline to a clear trough before the next dose. The sharp changes in concentrations from




20 to 24 hour time points are likely the resuits of data variability. Figure 2 shows the pre-dose
concentrations measured on most days in the 14 daily dose study. Median pre-dose
concentrations suggest that steady state concentration of E2 was reached after 3 days. The
mean pre-dose concentrations appear relatively stable after Day 4, consistent with being at
steady state. Figure 3 shows 24-hour concentration profiles at steady state (Day 14). Mean
estradiol levels were higher in the 1.7 g dose compared to the 0.87 g dose. Figures 1 -3 also
include estrone and estrone sulfate profiles, which generally paralleled that of estradiol. Data are
presented as total non-baseline-adjusted concentrations unless specified otherwise.

The mean steady state (Day 14) data (fig. 3) is reflective of the variability in individual PK profiles.
The features observed in the mean data profile can be seen in many of the individual profiles. For
example, 6 out of 10 profiles from the 1.7 g dose group appear to have small elevated bump in
E2 concentration at 4 — 6 hour and 5 out of 8 profiles had a bump at 20 hour (2 individuals had
outlier at 16 or 20-hour colfection and was not used for this analysis). The intraday variability of
mean E2 concentrations on Day 14 is greater in the 1.7 g dose group as compared to the 0.87 g
group. There also was a greater inter subject variability in the 1.7 g dose group relative to the
0.87 g dose group with mean CV% of 69% and 52%, respectively (see figure 5 for standard
deviations). For both dose levels, there were no clear plateaus in the individual trough
concentrations over 14 days. This may be expected since intraday PK profiles suggest that the
samplings just prior to next dose, which is being used as trough concentrations, do not have
lowest concentrations. ’

Figure 1: Mean unadjusted serum E2, E1, and E1-S concentrations after a single dose of
0.87g(n=11)and 1.7 g (n=10) Bio-E-Gel.
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Figure 2: Mean unadjusted trough serum E2, E1, and E1-S concentrations of 0.87 g (n=11)
and 1.7 g (n=10) Bio-E-Gel (Day 1-14).
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l Estrone sulfate
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Figure 3: Mean unadjusted serum E2., E1, and E1-S concentrations after multiple doses of
0.87 g (n=11) and 1.7 g (n=10) Bio-E-Gel (Day 14).
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PK profiles for 2.6 g/day dose:

For the 2.6 g/day dose, the sponsor did not perform a separate PK study as above to determine
its PK. However, the steady state PK for the 2.6 g/day dose could be obtained from the Bio-E-Gel
* only control groups in the sunscreen effect study (EST008). Steady state was assumed to be
reached by the PK measurement day in this study (i.e., Day 15) based on the time to steady state
of about 3 days observed previously for the lower doses. This study contained 2 groups of 6
subjects that were dosed with 2.6 g/day Bio-E-Gel to the upper arm for 15 consecutive days. Data
from these subjects were pooled and plotted in the figure below. This study has a less intensive
sampling regimen and may miss any peak that occurs between 12 and 20 hour post dosing.
Figure 4 below shows the PK profiles following 2.6 g/day Bio-E-Gel at steady state (Day 15).

Bio-E-Gel 2.6 g/day dose yielded greater E2 concentrations than both lower doses of 0.87 and
1.7 g/day {fig. 5). The Oh and 24h timepoints had similar mean concentrations of about 32 and 36
pg/ml, respectively, indicating steady state predose level greater than endogenous baseline E2



and a return to steady state “trough” at 24h. There was a substantial (4.4-fold) mean increase
from 0-h to 2-h that was observed at a less extreme extent in the 1.7 g/day dose and not
observed at the lowest dose. This data suggests a relationship of dose and time to first peak as
well as extent of peak concentration increase. As a result, higher dose of Bio-E-Gel exhibits a
wider range of steady state E2 concentrations. ‘ '

Figure 4: Mean (data points) and standard deviation (error bars)rof unadjusted E2 serum
concentration following 15 consecutive daily dose of 2.6 g/day Bio-E-Gel.
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Note: PK profiles for estrone and estrone sulfate for the 2.6 g/day dose are also available in the
NDA. They generally parallel that of E2 and are not included here to be brief.

The Estradio! steady state concentration for all . _Jdoses are shown in the figure below

Figure 5: Unadjusted E2 concentration at steady state (Day 14 or 15) following daily dosing

of Bio-E-Gel at doses 0f 0.87, 1.7 and 2.6 gl/day.
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Apparent half-life.

The apparent half-life () of estradiol adjusted for baseline endogenous serum estradiol
concentrations was reported for the doses studied in EST007 and EST003. When adjusted for
baseline endogenous serum estradiol concentrations, the apparent t,, after the last daily
appilication of Bio-E-Gel was 54.8 + 40.3 h for the 0.87 g/day dose and 75.2 + 146.7 h for the 1.7
g/day dose (EST007). These half-life values are much longer than the known short biological t,, of
estradiol (e.g., minutes (In: Goodman and Gilman’s, 9" edition)), which was suggested by
sponsor to likely reflect the confounding factors of prolonged absorption of estradiol from gel
through the skin and by endogenous estradiol production.

In comparison, following application to the thigh, the apparent t,, of estradiol adjusted for baseline
endogenous serum estradiol concentrations were lower at 40.3 + 31.6 h for 1.25 g/day dose and
37.3 + 12.4 h for 2.5 g/day dose (EST003). The different t,, between studies EST007 and EST003
suggests that application sites {(arm vs. thlgh) may potentially have an effect on the absorptlon of
Bio-E-Gel.

Effect of Bio-E-Gel administration on SHBG concentrations.

Modest increase in SHBG concentrations were observed for doses of 1.7 g/day and lower. A
_higher dose of 2.5 g/day showed a mean increase of 21% after 15 daily applications. The highest
dose of 2.6 g/day also resulted in the highest increase of 37% at week 8 in a 12-week study.

SHBG levels were determined after 14 once daily applications of 1.25 and 2.5 g/day Bio-E-Gel in
study EST003. SHBG concentrations were measured at baseline (Days -16 and -10), pre-dose
on Day 9, and Day 16, 0 hour. 1.25 g/day Bio-E-Gel only increased SHBG concentration by about
10% on Day 9 and about 16 % on Day 16. 2.5 g/day Bio-E-Gel increased SHBG concentration by
about 6% on Day 9 and about 21% on Day 16 (Table 3).

Table 3: SHBG concentration (nM) (EST003)

Treatment Statistic Scheduled time
16 18 92 360
(Day 9 predose) | (Day 16,0 H)
: N 6 6 6 6
Bio-E-Gel, 1.25¢g Mean 73 7250 80.17 84.00
0.7 mg E2) S 313 2483 28.53 29.18
GeoM 69.12 69.02 7594 79.73
G cv 34.09 (3554 3759 36.85
N 6 6 ’ 6 6
Bio-B-Gel, 25¢ Mesn 74.00 7250 7783 8.8
(i mgE2) sb 29.64 3034 3217 3897
GeoM 6391 6720 7220 81.17
g.cv 4388 45.10 45.01 5031

In the phase 3 trial, pre-dose SHBG levels were determined on Day 1 (baseline) and after 4, 8,
and 12 weeks of daily Bio-E-Gel administration. SHBG increased slightly (<15%) with 0.87 and
1.7 glday dose and the greatest increase was seen with the 2.6 g/day dose, where SHBG

reached a maximum and statistically significant increase of 37% at week 8 (Table 4 and fig. 6).
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Table 4: Trough serum concentrations of SHBG over time (EST005).

Hormone .
{Noraai Bio-E-Gel Bio-E-Gel Bio-E-Gel
Rangel" Evaluation Placebo 0.87 g/day 1.7 g/day 2.6 g/day
SHBG Day i, N 136 135 142 68
{40-12¢} Mean £ SD 880+432 88.8+48.8 37.8+38.8 80.7 £35.5
{(nmel/L Median. §10 76.0 80.5 80.0
Range C
Day 29 (Week 4}, N 132 131 137 [3
Mean + SD 85.7£426 92.7x483 94.2+4190 104.9 + 48.6!
Median 710 85.0 85.0 100.5
» RME .
- Day57(Week 8),N 125 131 134 64
Mean + SD 854379 9351506 99.0+ 429 1114£529°
Median 80.6 84.0 90.5 11LS
Range C 1
Day 85 (Week 12), N 132 132 138 67 :
Meaa + SD 87.2+44.1 964527 99.1 £42.2 1116+£5190"
Median 715 8%.0 95.5 1070
Range r |

! Normal range is for premenopausal women (se¢ Section 9.5.4)

'P<0.05, *P<001, **P<0.001, ***P<0.0001 for comparison of LS means for each Bio-E-Gel treatment group with

placebo {Dunncit’s test).
Cross Reference:  Study ESST005 CSR Stat. Table 14.2.54, Appendix 16.2.5.4

Trough E2, E1, and E1-S levels in phase 3 trial patients. .

Trough E2, E1, E1-S, and SHBG levels were collected in the phase 3 trial (EST005) at baseline,
4 weeks, 8 weeks, and 12 weeks after start of Bio-E-Gel therapy. The figure below shows the
median values at baseline (Day 1), week 4, week 8, and week 12 for patients receiving placebo,
or 0.87, 1.7, and 2.6 g/day Bio-E-Gel. E2, E1, and E1-S levels were similar from week 4 to 12.
Higher dose of Bio-E-Gel resulted in higher concentrations of E2, E1, and E1-S. The median E2,
E1. and E1-S were similar between week 4 and week twelve, suggesting that steady state was
reached by week 4 in these patients. Note that the individual levels were highly variable with a
large range (see Table 5). Also the mean estradiol steady state pre-dose concentrations did not

always increase with increasing Bio-E-Gel dose. However, they are always clearly higher than

placebo.

Appears This Way

On Original
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Figure 6: Median Trough Serum Concentrations of Estradiol, Estrone, Estrone Sulfate, and
SHBG (Study EST005) (ITT -Observed Data Set).
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Table 5: Trough serum concentrations of estradiol, estrone, and estrone sulfate over time

(EST005).
Hormose
[Noermal " Bio-E~Gel Bio-E-Gel Bio-E-Gel
Range]* Evaluation Placebo 0.87 g/day 1.7 g/day 2.6 giday
Estradiol Day I[N 136 133 . 142 68
130-300] Mean £ SD 124+ 10.6 13.2% 148 11.2 £ 101 97429
(pg/mL) Median 9.0 9.0 9.0 - 90
Range -
Day 29 (Week 4}, N 131 130 136 67
Mean % SD 33181 30423537 417£734™ 3584338 ¢
Median 9.0 19.0 23.0 210
Range C _
Day 57 (Week 8), N 123 130 132 64
Mean + SD 123£156 310355 427990 12419
Median 9.0 19.0 23.0 260
Range C -
Day 85 (Week 12), N 128 131 138 67
Mean + SD 1432280  343x4387 3872423 408£37177
Median 9.0 20.0 235 290
Range
Estrene Day I, N 135 i30 139 67
[30-1601 Mean + SD 16.1 £ 10.4 155+79 162485 192%11.0
(pefmbL Median 14.0 14.0 150 17.0
Range E - _
Day 29 (Week 4), N 130 125 133 64
Mean + SD 17.8+249  354%203™ 47.1£269" 78.0 £44.6™
Median 15.0 32.0 450 73.5
Raage .
Day 57 (Week 8), N 123 127 129 62
Mean + SD 724189  37.6+204" 4994288 826 +48.7"
Median 15.0 140 430 69.5
Range 3 _
Day 85 (Week 12), N 127 126 132 66
Mean + SD 1942176 3972242 51.6+£30.9"" 85.5+52.6
Median 16.0 340 455 82.0
Range _
Estrone Day I, N 136 134 142 68
sulfate Mean + SD 401 273 438 +257 370+ 161 450 £471
{650-3606} Median .320 370 355 350
(pg/mL Range L -
Day 29 (Week 4), N~ 131 132 136 68
Mean + SD 421 £ 457 11851083 1350 804" 2213 £ 1844°
Median 340 930 1210 1635
Range
Day 57 (Weck 8), N 125 129 133 . 64 o
Mean £ SD 400£333  12032878""  1446£9647 2201217357
Median 330 1000 1260 - 1780
Range (.
Day 85 (Week 12), N 130 - 18 136 67
Mean + SD 444+ 424 1338 £ 12777 1464 £1028°" 2284+ 1792
Median 345 1030 1355 1930
Range | 7

"7 Normal range is for premenopausal women (see Section 9.5.4)
1p<0.05, *P<0.01, *+P<0.001, ***P<0.0001 for comparison of LS means for cach Bio-E-~Gel treatment group

with placebo {Dunnett’s {est).
Cross Reference:

NDA Section 8, V26
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2.2.2 What are the single dose and muitiple dose PK parameters for estradiof?

~ Estradiol C,,,, and AUCg.,4 at steady state were approximately 2-fold higher than following a
single dose indicating an accumulation factor of approximately 2. The following table shows a
summary of PK parameters for single and multiple dose of Bio-E-Gel.

Table 6: Unadjusted estradiol PK parameters for all doses examined

Single dose PK (Day 1)°

D

Dose AUCoq.04 Cinax Cave Cain Trmax
fday | (pg*h/mL) (pg/mL) - | (pg/ml) {pg/mL) (h)
.87° | 179.0+113.0 | 13.0¢64 | 82142 2.9+39 18

: : (2-20)
1.7° | 421922963 | 3144229 | 1764123 | 4.7+82 20
(4-24)

ND

ND

ND

Multiple dose, steady state PK® (Day 14 or 15)
b

Dose AUCo.24 max ave Chrin Toax Fluctuation | E2:E1 ratio®
g/day | (pg*h/mlL) {pg/mL) {pg/mL.) (pg/mL) (h) index’
.87° | 335.2+166.0 | 21.6%13.7 16.4+5.4 94429 18 0.80 0.53
(1-20)
1.7° | 940.24623.8 | 66.7+38.3 | 39.2¢26.0 | 21.1+15.0 4 1.16 0.98
(1-20)
267 17836 £ 157.8+107. | 74.3+39.2 NC 4 NC 1.30
939.9 9 2-4)

[ mean + SD unless indicated otherwise; ° Median and range; ° from EST007;

from EST008 Day 15 data; ©

from EST003; ND = no data. NC = not calculated. | Fluctuation index = (mean Cpax — mean Cmin)mean Caye.
9 E2:E1 ratio was calculated based on the Cave values at steady state on Day 14. Shaded areas are from

application to the thigh.

2.2.3 Whatis the estradiol exposure following Bio-E-Gel application relative to that of other

approved estradiol topical products?

The following table summarizes the PK parameters in the label of other approved estradio!
products (rounded to the nearest integer) along with those of Bio-E-Gel for comparison. The
estradiol exposure following 0.87 g/day Bio-E-Gel was the lowest with C,,. less than Climara and
Vivelle patches labeled as 0.025 mg/day. The 1.7 g dose resulted in exposure comparable to that

- of Climara 0.05 mg/day, higher than Estrogel 1.25 g, but interestingly was less than Vivelle
0.0375 mg/day. The 2.6 g dose was similar to Vivelle 0.075 mg/day patch and less than the 0.1
mg patches. Estrasorb labeled as 0.05 mg/day only had trough values in its label, but the value of
70.2 pg/mi suggest its delivery was similar to patches tabeled as 0.075 —- 0.1 mg/day. Overall,
lowest dose of Bio-E-Gel provides exposure that is the lowest of approved topical estradiol
products and the highest dose results in exposures lower than the highest currently approved
product. '
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Table 7: PK parameters for Bio-E-Gel and other topicat estradiol products listed in the
PDR.

Drug Strength AUC ) Crnax Cumin Cave Cave
(mg/day or (pg.h/mi) {pg/ml) (pg/mi) (pg/mL}) Rank
as
indicated) )
Climara 0.025 32 17 22 2
Climara . 0.05 - 71 29 41
Climara 0.1 147 60 87
Climara 0.1 174 71 106
(applied to '
buttock) .
Vivelle 0.025 46 30 34 4
Vivelle 0.0375 83 41 57 7
Vivelle 0.075 ' 99 60 72 8
Vivelle 0.1 133 90 89 11
Vivelle 0.1 145 85 104 12
(applied to
buttock) ,
Estrasorb 0.05 70.2
Estrogel 125¢g 46.4 28.3 3
Vagifem 0.025 563 49
tablet
Bio-E-Gel 0.87g 335 . 22 9 15 1
Bio-E-Gel 1.7g 940 67 21 39 5
Bio-E-Gel 26g ' 1784 - 158 36 74 9

2.2.4 What are the characteristics of ADME?

Bio-E-Gel rate and extent of absorption is summarized in table 6 in the above section. Note that
data for the 1.25 and 2.5 g/day doses (study EST003) were from application to the front and inner
“thigh area. All other doses were applied to the upper arm, same as in the sponsor’s proposed
label.

Bio-E-Gel has an apparent long half-life (means of 55 -75 hours) that is longer than the known
biological half life of estradiol. This may partly be due to a slow absorption rate from the gel or
skin reservoir and endogenous estradiol production and suggests an absorption rate limited
elimination. :

The distribution, metabolism and excretion of estradiol are well known and have been
summarized in the Guidance for industry: Noncontraceptive Estrogen Drug Products for the
Treatment of Vasomotor Symptoms and Vulvar and Vaginal Atrophy Symptoms - Recommended
Prescribing Information for Health Care Providers and Patient Labeling. The following paragraphs
are from the guidance. '

The distribution. of exogenous estrogens is similar to that of endogenous estrogens.
Estrogens are widely distributed in the body and are generally found in higher
concentrations in the sex hormone target organs. Estrogens circulate in the blood fargely
bound to sex hormone binding globulin (SHBG) and albumin.

Exogenous estrogens are metabolized in the same manner as endogenous estrogens.

Circulating estrogens exist in a dynamic equilibrium of metabolic interconversions. These
transformations take place mainly in the liver. Estradiol is converted reversibly to estrone,
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and both can be converted to estriol, which is the major urinary metabolite. Estrogens
also undergo enterohepatic recirculation via sulfate and glucuronide conjugation in the
liver, biliary secretion of conjugates into the intestine, and hydrolysis in the intestine
followed by reabsorption. in postmenopausal women, a significant proportion of the
circulating estrogens exist as sulfate conjugates, especially estrone sulfate, which serves
as a circulating reservoir for the formation of more active estrogens.

Estradiol, estrone, and estriol are excreted in the urine along with glucuronide and sulfate
conjugates.

2.2.5 Whatis the linearity or nonlinearity of dose-concentration relationship?

Concentration increases with dose but the increase is greater than proportional. Based on
studies EST007 and EST008, the mean C,.y, Cave, and AUC, 4 of estradiol increased with
increasing daily dose from 0.87 g to 2.6 grams. The steady state exposure (AUC) appeared to
increase linearly but not proportionally. There is a greater than proportional increase in exposure
as dose increase. For example, AUC .4 increased from 335.2 + 166.0 pg*h/mL to 940.2 + 623.8,
a 2.8-fold increase, when dose was increased 2-fold from 0.87 g to 1.7 g. Additionally, in study:
EST008, where the 2.6 g dose (a 50% increase compare to the 1.7 g dose) was applied to the
upper arm, the AUCq,4 was 1783.6 + 939.9 pg*h/mL (pooling of both Bio-E-Gel only groups on
day 15), representing a 90% increase in exposure compared to the 1.7 g dose.

Figure 7 shows the steady state estradiol AUC.,, following 0.87, 1 .7, and 2.6 gram/day Bio-E-Gel
applied to the upper arm and the linear regression line for dose-AUC relationship. Data for 1.25
and 2.5 gram applied to the front and inner thigh are also plotted for comparison.

Figure 7: Bio-E-Gel Dose-Unadjusted estradiol AUC relationship

Dose-AUC reiafionship
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'2.2.6  Does application site have an effect on drug absorption?

There is some evidence of an effect of application site on Bio-E-Gel PK, but it should not affect
the acceptability of this application. The spansor presented AUC data for dose range of 0.87 —
2.5 g/day showing increased exposure with increasing dose regardless of site (see fig. 8) and
suggested that site of application may not play a major role. While this appears to be the case for
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the mentioned range, the 2.6 g/day data (upper arm) showed-a much greater exposure compared
to the 2.5 g/day dose (thigh), indicating a potential application site effect. The different slope of
the AUC vs. Dose plots for the 2 sites as shown in section 2.2.5 above also indicates a potential
site effect on Bio-E-Gel's E2 exposure. Additionally, the estimated half life in subjects who applied
to the thigh area was higher than those applied to the arm (see section 2.2.1), suggesting that the
site of application may have affected the rate of absorption since the long haif-lives in both groups
are thought to be partly due to slow absorption rate. Two caveats are that these are cross study
comparisons and estradiol levels are highly variable.

Figure 8: sponsor’s plot of average serum E2 concentrations (unadjusted) and AUC,.,4
(unadjusted) after multiple doses of 0.87, 1.25, 1.7, and 2.5 g Bio-E-Gel.
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This lack of clear understanding should not affect the acceptability of this NDA because the
sponsor is seeking only application to the upper arm, which is the site that was used in the phase
3 trial. However, comparisons of exposures at different doses from the arm and the thigh clearly
show that these 2 sites cannot be concluded to result in equivalent exposure at this time. Nor is
the sponsor seeking this claim in this application.

2.2.7 What are the design features of the clinical pharmacology and clinical studies used to
support dosing or claims?

Pharmacokinetics of Bio-E-Gel has been evaluated at the same doses (0.87, 1.7, and 2.6 g/day),
administration schedule (once daily), and site of application (upper arm) as the phase 3 trial
(ESTO005). In phase 1 studies, E2, E1, and E1-S concentrations were examined for 24 hours after
the first dose (for 0.87 g and 1.7 g doses) and at steady state for alt 3 doses (Day 14 or 15). The
PK analysis showed that estradiol levels increased following Bio-E-Gel application and the ratio of
estradiol:estrone approached 1 with the 1.7 g/day dose. This ratio further increases to 1.3 with
the 2.6 g/day dose (EST008). The proposed [ 1 administration are identical to that
tested in the phase 3 trial EST005. Additionally, pre-dose sampling done in study EST005 at
week 4, week 8, and week 12 indicated Bio-E-Gel was bioavailable in the systemic circulation
‘following topical application.

2.2.8 Are the active moieties in the plasma (or other biological fluids) appropriately identified

and measured to assess pharmacokinetic parameters and exposure response
relationship?
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Yes. Serum concentrations of estradiol and its metabolites, estrone and estrone sulfate, were

characterized following Bio-E-Gel application. A summary of assays used and method validations

can be found in section 2.5: General Biopharmaceutics.

229 What are the characteristics of the dose-response relationship for efficacy?
Assessment of dose response was evaluated based mainly on Phase 3 trial EST005. Phase 2

trial EST004, a dose finding study of only 4 weeks duration, provided supporting safety data.

Vasomotor Symptoms:

The currently FDA recommended 2 co-primary endpoints for VMS are 1) reduction in moderate--
to-severe hot flush frequency and 2) reduction in moderate-to-severe hot flush severity at week 4

and 12. The primary endpoints should show statistical significant and in the case of frequency

show a clinically significant reduction in frequency of at least two moderate to severe hot flushes

above placebo.

Table 8 shows the mean changes at the primary endpoints of week 4 and week 12. Tables 9 and
10 show changes at all weekly intervals. The mean changes in daily moderate-to-severe hot flush
rate or severity increased with time until apparent plateaus were reached in all groups, including

placebo. The 2 higher doses of 1.7 and 2.6 g/day had statistically significant changes at both

.week 4 and week 12. The lowest dose of 0.87 g/day did not meet statistical significance at week

4 but did so at week 5 and week 12.

There appears to be a positive dose-response relationship relative to mean change in daily

moderate-to-severe hot flush rate. Placebo, 0.87 g, 1.7 g, and 2.6 g doses reduced the daily

moderate-to-severe hot flush rate by means of 5.4, 6.6, 8.2, and 9.5 at 4-week and by 6.1, 9.1,

10.7, and 11.3 at week 12, respectively (Table 8 and fig. 9).

There also appears to be a positive dose-response relationship with the reduction in daily hot

flush severity (Table 8 and fig. 10). -

Table 8: Mean change from baseline in daily moderate-to-severe hot flush rate and hot

flush severity at week 4 and week 12 (Study EST005) (ITT-LOCF)

Bio-E-Gel Bio-E-Gel Bio-E-Gel
~ Placebo 0.87 g/day 1.7 g/day 2.6 g/day
Evaluation (N=1371 =136) (N=142) (N=69}
Daily Moderate-to-Severe Hot Flush Rate
Baseline (Mean + SD)* 135£45 133+4.6 13.1+£65 129445
© Week 4 54 6.6 ~8. 294+ 9 5exe
Week 12 -6.1 -9 1%+ —10.74++ —~1 134+
. : Daily Hot Flush Severity™ '
Baseline (Mean £ SD)® 24+03 24+03 24£03 2403
Week 4 -0.3 0.5 744 —1.0%%¢
Week 12 ~0.4 ~0. 9%+ ~1.3%%¢ ~1.6%*

* Differences from baseline to cach week based on LS means derived from the ANCOVA model with factors

. for baseline, freatment, and site, and for hot flush rate also treatment-by-baseline interaction..
Unadjusted means and standard deviations. Baseline based on the first 14 days of the Screening Period.

“ Severity score: O=none, 1=mild, 2=moderate, I=severe.
SD: standard deviation : _
*4*£<B.6001 for treatment comparison with placebo (Dungett's test).

Cross reference: Study EST00S (Synopsis)
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Table 9: Mean change from baseline in daily moderate-to-severe hot flush rate

Mean Change From Baseline™”

Bio-E-Gel _ Bio-E-Gel Bio-E-Gel Placebo

Evaluation 0.87 gram/day 1.7 gram/day 2.6 gram/day N =137
N =137 N =142 N =69

Baseline
(Mean £ SD)° 13.3%46 131%6.5 129+45 13545
Placebo Lead-In -2.6 27 27 -3.0
Week 1 -3.4 2.3 -3.0 -4.0
Week 2 -46 47 -5.8 47
Week 3 57 6.9 8.4 5.2
Week 4 -6.6 82" 95 -5.4
Week 5 a7 90 -10.0 -55
Week 6 79 95 -10.4 -5.7
Week 7 -85 -99 -10.9 6.0
Week 8 86 101 110 -6.0
Week 9 87 -10.3 -1104 -6.0
Week 10 90 -10.5 1137 -6.0
Week 11 90 -10.5 113 -6.1
Week 12 91 -10.7 -11.3 -6.1

Source:” Adapted by Dr. Theresa H. van der Viugt from NDA 21-813/S-000, Table 11.4-1, Section 8, Volume 26, page 83

(page 103 of 369).

a. Differences from baseline to each week based on LS means derived from the ANCOVA model with factors for
baseline, treatment, site, and treatment-by-baseline interaction.
b. Unadjusted means and standard deviation. Baseline based on the first 14 days of the screening penod
* P<0.01 for treatment comparison with placebo (Dunnett's test).
**  P<0.001 for treatment comparison with placebo (Dunnett's test).
***  P<0.0001for treatment-comparison with placebo (Dunnett's test).

Table 10: Mean change from baseline in hot flush severity

Mean Change From Baseline®’

Bio-E-Gel Bio-E-Gel Bio-E-Gel Placebo

Evaluation 0.87 gram/day 1.7 gram/day 2.6 gram/day N=137
N =137 N=142 N =69

Baseline
(Mean £ SD)° 24+03 2403 24%0.3 24+03
Placebo Lead-in -0.1 -01 -0.1 -0.1
Week 1 -0.2 -0.1 -0.1 -0.2
Week 2 -0.2 -0.3 -0.47 -0.2
Week 3 -0.3 -05 -0.7 -0.3
Week 4 -0.5 -0.7 -01 03
Week 5 0.6 -0.8 -1.1 -0.3
Week 6 06 -0.9 1.2 -0.3
Week 7 07 1.0 13 -0.3
Week 8 07 1.1 14 -0.3
Week 9 -0.8" -1.1 -15 -0.3
Week 10 -0.8 127 -16 0.3
Week 11 09 12 15 -0.3
Week 12 09" 13" 1.6 -0.4

Source: Adapted by Dr. Theresa H. van der Viugt from NDA 21-813/S-000, Table 11.4-2, Section 8, Volume 26, page 86

(page 105 of 369).

a. Differences from baseline to each week based on LS means derived from the ANCOVA model with factors for
baseline, freatment, and site.

oo

Severity score: 0=none, 1=mild, 2=moderate, 3=severe.
Unadjusted means.and standard deviation. Baseline based on the first 14 days of the screening period.
p<0.05 for treatment comparison with placebo (Dunnett's test).
P<0.01 for treatment comparison with placebo (Dunnett’s test).

20




**  P<0.001 for treatment comparison with placebo (Dunnett's test).
**  P<0.0001 for treatment comparison with placebo (Dunnett's test).

Figure 9: Dose-reduction on hot flush rate relationship
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Vulvar and Vaginal Atrophy:

The éurrently FDA recommended primary endpoints for VVA includes 3 co-primary endpoints
listed below. :

1. The mean change from baseline to week 12 in the vaginal maturation index (superficial
and parabasal cells). For study inclusion, study participants would have no greater than
5 percent superficial cells on a vaginal smear at baseline. The primary efficacy analysis
should show a statistically significant increase in superficial cells and a statistically
significant decrease in parabasal cells.
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The mean change from baseline to week 12 in vaginal pH. For study inclusion, study
participants should have a vaginal pH > 5.0 at baseline. The primary efficacy analysis
should show a statistically significant lowering of vaginal pH. »

The mean change from baseline to week 12 in the moderate to severe self-assessed
symptom identified by the subject as being the most bothersome to her. For study
inclusion, study participants would have self-identified at least one moderate to severe
vulvar and vaginal atrophy symptom. The primary efficacy analysis should:show
statistically significant improvement in the moderate to severe symptom identified by the
subject as most bothersome. The recommended subject self-assessed symptoms of
vulvar and vaginal atrophy include:

1.
2

3.

Vaginal dryness (categorized as none, mild, moderate or severe). .
Vaginal and/or vulvar irritation/itching (categorized as none, mild, moderate or
severe). :

Dysuria (categorized as none, mild, moderate or severe).

Vaginal pain associated with sexual activity (categorized as none, mild, moderate or
severe). . '

Vaginal bleeding associated with sexual activity (categorized as none, mild, moderate
or severe).
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In summary, there were apparent positive dose-response relationships for both co-primary
endpoints for VMS. [~ , 1
C |

C I .

2.2.10 What are the characteristics of the dose-response relationship for safety?

The main data used to assess exposure-safety response was trial ES005.

Significant adverse events:

In study ESTO005, there were 6 cases of endometrial hyperplasia reported. They were: one case
of complex hyperplasia with atypia in the Bio-E-Gel 1.7 gram per day treatment group (incidence

rate of 1.05%, one case per 95 subjects with a uterus) and five cases of simple hyperplasia in the
Bio-E-Gel 2.6 gram per day treatment group (incidence rate of 11.1%, five cases per 45 subjects
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with a uterus). None were reported for the 0.87 g/day dose or placebo. The higher rate of
endometrial hyperplasia in the highest dose of 2.6 g/day represents a significant safety risk[C 7]

L

Common adverse events:

As shown in table 14, the most common adverse events are related to reproductive system and
breast. There was also an apparent dose dependent increase in frequency of adverse events in
this class. The rate increased from 9.5% for placebo to 15.4, 28.9, and 46.5% for 0.87, 1.7, and
2.6 g/day doses, respectively. The only other system organ class that showed a positive dose-
adverse event relationship was the nervous system, where there were adverse event rates of 5.1,
8.5, and 10.1% for 0.87, 1.7, and 2.6 g/day doses, respectively while the placebo rate was 6.6%.
' Other common classes of adverse events were evenly distributed among the dose groups.

Appears This Way
On Originail
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Table 14: Common adverse event

Number (%) of Subjects

_ Bio-E-Gel Bio-E-Gel Bio-E-Gel
System Organ Class® 0.87 1.7 gram/day | 2.6 gram/day Placebo
gram/day (N = 142) (n=169) {N=137)
(N = 136)

Any adverse event 80 (58.8) 92 (64.8) 47 (68.1) 77 (56.2)
Blood and lymphatic systems 1(0.7) 0 (0) 2(2.9) 1(0.7)
Cardiac disorders 1(0.7) 0 (0) 0(0) 2 (1.5)
Ear and labyrinth disorders 0(0) 2{(1.4) 0 (0) 1(0.7)
Endocrine disorders 1(0.7) 0(0) 0(0) 00
Eye disorders 0 (0) 0(0) 2(2.9) 1(0.7)
Gastrointestinal disorders 19 (14.0) 16 (11.3) 9(13.0) . 9(6.6)
.General disorders and

administration site conditions 15 (11.0) 18 (12.7) 9 (13.0) 12 (8.8)
Hepatobiliary disorders 0 (0) . 0(0) 1(1.4) 0 (0)
Immune system disorders 1(0.7) 0 (0) 0 (0) 3(2.2)
Infections and infestations 2 (1.5) 4 (2.8) 1(1.4) 2(1.5)
Injury, poisoning and ’

procedural complications 1(0.7) 5@3.5) 229 4 (2.9)
Investigations 4(2.9) 5 (3.5) 3(4.3) 4(2.9)
Metabolism and nutrition 322 1(0.7) 1(1.4) 0(0)
disorders

Musculoskeletal and 11 (7.7) 8 (11.6) 15 (10.9)
connective tissue disorders 17 (12.5)

Neoplasms benign, malignant

and unspecified (including 1(0.7) 1(0.7) 1(0.7) 0 (0)
cysts and polyps)

Nervous system disorders 7(5.1) 12 (8.5) 7 (10.1) 9 (6.6)
Psychiatric disorders 0(0) 4(2.8) 3(4.3) 1(0.7)
Renal and urinary disorders 53.7) 321 2(2.9) 6(4.4)
Reproductive system and '

breast disorders 21(15.9) 41 (28.9) 32 (46.4) 13 (9.5)
Respiratory, thoracic and .
- Mediastinal disorders - 34 (25.0) 29 (20.4) 10 (14.5) 27 (19.7)
Skin and subcutaneous tissue '

disorders 10 (7.4) 8 (5.6) 4 (5.8) 9 (6.6)
Surgical and medical 0 (0) 0 (0) 00 3(2.2)
procedures '

Vascular disorders 0 (0) 0(0) 0 (0) 2 (1.5)

Source: Adapted by Dr. Theresa H. van der Viugt

119 (page 139 of 369).

a. A subject with more than one event represented b

organ class.

2.2.11 What is the exposure to estradiol following direct contact with a partner?

~ Skin-to-skin contact (vigorous arm-to-arm contact where the
for 5 minutes at 2 and 8 hour post Bio-E

from NDA 21-813/S-000 Section 8, Volume 26, Table 12.2-1, page

Yy a given system orgén class is counted only once for that system

gel was applied) with a male partner
~Gel application was studied in EST006.

No significant changes in E2 serum concentration was observed in male subjects following skin-
to-skin drug contact. Post skin-to-skin drug contact (Day 1) E2 concentrations in male partners
were similar to and followed a similar circadian patter as the day before drug contact (Day -1).
Exposure of E2 (described as AUCq .4, Cmax and C,y.) was not significantly different between Day
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-1 and Day 1. No differences in exposures between groups were observed when Day -1 and Day
1. PK parameters were calculated based on adjustment of concentrations for baseline using the 0
h concentration for the respective Day.

2.2.12 What is the effect of washing on residual estradiol on the skin?

The mean percent of E2 recovered from the skin at 2 and 8 h post-application was 4.6 + 4.0 %
and 7.8 + 5.8 % of the applied dose of £2, respectively. Washing the application area with soap
and water 8 h post-application decreased the percent of E2 recovered from the skin to
approximately[” J% of the applied dose. This suggests that washing of the application site area
substantially decreased the potential for transfer of Bio-E-Gel.

Thus it appears that even though absorption of Bio-E-Gel through partner transfer was not
detected in this study, residual skin estradiol was present at 2 and 8 hours post application and
washing the area can reduce the amount of residual estradiol. :

The effect of washing on the absorption of Bio-E-Gel was not examined. However, the ldw
residual E2 level at 2 hour post application suggests that washing the application site at 2 hour
post application should not significantly affect Bio-E-Gel absorption. Therefore, it is recommended ,

that patients wait at least 2 hours before washing.

2.2.13 s the calculation of in vivo delivery rate acceptable?

. Sponsor used the same calculation method that was applied in NDA 21-367 (Estradiol Acetate
Vaginal Ring) and was found acceptable by the Office of Clinical Pharmacology. The nominal
delivery rate was calculated using the following equation:

Nominal delivery (mg/24 h) = CL (1280 L/d) x Cave (pg/mL) x 1000 mL/L x 1 mg/10° pg (Eq. 1)

The following table shows the summary of apparent in vivo delivery rates following application of

Bio-E-Gel:

Table 15: Estradiol in vivo delivery rate estimates

Study Dose of gel applied Baseline-adjusted Nominal in vivo
(dose of estradiol) Cave at steady state estradiol delivery
(pg/mL) (mg/24 h)
Mean + SD
EST007 0.87 g (0.52 mg) 92455 0.012
1.79(1.02 31.9+23.1 0.041
EST008 (group 1 and | 2.6 g (1.56 mg) 60.0 £ 38.4 0.077

2 combined on day
15)

?1n study EST003 (shaded rows), Bio-E-Gel was applied to the front and inner thigh instead of

the upper arms that was used in all other studies.

Study EST008 was a sunscreen effect study. The data included in the above table are from day
15 Bio-E-Gel only control group where 2.6 g Bio-E-Gel was applied to the upper arm once daily

for 15 days.
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2.3 Intrinsic Fact_ors

2.3.1 ° What intrinsic factors influence response and what is the impact of any differences in
exposure on efficacy or safety response?

Bio-E-Gel was irivestigated only in postmenopausal women with normal hepatic .and renal
function. No attempt was made to evaluate the effect of factors such as age and hepatic and
renal impairment on Bio-E-Gel PK in this NDA. '

2.4  Extrinsic Factors
241 What drug interactions may affect the PK of Bio-E-Gel?

Sponsor did not conduct drug interaction studies. However, estrogen is known to be partially
metabolized by CYP3A4. Therefore inducer and inhibitor of CYP3A4 may affect the metabolism
of Bio-E-Gel. FDA Guidance for Industry: Noncontraceptive Estrogen Drug Products for the
Treatment of Vasomotor Symptoms and Vulvar and Vaginal Atrophy Symptoms - Recommended
Prescribing Information for Health Care Providers and Patient Labeling recommend the following
to be included in the labei.

Invitro and in vivo studies have shown that estrogens are metabolized partially by
cytochrome P450 3A4 (CYP3A4). Therefore, inducers or inhibitors of CYP3A4 may affect
estrogen drug metabolism. inducers of CYP3A4, such as St. John's Wort preparations
(Hypericum perforatum), phenobarbital, carbamazepine, and rifampin, may reduce
plasma concentrations of estrogens, possibly resulting in a decrease in therapeutic
effects and/or changes in the uterine bleeding profile. Inhibitors of CYP3A4, such as
erythromycin, clarithromycin, ketoconazole, itraconazole, ritonavir, and grapefruit juice,
may increase plasma concentrations of estrogens and result in side effects.

242 What acute effect does sunscreen application has on the absorption of Bio-E-Gel?

Sponsor submitted study EST008 that examined the effect of sunscreen application 10 minutes
prior or 25 minutes after Bio-E-Gel application on estradiol serum concentration. This was a 2-
group, cross over study where Bio-E-Gel 2.6 g/day was applied daily for 15 days to establish
steady state level for Bio-E-Gel alone. This was immediately followed by 7 daily applications (Day
16 — 22) where Bio-E-Gel was applied 10 minutes after or 25 minute before application of
sunscreen. Concentration profile at the end of concomitant sunscreen application period (i.e., Day
22) was used to determine the effect of sunscreen. The cross over study continues with Bio-E-
Gel only on days 23 — 37 and Bio-E-Gel with sunscreen on days 38 — 44. A more detailed review
of EST008 can be found in the appendix section.

When the sunscreen (T J(SPF 30 UV A,UVB) sunscreen lotion) was applied 10 min before
the application of Bio-E-Gel, there were increases in E2, E1, and E1-S average serum
concentrations of approximately 55%, 34% and 36%, respectively. When sunscreen was applied
25 min after Bio-E-Gel application, there were no clinically significant changes in the E2, El, and
E1S average serum concentrations. The mechanism of this interaction is not known.

2.43 Does prolonged application of sunscreen (e.g., daily for 7 days) have an effect on
subsequent applications of Bio-E-Gel?

This question was raised since it was also noted in study ESTO008 that exposure (AUCg ,,) to E2
in Bio-E-Gel only subjects was  -fold higher on Day 37 compared to Day 15, where sunscreen
was also applied on days 16 — 22, either before or after Bio-E-Gel application. it is not clear why
there is this significant increase on Day 37 relative to Day 15.
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Estradiol has been shown to cause an increase in level of sex hormone binding globulins (SHBG)
that may lead to increased total serum estradiol due to its binding to SHBG. However,
transdermal application of estradiol has been generally reported to not significantly affect SHBG
level. Additionally, in this NDA, study EST003 showed that SHBG level only increased slightly
from a baseline level of 72.5 nM to 77.83 and 88.83 nM after 7 and 14 daily applications of 2.5
-g/day Bio-E-Gel. Similarly, study EST005 showed that circulating SHBG serum concentration
were increased slightly compared to placebo in the Bio-E-Gel 0.87 g/day and 1.7 g/day dose
groups and were statistically significantly increased in the Bio-E-Gel 2.6 g/day dose group
beginning at week 4. However, all mean trough levels of SHBG (85 — 111 nM) were similar to
placebo group (~80nM) and fell within the normal range (40 — 120 nM). This reviewer agrees with
the sponsor’s calculation that SHBG level could increase by approximately 15% from day 15 to
37 while on Bio-E-Gel. This indicates that SHBG can account for < 15% of the observed 110%
increase in E2 AUCq_,.

Could a 3 weeks time between day 15 and Day 37 caused a shift in baseline and led to the ,
apparent period effect? Sponsor proposed this could be the case. This reviewer does not concur
since the phase 3 study EST005 showed that E2 trough levels were similar between week 4,8, )
and 12 — a more prolonged period than the 3 weeks in EST008. This data suggest that there is no
period effect when Bio-E-Gel is applied without sunscreen.

Sponsor also proposed several other explanations for the increase exposure in the second
period:

* The technician applying Bio-E-Gel in EST008 may have improved skills over the period of
time and that there are 2 addition steps (e.g., weighing and transfer to the technician gloved
hand before application) that represents potential source of error and possible improvement
over time. While this is possible, it is unlikely-as the technicians are trained and the procedure
is not complicated (pump, weigh to make sure pumping was accurate, and transfer to site of
application and spread). Furthermore, the extra step of weighing is meant to increase
consistency among applications. :

¢ Sponsor commented that it is reassuring that trough E2 levels in EST005 were similar at 4,8
and 12 week. This reviewer agrees; however since study EST005 did not include sunscreen
application it does not help explain what will occur in patients that use sunscreen.

* - Sponsor noted that literature reports indicate that sunscreen absorption is negligible and
chance of interaction between Bio-E-Gel and sunscreen applied a week earlier. However, an
ideal sunscreen would impregnate the stratum corneum and create a UV protective layer.
This possibly may alter the top layer of skin to allow better absorption of Bio-E-Gel, which is
suggested by the effect of sunscreen application prior to Bio-E-Gel. It is also theoretically
possible that this effect is greater with multiple applications and E2 accumulates over time.

¢ The increase on Day 37 may be due to very high AUC by subject 103 (AUC for subject 103
was 10202 pg*h/mL while the mean for the entire group was 3670 pg*h/mL). However, even
if this subject is removed, which is not appropriate, the ratio of mean AUCq., on Day 37 and
Day 15 for Bio-E-Gel alone was still 1.7 or 70% increase.

Could the 1 week application of sunscreen affect the absorption of Bio-E-Gel during the 2 weeks
period following discontinuation of sunscreen? Of the possible explanations by FDA and sponsor,
the only feasible one is SHBG, which only can account for up to about 15% of the increase. The
period effect due to Bio-E-Gel alone and technical application improvement over time is possible
but not likely. By deduction, it appears that the 7 days of sunscreen application on days 16 — 22
may have contributed a majority of the increase in Bio-E-Gel bioavailability on day 37. The
mechanism of this proposed phenomenon is not known.

Based on these results, it is recommended that occasional sunscreen users should not apply

sunscreen to the same site prior to Bio-E-Gel application and only apply sunscreen at least 25
minutes after Bio-E-Gel application: Daily application of sunscreen to site of Bio-E-Gel application
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may lead to increased estradiol serum concentrations following Bio-E-Gel application even if
sunscreen use is discontinued.

2.5 General Biopharmaceutics
2.5.1 Is the to-be-marketed formulation identical to the one used for the phase 3 efficacy trials?

Yes.

2.5.2 What is the formulation?

The table below shows the proposed commercial formulation for Bio-E-Gel. This formulation is
the same one used in phase 2 and 3 clinical studies and all phase 1 studies that are being used
to support the NDA. ’

Tal_)lq 16: Final formulation of Bio-E-Gel

Component - Y% wiw
Estradiol, USP : ' 0.06%
Ethanol, [ a
Propylene glycol , _
Diethylene glycol monoethyl ether [ 3
' 2 (Carbomer® 940)
Triethanolamine 3
Purified water ‘
Edetate disodium

2.5.3 What are the proposed in vitro release rate method and specification and how do these
assure in vivo performance and quality of the product?

The in vitro release specifications are reviewed by ONDQA. Please refer to Dr. Zhengfang Ge's
review.

Note: The in vitro release test has not been vélidated to predict in vivo performance. Additionally,
the in vitro release testing, alone, is not a surrogate test for in vivo bioavailability or
bioequivalence, according to FDA Guidance for Industry SUPAC-SS (1997).

254 Is druQ delivery similar between the metered dose pump andE A2

L | | N
[ | '
Specifications for the pumps are

Single actuation 0879 ~ %

Mean weight of 10 actuations 0.87g /%
' With NMT _#% of single actuation can be outside this range.

JRSSEEESS Y
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2.6  Analytical Section
261 What bioanalytical methods were used to assess concentrations?

1) A radioimmunoassay assay (RIA) was used to quantitative assessment of estradiol,
estrone, and estrone sulfate in serum.

Estradiol: After liquid extraction and ] chromatography, estradiol was measured using a
radioimmunoassay with a specific anti-estradiol antibody. The anti-estradiol antibody did not
cross react with a panel of estrogens and steroids with the exception of estrone (1.3%) and estriol
(0.6%). The combination of specific antibody and, 1 chromatography allows for a
sensitive assay and reduces cross-reactivity. Recovery is monitored for each individual sample
via spiking of tritium labeled estradiol and is taken into account during calculation.

Estrone: Estrone samples are also subjected to extraction and_  Jchromatography before RIA.
The antiserum for estrone significantly cross-reacts with estradiol (77%). This was overcome by
effective chromatographic separation. The antiserum for estrone also cross reacted with other
steroids at level of 3.5% or less. Individual recovery was monitored via spiked tritiated estrone
and used during calculation.

Estrone sulfate: Estrone sulfate was measured as estrone by above radicimmunoassay following
enzymatic hydrolysis of estrone sulfate into estrone by a 16-hour incubation with sulfatase at 42
degree Celsius. Individual recovery was monitored using tritiated estrone sulfate.

Sex hormone binding globulin (SHBG): SHBG was measured by immunoradiometric assay
(IRMA).

2) An LC/MS/MS method was used to assess estradiol concentration in the swabs that were
used in study EST006.C ] was used as the internal standard. The assay has a range of
0.50 to 500 ng/mL and 400 to 200,000 ng/mL.

2.6.2 Are the analytical assay methods adequately validated?
Yes. Assays for estradiol, estrone, estrone sulfate, and SHBG were validated assays.

Estradiol assay has a lower limit of quantitation (LOQ) of 1.0 pg/tube or 0.5 ng/dL using a 2 ml
sample volume. Intra-assay variability were 13% and 6.2% at the extremes of the standard range
of 0.5 ng/dL to 30 ng/dL. Inter-assay variations of assay controls were 15% at 2.6 ng/dL, 10% at
13 ng/dL, and 10% at 23 ng/dL. '

Estrone assay has a LOQ of 1.0 pgftube or 0.5 ng/dL using a 2 ml sample volume. Good
precision was obtained for samples range of 0.8 ng/dL to 24 ng/dL with intra-assay variation of
13.9% at both extremes. Inter assay variations of assay controls were 15% at 2.7 ng/dL, 12% at
.12 ng/dL, and 16% at 20 ng/dL.
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Estrone sulfate assay has a LOQ of 2 pg/tube with 15% CV. Intra-assay CV% were 8.0 and 6.1%
for 2 control pools covering high and low levels typically found in a patient population. The assay
has been shown to be valid over a range of 333 — 546 ng/dL of estrone sulfate. inter-assay CV%
ranged from 11.5 to 8.2%.

Estradiol LC/MS/MS assay has a LOQ of 0.5 ng/mL with a CV of 6.64%. intra-assay variability
ranged from 2.12% to 5.16% using spiked samples at 1.50, 150.0, and 350.0 ng/mL. Inter-assay
variability ranged from 1.92 to 6.18% in the concentration range of 0.50 to 500 ng/mL. The range
of 400 to 200,000 ng/mL was partially validated (3 batches) The precision and accuracy were
similar to the lower range.

SHBG IRMA had a typtcal intra-assay precision of approximately 1.2 — 5.3%. The LOQ is about
1.6 nM. .
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3 Detailed Labeling Recommendations

The following are general labeling recommendations:
+ Sunscreen should be applied at least 25 minutes after application of Bio-E-Gel
« Avoid applying sunscreen for 7 days or more to the Bio-E-Gel application area
¢ Include pharmacokinetic parameters for all dose levels
» Include standard deviation bars in the estradiol plot

4 Appendices

4.1 Proposed labeling (Original and Annotated)

Please see final label in DFS if approved at time of action.
4.2 Individual Study Reviews
4.3 Cover sheet and OCPB Filing/Review Form

Please see separate file in DFS.
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Appendix 4.2.1: Study EST007 review

Appendix 4.2.2: Study EST003 review
Appendix 4.2.3: Study ESTO006 review

Appendix 4.2.4: Study ESt008 review
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Study EST 007 Review

This was a phase 1, single-center, open-label, parallel group, randomized study evaluating single
and multiple dose PK profiles in 24 healthy postmenopausal female subjects. Twelve subjects
(Group 1) received 1.7 g/day (1.02 mg E2/day) of Bio-E-Gel and 12 subjects (Group 2) received
0.87 g/day (0.52 mg E2/day) Bio-E-Gel daily for 14 consecutive days (Days 1 — 14). The gel was
applied to the same upper arm area measuring approximately 320 cm” once daily.

Baseline samples were taken on Day -1 (-24 h and -12 h) and Day 0 (0 h prior to dosing). On
Day 1 and 14, PK samples were taken at 0 h (prior to dosing), 1, 2, 4, 6, 8, 12, 16, and 24 h post
dose. The 24 h post dose samples also served as trough level for the next day. Samples for
trough E2 levels were taken on Days 2-5, 7, 9, 11, 13, and 14 prior to gel administration.

Following the last dose on Day 14, samples were also drawn on Days 15 (24 h post dose), 16 (48
h), 18 (96 h), and 20 (144 h) for E2, E1, and E1-S analyses. '

Serum E2, E1, and E1-S were measured using validated radioimmunoassay methods. Sample
values below LOQ were set to zero.

Baseline was calculated by averaging the 3 baseline samples.. For baseline adjusted PK
parameters, the individual subject’s baseline was subtracted from the total serum hormone levels
then PK parameters were calculated from the net level. Negative net levels were set to zero.

Dueto 2 dropduts (1 from each group) and 1 excluded due to missing 2 doses on Days 12 and
13 (subject 108, 1.7 g group), there are data from 10 subjects from Group 1 (1.7 g) and 11
subjects from Group 2 (0.87 g) for PK analysis.

Results:

Estradiol:

First dose PK:

Following a single application of 1.7 g ofBio-E-Ge1, mean serum E2 concentrations increased
from a baseline value of 8.1 + 8.86 pg/mL and reached levels of 25.8 + 15.5 pg/mL at 20 h. For
the 0.87 g dose, mean serum E2 concentrations increased from a baseline value of

5.6 £5.72 pg/mL and reached levels of 12.0 + 7.14 pg/mL at 20 h. Mean unadjusted serum E2

concentrations increased from baseline within the first 2-4 h following a single application of
1.7 g or 0.87 g of Bio-E-Gel. The figure below show the mean E2 concentration after ﬁrst dose.
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Figure 11: Mean unadjusted serum E2 concentrations after a single dose of 0.87 g (n=11)
and 1.7 g (n=10) Bio-E-Gel.
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Trough levels (Day 1 — Day 14):

Following repeated daily applications of 1. 7 g of Bio-E-Gel, mean serum trough E2
concentrations increased rapidly from a Day 1, pre-dose value of 8.1 + 8.86 pg/mL. The trough
level at Day 2 rose to 19.2 + 12.78 pg/mL and a value of 26.4 + 14.6 pg/mL was reached on

Day 14. Sponsor suggested that the upward trend at Day 14 was likely due to data variability and
outlier values from subject 104 and 109. Trough E2 concentrations varied widely from 0 pg/mL to
a high of 86.0 pg/mL over the 14-day sampling period.

The sponsbr indicated that the time to steady-state was estimated by vnsually examining the

median data and pcuuumuy a regression analysis of the mean data. The median data indicated
that a plateau had been reached at the end of Day 2; the regression analyses calculated that
steady-state E2 concentrations were reached at Day 3. Following the last application of 1.7 g of
Bio-E-Gel on Day 14, mean serum E2 concentrations declined to 11.20 + 20.08 pg/mL by 96 h
post dose, which was similar to the pre-dose baseline levels.

Following repeated daily applications of 0.87 g of.Bio-E-Gel, mean serum trough E2
concentrations increased from a Day 1, pre-dose value of 5.55 + 5.72 pg/mL. The trough levels
between Days 2 and 7 increased moderately until a plateau level of 21.36 + 11.43 pg/mL was
reached. The trough E2 value at Day 14 was 11.0 + 5.9 pg/mL. Although the concentration time
curve for trough levels appeared to be trending downward at Day 14, the effect was likely from
the variability observed in the mean data and outlier values in subject 202. Trough E2
concentration data over the 14-day sampling period varied from a low of 0.0 pg/mL to a high of
54.0 pg/mL.

Time to reach steady-state E2 trough concentrations was again estimated by visually examining
the median data and performing a regression analysis of the mean data. The median data
suggested that a plateau had been reached by Days 3 or 4; the regression analyses calculated
that steady-state E2 concentrations were reached at Day 3. Following the last application of 0.87
g.Bio-E-Gel on Day 14, mean serum E2 concentrations declined to 7.27 + 5.35 pg/mL by 96 h
post dose, which was similar to the pre-dose baseline levels.

The figure below shows the mean E2 trough levels over the 14-day sampling period.
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Figure 12: Mean unadjusted trough serum E2 concentrations of 0.87 g (n=11} and 1.7 g
{n=10) Bio-E-Gel (Day 1-14).
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Day 14 PK:

The figure below show the E2 profiles for 24 hour post dose on Day 14. The mean E2
concentrations at the beginning (1.7 g: 26.4 pg/mL; 0.87 g: 11.0 pg/mL) and end

(1.7 g: 34.6 pg/mL; 0.87 g: 15.5 pg/mL) of this 24 h sampling interval were comparable. There
was large fluctuation in mean concentration for the 1.7 g dose.

Figure 13: Mean unadjusted serum E2 concentrations after multiple doses of 0.87 g (n=11)
and 1.7 g (n=10) Bio-E-Gel (Day 14).
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Source: Table 14213
Comparison of Day 1 and Day 14 PK:

After a single 1.7 g dose, the median time to reach maximum concentration (Tmax) was achieved
at 20 h (range: 4 h - 24 h) indicating a prolonged absorption phase. Following repeated
applications the maximum concentration (Cmax) on Day 14 was approximately 2 times greater
than after a single dose. The median T max estimate was approximately 4 h (range: 1 h - 20 h)
on Day 14 and was earlier than the Tmax observed on Day 1. The exposure to E2 (AUCy.,4) was
940.2 £ 623.8 pg*h/mL on Day 14 and was more than double that observed on Day 1 (2.23-fold
increase).

After a single dose of 0.87 g Bio-E-Gel, median Tmax was achieved at 18 h (range: 2 h - 20 h)
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indicating a prolonged or delayed absorption phase. Following multiple applications the
maximum concentration (Cmax) on Day 14 was slightly less than 2 times greater than after a
single dose. The median T max estimate was approximately 18 h (range: 1 h - 20 h) on Day 14
and was comparable to Day 1. The exposure to E2 (AUCy4) on Day 14 was slightly less than
double that observed on Day 1 (1.87 fold increase). '

Following muitiple applications, the unadjusted, dose-dependent E2 parameters (AUCg.54, C
and C,,.) showed simple ratio increases of 2.5 to 3.1 times for the 1.7 g Bio-E-Gel dose as
‘compared to the 0.87 dose. This suggests a greater than dose proportional increase.

maxs

Based on the E2 and E1 Cave values at steady-state, the E2:E1 ratios were 0.53 for the 0.87 g
dose and 0.98 for the 1.7 g dose. The significance of this finding is that the 1.7 g dose corrected
the E2:E1 ratio to that of a premenopausal woman (~ 1.0).

Apparent elimination half-lives from unadjusted serum E2 concentrations for 1.7 g and 0.87 g Bio-
E-Gel were 112.8 £ 216.7 h and 210.1 + 229.7 h, respectively. These half-lives are fonger than
the known biologic half-life of E2, indicating that the calculation of the half-life was complicated by
prolonged absorption of depot E2 from the gel and/or the skin as well as by endogenous
production of E2.

Table 17: Estradiol PK parameters for unadjusted serum concentrations [single dose (Day
1)} and multigie ggse {Day 14)]
. ARy 5

| Treatment | Deseriptive | AUCG, | Cpa Cen Taur

Group -} Stadstics* { {pgh im) | (pr/mlL) {pg/mi) &)°
S " Single Dose FK Paraiucters (Day 1) ,

: o Mesn Qe C3t4 176 20,0

anmgd} - %cv 102 129 69 436

B 1 GeoMean 3146 244 134 134
N a6 100 10 10

< Meen 1790 130 82 © 180

| osre $p (136 64 42 220
©Os2mgd. ) wcv 631 489 515 541

ED GooMeas 2 . 21 110

v N 1 N 10° 1*

*} Sutistical comparison for | © . 0i54 047 i 075 ' NA

. Multiple Diise, Sichdy-state PK Paraineters (Day 14)

g s B L ma e 12
Joaozme/d | ecv SR 664 569 |
BN L GeoMeen T8 61 m6 si

N T e g0 10

v Moo - 3352770 L6 154 180 |
omg | s 1660 137 54 120
O2md ] oy 495 633 352 604
B ] GeoMean 4 - s 93
oo e e e 10
mm mdittese ] 02 | ot | om NA
“Pvalues from & 2-5id6d test for beiwesn group differences. Dose-normafized

values wore tised in statistical comparisons for dose-dependent parancters (AUC,

* Data four Subject 201 was set ta mistitig.
€ FOT Teus median valuces (instead of Y and range (instcad of SI) are
Source: Appendices 16.1.9.2, 164,1.11,164.1.12, 164.1.13 md 16.4.1,14
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Baseline adjusted E2 PK:.

The mean E2 values from 3 baseline samples were subtracted from that individual’s total E2 level
to obtain net E2 values. The baseline adjusted PK parameters are calculated from net E2 values.
Baseline values ranged from a mean of 0.0 to 23 pg/mL

After multiple applications of 1.7 g dose of Bio- E-Gel, the baseline adjusted exposure to £2
(6AUC .24, ss) Was 765.0 + 554.7 pg*h /mL on Day 14 and was more than 3 times that observed on
Day 1. After multiple applications of 0.87 g dose, the (8AUC; 4 s) was 201.4 + 141.5 pg*h /mL on
Day 14 and was approximately 4 times that observed on Day 1.

Apparent elimination half-lives from baseline-adjusted serum E2 for 1.7 g and 0.87 g Bio-E-Gel
were 75.2 + 147 and 54.8 £ 40.3 h, respectively. ’

The table below shows a summary of baseline-adjusted E2 PK parameters.
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Table 18: Estradiol PK parameters for adjusted serum concentrations [single dose (Day 1)
and multiple dose (Day 14)]

. Treatment Descnptlve SAUGix | 8Cux 8Cse ;
Group . Statrstzcs (pg‘-h‘lmL) (pg/mL)_ (pg/mL)
Smgle Dose PK Parameters (Day 1)

17g A 2532 24:10
e “‘g’d 2794 245
%CV 110.4 1015
GeoMean . . 1546 16.0
N 10
087g |- Mein 577 74
S O2mgd | gp 539 6.1 .
e 1 %ev - 934 83 98
| GeoMean . . - ¥
oo N i - 1 SN 10
j;;‘::‘f;g"msf;gf 0.14 026 | 09
Multlple Dose, Steady-state PK Parameters (Day 14)
CUL7g Meat 765 59.4 319
a; °é2';‘g’d | s 5547 37.5 2.1
%CV 725 631 7S
" GeoMean 6124 82 255
N AN | SRR () 10 10
L 087g E Me 201.4 16.0 9.2
(0‘522’;‘3"1 N;c;:n L1415 1.6 55
%CV 702 24 593 .
GeoMean - - 78
N 1 i 10
éﬁ;@ﬁg‘g}mﬁ;ﬂ 0.06 0.05 0.10

* P-values from 2-sided t-test for between group differences.
Dose-normatized values were used in statistical comparisons for
dose-dependent parameters (AUC, Cpuiand Cooo)-

Source Appendices 16.1. 9.2,164.1.11,16.4.1.12,164.1. 15 and

-Appendix 16 4116

Estrone:

The figure below shows E1 concentration profile following Day 1 dosing of Bio-E-Gel.
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Figure 14: Mean unadjusted serum E1 concentrations after a single dose of 0 87 g (n=11)
and 1.7 g (n=10) Bco-E-Gel (Day 1).
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The figure below shows E1 trough concentrations over 14-day treatment with Bio-E-Gel.
Estimated time to steady state was approximately 7 and 5 days for 0.87 and 1.7 g doses,
respectively. Following the last application of 1.7 g of Bio-E-Ge1 on Day 14, mean serum E1
concentrations declined to 22.50 + 13.54 pg/mL by 96 h post-dose, which was similar to the pre-
dose baseline level of 20.90 £ 10.39 pg/mL. Similarly, following the last application of 0.87 g Bio-
E-Gel on Day 14, mean serum E1 concentrations declined to 23.73 + 10.87 pg/mL by 96 h post
dose, which was similar to the pre-dose baseline levels of 20.8 + 14.07 pg/mL.

Figure 15: Mean unadjusted trough serum E1 concentrations of 0.87 g (n=11) and 1.7 g
{n=10) Bio-E-Gel (Day 1-14).
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The figure below shows the estrone PK profile on Day 14 of Bio-E-Gel administration.
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Figure 16: Mean unadjusted serum E1 concentrations after multipte doses of 0.87 g (n=11)
and 1.7 g (n=10) Bio-E-Gel (Day 14). .
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Estrone exposure on day 14 was less than 2-fold higher than on day 1. Following repeated
administrations, the increase in exposure to estrone was less than dose proportional. Apparent
elimination half-lives from unadjusted serum E1 concentrations for 1.7 g and 0.87 g Bio-E-Gel
were 137.0 £ 127.9 and 240.6 + 179.9 h, respectively.
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Table 19: Estrone PK parameters for unadjusted serum concentrations [single dose (Day

1) and multiple dose (Day 14)]
Treatment | Descriptive | AUCeacua| Comu Core s § Y
Graup Statlgtics l (pgbfmly | (pg/mb) {pg/mL) h)°
Single Dose PK Parameters (Day 1}
17g Mean 5019 284 20.9 22
(umgd] s 926 . 105 . 80 024
) %CV 384 370 38.4 619
‘GeoMcan 460.8 264 19.2 -
N1 16 10 10
087g Mgan 413 278 19.6 20
O2mgd] s 2310 54 96 o
) %CV 490 33.8 49.0 105.1
GeoMean. 4125 263 172 -
N 1 .1 nu 1
Statistical comparison for 4 0,001 00t NA
between group difference
Multiple Dose, Steady-state PK Parameters (Day 14)
17g Meaz. . 960.8 520 400 60
(1.02 mg/d sp 5586 294 23 120
E2) _
%Cv 58.1 56.5 58.1 877
GeoMean 8373 459 349 50
N 10 19 10 10
- 087g Mean 691 378 292 1.0
©2mgd | sp M6 129 13 024
) %CV 390 142 385 1516
GeoMean 6325 354 265 -
N- i1 1 11 11
my&m ot0 | o008 0.10 NA |

* P-valucs from 2-sided t-test for between group differences. Dose-normalized vatacs
were used in satistical comparisons for dose-dependent parameters (AUC, Cuy)-

® For Tpus, median values (instead of means) and range (instcad of SD) are indicated

Saurce: Appendices 16.1.9.2,16.4.2.11, 16.4.2.12, 16 4.2.13 and 16.4.2.14

- Baseline estrone levels ranged from 2.66 pg/mL to 40.33 pg/mL. after multiple application of Bio-
E-Gel, the baseline adjusted exposure to E1 was approximately 5 fold higher on Day 14 than on
Day 1 for both doses. .
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Figure 17: Mean unadjusted serum E1-S concentrations after a single dose of 0.87 g (n=11)
and 1.7 g (n=10) Bio-E-Gel (Day 1).
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Figure 18: Mean unadjusted trough serum E1-S concentrations of 0.87 g (n=11) and 1.7 g
. {n=10) Bio-E-Gel (Day 1-14).
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Figure 19: Mean unadjusted serum E1-S concentrations after multiple doses of 0.87 g
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Table 21: Estrone Sulfate PK parameters for unadjusted serum concentrations [single
‘dose (Day 1) and multlple dose (Day 14)]

mg_(_g mse(ug Lf 404 Mﬁ LIUSEY F 15Uy A‘(.u__
Treatuicot | Descriptive ] AUCqyqu Cave,st T-u\.e

Group Statistics | (pghiml) (NJNL) (pgfml) =)

Singte Dose PK Pacameters (Day 1) )

L7g Mean 125295 762.0 522.1 240
“"’gz‘;‘g"‘ D “6791.1 s102 2830 Pz
%CV 542 670 542 325

GeoMesn 110946 6390 4623 187

N 10 10 10, 10

" Mean 10354.1 567.3 4314 240

o séz‘;’g“ D 40406 2634 1684 124
“cv 196 464 96 479

GeoMean  9609.9 5182 400.4 143

: N n 1 1 1
f““‘mg;mg:‘. 003 ! 013 I o ] NA

Multiple Dose, Steady-state PK Farameters (Day 14)

L7g . Mgcan 27998.5 16580 11666 4.0
(““17_'2‘;‘&“ s 173032 WM7 e 024
%CV 61.8 618 618 1129

GeoMean 240021 1496.3 £000.1 -

N © 10 10 10

087g Mean 16769.1 1008.2 698.7 20
‘95132‘;‘5"‘ sp 109445 695.5 4560 06
%OV 65.3 §9.0 653 914

GooMean  14766.6 8§26 - 6153 -

N 5 1 il 1t

:a"‘“‘fffn‘“‘ Wmﬁg 0.57 i 0.55 ' 057 - NA
* Pvalues from 2usided tdest forbctwcea £roup d:ﬁ‘umocs. Dose-normalized values

were used in for & teak (AUC, Crud)-
® FOr Tyoe, median vahu(ms(wdofmcau)wdmgc(msmdofsmmmdwacd
Source: Agpendices 16.1.9.2, 164.3.11, 16.4.3.12, 16.43.13 and }643.14
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Table 22: Estrone Sulfate PK parameters for adjusted serum concentrations [single dose
(Day 1) and multlple d?se (Day 14)]

Doses (ay -
Treatment | Descripﬁve 1 SAUC“‘ A BCea k8w
Group St_a_t!sdcs : (pg~hlmL) -~ (pg/mly | (pg/mL)
: _‘SingleDosel’KP'mmeters(Dayl). o -
" Mean ) 3547
sD. 580. 260"
%Cv 899 oLy
GeoMean 9257 . 28554
. N o
087¢ Mean - 9.7 1188
©2Zmgd [ op agr
= %EV - 278 1246
GeoMean < o
N RS e
1 fu‘“”wi‘féiﬁ';’ﬁ??fiﬁé‘ni‘l' '}f’@ov._f. L
Multlple Dose,- Steady-state PK Parameters (Day 14) ]
17g Mean 1822257 12507 1593
(lvoéz’;‘g/d sD 127313 8435 - 5305
%CV 699 674" 699
GeoMean: 149327 - 10229 6222
. o8 e d0 10
o 0878 |7 Mean - 62233 | S50 259.7
,(°;5ézf;’g’d' . SD T 9rs9. 6514 4071
%ev 157.1 181 1568
.GeoMean 27411 3722, 1216
. N LA R 11
&ﬁiﬂﬁ;‘g’ﬂf&:&f 1 Coar 07 041

* P-values from 2-sided {-test ﬁr bctween gmup dxﬁ'ercnces

Dose-normalized values were used instatistical comparisons for

dose-dependent parametets (AUC; Caix):

® Data from Subjects 211and 212 were set o missing,
. Source:, Appendices 16.1 9.2, 1643 11 1543 12, 1643 ISand
1643 16~ :
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Study EST003 review

This was an open-labeled, muitiple-dose, randomized parallel design, phase 2 study of a topical
administration of Bio-E-Gel in twelve postmenopausal women:

The primary objectives were to evaluate the safety, tolerability, and pharmacokinetic profile of two
different, multiple topical doses of Bio-E-Gel (1.25 and 2.5 g/day) in terms of the PK variables
AUC and C,,, with and without corrections for éndogenous estradiol concentrations.

12 subjects were randomly receive either Bio-E-Gel 1.25 (n=6) or 2.5 (n=6) g once daily for 14
days applied to the front and inner area of one thigh. Trough levels were measured on Day 1 prior
to first dose and on Days 2, 3, 4, 5, 7, 9, 11, 13, and 14 prior to application of the next dose.
Additional samplings occurred on Days 16, 18, and 20 at same trough time as on Day 15. Two
samples (at -16 and -10 hour) were taken on Day 0, and together with trough level on Day 1, their
mean makes up the baseline level. This single baseline value from each subject was subtracted
from all observed concentrations from that subject for ‘net absorption’ calculations. Negative net
absorption concentrations were set to zero.

Intensive PK samplings were done on Day 1 (at 1, 2, 4, 6, 8, 12, 16, and 24 hours postdose) and
Day 14 (at 1, 2, 4, 6, 8, 12, 16, 20, and 24 hours postdose).

Estradiol, estrone, estrone suifate, and sex hormone binding globulin (SHBG) levels were
measured using validated assays.

Results:
Estradiol:

Following single dose of Bio-E-Gel, on average E2 concentration increased from a baseline of 0.4
ng/dl at Oh to 2.1 ng/dl at 24 h for the 1.25 g dose. For the 2.5 g dose, E2 concentration increased
from 0.5 ng/dl at 0 h to 3.0 ng/dl at 24 h. The higher dose resulted in higher exposure. The figure
below shows the mean serum concentration following single dose administration.

Figure 20: Mean unadjusted E2 serum concentrations following single dose of 1.25 g (a)or
2.5 g (b) Bio-E-Gel. Error bars represent standard deviations (n=6).
o _ o .
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The figure below shows the trough concentrations bor both 1.25 and 2.5 g doses. The mean E2
concentration reach a plateau quickly after about 2 days for the 1.25 g dose but continued to rise
until day 11 (predose) for the 2.5 g dose. The continued rise of the 2.5 g dose was driven by an
apparent outlier that had very high level with a peak of 28 ng/dl on day 11 (predose). Median E2
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values were used to estimate that steady state was reached by 4 and 5 days for the Bio- E Gel
"~ 1.25 and 2.5 g, respectively.

Figure 21: Mean unadjusted trough serum E2 concentrations of 1.25 g (a) and 2.5 g (b) Bio-
E-Gel (Day 1 -14) Error bars represent standard devuatlons (n=6).
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E2 levels on Day 14 shows an apparent plateau with some intra-day variation (see figure below).
The lack of rise as observed on Day 1 suggests steady state has been reached by Day 14.

Figure 22: Mean unadjusted serum E2 concentrations after multiple doses of 1.25 g (a) and
2.5 g (b) Bio-E-Gel (Day 14). Error bars represent standard deviations (n=6).
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The PK parameters for single and multiple doses Bio-E-Gel are presented in table below.
Exposure on Day 14 was higher than that of Day 1, indicating accumulation of E2 in the serum
following repeated application. Ratios of mean E2 on Day 14/Day 1 are 2.07 and 2.58 for 1.25 g
and 2.5 dose, respectively.
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Table 23: E2 PK parameters by dose regimens

Sl B L25¢BiaE-Gel, | 1.15gBioE-Gel, | 253 BicE-Ge, -] 25 gBid-E-Gel,

; Vadable | Statistic ,s:;gic‘i)'m, s Mufapufbo‘g:& 4 Sgtugle Dase 'Mgﬁw:ﬁm
o CAUC,. B S A T - 6 e
. {og/di*H] Mean : 215 EERRY ' | - 497F . am2
. sD 172 - "362 48t 0 00
. GroM : SIS 384 1176

GCY. 494N HORER: )} DT R < X |

fogdll | Memn L3k N
Loy s el SRR A,
GeoM - : E ERU N 26

GCv 0620 o T88) 610
towt N I SRR 8-
gLl Mcan . 32400} SRR £ 1'% ':33033
sD 862 1049, - 450 8.62

Mi 200 31300 2,00 31400

Med 2000 32500 16.00 . 33480

. U Max 240047 --336:00; 24.00 33600
Baseling, o} N B S S K3 T8
Tagd] Mean a.5) CogsE e 04 04

;.- SD .04 04l 03 . .e3
Min 0] . e 0.0 g

Med 031" os]. 04 04

L Max S E3 ;334 08 0.3

Sponsor calculated the ratio of geometric mean of Bio-E-Gel 2.5 g/Bio-E-Gel 1.25 g to assess the
dose proportionality of E2 following these 2 doses. The ratios are 2.0 and 2.3 for single and
multiple doses, respectively. The sponsor proposed that this indicated dose proportionality. This
reviewer believes a better method would be to use the baseline corrected AUC to estimate dose
proportionality of Bio-E-Gel. Using baseline corrected AUC, the ratios are 2.57 and 2.79 for single
and multiple dose, respectively, suggesting a higher than dose proportional increase in exposure.

Baseline correction. The mean baseline E2 were 0.5 ng/d! and 0.4 ng/di forthe 1.25nd 254
Bio-E-Gel, respectively. To correct for endogenous E2, the individual subject's baseline E2
concentration was subtracted from each concentration for that subject and PK parameters were
calculated from the baseline-adjusted concentrations. The summary of PK parameters is listed in
the table below. In general, AUC and C,, are greater with multiple dose suggesting drug
accumulation over 14 days. Ratios of mean baseline-adjusted E2 on Day 14/Day 1 are 2.95 and
2.89 for 1.25 g and 2.5 dose, respectively.

The terminal t, of E2 was calculated from the baseline-adjusted concentration following the fast
dose on Day 14 at 312 h. The mean estimated ty, following the application of 1.25 g Bio-E-Gel
and 2.5 g Bio-E-Gel were 40.33 + 31.59 and 37.34 + 12.41 h, respectively. The median t,
following the application of 1.25 g Bio-E-Gel and 2.5 g Bio-E-Gel were 24.49 and 35.58 h,
respectively. '
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Table 24: E2 PK parameters, baseline adjusted

- - % FEvseas vt R
Vatigble | Stagitlc | BioE-Gel, | -Ble-EGel, | BIGEGel, | Bio:E-Gel,
oo o | Slagle Dose | Muttiple Dote | ‘Singie Dose | Multiple Dose
TR R e ] e S
" [ng/dItHE - ] 3 (0 a4l A
Ce SE 512
52 1089
e P
o e P
g/} 71 IR )
R X ¢ SR &
o2 13
; ugsl 685
e ) 4
A 3734
. 1241
2660
L3558
L5159
Estrone:

In general, the PK of estrone is qualitatively similar to that of E2.

Following single dose of Bio-E-Gel, on average E1 concentration increased from a baseline of 2.4
.ng/dl at Oh to 3.4 ng/di at 24 h for the 1.25 g dose. For the 2.5 g dose, E1 concentration increased
from 2.4 ng/dl at 0 h to 4.0 ng/dl at 24 h. The higher dose resulted in only slightly higher exposure
after a single dose. The figure below shows the mean serum concentration following single dose

administration.

. Figure 23: Mean unadjusted E1 serum concentrations following single dose of 1.25 g (a) or

25g(b) Bio-E}GeI. Error bars represent standard deviations (n=6).
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The figure below shows the trough concentrations for both 1.25 and 2.5 g doses. The mean E1
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concentration reach a plateau quickly after about 4 days for the 1.25 g dose but continued to rise

until day 11 (predose) for the 2.5 g dose. Examination of mean E1 trough values indicates that
steady state concentrations are reached by 11 and 13 days for the Bio-E-Gel 1.25 and 2.5 g,

respectively.

50



Figure 24: Mean unadjusted trough serum E1 concentrations of 1.25 g (a) and 25 ] (b) Bio-
E-Gel (Day 1-14). Error bars represent standard deviations (n=6).
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E1 levels on Day 14 shows an apparent plateau with little intra-day variation (see figure below).
The lack of rise as observed on Day 1 suggests steady state has been reached by Day 14.

Figure 25: Mean unadjusted serum E1 concentrations after multiple doses of 1.25 g (a) and
2.5 g (b) Bio-E-Gel (Day 14). Error bars represent standard deviations (n=6).
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The E1 PK parameters for single and multiple doses Bio-E-Gel are presented in table below.
Exposure on Day 14 was higher than that of Day 1, indicating accumulation of E1 in the serum
following repeated application. Ratios of mean E1 on Day 14/Day 1 are 1.98 and 2.89 for 1.25 g
and 2.5 dose, respectively.
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Table 25: E1 PK,parémgtgrﬂs_px_do_sg'regimens, unadjusted

. P 125 Bis-E-Gel, '| 125 g Bio-R-Gel, | 2.5 ¢ Bio:] 1.5¢ Blo-E-Gdl,
Vartbie | Sunste | MG E e | b Shpiebose | MiitinteDos
AUC, N e 6 : 6] 6
[ng/d*H] Mean } 5621 1114 _ 622 1797
SD- 312 < 542} 300 676
GeoM - | 96 160.8{. s62f 1671 -
. G CV- . 592 519 | 5332 : 463
P G TN SR B e R ] ENE
A Mean s C 80 AL ©. 927
S " SD _ 16 2.7 05 : 31
- GeaM 32t 56 40 82
S G.cv 563 4501 132{ - - 405
fo N ) [ Y § 6
L Memn 1267 32333 2101 31433
» sp . 1242 C 993 733 151
- Min 1o} -312.00 6.05 3200
Med .oBee] - 32200] 2400 31400
D M- : 2400 . 336,00 2400 31600
Bmco B N 1 E: I B I3 s g 6 -
=, {ngdi} Mean 18 18 20 20
L $p _ 14 14 09 09
‘Min os. 05, ' 11 Ll
Med S £ 5 18 ¥ |
Mx 44 ] 44 32 32

Baseline correction. The mean baseline E1 were 1.8 ng/dl and 2.0 ng/dl for the 1.25 nd 2.5 g
Bio-E-Gel, respectively. To correct for endogenous E1, the individual subject’s baseline E1°
concentration was subtracted from each concentration for that subject and PK parameters were
calculated from the baseline-adjusted concentrations. The summary of PK parameters is listed in
the table below. In general, AUC and Cp,,, are greater with multiple dose suggesting drug
accumulation over 14 days. Ratios of mean baseline-adjusted E1 on Day 14/Day 1 are 4.63 and
7.33 for 1.25 g and 2.5 dose, respectively.

" Table 26: E1 PK parameters, baseline adjusted
“Table 1153 d: E1—PK Variables, Baseline Adjusted

i 125g | 125g 25¢ 25g
o © | Stugle Dose | Muitiple Dose | Siagle Dose | Maultiple Dose
% < = T
-Mean 145 67.1] 179§ 1312
s L s BER 7 A 5 RERE 1§ I 684
Med | 6| 639 162 13956
GeoM. 136 630 172 HIs-
gevo | 41 399} 313 . 680
R EE ] ¢ 5
S Mean b 18 42 200 - 12
.SD 08} - 1.7 05 32
“Med |- 1.7 36 20 840
C | GeoM 6] e 20 64
“lacev 472 347 6] . 515

Estrone sulfate:

Following single dose of Bio-E-Gel, on average E1-S concentration increased from a baseline of
45.8 ng/dl at Oh to 79.0 ng/di at 24 h for the 1.25 g dose. For the 2.5 g dose, E1-S concentration
increased from 34.7 ng/dl at 0 h to 70.7 ng/dl at 24 h. The higher dose actually resuited in slightly
lower exposure after a single dose due to lower baseline at 0 h. The concentration difference
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between 24 h and 0 h was slightly higher for the 2.5 g dose. The figure below shows the mean
serum concentration following single dose administration.

Figure 26: Mean unadjusted E1-S serum concentrations following single dose of 1.25 g (a)

or 2 5 g (b) Bio-E-Gel. Error bars represent standard deviations (n=6).
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The figure below shows the trough concentrations for both 1.25 and 2.5 g doses. The mean
trough concentration appears to increase with repeated administration for the entire study
duration. The rate of increase appeared to change at Day 9 predose for 1.25 g dose and Day 11
predose for 2.5 g dose. The sponsor’'s examination of mean trough indicates that steady state E1-
S concentration are reached by 13 and 14 days for the bio-e-gel 1.25 and 2.5 g doses,

- respectively. Five days following the last dose, E1-S levels were stilf higher than baseline for both
dose groups.

Figure 27: Mean unadjusted trough serum E1-S concentrations of 1.25 g (a) and 2.5 g (b) '
Bio-E-Gel (Day 1-14). Error bars represent standard deviations (n=6).
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E1-S levels on Day 14 show an apparent decrease over the 24 hour period (see figure below)..
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Figure 28: Mean unadjusted serum E1-S concentrations after multiple doses of 1.25 g (a)
and 2.5 g (b) Bio-E-Gel (Day 14). Error bars represent standard deviations (n=6).
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The PK parameters for single and multiple doses Bio-E-Gel are presented in table below.
Exposure on Day 14 was higher than that of Day 1, indicating accumulation of E1-S in the serum
following repeated application. Ratios of mean E1-S on Day 14/Day 1 are 2.09 and 3.38 for 1.25
g and 2.5 dose, respectively.

Table 27: E1-sulfate PK parameters by dose regimens, unadjusted

L2SgRo-EGet, | 125¢ Bio-BE-Gel, | 25¢Bio-E-Gd, | 2S¢ Bic-E-Gel,
Varlsble | Stathic SiagleDoss | MultipleDose | StagleDoec | MaltipicDase

AU, N § 6 6 [
{ng/dl*H] Mean 13592 2784 12674 4ar92
3D wiL 12190 2436 16145
GeoM 13026 %114 11343 31987
qcv 339 4712 226 44
o - N NG E 6 I3 3
fngldl} Mean €02 T ieas) 47 2538
D 305 155 128 1242
GooM 752 1482 I <3 313
acy 415 526 179 490
- N 6 3 [3 [
#43 Mees 2067 316.67 2006 31533
SD 816 193 630 446
Min 400 314.00 1200 31200
Med 2400 31500 2400 33.50
Max 2490 3ugel . 24,00 324.00
Basetine, Cy N § & : 3 3
(g Mo 513 513 369 369
sD 79 119 107 167
Min 233 33 ni n3
Med ss.s sss] . 388 380

Max

7801 ne 538 530

Baseline correction. The mean baseline £1-S were 51.3 ng/di and 36.9 ng/di for the 1.25 nd 2.5
g Bio-E-Gel, respectively. To correct for endogenous E1-S, the individual subject's baseline E1-S
concentration was subtracted from each concentration for that subject and PK parameters were
calculated from the baseline-adjusted concentrations. The summary of PK parameters is listed in
the table below. In general, AUC and Cr. are greater with muitiple dose suggesting drug
accumulation over 14 days. Ratios of mean baseline-adjusted £1-S on Day 14/Day 1 are 9.65
and 9.79 for 1.25 g and 2.5 dose, respectively. The baseline-adjusted accumulation for E1-S was
>E1>E2.
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Table 28 E1-su|fate PK parameters, baselme adjusted

125¢ | 125¢ |  25g “25g
Variable Statistic Blo-E-Gd, | BieE-Gel, Bia-E-Gel, Bis-E-Gel,
S le Dose |~ Single Dose - MutﬁpleDose‘
EAUQ E 8] 6
{ns/df‘HI N -32ss] 31925
CoTeTEl 15434
Smsll 2896
Ing/dl} - 2169
T 1929
LT85

Sex hormone bjnding globulin (SHBG):

SHBG were measured to assess the effect of Bio-E-Gel administration on SHBG levels and to

help explain the very high E2 level in subject 4. SHBG level increased from 72.5 nM at baseline
to 80.17 nM at 192 h and 84.00 nM at 360 h after first application of 1.25 g/day Bio-E-Gel. For the
2.5 g dose, the level increased from 72.5 nM, to 77.83, and to 88.83 nM at baseline, 192, and 360

h, respectively. A summary of finding is listed in the table below. Subject 4 high E2 levels could

not be explained by high SHBG level as he/she did not have abnormal SHBG.

Table 29: SHBG [nM]

* - Treatment ‘Statistic me relative to first application =
o . N S Y R
Bio-E-Gel, 1.25 g Mean - 7250 . 8047 84.00
: 5D T3 24.83] . 2853 2918
GeoM 69:42) - 6902 75941 7973
ooV 34091 35.54 37591 3685
N 6] § 6f 6
. BioB-Gel, 25 g Mean 7400/ 7250, 771831 8833
sD 29:64 3034 3217 3897
© GeoM 689t . . 6720) . T220 8117
gcov _Axssl . 4510 4501 5071
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Study EST006 review

Study EST006 was a Phase 1, parallel group, randomized, open label clinical study. The
objective of this study was to evaluate the potential transfer of estradiol (E2) from female subjects
dosed with 2.6 g Bio-E-Gel (1.56 mg E2) to untreated male subjects through skin-to-skin contact.
The amount of E2 remaining on the skin of females and potentially transferable was also
evaluated at 2 and 8 hours following bio-e-gel apphcatlon and then after washing the dosed area
8 hours post Bio-E-Gel application.

This study included 24 female/male couples (24 postmenopausal females and 24 males). Twelve
couples were assigned to treatment group 1 and 12 to treatment group 2.

To establish baseline E2 levels, maies in both group 1 and 2 (n=24) underwent serum E2
sampling on Day -1 at 0 h (pre-skin-to-skin contact time specified for Day 1), and at 1, 2, 4, 8 and
24 hours relative to the projected skin-to-skin contact specified on Day 1. On Day 1, Bio-E-Gel
was applied topically to each arm of females in group 1, and to a single arm in the group 2
females.

Two hours after dosing, Group 1 females underwent application site swabbing on one arm,
followed by using the opposite arm to engage in vigorous arm-to-arm contact with a male subject
for 5 continuous minutes. Serum E2 sampling from the male’s opposite arm (to reduce risk of
contamination) occurred just prior to skin rubbing (0 h, Day 1) and at 1, 2, 4, 8, 24, and 48 hours
after skin rubbing. The group 1 females again underwent application site swabbing 8 hours after
dosing, followed by washing of the arm, and addmonal apphcaﬂon site swabbing. At each
designated swab time, a surface area of 20 cm? (1/16" of the total application site) was swabbed
with 3 cotton tipped swabs.

A\

Group 2 couples under went the same arm-to-arm contact procedures except that it commenced
8 hours (instead of 2 hours) after the Bio-E-Gel application and E2 blood sampling occurred from
the opposite arm of the males just as in group 1. No application site swabbing occurred in the
group 2 females.

Table 30: study design

Study group | Number of Treatmentdrug | Dose Dosing regimen
subjects
(male/female)
1 12112 Bio-E-Gel 5.2 ggel (1.56 mg | Two topical
(0.06% E2 gel) E2) given as 2 x applications; one to
R : | 269 each upper arm
2- {12112 Bio-E-Gel 2.6 g gel (1.56 mg | One topical application
(0.06% E2 gel) E2) to upper arm

Serum E2 concentration in males were measured using a validated radicimmunoassay methad.
The lower limit of quantitation for E2 was 0.5 ng/dL (5 pg/mL) using a 2 mL sample. E2
concentration in the swabs was measured using a LC/MS/MS assay with 2 ranges, namely 0.5 to
500 ng/mL and 400 to 200,000 ng/mL. All swab samples were assayed with the 400 to 200,000
ng/mL standard curve first and samples that fell below LOQ were reanalyzed using the lower
range curve. The concentration assayed range from 49 ng/mL to 4370 ng/mL. Recovery was
estimated to be 92%, but it was not clear if this was accounted for in the reported concentration.

PK analysns

To assess the potential for E2 transfer, the primary endpoints were AUCg_4, and Cpmax. Baselme
was adjusted using time 0 h concentration value of there respective day. E2 24 hour profile during
Day -1 was used to compare the diurnal patterns prior to and subsequent to E2 transfer.
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. To assess the effect of application site washing, the primary endpoint is the residual £2 at 2 and
8 hours post-application and after washing the application area at 8 hours post Bio-E-Gel
application.

Results:

For each group, Day 1 E2 concentrations were similar and followed the same pattern as on Day -
1, indicating no change in a subject’'s normal circadian E2 pattern as a resuit of skin-to-skin
contact.. Additionally, the E2 level decreased overtime after skin-to-skin contact, suggesting that
there was no significant absorption of E2 following a single incident of skin-to-skin drug contact.

Figure 29: Male partner unadjusted E2 mean serum concentration by treatment day
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Day 1 E2 concentrations were similar between both groups and followed a similar circadian
pattern as Day -1. Exposure of E2 (described as AUCq 24, Crmax and C,,) was not significantly
different between Day -1 and Day 1, nor did exposure differ between Group 1 and Group 2. No
differences in exposures between groups were observed when Day -1 and Day 1 parameters
were calculated based on adjustment of concentrations for baseline.

Table 31: Unadjusted E2 serum PK parameters in untreated males before and after ski-to-skin
contact.
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Table 32: Baseline adjusted E2 serum PK parameters in untreated males before and after skin-
to-skin contact. Baseline values were individual E2 concentration at Oh on the respective Day.

}. Treatment | Descriptive ppial) -{pg/mly. i o (pgmly
o Day ' s"“?“"_ Group f | Group2:| Group ' Group2 | Group1l | Group2
R b GR 8, i T L R )
i Mean S e s T
ASD TP 1307 0 ) 963 TR T |
%CV. 1 241317 | 243 24317 2d3s
SO UNT Y A )T
ol Mean: 46987 L9 F 33
E e B 162.6. 12182, _ 68 ) 7%
. “%evV | 2357 | 2357 | 2325
fo N 12- 125 2
| Statistical comparison for 032 0 632 ) 034
within group diffecence® | E . : S '
* prvalues from 2-5idéd t-test for within group difference (Day -1, 0-24 hvs Day 1, 0-24 &),

The mean percent of E2 recovered from the skin at 2 and 8 h post-application was 4.6 + 4.0 %
and 7.8 + 5.8 % of the applied dose of E2, respectively. Washing the application area with soap
and water 8 h post-application decreased the percent of E2 recovered from the skin to

C 3% of the applied dose. This suggests that washing of the application site area
substantially decreased the potential for transfer of Bio-E-Gel.

Table 33: Estimated % of applied E2 recovered from skin. Corrections for surface area swabbed

were done. The procedure assumes that the swabbing remove all estradiol available at the
surface of skin. ’ '
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Day 1
 Statistic 8 h Post
2 h Post 8 k Post Application
Application | . Application and Washing
Mean 4.58¢ 7.76%° 1.38%¢
SD 3.96 579 1.06
%CV. 86.35 74.61 76.69
2-sided f-test a b c
comparison,
p-value 0.131 0.001 0.013

Note: Amount of E2 recovered from 20 cm” was multiplied by 16 to give
* the amount recoverable from the entire application area of 320 cm?.
Source: Appendix 16.4.4.3

Conclusions:

Following physical contact (vigorous skin-to-skin rubbing) for 5 min at 2 and 8 h post application
between dosed female subjects and untreated males, mean E2 serum concentrations were
similar for both groups. For both contact groups, exposures of E2 (described as AUC0-24 and
dCave) decreased or only slightly increased (§Cmax) from baseline values, indicating no
accumulation of drug as a result of a single incident of skin-to-skin contact. Day 1 concentrations
were similar and followed a similar circadian pattern as Day -1. Exposures of E2 (described as
AUCq 54, Crax and C,,) were not significantly different between Day -1 and Day 1, nor did they
appear to be different between Group 1 and Group 2. No differences in exposures between
groups were observed when Day -1 and Day 1 parameters were calculated based on adjustment
of concentrations for baseline.

The mean percent of E2 recovered from the skin at 2 and 8 h post-application was 4.6 + 4.0 %
and 7.8 + 5.8 % of the applied dose of E2, respectively. Washing the application area with soap
and water 8 h post-application decreased the percent of E2 recovered from the skin to

T 1% of the applied dose. This suggests that washing of the application site area"
substantially decreased the potential for transfer of Bio-E-Gel. It is not clear if 92% assay
extraction recovery was used in calculation of skin recovery. However, this is minor considering
the low residual estradiol level on the skin at 2 and 8 hours post dose. . :

No clinically important adverse events, including skin irritation, were observed during the trial. No
subject died or experienced a serious adverse event, and no subject was withdrawn from the
study because of an adverse event.

The next 3 figures show the raw data for all subjects.
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Figure 30: Group 1 male E2 individual serum concentrations at baseline {Day -1, 0-24h)

and after skin-to-skin contact at 2 h post dose (Day 1 to 3, 24-72 h)
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Figure 31 Group 2 male E2 individual serum concentrations at baseline (Day -1, d-24h) and
after skin-to-skin contact at 8 h post dose (Day 1 to 3, 24-72 h)
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Figure 32: Group 1 dosed females. Percent of E2 remaining on the skin {2 h and 8 h) and

post application site washing (8* h).
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Study EST008 Review

This was a Phase 1, single-center, randomized, open-label, two-period crossover, multiple-dose
study to evaluate the effect of administering sunscreen and Bio-E-Gel on hormone levels in post
menopausal women.

The objective of this study was to evaluate serum hormone levels and pharmacokinetic (PK)
parameters for estradiol (E2), estrone (E1) and estrone sulfate (E1S) in postmenopausal women
following muttiple applications of Bio-E-Gel 2.6 g (1.56 mg E2), when a sunscreen product T 7]
[ J (SPF 30 UV A,UVB) sunscreen lotion) was applied 10 min before or 25 min after a once

- daily application of Bio-E-Gel. .

Design: .

This was a single-center, open-label, randomized, multiple-dose, 2-period crossover, PK study in
12 postmenopausal females. After meeting the medical history, physical examination and
laboratory testing qualifications at screening, the women were enrolled in the study and
randomized into 2 groups; each comprised 6 subjects.

Each group received once daily application of 2.6 g of Bio-E-Gel for 15 days to achieve steady-
state serum hormone levels. Blood draws were performed pre-dose on Days 13-14 to determine
. trough steady-state serum hormone levels (C;, ss Or troughg). Serial blood draws were taken
throughout a 24 h period on Day 15 for serum hormone analyses, which were used to determine
AUCO—24, ss-

One group (Sequence 1) then applied sunscreen 10 min before each application of Bio-E-Gel for
the next 7 days (Days 16-22). Serial blood draws were taken pre-dose and throughout a 24 h
period beginning on Day 22 for serum hormone levels, which were used to determine AUCq 24, ss
and trough,,. Following another 15 day period (Days 23-37) of receiving a once daily application
of 2.6 g Bio-E-Gel, blood draws were performed pre-dose on Days 35-36 to determine troughs,.
Serial blood draws were taken throughout a 24 h period beginning on Day 37 for serum hormone
analyses, which were used to determine AUC, 54 ;s and troughg. Subsequently, these subjects
applied sunscreen 25 min after the application ofBio-E-Gel for the final 7 days of the study (Days
38-44). On the day of the final application ofBio-E-Gel and sunscreen, serial blood draws were
taken pre-dose and throughout a 24 h period beginning on Day 44 for serum hormone levels,
which were used to determine AUCg,, s and troughs.

The second group (Sequence 2) of 6 subjects received the same therapies, but received the
sunscreen applications in the opposite sequence, i.e. 25 min after Bio-E-Gel for the first 7 days
(Days 16-22), and 10 min before Bio-E-Gel application for the last 7 days (Days 38-44) of Bio-E-
Gel and sunscreen combined therapy.

“All subjects received a brief physical examination and provided blood or urine for laboratory
testing (hematology, chemistry and urinalysis) at screening and end of study (EOS; Day 45) to
monitor safety. Subjects were queried for treatment-emergent adverse events (AEs) prior to each
application of Bio-E-Gel and for 6 days after the last application of the gel (Day 50).

Analytical Assay:

Serum concentrations of E2, E1 and EIS were determined using validated radicimunoassay (RIA)
methods. The lower limit of quantitation (LLOQ) was 0.5 ng/dL (5 pg/mL) for E2, 0.5 ng/dL (5
pg/mL) for E1, and 10 ng/dL (100 pg/mL) for E1S.

Pharmacokinetic Evaluation:

The PK parameters of AUCq.24, Crnax. and cave, Were calculated from steady-state, serum E2, E1,
and E1S concentrations during applications of Bio-E-Gel alone and in combination with
sunscreen. The serum hormone levels and PK parameters were determined following application
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of only Bio-E-Gel and also when sunscreen was applied either 10 min before or 25 min after the
application of Bio-E-Gel.

Safety Evaluation:

Hematology, chemistry, urinalysis, and a brief physical examination (including vital signs) were
performed during screening, and on Day 45. Adverse events were assessed prior to each drug
application, and for 6 days (Day 50) following the last application.

Results:
Bio-E-Gel administered alone (A) and sunscreen application 10 min before Bio-E-Gel (B)::

The concomitant application of sunscreen {10 min before Bio-E-Gel) with Bio-E-Gel increased the
time averaged steady-state serum E2 concentrations (C,,.) from a mean of 100.8 pg/mL to 159.8
pg/mL. The C,, mean ratio (B/A) was approximately 155%. The E2 exposure (AUCq_4)
increased from a steady-state mean of 2420 pg*h/mL (A) to a steady-state mean of 3835
pg*h/mL after 7 days of dual Bio-E-Gel and sunscreen (10 min before) application (B). As seen
with C,., the AUCq24 mean ratio (B/A) was approximately 155%. The mean maximum E2 serum
concentrations (C.,) achieved following 15 days of Bio-E-Gel administration alone was 225

. pg/mL versus a steady-state mean of 333 pg/mL after dual application of Bio-E-Gel and
sunscreen, with a C.x mean ratio (B/A) of approximately 157%. The ratios mentioned above and
listed in Table 34 are mean of individual ratios and were very similar to the ratios calculated by
dividing group means.

Table 34: Estradiol PK Parameters and Mean Ratios (%) for Ali Subjects After Bio-E-Gel
Alone (A) was Administered Daily for 15 Days, Followed by Sunscreen Administered 10
Min Prior to Bio-E-Gel (B) Daily for 7 Days

» : ' Individual. |-
A : B "Subject B/A -
T [ : Ratios® (%) -
A B T 11 - 11
C Mean | 1008 ] - 1598 154:6
s Y. 8SpL. . E . 6lL4 1088 34.5.
Cg/mly e T 609 68.1 23
' G'eoMean_ T 89.0 . | 1340 150.5
. N b ST
Ca Mean - | 24199 | 38353 154:6
(:g‘-]w;i) _SD_ | 14744 1 26114 ] 345
e . : R 223
o 39167 | 1505
B R T S
e 1 3327 1567
iy 3197 | 414
(pg/!.nL) 660 264
2752 Y . 1520

: ;Penod A. Steady-state penodwhe 3io-B-Gel was adiministered alone
‘Period B: Steady-state: period when sunscreen was apphed 10 min prior to Bio-E-Gel
* ‘Ratio (B/A) was calculated for. each ‘subjéctas the pacameter value under B
divided by the parameter value: undet ‘A. The descriptive statistics summarize
these. ratiog across all; subjects
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Figure 33: Mean serum E2 concentrations by treatment and group
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The serum E2 level in the crossover period is much higher than that in the initial period as can be
readily seen in the plot above. The AUC, ,, for treatment A (Bio-E-Gel alone, group 2) on day 37
was 3194 + 1935 pg*h/mL, a 1.8-fold increase compared to same treatment on day 15 (group 1)
(AUCoq.4 of 1775 £ 503 pg*h/mL). Note that this is a cross-group comparison. However, the
alternate cross-group comparison and combined cross-over comparison yielded similar resuits
(see below).

Bio-E-Gel administered alone (C) and sunscreen application 25 min after Bio-E-Gel (D):

E2 exposures when sunscreen was applied 25 min after the application of Bio-E-Gel were
apparently not significantly different from Bio-E-Gel applied alone. The concomitant application of
sunscreen with Bio-E-Gel did not appear to increase C,... The mean AUC,4 appeared to be
decreased slightly from a mean steady-state of 3043 pg*h/mL to a steady-state mean of 2361
pg*h/mL after 7 days of daily dual Bio-E-Gel and sunscreen (+25 min) application, or a reduction
of about 22% with sunscreen. The ratio of the geometric means was 0.93. However, the mean of
individual AUC (D)/(C) ratios was 1.03 (Table 35). The mean C,,,, achieved following 15 days of
Bio-E-Gel administration alone was approximately 326 pg/mL versus a steady-state mean of 228
pg/mL after dual application of Bio-E-Gel and sunscreen, resulting in a Cpa, mean ratio (DIC) of
approximately 0.70, or a 30% reduction with sunscreen. The ratio of the geometric means was
0.88. The mean of individual ratios was 1.08 (Table 35).
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Table 35: Estradiol PK Parameters and Mean Ratios (%) for All Subjects After Bio-E-Gel
Alone (C) was Administered Daily for 15 days Followed by Sunscreen Administered 25 Min
After Blo-E-Gel (D) Dally for7 Days

| L Descrlpuve 7 Indwidual
. PKpammeter 4 Statistics : Cc Sub;ect pIC
C..  fooMean | 1268
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| GeoMean | 955 930
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‘ { GeoMean | = 22911 e -'-9'3;;0.._ ,
Co Mean 3259 2281 |0 1083
e ____SD 3238 1115 | . 610
(pg/md) CV% 994 489 | s64
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‘Figure 34: Mean serum E2 Concentration by treatment and group
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The serum E2 level in the crossover period (left panel) again is much higher than that in the initial
period. The AUC.4 for treatment C (Bio-E-Gel alone, group 1) on day 37 was 4084 + 3104
pg*h/mL, a 2.3-fold increase compared to same treatment on day 15 (group 2) (AUC,,4 of 1795 +
1375 pg*h/mL). Note that this is also a cross-group comparison.
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When all data for Bio-E-Gel alone (i.e., both treatment Groups A and C) were used, the AUCj4

on day 15 was 1784 + 940 pg*h/mL and on day 37 was 3679 + 2556 pg*h/mL, a 2.1-fold increase
in the crossover period versus the initial period (p<0.05 Student's t test). The Day 37:Day 15 ratio
for geometric means is 3114 pg*h/mL:1572 pg*h/mL, or about 2-fold increase on Day 37. Other
PK studies (EST007 and EST003) have suggested that steady state should be reached well prior
to 15 days of dosing. :

It is not clear why there is this significant increase on Day 37 relative to Day 15. Estradiol has
been shown to cause an increase in level of sex hormone binding glubulins (SHBG) that may
lead to increased total serum estradiol due to its binding to SHBG. However, transdermal
application of estradiol has been generally reported to not significantly affect SHBG level.
Additionally, in this NDA, study EST003 showed that SHBG level only increased slightly from a
baseline level of 72.5 nM to 77.83 and 88.83 nM after 7 and 14 daily applications of 1.25 g/day
- Bio-E-Gel. Similarly, study EST005 showed that circulating SHBG serum concentration were
increased slightly compared to placebo in the Bio-E-Gel 0.87 g/day and 1.7 g/day dose groups
and were statisticaily significantly increased in the Bio-E-Gel 2.6 g/day dose group beginning at
week 4. However, all mean trough levels of SHBG (85 - 111 nM) were similar to placebo group
(~80 nM) and fell within the normal range (40 — 120 nM).

Could the prolonged application of Bio-E-Gel and/or sunscreen affect the absorption of Bio-E-
Gel? It is probably not due to Bio-E-Gel alone as in the clinical phase 3 study, trough levels were
measured at 4, 8, and 12 weeks and steady state appeared to be reached by week 4. By
deduction, it appears that the 7 days of sunscreen application on days 16 — 22 may have led to
increase Bio-E-Gel bioavailability on day 37. The mechanism of this proposed phenomenon is not
known.

Estrone and Estrone sulfate PK: v

Similar patterns were observed with E1 and E1S as was seen with E2 (i.e., 1.) sunsgreen
application 10 min prior caused increased drug exposure, 2.) sunscreen application 25 min after
did not have significant effect with group 1 having slight decrease and was similar in group 2, and
3.) exposure in the crossover period (days 37 and 44) were higher than the initial period (days 15
and 22).

Estradiol/Estrone ratio in subjects given Bio-E-Gel only on Day 15:

As indicated above the estradiol AUCq4 on Day 15 for all 11 subjects given Bio-E-Gel alone was
1784 1+ 940 pg*h/mL. The estrone AUCy4 in these same subjects was 1370 + 529. The ratio of
mean estradiol AUC/mean estrone AUC is 1.3. Mean of individuat AUC ratios is 1.33 + 0.56. The
treatment target estradiol/estrone ratio is about one.

Conclusions:

When the sunscreen was applied 10 min before the application of Bio-E-Gel, there were
increases in E2, E1, and E1S average serum concentrations of approximately 55%, 34% and
36%, respectively. Statistical analyses showed that treatment and period of sunscreen application
were confounded. When sunscreen was applied 25 min after Bio-E-Gel application, there were no
clinically significant changes in the E2, El, and E1S average serum concentrations. Exposure
(AUC) to E2 in Bio-E-Gel only subjects was[_ 7-fold higher on Day 37 compared to Day 15,
where sunscreen was also applied on days 16 — 22. Based on these results, it is recommended
that occasional sunscreen users should not apply sunscreen to the same site prior to Bio-E-Gel
application and only apply sunscreen at least 25 minutes after Bio-E-Gel application. Clinical
judgement should be applied if daily application of sunscreen to site of Bio-E-Gel application is
needed due to potential increase in serum concentration. No medically important AEs, including
skin irritation, were observed during this study. '
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OFFICE OF CLINICAL PHARMACOLOGY - REVIEW ADDENDUM

NDA: 21-813 Submission Date(s):  02/16/2006
Brand Name Elestrin®

Generic Name Estradiol gel 0.06%

Reviewer Doanh Tran, Ph.D.

Acting Team Leader Myong-Jin Kim, PharmD

OCP Division Division of Clinical Pharmacology 3
OND division Division of Reproductive and Urologic Products
Sponsor : BioSante Pharmaceuticals, Inc.
Relevant IND(s) . IND 51,229

Submission Type; Code Original NDA (3S)

Formulation; Strength(s) Topical gel, 0.06% w/w

Indication Treatment of moderate-fo-severe VMS

NDA 21-813 was submitted on 02/16/2006 with the proposed brand name Bio-E-Gel®.
There were /doses 0f 0.87, 1.7 Jg/day for / proposed indications:
1. Treatment of moderate-to-severe vasomotor symptoms associated with
menopause. .
The Office of Clinical Pharmacology Review was filed in DFS on 10/5/2006 with final
signatory sign off on 10/16/2006.

The following changes have been made since the original review:

1. The brand name has been changed to Elestrin® and was accepted by the review
team. ‘
2. The NDA has been [ o 7 as follow:
a. NDA 21-813 contains doses of 0.87 and 1.7 g/day and a single indication
of treatment of moderate-to-severe vasomotor symptoms associated with
menopause. '

\

The Office of Clinical Pharmacology has no pending issues. This reviewer finds NDA
21-813 acceptable from a clinical pharmacology perspective.
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New Drug Application Filing and Review Form

Office of Clinical Pharmacology

General Information About the Submission

Information Information
NDA Number 21-813 Brand Name Bio-E-Gel
OCP Division (I, II, III, etc.) DCP3 Generic Name Estradiol topical gel 0.06%
Medical Division DRUP Drug Class Hormone
OCP Reviewer Doanh Tran, Ph.D. Indication(s) Hormone replacement
therapy
OCP Team Leader Ameeta Parekh, Ph.D. Dosage Form Topical gel
Dosing Regimen 0.87-L ]g once daily
Date of Submission 02/16/2006 Route of Administration Topical
Estimated Due Date of OCPB Review | 10/16/2006 Sponser BioSante Pharmaceuticals,
Inc.
PDUFA Due Date 12/15/2006 Priority Classification Standard
Division Due Date 10/16/2006
Clin. Pharm. and Biopharm. Information
“X” if included | Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed
STUDY TYPE
Table of Contents present and X
sufficient to locate reports, tables, data,
efc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X RIA assay in appendix
Methods 16.1.10 or 16.1.13
I._Clinicai Pharmacology
Mass balance:
Isozyme characterization:
Blood/plasma ratio:
Plasma protein binding:
Pharmacokinetics (e.g., Phase I) -
Healthy Volunteers-
single dose: | x 1 Study EST006, PK in the male
partner only to assess
transfer by direct contact
multiple dose: | x 5 Studies EST003, EST007, and
EST008 used the TBM ..
formulation. The otherE}
studies T
1 used a different
formulation that was not
bridged.
Patients-
) single dose:
multiple dose:
Dose proportionality -
- fasting / non-fasting single dose:
fasting / non-fasting multiple dose: | x information from PK studies
: ‘above
Drug-drug interaction studies -
In-vivo effects on primary drug:
In-vivo effects of primary drug:
In-vitro:




Subpopulation studies -

ethnicity:

gender:

pediatrics:

geriatrics:

renal impairment:

hepatic impairment:

PD:
Phase 2: 1 Study EST004
Phase 3: 1 Study EST(005
PK/PD:
Phase 1 and/or 2, proof of concept:
Phase 3 clinical trial:
Population Analyses -
Data rich:
Data sparse:
Il. Biopharmaceutics
Absolute bioavailability:
Relative bioavailability -
solution as reference:
alternate formulation as reference:
Bioequivalence studies -
traditional design; single / multi dose: A BE study is not needed since
the phase 2, 3, and most phase
one studies used the to-be-
marketed formulation.
replicate design; single / multi dose:
Food-drug interaction studies:
Dissolution: X 1 Release rate criteria were

proposed. See 6.9.1 and 6.9.2

(IVIVC):

Bio-wavier request based on BCS

BCS class

ill. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

Total Number of Studies

Filability and QBR comments

“X” if yes

Comments

Application filable ?

X Reasons if the application is not filable (or an attachment if applicable)

For example, is clinical formulation the same as the to-be-marketed one?

Comments sent to firm ?

if applicable.

Comments have been sent to finn (or attachiment included). FDA letter date

QBR questions (key issues to be
considered)

Sunscreen and topical cream effect
Dose response
Minimal effective dose




Other comments or information not
included above

Primary reviewer Signature and Date

.Secondary reviewer Signature and Date
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Filing Memo

Clinical Pharmacology Review

NDA: - 21-813

Compound: Bio-E-Gel™ (Estradiol Topical Gel 0.06%)
Sponsor: BioSante Pharmaceuticals, Inc.

Date:  2/27/2006

Reviewer: Doanh Tran

Background: Estradiol is available for estrogen replacement therapy in the United States in oral
formulations, vaginal ring or vaginal preparations, and preparations for percutaneous absorption in the
form of a transdermal patch, topical emulsion, or hydroalcoholic gel. The goal of estrogen therapy is to
provide relief of vasomotor and vulvovaginal symptoms in postmenopausal women. Theoretically,
symptom relief would occur when estradiol concentrations are greater than those of postmenopausal
women with symptoms and similar to the premenopausal hormonal milieu.

The sponsor has submitted an NDA for estradiol topical gel 0.06% (Bio-E-Gel™) seeking indications
of treatment of moderate-to-severe vasomotor symptoms associated with menopause (VMS)C 1

C ' 1 The
proposed dosage regimen is to start with 0.87 g of gel, which contains 0.52 mg of estradiol, daily (one
pump) applied to the upper arm. Other doses include 1.7 g (2 pumps) T T daily.

The sponsor conducted / PK studies. However, only 4 studies (EST003, EST006, EST007, and
EST008) used the same formulation in the 2 clinical trials supportive of the proposed indication

- (EST004 and EST005) and that is the formulation planned for commercialization. The other/ PK
studies [ Tused a Bio-E-Gel ji— 2 formulation that is different than the
clinical trial formulation and are included for completeness (only a summary was prov1ded for[ |

/) but not for support of the NDA.

Two studies (EST003 and EST007) measured serum concentrations of estradiol and its metabolites
following topical application of Bio-E-Gel for 14 days in postmenopausal women. Pharmacokinetic
parameters for estradiol and its metabolites were derived from the measured values as well as values
that were adjusted for baseline concentrations of endogenous hormones. Adjusted PK parameters
provide an estimate of the absorbed drug. Study EST006 evaluated the removal of Bio-E-Gel by
washing and the potential transfer of Bio-E-Gel by skin-to-skin contact and study EST008 evaluated
the effect of sunscreen on the absorption of Bio-E-Gel.

Absorption: According to the sponsor, steady state concentrations of estradiol are achieved in
approximately 3 days. Following 14 daily doses of 0.87 g Bio-E-Gel the mean unadjusted estradiol
AUC0-24 was 335.2 pg*hr/mL, mean Cmax of 21.6 pg/mL, and median Tmax of 18 hours (range 1-20
hours). Application of sunscreen 10 minutes before application of Bio-E-Gel increased the mean
exposure by approximately 55% with individual increases as high as,/ %. No significant change in
mean estradiol exposure was observed when sunscreen was applied 25 minutes after application of
Bio-E-Gel. There appear to be a period effect in the sunscreen study, where subjects in the Bio-E-Gel
alone group had mean AUC on day 37 that wasT. 11 fold higher than on day 15. Generally,
exposure in the second crossover period (i.e., days 37 and 44) was higher than the first period
regardless of treatment group. It is not clear what was the cause of this significant increase in
exposure.



Distribution, metabolism, excretion, and drug-drug interactions: The sponsor is relying on current
knowledge base to address these areas for estradiol. This reviewer concurs that there are sufficient
information in other estradiol product labels to enable labeling of Bio-E-Gel.

Special population: Bio-E-Gel pharmacokinetics was studied in postmenopausal women, which is the
target population. No study was conducted in patients with renal or hepatic impairment or any other
special population.

Estradiol transfer: Less than 10% of the estradiol dose was measured on the skin via cotton swabs at
2 and 8 hours after application. Direct arm to arm contact with male partner for 5 minutes at 2 and 8
hours after application did not result in significant changes in estradiol level in the male partner.
Washing of the application site at 8 hours after application reduced the residual estradiol to 1% of
applied dose. ‘

Clinical vs. to-be-marketed formulation: The sponsor stated that the clinical and the to-be-marketed
formulation are the same.

Recommendation:

The Office of Clinical Pharmacology/Division of Clinical Pharmacology 3 finds that the Human
Pharmacokinetics and Bioavailability section for NDA 21-813 is fileable.

Comments for sponsor:

1. Regarding study EST008, we are concerned with the increased estradiol exposure in the group
where Bio-E-Gel was applied after sunscreen (mean increase of 55% with individual increase as
high as /% relative to Bio-E-Gel alone) and the increased estradiol exposure in all groups in the
second crossover period (mean increase of 1 fold relative to the first period).

—

;\— .

e Please provide rationale for the higher exposure to estradiol in the second crossover period
(i.e., days 37 and 44) as compared to the first period (i.e., days 15 and 22) in study EST 008.
Specifically, please address whether this was related to the application of sunscreen on days
16 — 22 or other factors that may be responsible for this observation (e.g., change in SHBG
and estradiol binding).

2. The nominal delivery rate estimate for the 2.6 g dose appears to be low. For calculation of the
nominal delivery rate for the 2.6 g dose, you used data from study EST003, where 2.5 g of gel was
applied to the front and inner thigh area, to estimate a nominal delivery rate of 0.064 mg/day. The
mean unadjusted average estradiol concentration (Caye) in this study was 53.4 pg/ml. We noted that
in study EST008, where 2.6 g was applied to the upper arm (i.e., same dose and application site as




in the proposed label), the mean unadjusted C,y. for estradiol on day 15 were 74 and 75 pg/ml for
group 1 and 2, respectively. Considering baseline mean estradiol levels of 4 — 8.1 pg/mL in your
studies EST007 and EST003 and applying the same equation that you used, the estimate nominal
delivery rate would be approximately in the range of 0.084 to 0.091 mg/day. [—_ |
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