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1  Executive Summary

1.1  Recommendation

The Division of Clinical Pharmacology 3/Office of Clinical Pharmacology finds NDA 22-206 for
silodosin acceptable from a Clinical Pharmacology perspective, provided the labeling comments are
adequately addressed.

1.2 Phase IV Commitments

None

1.3 Summary of Important Clinical Pharmacology and Biopharmaceutics Findings

Silodosin is a new molecular entity in the class of a-adrenergic receptor (AR) antagonist (also known as
alpha blocker). Silodosin has selectivity for the oy, receptor relative to the oy, receptor. Silodosin is
metabolized into 2 major metabolites, namely KMD-3213G and KMD-3293 of which KMD-3213G may
partly contribute to silodosin’s pharmacologic activity.

Silodosin is being developed for the treatment of the signs and symptoms of benign prostatic hyperplasia
(BPH). The NDA includes 19 Phase 1 pharmacokinetic (PK) studies, 1 Phase 1 pharmacodynamic study,
1 QT study, and 10 Phase 2 and Phase 3 studies. The Clinical Pharmacology section is also supported by
14 in vitro studies focusing mainly on metabolism and protein binding.

The Clinical Pharmacology section of the NDA includes assessments of absorption, distribution,
metabolism, and excretion (ADME) properties, single and multiple-dose pharmacokinetics (PK), effect of
age, hepatic impairment, renal impairment, food, and CYP3A4 inhibition on the PK of silodosin. Effect
of silodosin on the PK of other drugs was evaluated in an in vivo interaction study with digoxin and in
vitro CYP enzyme inhibition and induction studies.

The proposed dose is 8 mg capsule once daily with food. It is supported by PK studies and safety and
efficacy trials using the same dose and dosing schedule.

Pharmacokinetics: To mimic the proposed administration instruction, pharmacokinetic studies of
silodosin were generally conducted under fed state. Following single oral dose of 8 mg silodosin,
silodosin reached a Ty,s (mean = SD, same hereafter) at 2.4 + 1.1 hour. The AUC and Crnax values were
290.6 =+ 105.4 ng*hr/mL and 54.5 + 26.0 ng/mL, respectively. The PK of silodosin was dose proportional
between 4 and 8 mg. Silodosin exhibited linear PK up to doses of 24 mg. Steady state was reached after 7
days. There was little accumulation (~10%) of silodosin after 7 daily doses. The following table presents
steady state PK parameters for silodosin and its major metabolites KMD-3213G and KMD-3293
following 7 daily doses of 8 mg silodosin in the target age population (mean 57.2 years old, range 45.0 —
70.9 years old).

Moiety AUCq.4, Crnax, Ng/mL Tmax, hr Ty, hr
ng*hr/mL

Silodosin 373.4 £164.94 61.6 +27.54 2.6 +0.90 13.3 £ 8.07

KMD-3213G 1660.5 + 647.23 102.4 + 36.51 5.5+£229 24.1 £ 16.62

KMD-3293 373.0+ 141.72 34.3 + 12.58 4.1+1.29 13.1+£7.10

Exposure to KMD-3213G is about 4.5 times that of silodosin. Since its relative binding affinity to the a1-

AR is 1/8 that of silodosin, it may partly contribute the overall pharmacologic activity of silodosin.




The oral bioavailability of silodosin based on plasma concentration of silodosin was 32%. The ‘
bioavailability based on plasma concentration of metabolite KMD-3213G was higher (47%), suggesting
the presence of first pass metabolism.

Silodosin is highly bound (~97%) to plasma protein, mainly to o1-acid glycoprotein. Silodosin has an
apparent volume of distribution of 49.5 L.

Silodosin is metabolized to a glucuronide conjugate, KMD-3213G, via UGT2B7 (UDP-
Glucuronosyltransferase-2B7). Its second major metabolite, KMD-3293, is formed via alcohol
dehydrogenase and aldehyde dehydrogenase. A number of minor metabolites are formed via CYP3A4
pathway. In vitro studies indicated CYP3A4 is not involved in the formation of the two major
metabolites. However, co-administration with the CYP3A4 inhibitor ketoconazole significantly increased
the exposure of silodosin and its 2 major metabolites.

Following oral administration of 8 mg [14C]}-silodosin, 54.9% of radioactivity was excreted in feces and
33.5%.was excreted in the urine. 2.9% of the administered dose was excreted in the urine as the
unchanged drug. Following intravenous administration, the total body clearance was 10 L/hour.

Pharmacodynamics: The primary endpoint in both phase 3 studies (S104009 and S104010) was the
change from baseline to last observation carried forward (LOCF) in the international prostate symptom
score (IPSS). The results provided by the Clinical reviewer, Dr. Olivia Easley, indicated that statistically
significant reduction in IPSS score in silodosin treated patients compared to placebo was demonstrated in
both phase 3 studies.

Effect on QT: A “thorough QT” study was conducted. The study administered silodosin 8 and 24 mg per
day for 5 days. The review by the interdisciplinary review team for QT (IRT-QT) indicated that “no
significant effect of silodosin was detected.”

Effects of intrinsic and extrinsic factors on the PK of silodosin:

Age: A phase 1 study was conducted to evaluate the effect of age. The results indicated that elderly men
(mean age 69 years old) had higher silodosin AUC (15.3% higher) and longer t,;, (21% longer) compared
to young men (mean age 24 years old). There was no change in silodosin C.. Exposure to KMD-3213G
was about 44% higher in the elderly. Since Phase 2 and Phase 3 safety and efficacy studies for silodosin
were well represented by patients that were >65 years of age (42.8% or 384 out of 897 that were dosed at
8 mg silodosin once daily), no dosage adjustment is recommended for age.

Hepatic impairment: Moderate hepatic impairment decreased the AUC and C,,,, of total (bound and
unbound) silodosin by 26%. However, unbound silodosin AUC and C,,,, increased by about 20 and 10%,
respectively. Exposure to total and unbound KMD-3213G was lower in subjects with moderate hepatic
impairment. No dose adjustment is needed for mild and moderate hepatic impairment. The effect of
severe hepatic impairment was not evaluated.

Renal impairment: Moderate renal impairment increased the AUC of total (bound and unbound)
silodosin and KMD 3213G by 3.13- and 3.77-fold, respectively. C...x values for total silodosin and KMD
3213G were higher by 3.11- and 1.92-fold, respectively, in subjects with moderate renal impairment.
Slightly lower magnitude of difference was observed for unbound concentrations; Unbound AUC values
were higher by 2.01- and 2.67-fold while C,x values were higher by 1.49- and 1.31-fold for silodosin and
KMD 3213, respectively. Based on safety data from phase 3 trials and the observed PK changes, a dose
of 4 mg once daily is recommended for patient with moderate renal impairment. A review of safety data



by the Medical Officer, Dr. Olivia Easley indicated patients with mild renal impairment enrolled Phase 3
trials did not show an increased rate of adverse events compared to those with normal renal function. This
reviewer concurs with the review team that no dosage adjustment is needed in patient with mild renal
impairment. Due to lack of safety and PK information and the potential for significant increase in
exposure, silodosin is not recommended for patients with severe renal impairment.

Race: A study to evaluate the effect of race on the PK of silodosin was not conducted. Cross-study
comparison indicated that Japanese subjects on average had lower silodosin AUC and C,. and shorter t;;,
than Caucasians and Blacks. However, the ranges of PK values overlapped between Japanese and
Caucasian/Black populations.

Food: The effect of a high fat high calorie meal on the PK of silodosin was not evaluated. There were
available data on the effect of low to moderate fat (<30%) and moderate calorie (~500 — 600 kcal) meals.
The effect of a moderate fat moderate calorie meal was variable and decreased silodosin C., by 18 —
43% and decreased AUC by 4.3 - 49% (across 3 studies). Patients should be cautioned to take silodosin
with food as instructed to reduce risk of adverse events such as orthostatic hypotension. Phase 3 clinical
trials were conducted with food.

CYP3A4 inhibition and induction: Co-administration with ketoconazole increased silodosin AUC and
Cumax by 3.2- and 3.8-fold, respectively. Ketoconazole coadministration increased both the AUC and C,,,,
of KMD-3213G by 3.3-fold. However, silodosin’s elimination t;, was not changed. Because
ketoconazole may potentially inhibit the transporter P-glycoprotein (P-gp) and silodosin is a P-gp
substrate, it is not clear if the observed effects are due to inhibition of CYP3A4 or P-gp or both. Until this
issue is resolved, labeling should encompass both pathways.

Due to risk of syncope at exposure equivalent to about 16 mg oral silodosin that was identified by the
Medical Officer and the lack of available dosage strength <4 mg, silodosin is not recommended in
patients taking strong inhibitors of CYP3A4.

The effect of moderate CYP3A4 inhibitors was not evaluated. Caution should be exercised when co-
administering silodosin with moderate CYP3A4 inhibitors.

- The effect of CYP3A4 induction on the PK of silodosin has not been evaluated.

P-glycoprotein inhibition: In vitro studies indicated that silodosin is a P-gp substrate. A drug interaction
study with a strong P-gp inhibitor such as cyclosporine or itraconazole has not been conducted. As
indicated above, a drug interaction study with ketoconazole, a CYP3A4 inhibitor that may also inhibit P-
gp, showed significant increase in exposure to silodosin. Silodosin is not recommended in patients taking
strong P-gp inhibitors.

Effects of silodosin on the PK of other drugs:

Digoxin: Co—administration of silodosin did not significantly affect the PK of digoxin, a P-gp substrate
with narrow therapeutic index.

General enzyme activity: Effects of silodosin and its major metabolites KMD-3213G and KMD-3293 on
enzyme inhibition and induction was examined in vitro. The results indicated that silodosin
administration is not likely to inhibit the activity of CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP2D6,
CYP2EL, and CYP3A4 (i.e., all tested isoforms) or induce the activity of CYP1A2 and CYP3A4. By
inference, induction of CYP2C8 CYP2C9, CYP2C19, and P-gp is also not expected.



Biopharmaceutics:

Formulations: Phase 3 trials for silodosin used 2 x 4 mg capsules for a total dose of 8 mg instead of a
single 8 mg commercial capsule. This difference was adequately bridged with in vitro dissolution studies
in 0.1 N HCL, pH 4.5 buffer, and pH 6.8 buffer. Some phase 1 and phase 2 studies used formulations that
were different than the to-be-marketed (TBM) formulation. These formulations were either linked to the
TBM formulation with in vitro dissolution data or addressed on a case-by-case basis.

Bioanalysis: Silodosin and its metabolites were measured in urine and plasma using validated assay and
the assays were acceptable. Analytical methods for silodosin met the FDA recommended acceptance
criteria of <20 %CV for precision and within +20% relative error for accuracy at the lower limit of
quantitation (LLOQ) and <15% or within +£15%, respectively, at all other concentrations. The precision
and accuracy acceptance criteria for KMD-3213G and KMD-3293 LC/MS/MS assay conducted by

T —— — Jor Watson were expanded to <20% and +20% at all concentrations instead of
only at the LLOQ. This deviation was accepted since these metabolites are expected to have a minor
contribution to the overall effect of silodosin administration and the additional errors that may be
introduced by expanding the acceptance criteria from 15% to 20% should not significantly alter the
clinical interpretation of the safety and efficacy of silodosin.

An Optional Inter-Division Clinical Pharmacology briefing was held on July 31, 2008 with the following
in attendance: Doanh Tran, Sandhya Apparaju, Dennis Bashaw, Hae-Young Ahn, George Benson, Olivia
Easley, Lei Zhang, Gene Williams, John Lazor, Ping Zhao, Jian Wang, Chongwoo Y, LaiMing Lee,
Hyunjin Kim, and Isabelle Ragueneau-Majlessi.

APPEARS THIS wAY
ON ORIGINAL
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2 Question Based Review

2.1  General Attributes
2.1.1  What is the propesed indication for silodosin?

Silodosin (also known as KMD-3213) is indicated for the treatment of the signs and symptoms of benign
prostatic hyperplasia (BPH).

2.1.2  What are BPH and its current pharmacologic treatments?

BPH is a benign enlargement of the prostate. Common signs and symptoms include weak urine stream,
difficulty starting urination, stopping and starting again while urinating, dribbling at the end of urination,
frequent need to urinate, increased frequency of urination at night (nocturia), urgent need to urinate, and
not being able to completely empty the bladder.

The symptoms associated with BPH are related to bladder outlet obstruction, which is comprised of two
underlying components: static and dynamic. The static component is related to an increase in prostate size
caused, in part, by a proliferation of smooth muscle cells in the prostatic stroma. However, the severity of
BPH symptoms and the degree of urethral obstruction do not correlate well with the size of the prostate.
The dynamic component is a function of an increase in smooth muscle tone in the prostate and bladder
neck leading to constriction of the bladder outlet. Smooth muscle tone is mediated by sympathetic
nervous stimulation of o.1a adrenoceptors, which are abundant in the bladder neck, prostate, prostatic
capsule, and prostatic urethra. Blockage of these receptors can cause smooth muscle in these areas to
relax, resulting in an improvement in urine flow rate and a reduction in the symptoms of BPH. On the
other hand, a.1b receptors are largely located on vascular smooth muscle and antagonist activity at these
receptors may cause a relaxation of vascular smooth muscle and a decrease in the cardiac compensation
mechanisms involved in regulating blood pressure.

Pharmacologic treatment of sign and symptoms of BPH includes alpha blockers and 5-o reductase
inhibitors. As indicated above, alpha blockers relax muscles around the bladder neck and make it easier to
urinate. Four alpha blockers are approved for treatment of BPH, namely terazosin (Hytrin), doxazosin
(Cardura), tamsulosin (Flomax), and alfuzosin (Urotraxal). 5-o reductase inhibitors inhibit the conversion
of testosterone (T) to dihydrotestosterone (DHT) and help shrink the size of the prostate gland. Two 5-o
reductase inhibitors are approved for treatment of BPH, namely finasteride (Proscar) and dutasteride
(Avodart). Combination of alpha blocker and 5-ot reductase inhibitor also can be used (finasteride and
doxazosin or dutasteride and tamsulosin).

2.1.3  What is silodosin? ‘ 5(4}

Silodosin’s molecular structure is presented in figure 1. It includes 1 chiral center. The drug substance -
being reviewed in this NDA _——

Silodosin is an a-adrenergic antagonist (also known as alpha blockers) that has selectivity for the aila
receptor relative to a1b receptors. As with other agents in the alpha blocker class, silodosin’s mechanism
of action is blockage of alpha receptors and cause relaxation of the smooth muscle in the prostate and
bladder neck that results in improvement of urine flow and reductions in symptoms of BPH.

In vitro binding studies showed that silodosin’s a.1a:t1b binding ratio is 162:1, indicating that silodosin
has selectivity to the aila receptors. This selectivity suggests that silodosin has the potential to have
positive effect on BPH symptom while minimizing the effect on blood pressure.



Figure 1: Structure of silodosin. Molecular weight 495.53.
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2.1.4  What are the sponsor’s proposed dosage and route of administration?

The proposed standard dose is 8 mg orally once daily with food. The sponsor proposed a lower dose of 4

mg once daily - — h@‘)

—_—_— e ————

2.2 General -Clinical Pharmacology

2.2.1  What is the single dose PK of silodosin and its major metabolites KMD-3213G and KMD-3293?

Single dose plasma PK for silodosin and its major metabolites following administration of the final 4 mg
and 8 mg formulations manufactured by Watson was evaluated in study SI7004. The study enrolled 18
White and 4 Black young healthy males with mean (SD) age of 30 (8.2) years. To mimic the clinical use
recommendation, silodosin was given with food (within 30 minutes after breakfast).

Table 1 shows a summary of silodosin PK parameters follow a single dose administration. There was high
variability in AUC (36 — 45 %CV) and C,a, (46 — 48 %CV). Doubling of the dose from 4 mg to 8mg
approximately doubled the mean silodosin AUC and C,,,. The mean silodosin Tmax were similar at
approximately 2.3 and 2.4 hours for 4 mg and 8 mg doses, respectively. The mean ty;, values were 11.1
and 13.3 hours for 4 mg and 8 mg doses, respectively. There were insufficient data in some subjects that
did not permit calculation of their t,;,. There was high variability (121 %CV) in the silodosin t;; values
for the 8 mg dose. One subject (Subject ID SO7004-913) had a long calculated t,,, of 82.6 hours. This
subject had a calculated t;, of 23.5 hours on Day 7. If this subject was removed, the mean (SD) t,; for the
8 mg dose would be 9.9 (2.75) hours.

Figure 2 shows the mean concentration time profile for silodosin. The mean concentrations rise to a single
peak at 2 hours, then decline. Examination of individual concentration time profiles also : ~—====== e

T

Table 1: Summary of single-dose silodosin PK parameters (study SI7004). Data presented as mean
(SD).

Parameter 4 mg (n=22) 8 mg (n=22)
AUCo.»4 (ng*h/mL) 144.70 (65.73) 290.64 (105.43)
Crax (ng/mL) 28.72 (13.25) 54.50 (25.95)
“Tmax (h) 2.3 (0.94) 2.4 (1.05)




Ty () 11.1 (5.21)* | 13.3 (16.09)**

* n=16, ** n=21

Figure 2: Mean (SEM) silodosin plasma concentration (ng/mL) — single dose (study SI7004)
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The PK parameters for major metabolites KMD-3213G and KMD-3293 following single-dose
administration of 4 and 8 mg silodosin are presented in tables 2 and 3. After single-dose administration of
silodosin, the AUC for metabolites KMD-3213G and KMD3293 were approximately 60 —90% higher
than AUC for silodosin parent compound. Their C,,,x values were lower than silodosin. Figures 3 and 4
show the mean concentration time profiles for these major metabolites.

Table 2: Summary KMD-3213G PK parameters following single-dose silodosin (study SI17004).
Data presented as mean (SD). ‘

Parameter 4 mg (n=22) 8 mg (n=22)
AUC.24 (ng*h/mL) 233.73 (176.90) 513.63 (345.90)
Crax (ng/mL) 19.17 (8.49) 38.30 (16.01)
Tmax (h) 5.2(3.35) 4.7(1.29)
T (h) 21.8 (24.91)* 13.0 (6.86)
*n=11




Figure 3: Mean (SEM) KMD-3213G plasma concentration (ng/mL) following single dose silodosin —

study
S17004
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Table 3: Summary KMD-3293 PK parameters following single-dose silodosin (study S17004). Data

presented as mean (SD).

Parameter 4 mg (n=22) 8 mg (n=22)
AUCyp4 (ng*h/mL) 246.98 (215.55) 546.04 (393.69)
Crnax (ng/mL) 20.75 (10.30) 39.78 (18.96)
Tmax (h) 4.3 (1.67) 5.3 (4.30)
Tip (h) 19.1 (20.95)* 14.5 (8.61)**
*n=12, ** n=19 ~

APPEARS THIS WAY

ON OR!IGINAL




Figure 4: Mean (SEM) KMD-3293 plasma concentration (ng/mL) following single dose silodosin —
study
S17004
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2.2.2  What is the multiple dose PK of silodosin and its major metabolites KMD-3213G and KMD-
3293?

SI06004 (multiple dose PK from the target age (45 years old) population:

Note: Study SI06004 is considered to be the primary PK study for silodosin because it was conducted in
the target aged population. Study SI07004 provided single dose PK for Caucasian and Black populations
as well as supporting multiple dose PK data.

Following oral administration of silodosin 8 mg once daily after breakfast for 7 days (study S106004), the
following mean (=SD) PK parameter values were obtained: AUCO0-24 = 373.4 + 164.9 ng*hr/mL, Cpox =
61.6 £ 27.5 ng/mL, Tpax = 2.6 + 0.9 hours, and t;, = 13.3 + 8.1 hours. Figure 5 shows the mean
concentration time profile for silodosin and figure 6 shows a composite of the individual PK profiles.
There was high inter-individual variability in the plasma silodosin concentrations. This study enrolled
mostly White men of the target age range (mean age 57.2 years, age range 45.0 — 70.9 years).

Table 4 provides the calculated PK parameters for silodosin and major metabolites KMD-3213G and
KMD-3293. Figures 7 and 8 show the mean PK profiles for the 2 major metabolites. Exposure (AUC) to
KMD-3213G and KMD-3293 were approximately 450% and 100% of the parent silodosin. C ., for
KMD-3213G and KMD-3293 were approximately 200% and 50% of the parent silodosin. The lower
relative Cyn.x values (compared to the relative AUC) for the metabolites is likely due to the time lag
required for metabolism from silodosin, which is reflected in the delayed Tmax of 5.5 and 4.1 hours for
the metabolites compared to 2.6 hours for silodosin.

Table 4: Mean (SD) PK parameters following silodosin 8 mg once daily for 7 days in target age
population (study S16004), n=19 except * n=18

AUCq.4, AUC ratioto | Cpax, ng/mL Thmax, BT Tin, hr
ng*hr/mL - _silodosin

10



Silodosin

373.4 (164.94) R 61.6 (27.54) | 2.6 (0.90) 133 (8.07)
KMD-3213G_| 1660.5 (647.23) 4.45 1024 (36.51) | 5.5(2.29) | 24.1 (16.62)*
KMD-3293 | 373.0 (141.72) 1.00 343(1258) | 4.1(1.29) 13.1 (7.10)

*n=18 because t;» was not estimated in 1 subject

Figure 5: Mean (£SD) silodosin steady state plasma concentration time profile (S16004)
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Figure 7: Mean (+SD) KMD-3213G steady state plasma concentration time profile (S16004)
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Figure 8: Mean (£SD) KMD-3293 steady state plasina concentration time profile (S16004)
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S107004 (multiple dose PK from healthy young males (mean age 30 years):

Similar results were obtained in study SI07004 where 4 mg or 8 mg silodosin were administered once
daily with food to young males (mean age 30 years, n=18 Whites and 4 Blacks). Table 5 provides the PK
parameters. Compared to Day 1 data, there was little accumulation of silodosin by Day 7 (Table 5).
KMD-3213G accumulated 2.6- to 2.8-fold. Interestingly, exposure to KMD-3293 was 30% - 40% lower
on Day 7 compared to Day 1. It is not clear why exposure to KMD-3293 decreased with multiple dosing.

Table 5: Mean (SD) PK parameter following silodosin 4 mg or 8 mg once daily for 7 days in young

males (study S17004)
AUCO.24, AUC0_24 ratio
ng*hr/mL Comax, ng/mL T, ir Tin, hr (Day 7/Day 1)
4 mg silodosin once a day for 7 days
Silodosin 159.49
(69.96) 28.36 (12.40) 2.4 (0.73) 15.3 (7.46) 1.1

12



' 646.41 .
KMD-3213G (464.40) 41.25(19.95) 4.8(1.949) 21.2 (12.47) 2.8
KMD-3293 173.64
(122.59) 17.07 (7.42) 3.8(0.91) 12.0 (3.69) 0.7
8 mg silodosin once a day for 7 days
Silodosin 297.34
(106.85) 51.14 (17.14) 2.5(0.80) 14.4 (5.44) 1.0
1326.12
KMD-3213G (801.11) 81.14 (37.00) 4.5 (1.44) 16.6 (7.32) 2.6
KMD-3293 321.22
(160.72) 32.32(13.47) 3.7 (0.83) 10.8 (2.80) 0.6

Table 6 compares the AUC, Ci,., and t,, of silodosin across several studies conducted in the US and the
UK. The results are generally consistent across studies. Cmax was highest in study KMD3213-US012-99,
which is expected since it was dosed under fasting conditions. Study S105014 had low AUC and C,py
values that may be partly due to its measurement on Day 5, which was not at steady state. T, varied
across studies and the reason is not well understood.

Studies in Japanese generally showed lower t),, values (see section 2.3.4). However, race may not be the
cause of the lower ty;; in studies in Japanese, as t,/, also varies across these studies and overlapped with
those observed in Caucasians and Blacks. A study in Caucasians (study KMD?3213-UK01-97) showed
mean 1y, of 3.7 — 5.5 hours in the dose range of 4 — 8 mg, with or without food.

Table 6: Silodosin PK parameters across several studies conducted in the US and the UK. Data
presented as arithmetic mean (SD) unless indicated otherwise.
Study# o 4 mg 4 mg T . 8 mg 8 mg Tin

L - AUC Coax -~ AUC C

SI7004 — AUC,_4 on 15949 2836 3 29734 5114 14.4

D::y7 w1th od (69.96) (12.40) (7.46) (106.85) (17.149) (5.44)

306-UK, AUCy.., with 146 319 104
food @86)  (883)  (3.67)

KMD3213-US012-99,
solution of [14CJKMD-
3213, fasting,

325 773 12.1
.(92) (31.9) .1

2.2.3  What is the time to steady state for silodosin and its major metabolites?

Data from study S16004 (in target age population) indicated that silodosin Cirougn reached a plateau on Day
7 (Crougn concentrations of 4.6 + 3.02, 4.8 + 2.61, 5.7 + 3.69 and 5.7 + 4.69 on Day 5, 6,7, and 8 [end of
7th dose interval], respectively), suggesting that steady state was likely reached at Day 7 for silodosin.
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Calculated time to steady state based on 5 times the estimated t;, supported this conclusion. Data across
several studies in Caucasians and Blacks (table 6) showed mean silodosin t,, of 7.6 to 15.3 hours,
suggesting steady state should be reached in about 3 days. Additionally, data were available from study
KMD-207, where Japanese subjects (n=12) were administered silodosin 6 mg twice daily for 6 days and
predose samplings were obtained prior to each morning dose. These results indicated that steady state was
reached in about 3 days for silodosin. Overall, data from studies SI06004 and KMD-207 indicate that
steady state was reached within 7 days.

Steady state PK for the metabolite KMD-3213G was reached on Day 5 (study S16004). The trough
concentrations of KMD-3293 continually increased with each dose up to the last dose measured on Day 8
(Table 7), suggesting that steady state was not reach after 7 daily doses. The concentration data is variable
and it is not clear if there was an increase as suggested by the trend increase in the mean concentration.
Based on calculated t;; of about 13 hours, it is likely that it was close to steady state by day 7 for KMD-
3293.

Table 7: Trough concentrations (ng/mL) measured in the morning of indicated days.

Moiety Day 5 Day 6 Day 7 Day 8
KMD-3213G 56.4 (25.59) 50.4 (25.57) 50.1 (23.67) 52.3 (29.25).
KMD-3293 6.7 (3.70) 6.9 (3.79) 7.2 (3.93) 7.6 (4.70)

2.2.4 What is the absolute bioavailability of silodosin?

Study KMD-308 evaluated the bioavailability of silodosin given as 4 mg oral dose and 2 mg iv infusion
over 4 hours (n=11) in a single sequence crossover design. The dose normalized silodosin oral
bioavailability relative to intravenous (IV) administration was 32 = 11% when both routes were given
under fasting conditions. The bioavailability based on AUC of metabolites KMD-3213G and KMD-3293
following oral versus IV administration of silodosin was about 47% and 45%, respectively. The higher
oral bioavailability (45 —47%) of the metabolites compared to the bioavailability of the parent silodosin
(32%) suggests the presence of first pass metabolism. The fraction absorbed following oral dose of
silodosin is 33.5% based urinary excretion data. The metabolite bioavailability data suggests that the
fraction absorbed may be higher than 33.5%, potentially as high as 47%.

2.2.5 What are the protein binding and distribution properties of silodosin?

The volume of distribution after a single IV administration of 2 mg silodosin to healthy adult males was
49.5 L (Study KMD-308). In blood, most of silodosin is present in the plasma. Silodosin and its major
metabolites KMD-3213G and KMD-3293 are highly protein bound in human plasma, with most being
bound to a1-glycoprotein. Details of protein binding and blood to plasma ratio are presented below.

Following silodosin oral administration (study KMD-309, n=7) the percent of protein binding of silodosin
was 96.6 + 1.7% (range 92.9 — 98.0%). The in vitro binding of silodosin to human plasma protein ranged
from 94.6 = 0.4% to 95.8 + 0.2% at incubation concentrations of 100 to 500 ng/mL. Separate binding
study with human serum albumin, gamma-globulins, and o1-acid glycoprotein indicated that most of .
silodosin in plasma was bound to e.1-acid glycoprotein (study PK10153). The protein binding result from
in vitro incubation was consistent with the observed binding in vivo.

KMD-3213G and KMD-3293 were also highly bound to human plasma. Following silodosin oral
administration (study KMD-309, n=7) the percent of protein binding of KMD-3213G was 90.2 + 4.9%
(range 79.4 — 92.9%). KMD-3213G in vitro binding rate in human plasma was 91.2 + 0.6 t0 92.0 + 0.9 at
incubation concentration of 200 to 500 ng/mL. KMD-3213G binding to rat and dog plasma was lower at
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approximately 70% and 60%, respectively. As with KMD-3213 parent compound, KMD-3213G in
plasma also bound mainly to a1-glycoprotein (study DMPK2003-0053).

KMD-3293 in vitro binding to human plasma was 91.9 + 0.4% and 90.2 + 1.2% at concentrations of 200

ng/mL and 500 ng/mL, respectively. KMD-3293 in plasma was also bound mainly to al-glycoprotein
(study DMPK2004-0033).

Within the systemic circulation (i.e., blood), most of silodosin is present in the plasma. In vitro human
blood to plasma ratio (Rp) of silodosin were 0.51 + 0.04 and 0.55 +'0.03 at the [14C]-silodosin
concentrations of 24 ng equivalent/mL and 121 ng equivalent/mL, respectively (n=3 each). After taking
into account the hematocrit value of each sample, the percentage of silodosin associated with blood cells
was 2.2 + 3.8% (range 0.0 — 6.6%) and 3.7 + 3.4% (range 0.4 — 7.2%) at the [14C]-silodosin
concentrations of 24 ng equivalent/mL and 121 ng equivalent/mL, respectively (Study PK10091). This is
supported by data from mass balance study KMD3213-US012-99, which administered a single dose of §
mg [14C]-silodosin, showing silodosin AUC,... of total radioactivity from blood and plasma to be 1.27 +
0.318 ug equivalent*h/g and 3.56 + 0.406 pg equivalent*h/g, respectively. Considering a normal
hematocrit range of 36 — 50%, this in vivo data suggests there was little association of radioactivity in the
blood with the cellular fraction of blood.

2.2.6  What are the metabolic pathways for silodosin?

Silodosin has 2 main plasma metabolites, KMD-3213G and KMD-3293. In vitro studies using human
liver microsome and selective CYP inhibitors (furafylline (CYP1A1/2), coumarin (CYP2A6),
sulfafenazole (CYP2C9), S-mephenytoin (CYP2C19), quinidine (CYP2D6), diethyldithiocarbamate
(CYP2EL), and ketoconazole (CYP3A4)) indicated that CYP3A4 is important in the metabolism of
silodosin. Inhibitors of CYP2C8 were not evaluated. In vitro incubation with 2 M ketoconazole, an
inhibitor of CYP3A4, inhibited the metabolism of silodosin in human liver microsomes by 71% (Study
KMD-OIR001). In vivo drug interaction study with ketoconazole showed increased exposure to silodosin,
consistent with the in vitro observation. However, CYP enzymes do not appear to play a role in the
formation of the major metabolites KMD-3213G and KMD-3293.

KMD-3213G is a glucuronide conjugate which was noted in the presence of UGT2B7 among a series of

UGT isoforms (cDNA expressed ~"— sor human UGT1AL1, 1A3, 1A6, 1A9, 1A10, 2B7, b(4)
2B15, and control microsomes) tested in vitro. [14CJKMD-3123G was formed only in the samples

incubated with UGT2B7. The mean % of peak of KMD-3123G relative to total radioactivity was 1.69 +

0.22%, 5.08 £ 0.33%, and 8.49 + 0.59% after incubation (n=3) for 10, 30, and 60 min, respectively,

indicating linear increase of formation up to 60 min (Study AE-3348).

Metabolism to KMD-3293 appears to be mediated by alcohol dehydrogenase and aldehyde
dehydrogenase. Incubations with S9 fraction and dehydrogenase substrates and inhibitors suggested that
alcohol dehydrogenase and aldehyde dehydrogenase were involved in the formation of KMD-3293 from
KMD-3213. Formation of KMD-3293 was not detected (LOQ = 0.1 uM) following incubation of
silodosin in human liver microsomes (30 minutes, 100 uM silodosin), indicating CYP enzymes do not
metabolize silodosin to KMD-3293 (Study PK10126).

Silodosin also metabolizes into a nrumber of minor metabolites, including KMD-3295, KMD-3241,
KMD-3289, KMD-3250, and KMD-3310. In vitro studies indicate metabolism to KMD-3241, KMD-
3289, KMD-3250, and KMD-3310 is mediated by CYP3A4 since incubation with 2 pM ketoconazole
significantly inhibited their formation. The proposed metabolic pathway is presented in Figure 9.
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Figure 9: Proposed human metabolic pathway of silodosin and metabolites
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After oral dosing, KMD-3213G reaches exposure levels that are approximately 4.4 times (in mass unit)
those of silodosin, while KMD-3293 exposure is similar to that of silodosin (study SI06004). Based on
ICsp values (molar unit), the binding affinity of KMD-3213G for the alA adrenergic receptor (AR) in rats
is about 1/4 of silodosin’s (study AL-2232-G). KMD-3213G has approximately haif of the antagonistic
effect on noradrenaline-induced contraction in isolated rat prostate tissue (Study KMD-1104). The
binding affinity to human al-AR for KMD-3213G is 1/8 that of silodosin’s. Based on this information,
the effect of KMD-3213G in humans may be approximately 1/16 to 1/8 of silodosin’s. Because the
molecular weigh are different for KMD-3213G (709.75) and silodosin (495.53), the 4.4 times higher
KMD-3213G exposure based on mass unit is equivalent to 3.1 times in molar unit for purpose of
comparing relative activity. Therefore, taking into account the approximately 3-fold higher exposure
(molar unit) to KMD-3213G, the effect of KMD-3213G may be about 3/16 (19%) to 3/8 (38%) of the
parent silodosin’s or 16 — 28% of the total activity (from silodosin and KMD-3213G).

Less is known about KMD-3293. The binding affinity to human a1A-AR subtype of KMD-3293 is 1/42
of silodosin’s, suggesting that KMD-3293 does not significantly contribute to efficacy since exposure to

KMD-3293 is similar to silodosin.

22.7 Issilodosin a P-glycoprotein (P-gp) substrate and/or inhibitor?

Silodosin is a P-gp substrate. The effect of P-gp inhibition on the PK of silodosin is not well understood.
Silodosin at a dose of 4 mg twice daily did not affect the exposure of digoxin, a P-gp substrate. The

following section provides additional details.

Study PK-03-002 evaluated the P-gp to membrane permeation of silodosin using vinblastine-treated P-gp
over-expressed Caco-2 cell monolayers. The results indicated that there is directionality in the membrane
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permeation of KMD- 3213 across Caco-2 cell monolayers with a basolateral to apical/apical to basolateral
permeability ratio of 8.4. It was shown that the directionality was due to P-gp since it was abolished by
increasing concentration of verapamil, a P-gp inhibitor. These data indicate a potential for P-gp inhibitors
to increase the bioavailability of silodosin.

The effect of P-gp inhibition on the PK of silodosin is not completely understood. The sponsor conducted
an in vivo drug interaction study with ketoconazole. Ketoconazole has the potential to inhibit P-gpin
addition to CYP3A4. There was significant increase in silodosin AUC (3.2-fold) and Cypy (3.8-fold) with
concomitant administration of ketoconazole (see section 2.4.2). However, it is not known to what extent
P-gp inhibition contributed to the observed increased silodosin concentration. Since strong P-gp inhibitors
have the potential to increase silodosin’s exposure and a 2-fold increase in silodosin exposure from the
standard dose of 8 mg dose may predispose some patients to large drops in blood pressure and brief loss
of consciousness, this reviewer recommends that strong P-gp inhibitors (e.g., cyclosporine, and
itraconazole) should not be used concomitantly with silodosin.

The effect of silodosin on P-gp activity was not evaluated in vitro. However, sponsor conducted an in
vivo drug interaction study with digoxin, a P-gp substrate with narrow therapeutic index. The results
indicated that silodosin does not affect the PK of digoxin. See section 2.4.5 for more details.

Description of in vitro P-gp study:

The following is a brief description of the methods and results of the in vitro P-gp assessment (Study PK-
03-002). Membrane permeation of [14C]-silodosin (10 pM) across Caco-2 cell monolayers were
evaluated in both “Apical (A) to Basolateral (B)” direction and “B to A” direction after 21 day-culture
period following inoculation or insert. Caco-2 cells were cultured in the medium added with
vinblastine at 10 nM. Digoxin was used as positive control for the Caco-2 system.

Apparent membrane permeation coefficient (Papp) of [14C]-silodosin in “B 16 A” direction (25.205 x 10°¢
cm/s) was 8.4 times higher than that in “A to B” direction (3.007 x 10°® cm/s), which suggests
directionality of silodosin permeation across Caco-2 cell monolayers. In a separate experiment, this
directionality was modified by the addition of verapamil, a known P- gp inhibitor. Without verapamil
Papp in “B to A” direction (25.783 x 10°® cm/s) was 10.4 times higher than that in “A to B” direction
(2.477 x 10°® cr/s). In the presence of verapamil, Papp in “B to A” direction decreased to 19.697 x 10
cm/s (with 10 pM verapamil), 11.734 x 10°° cm/s (60 pM verapamil), or 11.356 x 10 cm/s (100 uM
verapamil) dependent on verapamil concentration while “A to B” increased to 8.754 x 10 cm/s (10 uM),
15.613 x 10" cm/s (60 uM), or 14.001 x 10 cm/s (100 uM). As the verapamil concentration increased
the difference between “B to A” and “A to B” disappeared. At 10 pM, same concentration of [14C]-
silodosin, the difference was 2.2 times, and it was completely disappeared (0.8 times) at verapamil
concentration over 60 M.

Table 8: Effect of verapamil on [14C]-silodosin (noted as l"C-KMD-3213) permeation across P-gp
over-expressed Caco-2 cell monolayers

Verapanil Papp (x10° cnis)
cone. (UM) Ato B direction BtoAdirection (BtoA)/(AtoB)
0 (control) 2.477 +0.160 25783 + 1.250 104

10 8.754 +0.752 19.697 + 0.551 22

60 15.613 £ 0.810 11.734 + 0.651 0.8

100 14.001 + 0.357 11.356 £ 0.417 - 0.8

Values are mean + S.D. of three monolayers.

A ; Apical side, B ; Basolateral side

Added "C-KMD-3213 concentration was 11 pM.
Verapamil was added in both A and B sides,
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2.2.8  What are the routes of excretion for silodosin?

Following oral administration of 8 mg [14C]-silodosin, the main route of excretion (based on
measurement of radioactivity in study KMD3213-US012-99) was via the feces, with a mean of 54.9%
excreted via this route through 240 hours post-dose. Excretion in the urine accounted for a mean of 33.5%
of the administered activity through 240 hours post dose. The mean 0 — 240 hours recovery of
radioactivity in excreta was 88.4%. After IV administration (4-hour infusion of 2 mg silodosin), the total
body clearance of silodosin was 167 % 33.8 ml/min (or 10.0 + 2.03 L/hour) in Japanese males (Study
KMD-308, n=12). {Review note: The sponsor’s summary ———"—"""=  udicated a CL value of 167
L/hour. This was apparently due to an erroneous assumption by Watson that the CL results reported by
Kissei were in the same L/hour unit used by Watson. The Kissei report used CL unit of ml/min}

Results from study KMD3213-US012-99 showed 2.87 (+0.68) % of the administered dose was excreted
in the urine as unchanged drug, indicating that silodosin was extensively metabolized. The mean (SD) 48
hour unchanged silodosin excretion rate was 1.68 (0.86) % following a single 8 mg dose in healthy
Caucasian males (healthy controls in hepatic impairment study SI05010), consistent with the results from
the above [14C}-silodosin study. Similarly, in Japanese subjects the mean 48 hours silodosin urinary
excretion rate ranged from 2.1 to 4.3% following single dose and 2.7 to 4.0% after 7-day repeated oral
dosing in Japanese subjects (Studies 95283, 98363, 95284, and 98364). {Review note: the sponsor’s
calculation of the fraction excreted in urine in the report for study SI05010 was off by 1 order of
magnitude higher, i.e.,16.8% instead of 1.68%}

2.2.9 What design features of PK and clinical efficacy trials are used to support dosing?

The safety and efficacy of silodosin was supported primarily by two phase 3 studies (studies SI04009 and
S104010). Both studies had a similar design. They were multi-center, double-blind, parallel-group,
placebo-controlled studies. Approximately 230 patients per treatment group were randomized to each
treatment (silodosin or placebo). Each study was comprised of two periods, a 4-week placebo run-in
period and a 12-week dosing period. Patients were randomized to receive either 8 mg silodosin or placebo
once daily. They were instructed to take each dose with food, same as that being proposed for clinical use.

The results of the phase 3 studies indicated that silodosin was effective in decreasing the primary Clinical
endpoint of international prostate symptom score (IPSS). Tables 9 and 10 (provided by the Clinical
reviewer, Dr. Olivia Easley) show that a statistically significant decrease in IPSS was achieved in both
phase 3 studies SI04009 and S104010.

Table 9: Change from baseline in IPSS total score by modified intent to treat (mITT) population,
study S104009

Visit Statistic Placebo Silodosin
N=228 (N=233)
Week 0 (baseline) Mean (SD) 21.4 (4.91) 21.5 (5.39)
Week 1 Mean (SD) 19.4 (5.77) 17.6 (5.94)
Change Mean (SD) L 21465 | 45(5.68)
p-value <0.001
Week 12 (LOCF) Mean (SD) 17.7 (6.55) 15.0 (6.96)
Change Mean (SD) L 3.6(5:85) ] i 65(6.93)
p-value <0.001
Table 10: Summary of Change from Baseline in IPSS Total Score by Treatment Group and Visit
mITT), SI04010 '
Visit Statistic Placebo Silodosin
N=229 N=233

18

b(4)



Week 0 (baseline) Mean (SD) 21.2 (4.92) 21.2 (4.88)

Week 1 Mean (SD) 18.5 (6.31) 16.2 (6.20)

Change Mean (SD) L T2i704.69). L 125:0105.38).
p-value <0.001

Week 12 (LOCF) Mean (SD) 17.7(6.95) 14.9 (6.82)

Change Mean (SD) S AB4(583) - [T T63654) T
p-value <0.001

Pharmacokinetic studies indicated that the 8 mg dose is bioavailable. Food decreased silodosin’s Crnax (sce
section 2.4.1) and potentially minimizing the risk of orthostatic hypotension. All phase 2 and 3 studies
administered silodosin with food, thus the safety of the increase silodosin C,,, When patients take
silodosin on an empty stomach may not be captured in these studies. Additionally, the maximum food
effect using a standard high fat, high calorie meal was not evaluated and therefore the maximum increase
in Cpnax due to administration on an empty stomach is not known. Because the proposed dosage and
administration instruction is identical to that used in the phase 3 trials, the proposed administration with
food is acceptable. However, the patients should be informed of the potential increased risk of
hypotension and fainting due to an increase exposure to silodosin if they don’t take silodosin with food.

2.2.10 What are the characteristics of dose-response relationship? Was there an evaluation of dose-
response?

A phase 2 dose finding study (study US021-99) evaluated doses of 4 mg (n=88 patients) and 8 mg (n=90

patients) on a once daily schedule. The results indicated that there was slightly greater change in

American Urologic Association (AUA) symptom index at end of study in the 8 mg group vs. 4 mg group

. (mean (SD) change from baseline of -6.8 (5.8) and -5.7 (5.5), respectively). No apparent difference was
observed between the dose groups at earlier time points. Slightly higher baseline subtracted peak urine
flow rate was observed in the 8 mg dose group compared to 4 mg dose group.

In this study, the incidence of retrograde ejaculation (15.6% and 11.4%)), ejaculation failure (11.1% and
9.1%), and erectile disturbance (3.3% and 2.3%) were higher in the 8 mg dose group compared to the 4
mg dose group. No patient in the placebo arm reported these adverse events. These results suggest an
apparent dose-response relationship for efficacy and safety. However, this is a2 small phase 2 study and the
data is not considered conclusive. Separately, the limited availability of PK data (n=3 for 8 mg group and
n=4 for 4 mg group) did not permit assessment of exposure-response.

The two phase 3 studies (studies SI04009 and S104010) administered only a single dose level of 8 mg
once daily and do not permit an evaluation of dose-response relationships. For assessment of exposure-
response, sparse PK sampling was performed in Phase 3 study SI4009. However, the data collected (a
single PK sampling at 2 — 6 hours post dose after the 1% dose and at week 4) was not useful for
assessment of exposure response due to the large collection window. No population PK model was
developed by sponsor. Sponsor indicated that a linear regression analysis of plasma silodosin (using this
set of data) did not show a correlation with change in IPSS. There was an apparent trend of increasing
drug concentration with mild and moderate renal impairment. This is consistent with the increase in
silodosin concentration in patients with moderate renal impairment observed in study KMD-309.
However, the magnitude of change in this study is difficult to interpret due to the uncontrolled collection
time within a large time window.

2.2.11 What is the dose-concentration relationship for silodosin immediate release capsules?
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This section addresses the dose proportionality between the proposed dose ranges of 4 mg to 8 mg once
daily. Additional discussion is provided to address the Sponsor’s claims of linear PK over the range of 0.1
—48 mg.

Dose proportionality of 4 and 8 mg silodosin once daily was evaluated in study S17004 using a crossover
design. The ratio of dose normalized AUCs.,4 and C,,..x geometric means on Day 1 and Day 7 were similar
for silodosin, KMD-3213G, and KMD-3293 (see Table 11), indicating dose proportionality in the range
of 4 — 8 mg/day.

Table 11: Ratio of dose normalized geometric means (8 mg vs. 4 mg) for AUCy4 and C,,, following
administration of 8 mg and 4 mg capsules of Silodosin once a day for 7 days (Study SI7004).

Ratio of dose normalized AUC.24 Ratio of dose normalized C, .«
Day 1 Day 7 Day 1 Day 7
Silodosin 1.05 . 0.96 0.96 0.93
KMD-3213G 1.27 1.12 1.03 0.99
KMD-3293 1.12 1.00 0.95 0.95

The thorough QT study SI05014 obtained PK data on 8 and 24 mg silodosin (total daily dose) after 5 days
of dosing. This study used a parallel group design but has a large sample size of n=47 for the 8 mg dose
and n=44 for the 24 mg dose. The mean (SD) AUCO-tlgc values were 259.4 (111.8) and 801.5 (266.4)
ng*h/mL for the 8 mg and 24 mg doses, respectively. The mean silodosin AUC increased 3.1-fold with a
3-fold increase in dose from 8 mg to 24 mg. Mean C,,,, values increased 3.4-fold. The exposure to
silodosin appears to be dose proportional in the range of 8 — 24 mg.

Study S105008 evaluated PK in small parallel groups (n=5/group) of subjects receiving doses of 16, 24,
32, 40, or 48 mg silodosin following a specific titration scheme (Table 12). Limited PK samplings were
obtained at predose, 1, 2, 3, 4, 5, 6, and 24 hours postdose relative to the last dose given. Because of the
small sample size and the titration scheme, the sponsor indicated that quantitative analysis was not
performed on the PK data. The sponsor provided the mean PK profiles for each dose group and suggested
that the profiles appear to demonstrate linear PK over the range of 16 — 48 mg. No PK parameters were
calculated. This reviewer does not concur that linear PK has been demonstrated over this range. The study
has small sample size and used a parallel study design and a conclusive assessment of dose
proportionality can not be made.

Table 12: Dosing schedule for study SI05008

D1 D2 B3 D3 [} [ o7 D8 I g D10
AM  PM P AM PMEAM PM{AM PM|] AM PM 1 AM

16 mg Group 8 8 6 [ B3 7 Ee =

24 ing Group 8 8 16 8 24 £

32 mg Group 8 8 16 8 24

40 mg Group 8 8 16 8 24

48 mg Group 8 8 16 8 23

56 mg Group 8 8 16 8 24

64 mg Group 8 8 16 8 24

Overall, dose proportionality was demonstrated for 4 and 8 mg silodosin once daily. Silodosin appears to
exhibit linear PK at doses up to 24 mg. Linearity at higher doses has not been demonstrated.

2.2.12 What is the effect of silodosin on QT interval prolongation?

The effect of silodosin on QT interval prolongation was evaluated in study S105014 using silodosin 8 mg
silodosin 24 mg (total daily dose) or placebo for 5 days according to the schedule below. The 8 mg dose
group was given as once daily with breakfast while the 24 mg dose group was initially given in two
equally divided doses and gradually shifted to just a once daily with breakfast regimen on Day 4.
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Table 13: Dosing schedule for study S105014

Dayl Day 2 Day3 Day 4 Day 5
Regimen AN PH AM PM AN PN AM PM AM PM
Silodosin 8 mg 28 1P 3P 28,2P 2P 258,.3P 1P 25, 4P NA 25.4P NA
Silodesin 24 mg 338 3s 48 28 58 18 6S NA 63 . NA
Placebo 1 3P 3P 4P 2P 5P 1P 6P NA 5P NA
Moxiflexacin 400mg NA N& NA NA NA NA NA NA ™ NA,

S=silodosin 4 mg capsule
P=placebo capsule
M=moxifloxacin 400 mg tablet

" Moxifloxacin 400 mg was administered as a single dose on day 5 to establish assay sensitivity. The final
study report was reviewed by the interdisciplinary review team for QT (IRT-QT) (see review in DFS was
signed off on 4/16/2008). The following conclusions were provided by the IRT-QT team:

No significant effect of silodosin was detected in this ‘thorough QT study. The largest upper limits
of the two-sided 90% CI for the placebo-corrected mean change in QTcF from baseline between
the two doses of silodosin (8 mg and 24 mg) and placebo were both below 10 ms, the threshold for
regulatory concern as described in the ICH E14 guideline.

The following findings were reported by the IRT-QT team:

FDA Analysis: The Point Estimates and the 90% CIs Corresponding to the Largest
Upper Bounds for Silodesin (8 mg and 24 mg) and the Largest Lower Bound for

Moxifloxacin

Treatment Time (hour) AA QTcF (ms) 90% CI (ms)
Silodosin 8 mg 6 3.95 (0.03,7.87)
Silodosin 24 mg 6 4.80 (0.28,9.31)
Moxifloxacin * 3 9.63 (6.18, 13.09)

*Multiple endpoint adjustment was not performed here. Using Bonferroni adjustment for 9 time points, the largest
lower bound 15 4.2 ms.

At the supratherapeutic dose (24 mg), mean silodosin plasma concentrations were approximately 3-
fold higher than the concentrations following the highest therapeutic dose (8 mg). The plasma
concentrations attained do not cover the increases due to CYP3A inhibition with ketoconazole (3.7-
fold increase in Cmax). Given the lack of dose-response in the primary statistical endpoint and the
lack of an exposure-response relationship for silodosin, the increase in silodosin exposures due to
metabolic inhibition is not expected to prolong the QT interval. Furthermore, there were no reports
of clinically important adverse events related to QT prolongation (seizure, Torsade de pointes,
ventricular tachycardia or sudden death) reported by the sponsor in the clinical summary.

The IRT-QT review also reported the following PK parameters (mean + standard deviation) following
daily doses of silodosin for 5 days.
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Compound

Cmax _ Tma.\' T1/2
8 mg 24 mg 8mg | 24 mg 8 mg 24 mg
Silodosin 42.5+19.4 | 143.9+64.3 | 2.3+0.8 | 2.44+1.3 | 7.6+34 | 6.6+3.0
KMD-3213G 5624237 | 185.3+77.1 [ 4.942.1 | 5.241.9| 18.5+11.6| 14.9+5.9
KMD-3293 28.9+11.0 ) 104.1431.4 | 3.7+1.5 | 3.8+1.4| 88429 | 7.0+1.8

Source Data: Table 11.2.1-1, 11.2,2-1, 11.2.3-1 from Page 37-41 of Sponsor’s Report

2.3 Intrinsic Factors

Review Note: the effect of gender was not considered since BPH only occurs in males and all PK studies
were conducted in males. '

2.3.1 What are the effects of age on silodosin PK?

The effect of age on silodosin P was evaluated in study KMD 105. This study administered a single
dose of silodosin 4 mg at 30 minutes after breakfast to 2 groups of Japanese male subjects, namely young
and elderly. The young male group included 9 men with mean (+SD) age of 24.2 + 3.1 years and CLecr
(creatinine clearance) of 102.1 £ 12.3 mL/min. the elderly male group included 12 men with mean (#SD)
age 0f 69.3 + 3.7 years and CLcr of 79.7 = 9.7 mL/min. '

Table 14 shows the silodosin PK parameters in young and elderly Japanese males. The AUC.4 (1115«
35.7 ng*h/mL) and Cyax (20.49 + 6.52 ng/mL) values in the young Japanese males in study KMD-105
were 23% and 29%, respectively, lower than that observed following a single 4 mg silodosin dose in
young Caucasian and Black males (see section 2.2.1). However, considering the high inter-subject
variability and variability among studies using subjects from the same race, the slightly lower values
observed in this study of Japanese subjects should not exclude it from being used to assess the effect of
age on silodosin PK in this study.

Table 14: Mean (SD) silodosin PK parameters following administration of a single dose silodosin 4
mg to elderly and young males

Parameter Elderly Young
AUC0-48 (ng*h/mL) 138.17 (52.48) ~120.79 (38.55)
Cax (ng/mL) 21.80(11.57) 20.49 (6.52)
Ty (h) 10.51 (4.00) 8.74 (3.06)

There were little differences in the silodosin PK between young and elderly groups. There were slight
increases in AUC (15.3% increase) and t,, (21% increase). There was no change in Cpax (1.2% decrease).

For metabolite KMD 3213G, there was no difference in Cpax (42.74 = 13.15 ng/mL in elderly compared
t0 42.54 + 18.93 ng/mL in young males). KMD-3213G AUCO-48hrs increased by about 44% (973 + 445
ng*h/mL vs. 675 + 340 ng*/mL) and t,, increased by about 58% (16.76 + 8.72 hours vs. 10.58 + 4.28
hours) in the elderly. The higher exposure observed in elderly men may not significantly affect the safety
and efficacy profile of silodosin in this population since KMD-3213G is estimated to contribute only
about 16 to 28% of the total activity. Furthermore, safety data for US phase 2 and 3 trials (phase 2 double
blind study KMD3213-US021-99, phase 3 double blinds studies S104009 and S104010, and phase 3 open-
label safety study SI04011) included 42.8% of patients (384 out of 897 that were dose at 8 mg once daily)
that were > 65 years of age and 10.7% (96 out of 897) that were > 75 years of age, indicating that the
elderly population was well represented in the safety population.

Based on the above data, this reviewer recommends no dosage adjustment for age.
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2.3.2  What are the effects of hepatic impairment on silodosin PK?

Study SI05010 evaluated the effect of moderate hepatic impairment (Child-Pugh score of 7-9) on
silodosin PK. This study enrolled 18 males (9 normal control and 9 subjects with moderate impairment).
The control group was matched for age, weight, sex (all males), race (all Whites), and smoking status.
Each subject was given a single dose of silodosin 4 mg after breakfast in period 1 and intensive PK
samplings were obtained for 7 days post dose. All patients tolerated the 4 mg dose and were given a
single dose of silodosin 8 mg after breakfast in period 2.

Small differences in PK were observed between normal subjects and subjects with moderate hepatic
impairment. The ratio of the AUC geometric means from subjects with hepatic impairment versus
controls was 0.74 for both 4 and 8 mg doses. The ratios of the Cpax geometric means were 0.63 and 0.74
for the 4 mg and 8 mg doses, respectively (Table 15). The data indicate that there was a slight decrease in
silodosin AUC and C,x in subjects with moderate hepatic impairment. Renal clearance appeared to be
higher in subjects with hepatic impairment compared to controls (724 + 188 mL/h versus 414 + 230
mL/h) and may have partly contributed to the-overall lack of change in silodosin exposure in subjects
with moderate hepatic impairment. No dosage adjustment is recommended for patients with mild or
moderate hepatic impairment.

The sponsor also provided ratios of the arithmetic means for unbound silodosin concentration and total
and unbound metabolites KMD-3213G and KMD-3293 concentration. These data are consistent with the
conclusion that there was not a large increase in exposure to silodosin or its major metabolite in patients
with moderate hepatic impairment. Tables 16 and 17 show the ratio of the arithmetic means of the total
and unbound plasma concentrations in subjects with moderate hepatic impairment versus normal controls.
The data indicated a trend of slight decrease in total silodosin but a slight increase in unbound silodosin in
subjects with moderate hepatic impairment. Exposure of metabolites KMD-3213G and KMD-3293 were
lower in subjects with hepatic impairment. :

Table 15: Mean (SD) total silodosin PK parameters in patients with moderate hepatic impairment
and controls and the calculated ratio of geometric mean and/or ratio of arithmetic means (study

$105010).
Silodosin | Silodosin | Moderate Normal Ratio of geometric | Ratio of arithmetic
dose PK ' hepatic control means (H vs. C) means (H vs. C)
parameter | impairment | SILODOSIN '
(€3]
4 mg AUGC,.. 151.4 (54.42) | 194.0 (35.38) 0.74 0.78
(ng*h/mL)
Crrax 24.8 (12.16) | 35.0(12.33) 0.63 0.71
(n/mL)
Tinax () 1.8 (0.83) 2.0(0.87) NC 0.9
112 (h) 8.2 (2.28) 9.3 (2.31) NC 0.9
8mg AUG... 249.6 (66.92) | 327.8 (37.34) 0.74 0.76
(ng*h/mL)
Crnax 36.8 (16.97) | 46.8 (10.29) 0.74 0.79
(n/mL)
Tonax (1) 2.6 (0.88) 2.7 (0.87) NC 1.0
11 (h) 11.0 (3.63) 9.0 (1.63) NC 1.2
NC=not calculated; sample size were 8 — 9 for all parameters
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Table 16: ratios of plasma PK parameters (total concentrations) between moderate liver
impairment subjects and controls.

Total drug concentration 4 mg Ratio 8 mg Ratio
KMD-3213G AUG,... 0.8 - 0.8
Croax 0.7 0.6
Tonax 1.0 0.9
Ti2 0.9 14
KMD-3293 AUC,.., 0.7 0.6
Cinax 0.6 0.6
Tnax ' 1.0 0.9
T2 1.1 1.1

Table 17: Ratios of plasma PK parameters (unbound concentratlons) between moderate liver
impairment subjects and controls.

Unbound drug 4 mg Ratio 8 mg Ratio

concentration

Silodosin AUC... 1.3*% 1.2
Cnax 1.0 1.1
Tnax 0.8 1.3
T2 Insufficient data 1.2

KMD-3213G AUC,... 0.20%* 0.5
Crax 0.3 0.9
Tnax 1.5 1.3

: T2 Insufficient data 0.6

KMD-3293 AUC,.. 0.7 ’ 0.8.
Crnax 0.8 0.9
Trnax 0.8 1.1
TR 0.7 0.7

* = AUC0-72 hours

The sponsor did not evaluate the effect of severe hepatic impairment on the PK of silodosin. Inference of
the effect of severe hepatic impairment can not be made with the available data from subjects with
moderate hepatic 1mpa1rment Therefore the effect of severe hepatic impairment on the PK of silodosin is
not known. . e —

- - - = —

—

2.3.3  What are the effects of renal impairment on silodosin PX.?

The effect of moderate renal impairment (n=6, subjects had CLcr of 27, 32, 33, 46, 48, and 49 ml/min,
respectively) on silodosin PK was evaluated in study KMD 309. This was a single-dose (4 mg) study in
Japanese men under fasting conditions. Relative to normal controls (n=7), total (bound + unbound) AUC,.
48n in subjects with moderate renal impairment (n=6) were higher by 3.13- and 3.77-fold for silodosin and
KMD 3213G, respectively. Cpx values were higher by 3.11- and 1.92-fold for silodosin and KMD
3213G, respectively, in subjects with moderate renal impairment (Table 19). Slightly lower magnitude of
difference was observed for unbound concentrations. Unbound AUC,.., values were higher by 2.01- and
2.67-fold while C,,.x values were higher by 1.49- and 1.31-fold for silodosin and KMD 3213G,
respectively (Table 20). No serious adverse events were reported in this study.,
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There were several confounding factors in this study. One confounding factor was that the control
subjects were not matched for body weight or age. Enrolled subjects with moderate renal impairment
were older and had slightly lower body weight (Table 18). Results from study KMD-105 (see section
2.3.1) indicated that the age difference should not contribute to the observed higher exposure in subjects
with moderate renal impairment in this study. The effect of the difference in body weight is not known.
However, it is unlikely that the slightly lower mean body weight would significantly contribute to the
difference observed in this study.

Another confounding factor of this study was that it was conducted in Japanese and it’s applicability to
the US population is not clear. Cross-study comparison indicated Japanese subjects generally have lower
silodosin AUC and C,,., and shorter t,/, than Caucasians, but the ranges of observed PK values for the
races overlapped each other (see section 2.3.4). The ratio of exposure to metabolite KMD-3213G versus
silodosin was generally slightly higher in Japanese subjects, but the ranges also overlapped. Comparisons
to other races are not available. Since the objective of this study is to evaluate the relative change in
exposure (as opposed to absolute differences), this reviewer believes that this study is acceptable for the
evaluation of the relative PK of silodosin in subjects with moderate renal impairment and normal controls.

A review of the safety of patients enrolled in phase 2 and phase 3 trials who had moderate renal
impairment (n=21) by the Clinical reviewer showed a higher incidence of dizziness and orthostatic
hypotension (see Clinical review by Medical Officer, Dr. Olivia Easley). One patient with moderaté renal
impairment experienced the serious adverse event of syncope on the second day of treatment with the 8
mg once a day dose. He was discontinued from the trial. Based on the safety data in patients with
moderate renal impairment from this Phase 1 study as well as the Phase 2 and Phase 3 studies and the
observed pharmacokinetic changes for both total and unbound parameters as listed above, a dose of 4 mg
once daily is recommended for patients with moderate renal impairment.

The effect of mild renal impairment on the PK of silodosin was not evaluated. A review of the safety of
patients enrolled in phase 2 and phase 3 trials who had mild renal impairment (n=245) by the Clinical
reviewer indicated that they did not experience greater rates of adverse events (see Clinical review by
Medical Officer, Dr. Olivia Easley). This reviewer concurs with the Clinical reviewer that no dose
adjustment is needed for patients with mild renal impairment.

The effect of severe renal impairment on the PK of silodosin was not evaluated. However, it is likely that
the effect of severe renal impairment is > those observed in subjects with moderate renal impairment.
Since there is an alternative pharmacologic treatment option (e.g. Flomax) for treatment of signs and
symptoms of BPH in this population, this reviewer recommends that silodosin should not be used in
patients with severe renal impairment.

Table 18: Patient demographics (mean + SD)

Group Creatinine clearance | Body weight (kg) Age (year)
(mL/min)

Moderate renal 302+96° 61.5+5.96 65.7+73

impairment* (n=6) (range 27 - 49) :

Normal control (n=7) | 138.717.3 70.21 £9.23 31.6+74
(range 125 - 176)

* Sponsor indicated that this was a severe renally impaired population. However, the subjects
enrolled in this study were consistent with moderate renal impairment and has been classified as
such by this reviewer.
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Table 19: Mean (SD) PK parameters of total (bound + unbound) drug concentration in subjects
with moderate renal impairment and normal control given a single dose of 4 mg silodosin (study

KMD 309).
Moiety PK parameter | Moderate renal Normal control Ratio of geometric
impairment means (impaired/control)’
Silodosin AUGC,... 305.77 (115.38) 94.75 (41.28) 322
(ng*hYmL)
Cunax (n/mL) 72.22 (44.12) 21.51 (8.52) 3.11
Tmax (h) 0.67 (0.26) 0.86 (0.56) 0.85
Tin (h) 7.55 (1.50) 3.94 (1.57) 2.02
KMD- AUCGq... 1971.41(1136.67) | 463.71 (160.91) 3.77
3213G (ng*h/mL)
Cax (/mL) 44.19 (18.18) 22.22(5.62) 1.92
Tmax (h) 7.17 (4.31) 5.86 (1.86) 1.06
T (h) 25.18 (12.30) 10.73 (2.44) 2.15

Table 20: Mean (SD) PK parameters of unbound drug concentration in subjects with moderate
renal impairment and normal control given a single dose of 4 mg silodosin (study KMD 309).

Moiety PK parameter | Moderate renal Normal control Ratio of geometric
impairment means (impaired/control)
Silodosin AUGC,... 6.34 (3.43) - 2.96(1.10) 2.01
{(ng*h/mL)
Crax (n/mL) 1.48 (1.30) 0.71 (0.13) 1.49
Tmax (h) 0.83 (0.26) 0.86 (0.56) 1.07
Tz (h) 8.71 3.949) 4.39 (1.34) 1.89
KMD- AUG,... 158.53 (102.81) 51.50 (22.93) 2.67
3213G (ng*h/mL)
Crax (VmL) 3.68 (3.96) 2.14 (1.03) 1.31
Tmax (h) 10.00 (7.59) 6.43 (3.36) 1.40
Ty (h) 25.14 (12.65) 15.27 (10.85) 1.74

2.3.4 What are the effects of race on silodosin PK?

No specific study was conducted to examine the effect of race. To provide an estimate for the potential
effect of race, this reviewer compared the PK parameters for silodosin from studies using Japanese
subjects to those from studies using either all or mostly Caucasian subjects. The largest set of available
data in Japanese subjects involves the administration of a 4 mg silodosin dose. Additionally, it has been
shown that silodosin PK is dose proportional between 4 and 8 mg doses. Therefore, a comparison of PK
parameters from 4 mg single dose administration was the best option.

Table 21 lists the AUC,..., Crmax, and T, following single dose of 4 mg silodosin across all studies
submitted to the NDA. These studies enrolled young males and administered silodosin with food unless
specified otherwise. It appears that Japanese subjects generally have lower AUC and C,,,, and shorter t,
values. The mean AUC ranges in Japanese and Caucasian are 94.8 — 143.9 ng*hr/mL and 127.6 — 194.0
ng*hr/mL, respectively. The mean T, in these studies ranged from 3.9 — 10.5 hours in Japanese and
ranged from 3.7 — 11.1 hours in Caucasians. An examination of T),; across all studies in the NDA
(including those not included in Table 21 since different dose levels were used) indicates that the Ty,
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values in Caucasians are generally higher than those in Japanese. However, the ranges for AUC and Ty,
values from Japanese and Caucasian overlap and bring to question whether there would be true

differences between the 2 races.

The mean Cy,,, ranges in Japanese and Caucasian are 20.5 —26.8 ng/mL and 27.6 — 35.0 ng/mL
(excluding those data obtained under fasting conditions, which is expected to yield higher C,,y).

It should be noted that this is a cross-study comparison and should not be considered as conclusive
evidence. Nevertheless, the data suggest that there is a difference in the exposure to silodosin between
Japanese and Caucasian. :

Table 21: Mean =+ SD single dose PK of 4 mg silodosin in Japanese and Caucasian subjects.

AUCO.N Cmax Tl/Z a
Race ng*hr/mL ng/mL hr Source
112.4%13.9 32.1283 17527 98363, fasting (1=6).
143.9£57.1 26.8£9.2 6.943.1 98364 (n=6)
133.7257.8 28.029.6 47537 KMD-308, fasting (n=12)
Japanese 128.0£65.7 23.0:10.8 6.0£4.8 KMD-308 (n=12)
121.5+38.1 20.526.5 8.743.1 | KMD-105, young (n=9)
142.4254.7 21.8£11.6 10540 | KMD-105, clderly (n=12)
94.8:41.3 21.5:8.5 3.941.6 | KMD 309, fasting (n=7)
127.7+62.0 39.0+28.7 3.7£1.6 UKO01-97, fasting (n=9)
127.659.5 27.7£15.04 5.562.7 UKO01-97 (n=9)
16048 4 2765115 10.742.0 | US011-98 (m=0)
Caucasian | 144.7465.7 2872133 11.152 | S107004 (n=22)
194.0+35.4 35.0£12.3 9.312.3 f;gg? 10, mean age 58 years old
126.0:43.6 31.9:8.8 10.433.7 | KMD-306-UK (n=0)

Data presented as arithmetic means unless specified otherwise, * =conducted under fed state unless
specified otherwise

A further comparison of the relative exposure of silodosin and its major active metabolite KMD-3213G
Indicated that the ratio of KMD-3213G to silodosin AUC in Japanese was slightly higher than in
Caucasian and Black. AUCratio of KMD-3213G to silodosin ranged from 4.9 to 8.5 in Japanese males
(studies KMD-309, KMD-105), except one study that showed a ratio of 11.8 after first dose and lower to
8.0 on Day 7 (study KMD-207). The steady state AUC,.,4 ratio was 4.5 in Caucasians and Blacks of
based on the primary PK study SI06004. However, a higher ratio of 6.1 in Whites and Blacks was
reported in study SISI05014 (n=48 at 8 mg dose). It appears that the AUC ratio of KMD-3213G to
silodosin is generally higher in Japanese subjects but the ranges overlap between the races.

2.4  Extrinsic Factors

2.4.1 What are the effects of food intake on silodosin PK?

A food effect study using a high-fat (i.e., approximately 50 percent of total caloric content of the meal)
and high-calorie (i.e., approximately 800 to 1000 calories) meal was not conducted for silodosin. The
sponsor provided results from 3 separate studies (studies KMD-308, KMD3213-UK-01-97, and 95283)
that administered single doses of silodosin with meals that were either not comparable to a high fat high
calorie meal (studies KMD-308 and 95283) or the meal content was not documented (study KMD3213-
UK-01-97). Table 22 provides a summary of the 3 studies.
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Changes for C.x and AUC are listed in Table 23. Ketoconazole coadministration significantly increased
the Cpax and AUC of silodosin and its major metabolites. Terminal Ty, values were not altered
significantly (Tables 24 and 25). The mean PK profiles for silodosin from studies S106008 and KMD-
306-UK are shown in Figures 10 and 11, respectively.

Table 23: Summary of ratios of geometric means (silodosin + ketoconazole versus silodosin alone)

Moiety Study S106008 (n=22) Study KMD-306-UK (n=16)
8 mg silodosin on 2™ day, 400 mg 4 mg silodosin on 2™ day, 200 mg
ketoconazole x 4 days ketoconazole x 4 days
Ratio of Cpax Ratio of AUC Ratio of C, Ratio of AUC
Silodosin 3.76 3.18 3.66 2.91
KMD 3213G 332 13.26 2.71 2.46
KMD 3293 2.96 2.50 2.05 1.86

Figure 10: Mean (SEM) silodosin plasma concentration time profile (study SI06008)
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Table 24: Summary of silodosin PK parameters (5Study S106008). Data presented as arithmetic

means.
Silodosin and Ketoconazole Silodosin Only
Parameter Statistic N=22 =22
AUCID-Inf] (ng-hr/mby ‘Mean (SD) 11590.1 (358.32) 378.1 (168.52)
SEM - 7587 3593
CV (%) 307 44.6
Min, hax 6104, 2292.5 2250, 8884
n 22 22
Cmax {ng/mL) Mean (SD) 2344 (62.21) 63.7(22.78)
SEM 13.28 4.86
CV (%) 265 35.8
Min, Max 129.0,371.0 26.2, 133.0
n 22 22
Kel {hrA-1) Mean (SD) 0.0770 {0.01005) 0.0948 (0.04692)
SEM 0.00214 0.01000
Median 040792 0.0825
Min, Max 0.0566, 0.0899 00225, 00,2656
n 22 2
1172 (or) Mean (SD) 9.2 (1.32) 9.1 (5.50)
SEM 0.28 117
Median 88 84
Min, Max 77,123 26,308
n 22 22
Tmax (hr) Mean (SD) 23077 2.2{0.43)
SEM 0.17 0.09
Median 20 20
Min, Max 1.0,40 20,30
n 22 22

Figure 11: Geometric mean plasma silodosin concentration time profiles (stud'y‘ KMD-306-UK).
Solid squares represent silodosin only and open circles represent silodosin and ketoconazole. Dotted
line represents lower limit of quantitation (0.5 ng/mL).
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Table 25: Summary of PK parameters for silodosin, KMD-3213G, and KMD-3293 following single
oral doses of silodosin 4 mg alone and in combination with ketoconazole 200 mg (study KMD-306-

UK)._
Treatment Ratio
KMD-3213&
KMD-3213 & ketoconazole/  90% CI for
ketoconazole KMD-3213 KMD-3213) ratio

Parameter Analyte N=16) (N=16) N=16) N=16)
AUC(0-) KMD-3213 390 (36.7) 120 (28.7) 326° 2.89,3.68
(nghimL) KMD-3213 glucuronide 1354 (402) 513 (43.5) 2,640 237,2.94

KMD-3293 289 (58.1) 149 (44.8) 1.94* 172,220
AUC(0-) KMD-3213 432 (32.6) 140 (31.8) 291° 2.53,335
(ngh/mL) KMD-3213 glucwronide 1444 (442) 587 (45.1) 246" 2.21,2.74

KMD-3293 316 (55.8) 170 (42.2) 1.86* 1.63,2.14
Conax KMD-3213 112 (35.6) 30.7 (29.0) 3.66" 3.16,422
(ng/mL) KMD-3213 glucuronide 684 (21.3) 25.2(20.4) 2.71° 2.53,29]

KMD-3293 322 (38.3) 15.8 (25.5) 2,05° 1.87,224
e KMD-3213 194 (0.841°  222(0.706)°  -0.276 (1.03) NC
() KMD-3213 glucuronide  4.82(1.33)°  4.19(0.749)° - 0.624 (1.55) NC

KMD-3293 3.44 (1.09)° 3.63(1.15)°  -0.193 (1.51) NC
s KMD-3213 13.1 (325 104367  2.90(6.63)° NC
) KMD-3213 gluicuronide  14.4 (490  162(5.30  -1.76 277y NC

KMD-3293 12.1 3.02) 13.6 (4.13)° -1.28 (3.21F NC

Table 25 footnotes: Data are presented as geometric mean (CV%) except where stated. © Ratio (silodosin
and ketoconazole/silodosin alone) of geometric means; ® Arithmetic means; ¢ Difference between
arithmetic means.

The significant increase in C,,, of 3.8-fold is a safety concern and a

concomitant administration need to be considered

F'/M

. avoidance of
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) ———~—————————— Therefore, this reviewer recommends that silodosin should not be
used in patients taking strong CYP3A4 inhibitors. This recommendation is stronger than the
recommendation to cut the dose to 4 mg in patients with moderate renal impairment. The rationales are:
1) the increase in unbound concentration in patients with moderate renal impairment was lower at about
2-to 2.7-fold for AUC and 1.3- to 1.5-fold for Cpyy, and 2) Relative ratio of Chax increase due to
coadministration of ketoconazole (3.7- to 3.8-fold) was higher than due to moderate renal impairment
(1.9- to 3.1-fold).

The effect of concomitant administration of moderate CYP3A4 inhibitors was not evaluated. Because
they have the potential to increase the silodosin exposure, the need for concomitant administration with
silodosin should be carefully considered. :

Review note:
It should be noted that the observed effects of ketoconazole on the PK of silodosin may not be due

entirely to ketoconazole’s effect on CYP3A4. The interpretations are complicated by the following
reasons:

1. Ketoconazole has the potential to inhibit the efflux transporter P-glycoprotein (P-gp), which

silodosin is a substrate. Inhibition of P-gp efflux transporter in the gastrointestinal tract could

increase drug absorption. Inhibition of P-gp related renal transport may also affect drug exposure.

However, the in vivo P-gp inhibition potency of ketoconazole has not been well established.

In vitro studies indicated that the major metabolites were not mediated by CYP3AA4.

The mean elimination t;, was similar in the presence or absence of ketoconazole co-

administration.

4. Ketoconazole has been shown in vitro to inhibit the enzyme UGT2B7, which is responsible for
metabolism of silodosin to the major metabolite KMD-3213G. It is not known if in vivo
administration of 400 mg ketoconazole could inhibit UGT2B7.

bl

A separation of the various effects or potential effects of ketoconazole is not possible at this time.
Because the risk of adverse events such as hypotension and fainting may increase with increased silodosin
exposure, prevention of high silodosin exposure is a priority. Therefore, a recommendation that silodosin
should not be used concomitantly with strong CYP3A4 inhibitors AND strong P-gp inhibitors is entered
by this reviewer. |

AL

243 What are the effects of CYP3A4 induction on silodosin PK?

The effect of CYP3A4 induction on the PK of silodosin was not evaluated. Since silodosin is metabolized
partly by CYP3A4, induction of CYP3A4 may reduce exposure to silodosin. The major metabolites
KMD-3213G and KMD-3293 are not formed via CYP3A4. Their exposure will likely remain the same or
decreased if silodosin exposure is reduced. Metabolites formed via CYP3A4 pathway (e.g., KMD-3310,
KMD-3289, and KMD 3241) may potentially have higher exposure as a results of increased silodosin
metabolism via this pathway. The known metabolites of CYP3A4 pathways are minor metabolites with
low relative exposure compare to silodosin. Changes in the exposure of the minor metabolites are unlikely
to significantly alter the efficacy profile of oral silodosin.
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2.4.4  What are the effects of silodosin administration on the PK of other drugs?

The effect of silodosin’s ability to inhibit or induce in vitro metabolic activities of Cytochrome P450
enzymes were evaluated in studies PK 10049 (inhibition) and ZXA0002 (induction). The results indicated
that at therapeutic concentration silodosin, KMD-3213G, and KMD-3293 do not inhibit the in vitro
metabolic activities of CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP2D6, CYP2EIL, and CYP3A4. The
inhibition effect on CYP2C8 was not evaluated. With respect to the potential to induce CYP activity, the
in vitro results indicated that silodosin, KMD-3213G, and KMD-3293 did not induce the metabolic
activity of CYP1A2 or CYP3A4 in human hepatocytes. Since no induction of CYP3A4 was observed, it
suggests that silodosin and its metabolites KMD-3213G and KMD-3293 also do not induce metabolic
activity of CYP2C8, CYP2C9, or CYP2C19. These data indicate that silodosin and its major metabolites
KMD-3213G and KMD-3293 are unlikely to induce or inhibit the activity of the tested CYP isoforms in
vivo following oral dose of 8 mg silodosin once daily.

Additional details of studies PK10049 and ZXA0002 can be found in Appendix 4.2.2.

24.5 What are the effects of Silodosin administration on the PK of digoxin?

Digoxin is a narrow therapeutic index drug and a substrate of the transporter P-glycoprotein (P-gp). The
effect of silodosin on the PK of digoxin was examined in study KMD-307-UK. It was a multiple dose,
single-sequence, crossover study in 16 subjects. Digoxin loading dose of 0.5 mg was administered twice
daily for 1 day and the maintenance dose of 0.25 mg was administered once daily on Days 2 - 16.
Silodosin 4 mg twice a day was administered on Days 9 — 16. The analysis of the effects of silodosin
administration on the PK of digoxin was carried out by comparing the digoxin exposure on Day 8 (i.e.,
without silodosin) and Day 16 (i.e., with silodosin). Because this was a single sequence study, a parallel
group of 8 subjects received placebo on Days 9 — 16 instead of silodosin to help assess any effects of the
single-sequence design.

No significant differences in digoxin AUC and Ci,,x were observed between Day 16 and Day 8 in groups
treated with silodosin (Table 26). Silodosin administration also did not affect the amount of unchanged
digoxin excreted in the urine (Table 26). The same comparisons in the placebo group yielded no
difference in digoxin PK, indicating that there was not an effect of sequence (Table 27). These data
indicate that coadministration of silodosin 4 mg twice daily does not alter the PK of digoxin.

The dose used in this study (4 mg twice daily) differs from the proposed dose of 8 mg once daily. At
steady state, the silodosin 8 mg once daily regimen is expected to yield similar AUC but higher C,,.
(estimated to be approximately 30% higher based on t,, of 13.3 hours) than the silodosin 4 mg twice
daily regimen. Since no effect on the PK of digoxin was observed with the 4 mg twice daily regimen, it is
not likely that the 8 mg once daily regimen would produce a significant PK interaction with digoxin. A
repeat study with the proposed silodosin dosing regimen of 8 mg once daily is not warranted at this time.

Tables 26 and 27 show the digoxin PK parameters for groups dosed with silodosin and placebo,
. respectively. : :
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"Table 26: Summary of digoxin PK parameters following multiple oral doses alone (Day 8) and in

combination with silodosin

(Day 16). See Table 27 below for description of the superscript notations

and additional nofes. . )
Ratio of geometric 90% CI for ratio of
Day §° Day 16" LS means geometric LS means
Parameter (N=16) N=16) (Day 16: Day 8) (Day 16: Day 8)
AUC(0-7) 14.7 144 0.984 0.936, 1.03
(ng.h/mL) 20.1) (16.0)
Conax 1.26 1.25 0.992 0.912,1.08
(ng/mL) (21.2) (14.0)
B 1.88 1.92 NC NC
) (0.738) (0.811) - ‘
CLss/F 284 289 . NC NC
. (mL/min) (20.1) (16.0)
Ae, 144 137 0.953 0.848, 1.07
1) (16.1) (39
CLx 163 158  NC NC
(mL/min) (15.5) (32.9)
APPEARS THIS WAY
ON OR!GINAL
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Table 27: Summary of digoxin PK parameters following multiple oral doses alone (Day 8) and in
combination with placebo (Day 16)

Ratio of geometric 90% C1 for ratio of

Day 8* Day 16° LS means geometric LS means
Parameter (N=8) (N=8) {Day 16:Day 8) - (Day 16: Day 8)
AUC(0-1) 15.0 145 10.968 0.903, 1.04
(ng.h/mlL) (18.3) (19.7) _ .
Crnax 1.22 1.15 0.942 0.837, 1.06
(ng/mL) (26.7) (16.3)
toax 1.88 1.82 NC NC
) (0.991) (0.921)
CL/F 277 - 286 NC o NC
(mL/min) (18.3) (19.7) '
Ae, 161 156 0.970 0.822,1.14
(1) (20.4) (11.6) _
Cly 178 178 NC NC
(mL/min) 1.7 (19.6) :

* Digoxin administered alone, ° Digoxin administered with KMD-3213 or placebo
Geometric mean (CV%) data are presented; © Arithmetic mean (SD)

N = Number of subjects studied

T = 24 hours

NC = Not calculated

Review note on formulation: The formulation used in this study (produced by — was not bridged to
the to-be-marketed formulation. However, the same formulation was used in study KMD-306-UK where
single dose PK of silodosin 4 mg is available. The AUCq... was 140 (32.6%CV) ng*h/mL and C,,, was
30.7 (29%CV) (geometric means). These were similar to the exposure following administration of 4 mg
silodosin once daily using the to-be-marketed formulation (Single dose: Mean + SD AUC,.,, = 145 + 66
ng*h/mL and C,,,, =29 + 13 ng/mL; Steady state: AUCy,4 = 159 + 70 ng*h/ml, C,,, =28 + 12 ng/mL,
study S107004), indicating that the ™ jormulation was similarly bioavailable and its use in this study
would not be an issue for purpose of interpreting the interaction between silodosin and digoxin.

2.5 General Biopharmaceutics

2.5.1  What is the process of formulation development?

Silodosin is formulated as immediate release capsules. The formulation is robust with rapid dissolution
(>85% in 15 minutes). The compositions of the capsules are listed in table 28. The to-be-marketed (TBM)
4 mg capsule is the 4C formulation manufactured by Watson (Watson 4C). The TBM 8 mg capsule
(Watson 8C) is also produced by Watson and contains exactly twice the mass of each component in a size
#1 gelatin capsule.

There were 3 manufacturing methods (denoted as A, B and C in Table 28) and 3 manufacturers, namely
Kissei, N ~ .. ind Watson. Available data from representative batches (using same
manufacturing method and similar time frame but may not be same batch used in clinical trial, Table 29
as provided by sponsor and concurred by the Chemistry reviewer, Dr. Yichun Sun) indicate that capsules
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produced by Kissei and Watson had rapid dissolution (in vitro dissolution of >85% in 15 minutes in at

least 3 media). Therefore these products are considered to have similar performance to the to-be-marketed

product manufactured by Watson. = sroduced 2 formulations, namely 4 mg produced by method B

.~ 4B) and 4 mg produced by method C (.~ 4C). ™ . had >85% dissolution in 0.1N HCl but - b(4)
slower in pH 4.5 and pH 7.4 buffers. There was no dissolution data available for - 4C formulation.

The —— 4B formulation was used in study KMD3213-US011-98 (Phase 1 PK study) and the —~ 4C

formulation was used in studies KMD-306-UK (drug interaction study with 200 mg ketoconazole),

KMD-307-UK (drug interaction study with digoxin), and KMD3213-US021-99 (Phase 2 dose finding

study). Silodosin’s PK for the =~ 4C formulation was available from study KMD-306-UK.

Table 28: List of clinical formulations

Formula Number | 0.1A l 0.5A| 1A |1.5A ] 2A1 | 2A2 |z.5A[ 4A | 2B | 4B

zc]4c

Method

Manufacturing " MethodA . Method B

Method C

Ingredient Quantity in milligrams/capsule

Sitodosin o1 [ os | [ 15 | 2 [ 2 [2.5] 4 | 2
- ] T T T T L}

|« ]

2 | 4

D—Mam)itol

,
Pregelatinized starch ¥
(PCS)

Pxeg-ilatinized starch
\-

Magnesium stearate

/"

Sodium lauryt sulfate

b(4)

Total (mg) so | so ] 50 | 50 ’ 50 | 100 | s | moi 185 | 185

Capsule size No. S

Table 29: Summary of in vitro dissolution studies

! 175 | rF]' “\&\

Manufacturing/ . } .. . No. of
Formula Testing Stutlics Where Used chrl;.:q::'t'»m ¢ Conditions Media C‘.’;i:::ion Dosage Results
Performed By . . ’ Units
93283 900 mL »85%in 15
241 Kissei . KMD3213-UK01-97 RI222 .‘?d?lz; watter, pH 1.2, 5, and ;g“:: m‘:gs 12 mivuies in all
KMD-201 K 6.3 buffers : media
900 mL < >83%in 15
242 Kissei 95364 RLOII 5,"’ ades | aenpH 2 S |0 aoab L2 minutes iwal
& 6.8 buffers ’ micdia
98363 50 rom T 900mL 510,15, >85%in 15
4A Kissei Y8364 KNOsi N \ d‘;iplcs water. pH 1.2.3. 5. and 20.30 6 minutes in all
KMD3213-UK01-97 : P 6.8 buffers misres media
T e >85% in 13
300 L e o
) 2 )
4B —_— KMD213-US011-98 | os1278 30 rpm waier, 0,1 NHe, | 01920301 .} mininoa N b
paddles 1 4.5 and 7.4 butlers minuies HCI, slower in
prAoand 74 b other media
} 900 L. >85%in 15
- KMD-202, RMD-203 50 ipm 19, 15,20, . -
2C Kissei p b 9los o water, pH 1.2, 5, und : 12 minuics in all
KMD-207, KMD-305 paddles 6.8 buffers 30 minutes media
KMD-105, KMD-308 . <6/ :
y 900 mL N >85% i 15
_— KMD-309, XMD-202 50 rpm 3,10, 15,30 5 . .
4C Kissei KMD-203. KMD-2006 PR201 paddles w.ncr6. ;;l'll;: ng 5, and rainutes 12 rmnul:zl inall
KMD-303. KMD-303 - bullers media
S105008, S106004 Water
S105014, S105010 50 rom 900 mL 35,1015, | N=6, >85%in 15
aC Watson SI66008, S106002 XCsCols ad (ﬁ " water, 0.1 N HCL 20, 30 Other iminutes ip al}
SI7004, S104009 paedic pH4.Sand 6.5 butlers | minutes media media
SI104010. 819401 1 N=}2
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Table 31: Drug product used in phase 2 and phase 3 studies

2.52  Is the to-be-marketed

No. The Phase 3 clinical trials
together for a total dose of 8 m

the —

(TBM) formulation identical to the one used for the phase 3 efficacy trials?

(8104009, S104010, and S10401 1) used 2 capsules of the 4 mg strength
g instead of a single 8 mg TBM formulation. However, the composition of

used in the two strengths is identical except that twice the amount < _ig '
encapsulated into a larger capsule shell for the 8 mg capsule compared to the 4 mg capsule.
0.1 N HC], buffer pH 4.5, and buffer
within 15 minutes. The Division has
comparison was adequate and that n

Dissolution in
pH 6.8 showed that both strengths had greater than 85% dissolution

previously agreed with sponsor that the in vitro dissolution
0 in vivo bioequivalence study was needed (see meeting minutes for

Site of Method of L Clinical Supply Batch
Study ID manufacture Manufacture Formulation Number(s)
0.1A HZ051
KMD-201 Kissei A 1A HZ061
2A1 HZ071
v . 2C LH251
KMD-202 Kissei C 40 1I021
2C LH251, LVI31
KMD-203 Kissei C ' :
oset 4C LI021, LV201 "
KMD-206 Kissei C 4C LV201 )
KMD3213-US021-99 — C 4C 99443
KMD-303 Kissei C 4C X106
2C X003
MD-305 Kissei '
KMD-30 53¢t ¢ 4 MRO71, MR091, MR 81
SI04009 Watson C 4C XC5C015
S104010 Watson C 4C XC5C015
XC5C015,
104011 - 4
S Watson C C XC5C016

(&)

teleconference on 10/ 13/2006). The 4 mg TBM formulation being proposed for use in specific

- populations is identical to the phase 3 clinical formulation. Drug products used in phase 3 clinical trials
and the TBM products are both manufactured by Watson. The drug formulation used in phase 3 trials was
adequately bridged to the TBM formulation. .

2.53  Were formulations changes before phase 2 adequately linked to the TBM formulation?

No. Two formulations manufactured by 7 namely 4 mg capsule produced by method B~ 4B) and h(4)
. 4 mg capsule produced by method C ( —4C). —4B had >85% dissolution in 0.1N HC] but slower

dissolution in pH 4.5 and 7.4 buffers. There was no dissolution data available for ~ 4C formuiation.

The ~— 4B formulation was used in study KMD3213-US011-98 (Phase 1 PK study) and th = _4C

formulation was used in studies KMD-306-UK (drug interaction study with 200 mg ketoconazole),

KMD-307-UK (drug interaction study with digoxin), and KMD3213-US021-99 (Phase 2 dose finding

study). Silodosin’s PK for the ~— 4C formulation was available from study KMD-306-UK and was

inline with results from other formulations (see discussion in section 24.5).

Drug products manufactured by Kissei were considered adequately bridged to the TBM formulation. This
was based on available dissolution data from representative batches (using same manufacturing method
and similar time frame but may not be same batch used in clinical trial) showing rapid dissolution of all
representative batches. Please see section 2.1.5 for additional details.
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2.5.4 Is the dissolution profile for the fi nal formulation acceptable in term of dissolution rate and
specification?

Please see Office of New Drug Quality Assessment (ONDQA) review for dissolution rate specifications.

2.6  Analytical Section

2.6.1 Were bioanalytical methods used to measure concentration of silodosin and its metabolites
validated?

Silodosin development was carried out initially by Kissei and subsequently by Watson. Each company
developed its own bioanalytical methods to measure silodosin and its metabolites. The methods were
validated and precision, accuracy, specificity, and recovery results were acceptable. Most methods met
the FDA recommended acceptance criteria of <20% for precision (CV) and within +20% for accuracy
(RE, relative to nominal value) at the lower limit of quantitation (LLOQ) and <15% or within +15%,
respectively, at all other concentrations. However, several assays were validated with expanded
acceptance criteria of <20% and +20% for precision and accuracy, respectively, at all concentrations
instead of just at the LLOQ. These were evaluated on a case-by-case basis and they were accepted
because it is felt that the additional variability and assay errors would not significantly affect the clinical
interpretation of the PK results.

See Bioanalytical Methods review summafy in Appendix 4.2.1 for the 3 methods that deviated from the
recommended acceptance criteria. Appendix 4.2.1 also contains additional details on LLOQ, standard
curve range, intra-assay and inter-assay precision and accuracy, and stability results.

3 Detailed Labeling Recommendations

Labeling recommendations are being commumcated directly to the review team. The major
recommendations are listed below.

1. Silodosin should not be used in patients with severe renal impairment. The dose should be “\ﬁg
lowered to 4 mg once daily in patients with moderate renal impairment .-

No dosage adjustment is needed in patients with mild renal

impairment.
2. No dosage adjustment is needed in patients with mild and moderate hepatic impairment. No data
are available in patients with severe hepatic impairment ~——m . %\&\
—

3. No dosage adjustment is needed for age.

4. The effect of a high fat high calorie meal on the PX of silodosin was not evaluated. The effect of
a moderate fat moderate calorie meal was variable and decreased silodosin Cpyex by 18 — 43% and
AUC by 4.3 - 49% (across 3 different studies). Patients should be cautioned to take silodosin with
food as instructed to reduce risk of adverse events such as orthostatic hypotension.

5. CYP3A4 inhibitors: Silodosin should not be used in patients taking strong inhibitors of CYP3A4.
Caution should be exercised when co-administering silodosin with moderate CYP3A4 inhibitors.

6. P-gp inhibitors: In vitro studies indicated that silodosin is a P-gp substrate. A drug interaction
study with a strong P-gp inhibitor such as cyclosporine or itraconazole has not been conducted. A
drug interaction study with ketoconazole, a CYP3A4 inhibitor that may also inhibit P-gp, showed
significant increase in exposure to silodosin. Silodosin should not be used concomitantly with
strong P-gp inhibitors.

39



8. Co-administration of silodosin did not significantly affect the PK of digoxin, a P-gp substrate
with narrow therapeutic index.

9. In vitro studies indicated that silodosin administration is not likely to inhibit the activity of
CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP2D6, CYP2EIL, and CYP3A4 or induce the
activity of CYP1A2, CYP2C8, CYP2C9, CYP2C19, CYP3A4, and P-gp.

4  Appendices

4.1  Proposed labeling

Please see file in the FDA Electronic Document Room.
4.2 Individual Study Reviews
42.1 Bioana]jrtical methods review summary, page 41
422 Selected Preclinical study reviews, page 51.
423  Selected Clinical study reviews, page 64.
4.3 Consult Review

» Review of QT study SI05014 by the IRT-QT team was signed off in DFS on 4/16/2008 and is not
included here.

4.4  Office of Clinical Pharmacology GRMP Filing Checklist, pagé 83
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Appendix 4.2.1: NDA 22-206 Bioanalytical methods review summary

Silodosin development was carried out initially by Kissei and subsequently by Watson. Each company
developed its own bioanalytical methods to measure silodosin and its metabolites. The methods were
validated and are acceptable. Most methods met the FDA recommended acceptance criteria of <20% for
precision (CV) and within £20% for accuracy (RE, relative to nominal value) at the lower limit of
quantitation (LLOQ) and <15% or within £15%, respectively, at all other concentrations. However,
several assays were validated with expanded acceptance criteria of <20% and +20% for precision and
accuracy, respectively, at all concentrations instead of just at the LLOQ. These were evaluated on a case-
by-case basis and they were accepted because it is felt that the additional variability and assay errors
would not significantly affect the clinical interpretation of the PK results. The methods that deviated from
the recommended acceptance criteria are listed below: '

1. 05-8753b: validation for KMD-3213G and KMD-3293 in plasma had precision intra-assay
variability of 11.9 — 18.9% and 11.8 — 19.0%, respectively, exceeding the 15% recommended
threshold. The acceptance criteria for precision and accuracy were expanded to <20% and £20%,
respectively, at all concentrations by sponsor. This assay was used to measure KMD-3213G and
KMD-3293 in plasma samples from all clinical studies conducted Watson, namely studies
S105008, S106004, S107004, 8104009, SI05010, SI06008, and SI05014. The expanded acceptance
criteria are less than ideal and may introduce additional variability and error into the PK data for
KMD-3213G and KMD-3293. However, since these metabolites only contribute a minor part of
the activity of oral silodosin, the extension of acceptance criteria from 15% to 20% threshold
should not significantly alter the interpretation of the data with respect to clinical implications.

2. 06-8879b: validation for KMD-3213G and KMD-3293 in urine resulted in some precision and
accuracy variability outside of <15% or +15% range but within <20% or +20% range. This assay
was used in study SI05010 evaluating the effect of moderate hepatic impairment on the PK of
silodosin.

3. 0608881b: validation for KMD-3310 in urine resulted in some precision and accuracy variability
outside of <15% or :15% range but within <15% or £20% range. This assay was used in study
S105010 evaluating the effect of moderate hepatic impairment on the PK of silodosin. KMD-3310
is a minor metabolite and the expanded acceptance criteria to 20% should not affect the clinical
interpretation of the results of study SI105010.

This appendix provides a summary of the bioanalytical methods used in the development of silodosin by
Kissei and Watson.

Kissei’s development

For determination of the concentrations of silodosin and its metabolites in human plasma and urine,

HPLC fluorescence / ~ — "% - and LC/MS/MS methods were used. b‘4
Pretreatment by . was used for the LC/MS/MS method, while pretreatment using ,)
either was used for the HPLC fliorescence method depending on

the substance to be determined. Table 32 lists the methods used by Kissei together with the range of
calibration curve.

Cross validation of selected Kissei’s assays:
For cross-validation of 2 HPLC fluorescence methods and a LC/MS/MS method, some plasma samples

were determined by both types of assay in studies KMD-105 and KMD-207. The sponsor prov1ded the
results of the analyses but did not provxde the raw data.
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Selected plasma samples from study KMD-105 were analyzed for silodosin using both an HPLC method
and a LC/MS/MS method (method PK20009). The sponsor reported that the LC/MS/MS method yielded
about 12% lower calculated concentration than those obtained using the HPLC method (mean 88%, 95%
CI 85 -92%).

In a subsequent study (study KMD-207), plasma samples were analyzed for silodosin using a modified
HPLC method (method JCL017021) and the previous LC/MS/MS method (method PK20009). The
sponsor reported that the ratio (mean) of resulted concentration values obtained by LC/MS/MS to those
obtained by HPLC fluorescent method was 1.0 (95% CI 0.94 — 1.06).

These results indicate that there may be small differences in the reported concentration values across
these assays.

TYNIDINO NO
AYM SIHL S¥V3ddY
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Table 32: Summary of Kissei’s bioanalytical methods

R i Limit of
ange o unntification ,
Study No. Method (S;nﬁ;)le Tz;’rﬁct calibration 4 . S.md"
substance curve (ng/mL)y | (lower limie) | site
) {ng/mL)
HPLC silodosin 0.33-33 0.33
KMD-YA-1 fluorescence Plasma (1) | KMID-3241 0.44-44 0,44 Kissei
method KMD-3289 | 0.11-11 0.11
- - - -
HPLC silodosin 0.495-99 0.495
KMD-Ya-12 | Auorescence Plasma (1) | KMD-3241 0.313-31.5 0.315 Kissei
method KMD-3289  0.101-10.1  |0.101
HPLC silodosin 0.5-100 0.5
7014-101 fluorescence Plasmia (1) | KMD-3241 0.3-30 0.3 —
method KMD-3289 | 0.4-10 0.1
silodosin 0.1-20 0.1
KMD-3241 0.1-20 0.1
PK20009 LC/MSMS g“;"“ KMD-3289  {0.1-20 0.1 Kissei
KMD-3293 0.1-20 o1
KMD-3295 0.1-20 0.1
HPLC Plasma
PK20005 fuorescence ‘,0‘5) ¢ KMD-3213G | 2-100 2 Kissei
method -
HPLC Plasma silodosin ‘ 0.5-50 0.5
JCLO17021 fluorescence ( 0‘ 5) KMD-3293 0.5-30 0.5 —
meihod KMD-3213G | 2200 2 |
Plasma sitodosin 0.01-2.5 0.01 !
JCLO221 11 LC/MSIMS filirate —n
0.2) KMD-3213G | 0.5-125 0.5
HPLC silodosin 0,33-33 033
KMD-YA-2 fluorescence Urine (1) KMD-3241 0.44-44 0.44 Kissei
method KMD-3289 | 0.11-11 0.1
HPLC Urine silodosin 1.98-396 1.98
KMD-YA-13 fluorescence (Ur’) 5) KMD-3241 1.26-126 1.26 Kissei
method KMD-3289 | 0.404-40.4 | 0.404
HPLC silodosin 2-400 2
KSiltoe fluorescence Urine (0.5) | KMD-3241 1.25-125 1.25
method b
KMD-3289 0.4.40 04

“\&\

b(4)

b(4)

43



Table 32: Summary of Kissei’s bioanalytical methods (continued)

Ra " Limit of
-, Ange o] uantification | -
Study No. Method f‘:lﬂ ¢ Tz;rgtct calibration q . Sittu(l_\
mL) substance enrve (g/mL) | (ower mit) | site
(ng/mL}
silodosin 2-200 2
KMD-3241 2-200 2
KMD-3289 | 2-200 2
PK20008 LCMSMS Urine (0.2) | Kissei
KMD-3293 2-200 2
KMD-3295 2-200 2
KMD-3213G 10-1000 10
HPLC
JCLO27251 fhiorescence Urine (1) silodosin 1-200 1 —
method
HPLC ]
KMD-YA-18 | Ruorescence Plasma (1) | KMD-3290” 2200 2 Kissci
method
] HPLC
KMD-YA-19 | fluorescence Urine (1) KMD-3290" 4-400 4 Kissei
method
a) Opiical isamer of stlodosin (S-stlodosin}
——s

) was udded to the plasma ond vrine samples, However, it was not added in JCLO221 1.

~

Watson’s development

b(4)

b(4)

All bioanalytical work supporting the Watson clinical development program was performed by

-

~—————  Six methods were developed as summarized below in Table 33. All extracts

underwent reverse-phase liquid chromatography and the analytes were detected using tandem MS

detection.

Table 33: Summary of Watson’s bioanalytical methods

Range of Limit of ot
4 $6cath oGy
Study No. Method Sample '?Targct calibration (]l!llﬂl!ﬁ}dfl()ﬂ e
{mL} substance curve (ng/mL) (lower imit)
(ng/mL)
Plasmi Silodosin 125160 1.25
US-§753b LC-MSIMS | Do | KMD-3213G | 10.0-320 10.0
-~ KMD-3293 | 250-160 {250
06-8920 LC-MS/MS 3"25(‘)’};‘) KMD-3205  |250-160  |250
06-9207 LC-MS/MS f&'f(‘;g; KMD-3310  |250-160  |2.50
Unbound | Silodosin 125 -160 125
06-8877a LC-MS/MS | Plasma | KMD-3213G | 10.0~320 10.0
(0.050)  jKMD-3203 | 250-160  |2.50
Urine Silodosin {125 -160 1.25
06-8879b LE-MSMS | iy [KMD3213G | 10.0-320 10.0
e KMD-3293 [250-160 |20
06-8881b LC-MsaMg | Urine KMD:3310  |250-160  |2.50
{0.100)
e ————
Stability:

site

I

b(4)

AGOD ©|qIssOd §s&4
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Table 34 summarizes the stability results from Kissei and table 35 summarizes the stability results from
Watson. :

Freeze-thaw stability has been demonstrated for 4 freeze-thaw cycles for silodosin, KMD-3293 (study
PK20009), and 5 cycles for KMD-3213G (study PK20005) in plasma. Silodosin, KMD-3213G, and
KMD-3293 in plasma filtrate (i.e., unbound plasma samples) were demonstrated to be stable following 4
freeze~thaw cycles (study 06-8877a). Silodosin, KMD-3213G, and KMD-3293 in urine was demonstrated
to be stable following 3 freeze-thaw cycles (study 06-8879b). Freeze-thaw stability for other metabolite is
summarized in tables 34 and 35. : '

Storage stability has been demonstrated for silodosin and KMD-3293 in plasma for 1 year at -20 °C and -
80 °C (study PK20009) and KMD-3213G in plasma for 13.8 months at -20 °C (study PK20019). Storage
stability for other metabolites and matrices is summarized in tables 34 and 35.

Table 34: Summary of stabilityAdata for Kissei’s bioanalytical methods

Study Ne. Test item Sample sl;ll‘)%ll‘:%g'éc Results” Study site
silodosin
Stability in KMD-3241
PK20009 Plasma KMD-3289 4 times Kissei

frecze-thawing KMD-3203

KMD-3295

< Stability in - . o
< 29 .
PK20003 frcezc-thawing Plasma KMD-3213G 5 times Kissei
silodosin
KMD-3241
. Stability in . KMD-3289 . -
PK20008 frecre-thawing Urine KMD-1293 3 times Kissei
KMD-3295
KMD-3213G
. Stability in silodosin : .
22 . b —
JCLO22111 frooze-thawing Plasnm filtrate KMD-3213G 3 times h(a)

APPEARS THIS waY
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Table 34: Summary of stability data for Kissei’s bioanalytical methods (continued)

Study No. Test item Sample m]l‘);};t.g'gtce Resilis® Study site
KMD-YA-1g | Swabilityin Plasma KMD-32907 | 5 times Kissei
freeze-thawing |- '
KMD-YA-19 | Stbilityin Urine KMD-3290Y | 5 times Kissei
: freeze-thawing ‘
e silodosin
KMD-YA-1z | S@bilityin o KMD-3241 [ -40°C, 1year | Kissei
storage KMD-3289 -
. e
PK20006 Subilityin - f 5 KMD-3313G | 40°C. 13
storage months
.y . - O
PK200]9 Subilityin | oy v kvp-3213G | 20°G 138 o
storage i months
sitodosin
e s KMD-3241 :
i T =20 ¢ ¢l . .
pr20o09 [ SUby I g, KMD-3289 | 206 1Y g
8 KMD-3293 S 1Y
KMD-3295
Stability in sitodosin 20°C, 3
) . ,
JCLO22111 storage Plasma filtrate KMD-3213-G | months —_—
. Stability in . silodosin -
KMD-YA-13 rorae. Urine KMD-3241 -40°C, I year | Kissei
storag KMD-3289
silodosin
KMD-3241)
Stability in . KMD-3289 20°C, 6 L
- \ v
PK20008 storage Urine KMD-3293 months Kissei
KMD-3295
KMD-3213G
o . ‘
KMD-yA-1g | Swbllivin o, o KMD-3290° | 30°C.6 Kissei
: storage months
41 v ) 0,
KMD-YA-19 | Swbilityin o0 KMD-3290% | ~30°C.6 Kissei
storage months

a} Optical isomer of silodosin (S-silodosin)

b) Data are the longest resubts for each sample in the storing condition.

b(4) |
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Table 35: Summary of stability data for Watson’s bioanalytical methods

Target

Table 35: Summary of stability data for Watson’s bioanalytical met

hods (continued)

Study No. Test item Sample substance Results Study site
Room temperature . She, 17Tmin |
Reconstitution solution Silodosin 43 hr, 8min
03-8753b In autosampler Plasma KMD-3213G | 5 hr, 47 min -
Frecze-thaw cycles KMD-3293 4 cyeles
In storage @ -80 degrees 56 days
Room temperature 4 hr, 40 min
Reconstitution solition 121 br, 23 min
06-8920 In autosampler Plasma KMD-3295 9 hr - b(4)
Freeze-thaw cycles 5 cycles
In storage (@ -80 degrees 22 days
'Room temperanie 4, 10 min -
Reconstitution solution & hr, 51 min
06-9207 In autosampler Plasma KMD-3310 16 hr, 32 min | <
Frecze-thaw cycles 4 cycles
In storage @ -80 degrees 15 days
Room temperature. 4 I, 21 min
: Reconstitution solution Unbound S'ilodo_sin 21 hr, 40 min
06-8877a In autosampler Plasma KMD-3213G | 5hr, 21 min -~
Freéze-thaw cycles ¢ EMD-3293 4 cycles
In storage @ -80 degrees 32 days

Study No. Test item Sample “;ll;’:{ﬁ{c Results Study site

Room temperature 4 hr, 6 min
Reconstilution solution Silodosin 146 hr. 7 min -

06-8879b Tn autosampler Urine KMD-3213G  § 9hr. 12 min
Freeze-thaw cycles KMD-3293 3 cyeles h(4)
1n storage ¢ -80 degrees 15 days
Room temperature 4 hir, 25 min
Reconstitution solution 139 hr, 25 min

06-3881b In awtosampler Urine KMD-3310 9 hr, 6 min -~
Freeze-thaw cycles : 4 cycles
In storage @ -80 degrees 14 days

e ————————

Validation results for bioanalytical methods from Kissei and Watson:

Table 36 provides a summary of the method validation results for the bioanalytical methods used in
studies submitted in the NDA. The methods were validated and are acceptable. Most methods met the
FDA recommended acceptance criteria of <20% for precision (CV) and within +20% for accuracy (RE,
relative to nominal value) at the lower limit of quantitation (LLOQ) and <15% or within +15%,
respectively, at all other concentrations. However, several assays were validated with expanded
acceptance criteria of <20% and +20% for precision and accuracy, fespectively, at all concentrations

instead of just at the LLOQ. The methods th:
listed below:

at deviated from the recommended acceptance criteria are

1. 05-8753b: validation for KMD-3213G and KMD-3293 in plasma had precision intra-assay
variability of 11.9 — 18.9% and 11.8 — 19.0%, respectively, exceeding the 15% recommended

threshold. The acceptance criteria for precision and accuracy were expanded to <20% and £20%,
respectively, at all concentrations by sponsor. This assay was used to measure KMD-3213G and
KMD-3293 in plasma samples from all clinical studies conducted Watson, namely studies
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SI05008, SI06004, S107004, S104009, SI05010, S106008, and SI05014. The expanded acceptance
criteria are less than ideal and may introduce additional variability and error into the PK data for
KMD-3213G and KMD-3293. However, since these metabolites only contribute a minor part of
the activity of oral silodosin, the extension of acceptance criteria from 15% to 20% threshold
should not significantly alter the interpretation of the data with respect to clinical implications.

2. 06-8879b: validation for KMD-3213G and KMD-3293 in urine resulted in some precision and
accuracy variability outside of <15% or +15% range but within <20% or +20% range. This assay
was used in study SI05010 evaluating the effect of moderate hepatic impairment on the PK of
silodosin.

3. 0608881b: validation for KMD-3310 in urine resulted in some precision and accuracy variability
outside of <15% or +15% range but within <15% or +20% range. This assay was used in study
S105010 evaluating the effect of moderate hepatic impairment on the PK of silodosin. KMD-33 10

is a minor metabolite and the expanded acceptance criteria to 20% should not affect the clinical
interpretation of the results of study SI05010. :

Table 36: Sﬁmmary of bioanalytical methods and corresponding PK studies

Study No, Method Sample Tarpet Intra-assay Variahility Inter-Assay Variahility PK Study in which | Study
A ! {(mL) substance :’,?‘;d‘io“ Accurucy (%) | Precision (%) | Accuracy (%) | Method was Used site
i curaey 3 _
HPLC silodosin 2311435 [-1.60-9.10 |028~7.56 |-D.14—540 | 95783
KMD-YA-1 | fluorescence 5";5‘"‘" KMD3241 {0.75-542 [-079-1089 [029-823 |-296-688 |os284 Kisset
wethod KMD-3289 [222-4.44 |-1381-.0.52 [005-825 |.331-436 |RMD.201 %
HPLC - stiodosin 2241042 [ 245535  [021—11.36 |-054~000 95353 4
KMD-YA-2 | fluorescence x’)’“" KMD-3241 | 177-770 [-1221-857 |038-9.68 |-448-7.42 |os2s4 Kissei -
méthod KMD-3289 [2.58-558 |-497-497 [018-341 |-1.78-252 | KMD-201 . -3
HPLC Plasmn | 0405 1931 ASZI04 [23-359 T3-53 . (0]
KMD-YA-12 | fuorescence KMD-3241  {11-24 |-24-97 11-27 12114 o Kisscl 1
(13 . 98364 (2]
niethod "IKMD-3289 J06-83  |.65-.28  2s5-2% 3.7--12 ==
HPLC ) silodosin 19-33 |-51-105 |Li-33 37-82 R _(Z
KMD-YA-13 | fluorescence H)' 25 |KMD32a [1i-sa fs2-105 |16-32 SER S b Kissci @
method ’ KMD-3289 |23-55  {-59-15 29-5.1 46--11 -
HPLC Plasma O
KMD-YA-~18 | fluorcscence ( 1‘) © | KMD-3299% | 1.3 -6 2.6-3.1 04-39 19-34 98364 Kissci (o)
method 'D
HPLC Urine _ <
KMD-YA-19 } fluorescence W KMD-3200% | 2.1 ~ 104 ~1.7-001 1.5-58 34 --17 98364 Kissct
mcthod
ay  Optical isomer of silodosin (S-sifodosin).
e Cissei: Kissel Pharmaceutical Company, LTD,

Table 36: Summary of bioanalytical methods and corresponding PK studies (continued)

Study No. Method Sample | Target Imrn-.assa,\‘ Variahitity Inter-Assay Varinbility PK Study in which Study
> : {mL) substance :’;:)ckmn Accuracy (%) | Precision (%) | Accuraey (%) Method was Uned site
HPLC
o Plasma | ., KMD3213-UK01-97
SI 7 ¢ | ¥ KMD-3213 [ 12110 [-62-82 37-7% 25-15
K81 76 Muoreseence {1y . b 7 P |
HPLC " : =
Urine KMD3213-UK01-97
KMD-3213 [ 12-110 |94-12 32-11.2 43-48
kst77 g,‘;‘,’;ﬁ“‘“ (0.5) Ky 94-122 = KMD212-0K2-97
HPLC silodosin 12-M2 [69-74 33200 IR-A3 ]
KST 105 finorescence Z";s’"“ KMD-3241 | 13-55  [~143-87 |24-53 -121-29 | KMD32i3-US01 198
method KMD-3249 | 1.0-37 |[-79-25 25-38 4912
HPLC ) silodosin 09-63 06-138 [235-73 4.7-87 15, . ]
KSI 106 fuorescence (lf,“s")‘ KMD-3241 |2.1-84 A13.1-192% |62-97 69-16.7" S: gé:; 322:; zg
method ) KMD-3289 [ 15-85 [-27-130 }61-38 60-74 oS
HPLC silodosin 45111 |99<114  [59-109 10-8% ]
7014-101 fluorescence :’;?5“"‘ KMD-3241 142-115 |-70-120 |56-105 6.1-4.1 KMD3213-US012-99
method KMD-3289 |52-125 |90-104 {72-121 0.1-54 i
B) Valucs at lower Inmit of quantificaiion.
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Table 36: Summary of bioanalytical methods and corresponding PK studies (continued)

) . Sample | Target Intra-assay Variability Inter-Assay Variability PK Study in which Study
Study No: Method s Proci ’ y "
(mL} e :%), A v (%) | Precision (%) Avcuracy (%) Method was Used site
- - —
PK20005 fluorescence | KMD-3213G | 0.3-4.4 12-77 1.5-47 1522 KMD-105 Kissei
mc;hp_d i
R sitodosin 16-67 -83-53 21-116 -6.0-4.0
KMD-3241 [39-113 |-122--46 {57-141 1739
Urine | KMD-3289 |27-48 09-23 34-110 D824 ) .
PK20008 LCAMS/MS ©.2) KMD3293 43108 BI-77 3769 Li-68 KMD-108 Kissei
KMD-3295 |52-83 l40-75 43-10.1 30-32
KMD-3213G {51-79 |.06-148 |7.7-84 -$53~92
stlodosin Y B9-79  |§5-133 Ti<al
KMD-3241 ~133  [-126--55 |61-68 -63-05
PK20009 | LCAMSMS f&‘;;m KMD-3289 |56-81 [-120-03 |70-83 5266 | KMD-108 Kissei
KMD-3293  125-138 [-13.0-27 |60-82 31-35
KMD-3295  [26-113 |-105—-43 -94 -67--0.6
RMD3213-US021-59
KMD-207
HPLC silodosin 06-53 07-4.8 1.0-27 08-28 KMD-305
JCLOYIB21 | fluorescenice ('3“55;““ KMD-3293 |02-88 |-57-108 {04-5.1 64~9.0 KMD-306-UK _
method ’ KMD-3213G | 09~1.5 59-30 03-3.7 66~104 | KMBA0-UK
KMD-308
KMD-309

b)Y Values at lower fiinit of quz

e ——

intification,

-1 was added to the plasma and urine samples. However, it was not added in JCLO22111.

——

Note for study PK2009, the intra-assay accuracy was within the acceptable range. The -15.9% relative

M

error occurred at the LLOQ.

——

. Kissek: Kissei Pharmacentical Company, LTD.

Table 36: Summary of bioanalytical methods and corresponding PK studies (continued)

o Y ‘., v M
Stud o, Method Sample | Farget Intra-assay Variability Inter-Assiy Variability PK Study in which Study .
¥ * {mL) substance (P:;‘)cmnn Accuracy (%) | Precision (%) | Accaracy (%) | Method was Used site
A 2 UFach °
Plasma o N '
. siledosin 1.9-12.6 -6.0-3.8 4.1-109 <0 0-10 5
2 MS/N MD3
jcLoazit | LOMSMS fg';_“)'e KMD-3213G | 14-119 [.60-146 |39-84 1142 | IMDS0 e
. ] ]
HPLC —
JCLO27251 | fucrescence | Uring (1) | silodosin 71739 {50-67  |33-110 00-28 KMD-209 -_—
niethod
SI03008
S106004
Silodosin 16-48 |.57-72 39-49 -10-32 SHIT064
05-8753b LC-MSIMS (':)'“;,’;(‘;; KMD-2213G |22-63 |-s5-233 19-189 |-70-47 | Si04000 —_—
KMD-3293  {11-65 [-44-120 {118-190 |-69-04 SIU5010
106003
S105014
06-8920 LC-MS/MS f&;&; KMD-3295 14.1-150 [-120-104 |77-127 5.1-08 106004 — ‘
- ]
06-9207 LeMsms | PM dpynane 120-70 | -88-70  |ss_7a 43-10 | sineos ) )
2 o0ty | KMD-3: 07, 57, 57 3 1 ' |

b) Valucs at lower limit of quantification.
was added to the plasia and urine smuples, However, it was not added in JCLO22L 1L,

PEESSEY
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Table 36: Summary of bioanalytical methods and corresponding PK studies (continned)
Table 2.7.1-14 Summary of Bicanalytical Methods and Corresponding Pharmacokinetic Studies {continued)

Studs No. sethod Sample | Targer Intra-assay Variability Inter-Assay Variability PK Study in which Study
oo {mL) substanee :’;)CUOH Accaracy (%) | Precision (%) | Acenracy (%) Method was Used site
Unbound | Stlodosin 2260 D7-20 43-64 SA-a32
06-8677a LC-MSMS | Plusnia | KMD-3213G | 30-97 J0-160  [64-57 00-33 SIs010 —_—
(0050 [ xmD-3293 [ 1.8-87 93-100  |47-87 0.5-37 |
] Silodosin L1-73 B3-120  [2.7-63 3274 ]
06-3379b LC-MS/MS :é’;“’fo) KMD-3213G [66~143 [-180-190 J13-161 [-57--1.7 lswsom
- KMD-3293  |33-129 {-160-100 |78-108 84-24 ]
06-8381b | LC-MSIMS :;;“;“(;» KMD3310 |22-137 |-128-156 |100-162 |10-56 $105010 — |
[ - i
e T ———
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Appendix 4.2.2

Review notes on selected preclinical studies
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Study PK10049: CYP inhibition potential

This study evaluated the effects of KMD-3213, KMD-3293 and KMD-3213G on the metabolic activities
of Cytochrome P450 in an in-vitro test system with pooled human liver microsomes. Each metabolic
activity was investigated using the substrate for each CYP isoform and estimated by measuring the
produced metabolite by the LC/MS/MS method. The following substrates (and their respective activities)
were used: 7-ethoxyresorufin (CYP1A2), coumarin (CYP2A6), tolbutamide (CYP2C9), S-mephenytoin
(CYP2C19), dextromethorphan (CYP2D6), chlorzoxazone (CYP2E1) and midazolam (CYP3A4).

The IC50 values of KMD-3213 against the metabolic activities of CYP2D6 and CYP3A4 were 21.7 and
100.3 uM, respectively. The IC50 values against other CYP activities were greater than at least 200 pM.

The IC50 values of KMD-3293 were higher than 300 pM against all the activities of CYP isoforms. The
IC50 values of KMD-3213G were higher than at least 150 uM against all the CYP activities.

Based on primary PK study S16004, the mean C,,,, for KMD-3213, KMD-3213G, and KMD-3293 were
61.6 ng/mL (0.124 pM), 102.4 ng/mL (0.144 HM), and 34.3 ng/mL (0.067 uM), respectively. Since the
IC50 values of KMD-3293 and KMD-3213G were greater than at least 150 pM, it was considered that
these compounds also have low potential for causing drug-drug interactions due to inhibition of CYP-
mediated metabolism. IC50 values of KMD-3213 against CYP2D6 and CYP3A4 were 21.7 pM and
100.3 M, respectively. Ki was estimated based on equation Ki = % IC50 assuming competitive
inhibition or Ki=IC50 assuming non-competitive inhibition. The resulting KMD-3213 [1/Ki ratios for
CYP2D6 were 0.011 and 0.006 assuming competitive or non-competitive inhibition, respectively. The
data suggests that at therapeutic concentration, KMD-3213 is unlikely to inhibit CYP2D6 activity ([I}/Ki
<0.1). KMD-3213 [I}/Ki ratios (where [I] = maximum steady state plasma total concentration (bound +
unbound)) for CYP3A4 were <0.005 regardless of competitive or non-competitive inhibition
assumptions. It was noted that 2C8 was not tested. Accuracy of calibration curves for the substrates
metabolites were acceptable.

APPEARS THIS WAY
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Study ZXA0002: CYP induction potential.

This evaluated the potential of silodosin and metabolites KMD-3213G and KMD-3293to induce the
metabolic activity of CYP enzymes in cultured human hepatocytes. Concentrations up to 1950 ng/m}
were used for silodosin and KMD-3293 and up to 3150 ng/mL of KMD-3213G.

Effect on 7-ethoxyresoruffin O-deethylase (CYP1A2) or midazolam 1°-hydroxylase (CYP3A4/5)

activities showed no evidence of >2-fold or a concentration-dependent induction by KMD-3213, KMD-

3213G, or KMD-3293. Positive controls for CYP1A2 (100 pM omeprazole) and CYP3A4/5 (20 uM b(ﬁ)
rifampicin) induced >2-fold increase in all incubations with one exception. Hepatocytes from one donor

(donor = showed only a 1.14-fold increase in CYP1A2 activity with omeprazole but did showed a

2.91 fold increase in concentration of resorufin produced. Maximum relative potency (to the active b(ﬁ}
control) was 2% for CYP1A2 and 23% for CYP3A4/5 (less than the 40% general cut-off for positive

induction signal). It was noted that hepatocytes from donor =  did not show adequate CYP1A2 activity b{6
and was not used for assessment of CYP1A2 induction. Hepatocytes from a fourth donor (donor = )
were used to give n=3 for the evaluation of CYP1A2.

Current FDA draft guidance on in vivo drug interaction studies indicates that CYP3A4 is sensitive to all
known co-inducers of CYP3A4, CYP2C8, CYP2C9, and CYP2C19. Since no induction of CYP3A4 was
observed, it suggests that silodosin and its metabolites KMD-3213G and KMD-3293 do not induce
metabolic activity of CYP2C8, CYP2C9, or CYP2C19.

Table 37: Effect of silodosin, KMD-3213G, and KMD-3293 treatment on CYP1A2 and CYP3A4/5

Calculated using protein normalised activity dara

The magnitede of induction of either CYPIAZ or CYP3A/S by cither KMD-3213 (1950 ng/nL), KMD-3213G (3150 ng/mb) or KMD-3293 (1950 ngmL}
P d 35 fold incubati pared 1o the solvent control

“The magnitude of induction of either CYPIAZ or CYPIA4/S by either KMD-3213 (1950 ng/mlL), KMD-3213G (3150 ng/mb) or KMD-3293 (1950 ng/inL)

expressed as a % of that eliciied by the respective positive control (CYPIA2: omeprzole, CYP3A4/S: rifampicin)

Activity data not considered sufficiently robust to usc in these calcutalions

Donor not used for this assay

activity in cultured human hepatocytes. [v.)

Donor CYPIAY CYP3ALS' g

KMD-3213 KMD3212G KMD3293 KMD-3213 KMD3213G KMD3293 —in

Fold | Relative | Fold | Relative | Fold [ Refative [ Fold | Relative Fold | Relative | Fold | Relative _ v}

h(ﬁ) ! indution’ | potency (%) |induction® | potency (%) {inducti potency (26) linduction’] potency (*5) | inducii potency (%) | induction* | polency {%) O
P e * ' 0.81 -§ s ® 138 5 0.85 -2 0.90 ] N

P 0.89 2 0.95 ] 0.77 -4 1.40 3 [ -1 148 4 W,

6’ 0.58 -202 0.57 -73 0.43 -639 0.65 -0 1.35 16 148 10 U'

“ - 0.46 -14 1.00 0 0.94 -1 " * B ° > B (_D_
0

ke

<

Y
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Study PK10153: Protein binding of KMD-3213

In-vitro protein binding study using [C14]-KMD-3213 (study PK10153) and ultrafiltration techniques

showed binding rate to plasma protein was almost constant over the concentration range of 100 — 500 ng
eq./mL. The incubation condition was 5 minutes at 37 degree C in human plasma, human serum albumin

(40 mg/mL), human serum globulins (10 mg/mL), or human al

condition was tested in triplicate.

Table 38: Protein binding rate of [14C]-silodesin

Nominal’ Human Rat Dog Albumin ¥ a-acid ]
Concentration Plasma | Plasma Plasma globulin|  glycoprotein
(ng eq/mL) (%) %) (%) (%) O] %)
100 95.6+0.7| 80.3%1.7] 80.1+3.4| 34.9+13] 74415 04.340.5
200 95.8+0.2| 814+12] 81.3+3.8] 34.7+2.4 4.6+£3.9 96.0£0.2
500 | 94.6:04] 79.9+1.2 81.6£2.7] 354+2.2| 5.943.1 95.7+0.7
Each value represents the mean +8.D. of three data
APPEARS THIS way
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Study DMPK2003-0053: Protein binding of KMD-3213G

In vitro protein binding study DMPK2003-0053 uses the same incubation conditions as study PK 10153
for KMD-3213 with respect to time, temperature, sample size (n=3), and protein concentration. KMD-
-3213G was measured using HPLC with UV detection with LLOQ of 10 ng/mL. KMD-3213G binding to
human plasma were 92.0 + 0.9% and 91.2 + 0.6% at concentrations of 200 ng/mL and 500 ng/mL,
respectively. Binding to rat and dog plasma were lower. KMD-3213G binds mainly to alphal-acid
glycoprotein,

Table 39: Protein binding of KMD-3213G in human, rat, and dog plasma

Concentration Protein binding (%)
(ng/mL) Human Rat . Dog
200 ’ 920+09 715429 595+ 4.4
500 912+06 675+1.8 63.8+2.2

Each value represents the mean + S.D. (standard deviation) of 3 determinations.
Table 40: Protein binding of KMD-3213G to human serum proteins

Concentration Protein binding (%)
(ng/mL) ~ HSA ‘ HSG AGP
200 33837 204 +25 84817
5§00 35.7+3.1 - 11.7+38 859+04

HSA: Human serum albumin

HSG: Human serum y-globulin

AGP: ay-acid glycoprotsin

Each value represents the mean + S.D. (standard deviation) of 3 determinations.
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Study DMPK2004-0033: Protein binding of KMD-3293

In vitro study DMPK2004-0033 used the same incubation conditions as study PK 10153 for KMD-3213
with respect to time, temperature, sample size (n=3), and protein concentration. KMD-3293 was
measured using HPLC with UV detection with LOQ of 10 ng/mL. KMD-3293 binding to human plasma
was 91.9 = 0.4% and 90.2 + 1.2% at concentrations of 200 ng/mL and 500 ng/mL, respectively.

Table 41: Protein binding of KMD-3293 in human plasma

Concentration Protein binding
(ng/mL) (%)
200 : A 9198104
500 _90.2x1.2

Each value represents the mean + S.D. (standard deviation) of 3 determinations.
Table 42: Protein binding of KMD-3293 to human serum. proteins

Concentration - ~ Protein binding (%) )
(ng/ml) HSA HSG AGP
200 28809 72+£13 921+06
500 31119 39£37 921+08

HSA: Human serum albumin

HSG: Human serum y-globulin

AGP: a4-acid glycoprotein

Each value represents the mean + S.D. (standard deviation) of 3 determinations.

APPEARS THIS WAY
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Study PK10091: Human blood to plasma ratio (Rg) of KMD-3213

The Rg value was 0.51 + 0.04 and 0.55 + 0.03 at the [14C]-KMD-3213 concentrations of 24 ng eq./mL
and 121 ng eq./mL, respectively (n=3 each). The percentage of associated with blood cells was 2.2 +
3.8% (range 0.0 — 6.6%) and 3.7 £ 3.4% (range 0.4 — 7.2%) at the [14C}-KMD-3213 concentrations of 24
ng eq./mL and 121 ng eq./mL, respectively. The data indicate that most of the KMD-3213 was present in
plasma.

APPEARS THIS Way
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Study KMD-OIR001 - Identification of Cytochrome P450 isozymes involved in the metabolism of
KMD-3213 and examination of Michaelis-Menten kinetics for the metabolism of KMD-3213.

In vitro experiments were performed using human liver microsomes and CYP isozyme selective
inhibitors (furafylline (CYP1A1/2), coumarin (CYP2A6), sulfafenazole (CYP2C9), S-mephenytoin
(CYP2C19), quinidine (CYP2D6), diethyldithiocarbamate (CYP2E1), and ketoconazole (CYP3A4)) to
estimate the CYP isozymes involved in the oxidative metabolism of KMD-3213, generating major
metabolites such as KMD-3241, KMD-3289, and KMD-3250. cDNA-expressed human CYP microsomes
were attempted but were not used due to its use past expiration of stable period.

Reaction was conditioned at 37 °C for 10 minutes, and 100 pM KMD-3213 in duplicates.

Analyses of KMD-3213, KMD-3241, KMD-3289, and KMD-3250 in reactions were performed by
HPLC.

Among the isoforms tested, CYP3A4 is the major isoform involved in the metabolism of KMD-3213. The
CYP2C8 isoform was not tested. Small sample size (n=2) and assay validation not provided.

Table 43: Effects of CYP inhibitors on KMD-3213 metabolism

A) Effects of inhibitors on KMD-3213 decrease

inhibitor Conc. (uM) CYP isozyme Inhibition (%)
Furafylline 5 1A1/2 185
Coumarin 100 2A6 3.3
Sulfafenazole 20 2C9 0.0
S-reephenytoin 500 2C19 0.0
Quinidine 5 2D6 16.9
Diethyldithiocarbamate 50 2El 0.0
Ketokonazole 2 3A4 70.6
B) _Effects of inhibitors on metabolite generation

. ' . Inhibition (%)
fohibitor Cone. (M) CYP lsozyme ™ i 3241 KMD-3289 KMD-3250
Furafylline 5 1A172 10.0 14.1 205
Coumarin 100 2A6 1.6 0.1 4.1
Sulfafenazole 20 2C9 85 8.7 15.6
S-mephenytoin 500 2C19 0.0 0.0 0.0
Quinidine 5 2D6 5.6 32 -
Diethyldithiocarbamate 50 2E1 184 186 21.8
Ketokonazole 2 3A4 75.4 85.4 96.5

~; Determination was impossible.
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Study DMPK2003-0037 - Identification of the enzyme responsible for production of metabolite KMD-
3310 from KMD-3213.

Incubation in human liver microsome and CYP inhibitors 1 M a-naphthoflavone (CYP1A2), 0.5 uM
tranylcypromine (CYP2A6), 20 uM sulfaphenazole (CYP2C9), 200 uM S-(+)-mephenytoin (CYP2C19),
0.5 pM quinidine (CYP2D6), 100 uM 4-methylpyrazole (CYP2E1), and 2 pM ketoconazole (CYP3A4)
were used. Incubations were done in duplicates.

The KMD-3310 production activity was reduced to 5.6% of the control activity by addition of 2 pM
ketoconazole. On the other hand, the production of KMD-3310 with other inhibitors ranged from 76.6 to
95.3% of the control.

With near complete inhibition by ketoconazole, it appears that CYP3A4 in the human liver microsomes is

mainly responsible for the metabolism of KMD-3310 from KMD-3213. Note that KMD-3310 is a minor
metabolite.
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Study PK-03-010: The effects of various drugs on the CYP3A4- mediated metabolism of KMD-3213.
Results indicated that ketoconazole is likely to inhibit the metabolism of KMD-3213. No in depth review

of this report was needed since an in vivo study with strong CYP3A4 inhibitor was submitted to this
NDA. '
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Study AE-3348: In Vitro Metabolism Study of 14C-KMD-3213 — Identification of UGT Isoforms Using
Microsomes Expressing Human UGT and Determination of Km and Vmax Values.

Human UGT isoforms involved in formation of 14C-KMD-3213 glucuronide were identified with eight

microsomes expressing human UGT ™ for human UGT1Al, 1A3, b(“)
1A6, 1A9, 1A10, 2B7, 2B15, and control microsomes) after incubation for 10, 30, and 60 min and

metabolite profiling was performed using HPLC-RAD. A positive control (7-hydroxy-4-

(trifluoromethyl)-coumarin or HFC) was employed to ensure the microsomes had glucuronidation

activity. The concentration of 14C-KMD-3213 used was 10 pmol/L. :

14C-KMD-3123G was formed only in the samples incubated with UGT2B7. The mean % of HPLC peak
of KMD-3123G relative to total radioactivity was 1.69 + 0.22%, 5.08 + 0.33%, and 8.49 + 0.59% after
incubation (n=3) for 10, 30, and 60 min, respectively, indicating linear increase of formation up to 60
min. (note: 5.02% was amended to 5.08% by sponsor).

In addition, the kinetic parameters (Km and Vmax) were determined for glucuronidation of 14C-KMD-
3213 by human UGT2B7. The Km and Vmax for glucuronidation of 14C-KMD-3213 were 401.0 pmol/L
and 670.7 pmol/min/mg protein, respectively.

Figure 12: linear increase in the formation of KMD-3213G by UGT 2B7 over 60 minute incubation

——UGT2B7
10 5

percent of peak
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Study PK10126: Elucidation of the enzyme responsible for the metabolism of KMD-3213 to its
metabolite KMD-3293.

KMD-3293 formation was insignificant (below LOQ of 0.1 1M) with human liver microsomes (30
minutes, 100 pM KMD-3213) — suggesting little involvement of CYP450. Additional assays with S9
fraction and dehydrogenase substrates and inhibitors suggested that alcohol dehydrogenase and aldehyde
dehydrogenase were involved in the formation of KMD-3293 from KMD-3213.
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Study PK-03-002: Contribution of P-glycoprotein to membrane permeation of KMD-3213.

In this study contribution of P-glycoprotein (P-gp) to membrane permeation of KMD-3213 was
investigated using vinblastine-treated P-gp over-expressed Caco-2 cell monolayers.

Membrane permeation of [14C}-KMD-3213 (10 uM) across Caco-2 cell monolayers were evaluated in
both “Apical (A) to Basolateral (BY” direction and “B to A” direction after 21 day-culture period
following inoculation on —————insert. Caco-2 cells were cultured in the medium added by vinblastine
at 10 nM. Digoxin was used as positive control for the Caco-2 system.

Apgarent membrane permeation coefficient (Papp) of [14C]-KMD-3213 in “B to A” direction (25.205 x
10” cm/s) was 8.4 times higher than that in “A to B” direction (3.007 x 10°° cm/s), which suggests
directionality of KMD-3213 permeation across Caco-2 cell monolayers. In a separate experiment, this
directionality was modified by the addition of verapamil known as a P- gp inhibitor. Without verapamil
Papp in “B to A” direction (25.783 x 10°¢ cm/s) was 10.4 times higher than that in “A to B” direction
(2.477 x 10°® cm/s). Under the presence of verapamil, Papp in “B to A” direction decreased to 19.697 x
10 cm/s (with 10 uM verapamil), 11.734 x 10 cm/s (60 pM), or 11.356 x 10 cm/s (100 pM)
dependent on verapamil concentration while “A to B” increased to 8.754 x 10 cm/s (10 M), 15.613 x
10 cm/s (60 pM), or 14.001 x 10 cm/s (100 uM). As the increase of verapamil-concentration the
difference between “B to A” and “A to B” were disappeared. At 10 uM, same concentration of [14C]-
KMD-3213, it was 2.2 times, though it was completely disappeared (0.8 times) over 60 pM.

These results indicated that there is directionality in the membrane permeation of KMD- 3213 across
Caco-2 cell monolayers and P-gp contributes this directionality.

Table 44: Effect of verapamil on [14C]KMD—3213 permeation across P-gp over-expressed Caco-2
cell monolayers

Verapamil Papp (x10® cmi/s)
conc. (uM) A to B direction BtoAdirection  (BtoA)/(Ato B)
0 (control) 2477 £0.160 25.783 + 1.250 104

10 8.754 + 0,752 19.697 + 0.551 2.2

60 15.613 £ 0.810 41.734 + 0.651 0.8

100 14.001 £ 0.357 11.356 £ 0.417 0.8

Vahtes are mean + S.D. of three monolayers,

A ; Apical side, B ; Basolateral side

Added *C.KMD-3213 concentration was 11 pM.
Verapamil was added in both A and B sides.
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Appendix 4.2.3

Individual study reviews and review notes on selected clinical studies
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Study S17004 Individual Study Review

Title: An Investigation of the Dose Proportionality of Silodosin and Metabolites KMD- 3213G and
KMD-3293 in Healthy Male Subjects after Single and Multiple doses of 4 and 8 mg.

Objectives: The primary objective was to assess the dose-proportionality of silodosin and metabolites
KMD-3213G and KMD-3293 in healthy male subjects after one and seven daily doses of 4 and 8 mg. The
secondary objective was to assess the safety and tolerability of silodosin.

Methods: this was a single-center, open-label, multiple dose, randomized 2-period crossover study in 22
young healthy male subjects aged 18 — 45 years. The subjects’ race included 18 Whites and 4 Blacks.

The doses were one or two silodosin 4 mg capsules once daily within 30 minutes after breakfast for 7
days. The 2 periods of dosing were separated by a 7-day washout period.

Pharmacokinetic Variables: For each period on Days 1 and 7, plasma sampling for é.na]ysis of silodosin
and metabolites KMD-3213G and KMD-3293 were collected pre-doseand at 1,2, 3, 4,5, 6, 8, 10, 12, 18,
and 24 hours post-dose. -

Method validation: The assay for silodosin was validated and acceptable. The assays for KMD-3213G
and KMD-3293 used an expanded acceptance criteria for precision of £20% at all concentrations and
does not meet FDA’s acceptance criteria. Therefore, the results for KMD-3213G and KMD-3293 should
be interpreted with caution. Note: the study-specific bioanalytical report was not provided for this study.
Results:

Demographies: The study enrolled young healthy males, mostly of White race.
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Table 45: Summary of Subjects’ demographic and physical characteristics

Sequence 1 Seguence 2 Qverall
Demographic Variable Stafistic N=11 N=11 N=22
Ethnicity
Hispanic or Latino n (%) 0{0.0%) 0 (0.0%) 0 (0.0%)
Not Hispanic or Latino n (%) 11 (100.0%) 11 (100.0%) 22(100.0%)
Race
American Indian or Alaska Native n (%} 0 (0.0%) 0 (0.0%) 0 (0.0%)
Asia n (%) 0 (0.0%) 0(0.0%) 0 (0.0%)
Black or African American n (%} 2(18.2%) 2(18.2%) 4 (18.2%)
Native Hawaiian or Other Pacific Islander n (%) 0{0.0%) 0 (0.0%}) 0 (0.0%)
White n (%) 9 (81.8%) . 8(81.8%) 18 (81.8%)
Age (yrs) Mean (SD} 31.2(9.03) 28.8(7.51) 30.0(8.19)
Median (25th, 75th percentile)  33.2(23.7.41.5) 257 (236, 35.2) 26.1(23.7. 35.2)
Min, Max 18.2, 45.0 213.443 18.2, 45.0
n 11 k] 22
Weight (kg) RMean (SD} 74.6 (9.53) 74.8{11.56) 74.8 (10.34)
Median (2th, 75th percentiie)  73.0 (68.0.84.0)  71.0 {66.0, 84.4) 73.0 (68.0, 84.0)
Min, Max 58.4,87.8 534, 89.5 53.4,89.5
n (A 11 22
Height (cm) Mean (SD) 176.5 (4.76} 174.7 (8.03) 175,86 (6.50)
Median (25th, 75th percentilo} 176.0 (173.0, 182.0) 178.0 (167.0, 180.0) 176.5 {172.0, 180.0)
Min, Max 168.0, 183.0 161.0, 185.0 161.0, 185.0
n 11 kil 22
BMI (kg/m?) Mean (SD) 24.0(3.23) 24,5 (3.21) 24.2(3.15)
Median (25th, 75th percentile)  23.3 (21.3.26.9)  25.0 (22.2, 26.2) 24.9 (21,7, 26.2)
Min, Max 20:1,28.3 19,1,28.8 19.1, 29.8
n 11 11 22
Denomii for perci are based on the number of subjects in the Safety population for each sequence and overall
Sequence 1 =4 mg:8 mg: Sequence 2 = 8 mg:4 mg
Single-dose PK:
Table 46: Summary of silodosin PK parameters — single dose, part 1 of 2
4mg 8mg
Parameter Statistic N=22 N=22
AUC [0-24] (ng-hr/mL) Mean (SD) 144.70 (65.732) 280.64 (105.4286)
SEM 14.014 ©22477
CV (%) 4543 36.27
Median (25th, 75th percentile) 147.38 (108.48. 164.45) 273.23 (222.87, 360.91)
Min, Max 32.35,311.95 106.86, 557.31
n 22 22
P-value® ' 0.9727
Cmax (ng/mL) Mean (SD} 28.72(13.248) 54.50 {25.948)
SEM 2.825 5.532
CV (%) 46.13 47.62
Median (25th, 75th percentile) 28.35 (18.30, 38.00) 50.05 (36.90, 61.70)
Min, Max 8.84, 55.30 16.20, 118.00
n 22 22
P-valug! 0.7115

'P-value is from the hypothesis test for dose proportionality; Dose proportionality claimed if P-value from T-lest > 0.05

See Qutpul 16.1.9.2-1 Part 1: Single Dose
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Table 47: Summary of silodosin PK parameters — single dose, part2 of 2

4mg 8mg
Parameter Statistic N=22 N=22
Troax (hr) Mean (SD) 2.3(0.94) 2.4 (1.05)
SEM 0.20 0.22
CV (%) 41.1 444
Median (25th, 75th percentile) 2.0{2.0,3.0) 2.0{2.0.3.0)
Min, Max 10,50 1.0,4.0
n 22 22
ket {hr*-1) Mean (SD) 0.0736 (0.02881) 0.0724 (0.02581)
SEM 0.00720 0.00563
CV (%) 39.1247 35.6240
Median (25ih, 75th percentile)  0.0741(0.0529, 0.0884)  0.0668 (0.0581, 0.0850)
Min, Max 0.0279, 0.1357 0.0084, 0.1213
n 16 21
1% (hr) Mean (SD) 11.1(5.21) 13.3 (16.09)
SEM 1.30 3.51
CV (%) 46.9 120.6
Median (251h, 75th percentile) 94 (7.9, 13.3) 10.4 (8.2, 11.9)
Min, Max 5.1,24.8 5.7,82.6
0 16 21

Povalue is from the hypothesis test for dose
See Output 16.1.9.2-1 Part 1: Single Dose

proportionality; Dose proportionality claimed if P-value from T-test >0.05

Figure 13: Mean (SEM) silodesin plasma concentration (ng/mL) — single dose
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Table 48: Summary of KMD-3213G PK parameters — single dose, part 1 of 2

4mg 8mg
Parameter Statistic N=22 N=22
AUC {0-24]) (ng-hi/mL) Mean (SD) 233.73 {176.900) 513.63 (345.896)
SEM 37.715 73.745
CV (%) 75.69 67.34

Median (25th, 75th percentile)

'165.98 (113.00, 346.05)

367.08 (259.69, 605.04)

Min, Max 16.01. 662.20 176.46, 1421.30
n 22 22
P-value® 0.6638

Cmax (ngfmL) Mean (SD) 19.17 (8.486) 38.30 (16.013)
SEM 1.809 3414
GV (%) 4426 41.81
Median {25th, 75th percentile) 17.85 (13.80, 25.00) 31.45 (29.20, 52.70)
Min, Max 4.44, 36.30 1860, 79.10
n 22 22
P-value' 0.9923

'P-value is from the hypothesis test for dose proportionality; Dose proportionality claimed if P-value from T-test > 0.05

‘See Output 16.1,8.2-2 Part 1: Single Dose

Table 49: Summary of KMD-3213G PK parameters — single dose, part2 of 2

4 mg 8 mg
Parameter Statistic N=22 N=22
Tmax (hr) Mean (SD) 6.2 (3.35) 4.7 (1.29)
SEM 0.71 0.27
CV (%) 64.6 27.5
Median (25th, 75th percentile) 4.0 {4.0. 5.0) 4.5 (4.0,6.0)
Min, Max 2.0,18.0 3.0,8.0
n 22 22
kel (hr#-1) Mean (SD) 0.0537 (0.03137) 0.0660 (0.03053)
SEM 0.00946 0.00651
CV (%) 58.4483 46.2522
Median (25th, 75th percentile) 0.0480 (0.0371, 0.0802) 0.0623 {0.0417, 0.0807)
Min, Max 0.0073, 0.1073 0.0200, 0.1462
n 11 22
1% (hr) Mean (SD) 21.8 (24.91) 13.0 (6.86)
SEM 7.51 1.46
CV (%) 114.2 52,7
Median {25th, 75th percentile) 14.4 (8.6, 18.7) 11.1 (8.8, 16.6)
Min, Max 6.5, 94.4 47,347
n 11 22

“Plvalue is from the hypothesis test for dose proportionality; Dose proportionality claimed if P-value from T-test > 0.05

See Output 16.1.9.2-2 Part 1: Single Dose
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Figure 14: Mean (SEM) KMD-3213G plasma concentration (ng/mL) — single dose
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Table 50: Summary of KMD-3293 PK parameters — single dose, part 1 of 2

4 mg 8mg
Parameter Statistic N=22 N=22
AUC [0-24] (ng-hr/mL) Mean (SD) 246.98 (215.546) 546.04 (393.687)
SEM . 45955 83.934
CV (%) 87.27 72.10
Median {25th, 75th percentile) 137.51 (108.85, 293.20) 475.51 {234.97, 754.50)
Min, Max 61.95,743.26 48.56, 1311.55
n 22 22
P-vaiue’ 0.6778
Cmax (ng/mL) Mean (SD) 20.75 (10.302) 39.78 (18.964)
SEM . 2.196 4.043
CV (%) 49,66 47.68
Median (25th, 75th percentile) 17.15 (13.20, 22.80) 36,40 (25.30, 51.50)
Min, Max 8.38, 42.40 9.08, 86.30
n 22 22
P-value' 0.7749

"P-value is from the hypothesis test for dose proportionalily; Dose proportionality claimed if P-value from T-test > 0.05
See Output 16.1.9.2-3 Part 1: Single Dose '
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Table 51: Summary of KMD-3293 PK parameters — single dose, part 2 of 2

8mg

4 mg
Parameter Stalistic N=22 N=22
Tmax (hr) Mean {SD) 4,3 (1.67) 5.3 (4.30)
SEM 0.36 0.92
CV (%) . 39.0 81.6
Median (25th, 75th percentile) 4.0(4.0,4.0) 40(4.0,5.0)
* Min, Max 2.0,10.0 3.0,24.0
n 22 22
kel (hr-1) Mean (SD) 0.0581 (0.03453) 0.0656 {0.03752)
SEM 0.009897 0.00861
CV (%) 58.4304 §7.1520
Median (25th, 75th percentile) 00485 (0.0410; 0.0778) 0.0602 (0.0394, 0.0931)
Min, Max 0.0084, 0.1384 0.0209, 0.1619
n 12 19
1% (hr) Mean (SD) 19.1 (20.95) 14.5(8,61)
SEM 8.05 1.98
CV (%) 109.5 59.4
Median {25th, 75th percentile) 14.3 (8.9, 17.1) 11.5(7.4,17.6)
Min, Max 5.0, 82.9 43,332
n 12 19

'P-value is from the:hypothesis test for dose
See Oulput 16,1.9.2-3 Part 1: Single Dose

proportionality; Dose proportionality claimed if P-value from T-test > 0.05

Figure 15: Mean (SEM) KMD-3293 plasma concentration (ng/mL) — single dose
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Table 52: Summary of silodosin PK parameters — multiple doses

4 mg 8mg
Parameter Statistic N=22 =22
AUC [0-24] (ng-hr/mL) Mean (SD) 159.49 (69.956) 297.34 (106.851)
SEM 14,918 22,781
CV (%) 43.86 35.94
Median (25th, 75th percentile) 156.16 (115.18, 181.37) 275.92 (236.07, 361.66)
Min, Max 63.86, 375.04 120.97, 594.14
n 22 22
P-value? 0.5676
Cmax {ng/mL) Mean (SD) 28.36 (12.401) 51.14 (17.144)
SEM 2.644 3.655
CV (%) 43.73 3352
Median (25th, 75th percentile) 26.05 (20.30, 32.30) 50.30 (40,50, 61.00)
Mit, Max 9.85, 60.50 16.20, 88.30
n 22 22
P-value’ 0.3909
Tmax (hr) Mean (SD) 2.4 (0.73) 2.5 (0.80)
SEM 0.16 0.17
CV (%) 30.5 314
Median (25th, 75th percentile) 20(2.0.3.0) 2.0(2.0,3.0)
Min, Max 10,4.0 20,50
n 22 22
kel (hrA-1) Mean (SD) 0.0552 (0.02419) 0.0551 (0.02086)
SEM 0.00555 0.00455
CV (%) 43.8605 37.8721
Median {25th, 75th percentile) 0.0489 (0.0410, 6.0809) 0.0573 (0.0385, 0.0630)
Min, Max 0.0191, 0.0999 0.0295, 0.0941
n 19 -21
2 (hr) Mean (SD) 15.3 (7 46) 14.4 (5.44)-
SEM .71 1.19
CV (%) 489 376
Median (25th, 75th percentile) 14.2 (8.6, 16.9) 12.1(11.0, 18.0)
Min, Max 6.9, 36.3 74,235
n 19 21

P-value is from the hypothesis test for dose proportionality, Dose proportionality claimed if P-value from T-test » 0.05

Figure 16: Mean (SEM) silodosin plasma concentration (ng/mL) — multiple dose
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Table 53: Summary of KMD-3293G PK parameters — multiple dose

. 4mg 8mg
Parameter Statistic N=22 N=22
AUC [0-24) {ng-hr/mL) Mean (SD) 646.41 (464.403) 1326.12 (801.113)
SEM 99.011 170.798
CV (%) 71.84 60.41
Median (25th, 75th percentile) 586.68 (281.00,908.40)  1083.78 {656.20, 2200.65)
Min, Max 103.90, 1916.55 435.95, 3259.00
n 22 22
P-value* 0.8993
Cmax (ng/mL) Mean (SD) 41.25 (19.952) 81.14 (36.998)
SEM 4.254 7.888
CV (%) 48.37 45.60
Median (25th, 75th percentile) 38,15 (24.40, 54.50) 73.10 (53.80, 112.00)
Min. Max 20.90, 90.80 " 36.60, 164.00
n 22 22
P-value? 0.907¢
Tmax (hr} Mean (SD) 4.8 (1.94) 4.5 (1.44)
SEM 041 Ry ]
CV (%) 403 320
Median (25th, 75th percentile) 4.0 (4.0, 5.0) 4.0 (4.0. 5.0)
Min, Max 3.0, 10.0 30,100
n 22 22
kel ¢hra-1) Mean (SD) 0.0403 (0.01849) 0.0495 (0.01975)
SEM 0.00462 0.00421
CV (%) 45.8846 39.9026
Median (25th, 75th percentile) 0.0371 (0.0294, 0.0496) 0.0477 (0.0311. 0.0678)
Min, Max 0.0110, 0.0938 0.02089, 0.0820
n 16 22
4 (br) Mean (SD) 21.2(12.47) 18,6 (7.32)
SEM 3.12 1.56
CV {%) 58.8 441
Median (25th, 75th percentile) 18.7 (14.0, 23.9) 14.6 (10.2, 22.3)
Min, Max 74,629 8.4,33.1
n 16 22

*P-value is from the hypothesis test for dose proportionality; Dose proportionality claimed if P-value from T-test > 0.05
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Figure 17: Mean (SEM) KMD-3213G plasma concentration (ng/mL) - multiple dose
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Table 54: Summary of KMD-3293 PK parameters — inultiple dose

4mg 8mg
Parameter Stalistic N=22 N=22
AUC [0-24] {ng-hr/mL) Mean (SD) 173.64 (122.587) 321.22 (160.715)
SEM 26.136 34.265
CV (%} 70.60 50.03
Median (25th, 75th percentile) 145.62 (108.25, 215.32) 282.56 (202.14, 413.64)
Min, Max 24.48,616.45 74.61, 769.66
n 22 22
P-value! 0.6787
Cmax {ng/mL}) Mean (SD) 17.07 (7.415) 32.32(13.471)
SEM 1.681 2.872
CV (%) 43.44 41.68
Median (25th, 75th percentile) 15.15 (12.90, 19.00) 29,00 (21.60, 37.10)
Min, Max 6.06, 37.80 9,74, 68.50
n 22 22
P-value' 0.6724
Tmax (hr) Mean (8D} 3.8(0.91) 3.7 (0.83)
SEM 0.19 0.18
CV (%) 23.8 222
Median (25th, 75th percentile) 4,0(3.0,4.0) 4.0 (3.0,4.0)
Min, Max 20,60 3.0,6.0
n 22 22
kel {(hrA-1) Mean (SD) 0.0643 (D.02420) 0.0711 (0.02825)
SEM 0.00625 0.00617
CV (%) 376132 39.7577
Median {25th, 75th percentile) 0.0586 (0.0440, 0.0698) 0.0610 (0.0532, 0.0747)
Min, Max 0.0363, 0.1269 0.0486, 0.1577
n 15 21
%% (hry Mean (SD) 12.0 (3.69) 10.8 (2.80)
SEM 0.85 0.61
CV (%) 309 26.0
Median (25th, 75th percentile) 11.8(9.9, 15.7) 11.4 (8.3, 13.0)
Min, Max 5.5, 19.1 44,143
n 15 21

*P-value is from the hypothesis test for dose proportionality; Dose proportionality claimed if P-value from T-test > 0,05
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Figure 18: Mean (SEM) KMD-3293 plasma concentration (ng/mL) — multiple dose
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Dose proportionality:

The sponsor performed t-test comparison of dose normalized AUC and Cp. PK parameters for single
dose (Day 1) and multiple dose (Day 7). There were no significant differences detected at p<0.05 level.
This reviewer calculated the ratios of dose normalized geometric means and the results (see Table 55)
also supported the conclusion of dose proportionality between silodosin 4 mg and 8 mg once daily.

-Table 55: Ratio of dose normalized geometric means (8 mg vs. 4 mg) for AUCy.24 and C,p,,, following
administration of 8 mg and 4 mg capsules of Silodosin once a day for 7 days (Study SI7004).

Ratio of dose normalized AUC.4 Ratio of dose normalized C,,,..
Day 1 Day 7 Day 1 Day 7
Silodosin 1.05 0.96 0.96 0.93
KMD-3213G 1.27 1.12 1.03 0.99
KMD-3293 1.12 1.00 0.95 0.95

APPEARS THIS way
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Review notes for study US021-99: Phase 2 dose finding study

Administered 4 mg (n=88), 8 mg (n=90), or placebo (n=86) once daily within 1 hour of morning meal.
The study included 2 weeks lead-in adjustment and 6 weeks full dose. 24 hour PK on day 84 (end of
study) in a subset of 7 patients. PK sampling at 0 (pre-dose), 1, 1.5, 2, 3, 4, 6, 8, 12, and 24 hours post
dose. Dose was given 1 hour after breakfast.

24-hour PK in the subset of 3 patients on the 8 mg dose and 4 patients on the 4 mg dose patients were
available. The dataset is too small to conduct exposure response analysis.

There were slightly greater change in American Urologic Association (AUA) symptom index at end of
study in the 8 mg group vs. 4 mg group (mean (SD) change from baseline of -6.8 (5.8)and -5.7 (5.5), -
respectively). No apparent difference was observed between the dose groups at earlier time points.
Slightly higher baseline subtracted peak urine flow rate was observed in the 8 mg dose group compared to
4 mg dose group. '

Incidence of retrograde ejaculation (15.6% and 1 1.4%), ejaculation failure (11.1% and 9.1%), and erectile

disturbance (3.3% and 2.3%) were higher in the 8 mg dose group compared to the 4 mg dose group. No
patient in the placebo arm reported these adverse events.
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Review notes for study KMD-3213-UK01-97: A Double-Blind, Placebo-Controlled, Rising-Dose Study
of Single, Oral Doses of KMD-3213 to Determine Safety and Tolerance in Normal Volunteers

N=9 for food effect study. Food content is not known. Design of food effect sequence is 1 mg fasted, then
4 mg fasted, then 4 mg fed as a single sequence cross over study. The dose of 4 mg is lower than the
therapeutic dose of 8 mg. The group (n=9 on treatment and n=3 placebo) consisted of 9 Caucasians, 2
Blacks, and 1 of other race.

The study dosed 1 — 16 mg as single dose to 3 groups. Group A: 1 and 4 mg, Group B: 2 and 12 mg,
Group C: 8 and 16 mg.

Table 56: Plasma KMD-3213 mean PK parameters by dose level

Dose | Tuax| Cuax k, t% | AUC, | AUC, | AUC AUMC |MRT CL/f
img) ] {h) {{ng/mi}] {h-1) | th) | ngeh/ml | ngehimi ] ngehimlingsheh/mil] (W} | VIF (L] mi/min
1.0 |1.0°] 7.16 | 0.2483 | 2.8>] 24.1 26.8 29.4 132 4.62| 189.56 | 693.7
2.0 |10} 1362 ] 02189 | 3.2¢ 45 50.7 52.5 308 5.72| 213.0 | 660.2
4.0 05 38,96 | 0.2118 | a3 1082 | 1158 | 1277 618 |s5.07| 2030} e3zs
8.0 ] 0.5*] 76.30 | 0.1327 | 5.28] 225.0 237.0 | 2237 1128 5.24} 307.5 | 665.7
12,0 | 0:5*]105.26] 0.1043 | 6.6°} 364.8 3805 343.7 2147 6.29] 366.1 | 6202
16.0 | 0.5} 162.01} 0.1061 | 6,5} 581.4 574.2 | 545.5 3399 6.21| 3245 | 4991

Source: Section 11.1:9, Summary Table Page 7

a Value gquoted is the median

b Calculated as In2/mean k,,

. This table contains data on administration in the fasting state only

Table 57: Mean PK parameters of 4 mg KMD-3213 in fed and fasted states
Taax | Cunx ke {t% | Auc, | auc, | auc AUMC |MRT| VIF | cL#
State | (b} {ing/ml} | {h-1) | (h} ngeh/ml | ngeh/mi ngeh/ml | ngeheh/imi | {h} {L) |mifmin

[Fasted | 0.5° | 38.96 10.2119{3.3°| 108.2 115.8 127.7 618 5.07 {203.0} 623.8
]Eed 1.5° | 27.7 ]0.153714.5°] 1035 108.7 127.6 939 6.81 1252.0} 600.7

Source: Section 11.1.9, Summary Table Page 8
a Value quoted is the median
b Calculated as In2/mean k,,
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Individual study review for study KMD-307-UK: KMD-3213 - A Phase I, Double-Blind, Randomized,
Placebo-Controlled Study to Investigate the Interaction Between KMD-3213 and Digoxin in Healthy
Male Subjects

. Study design:

The study enrolled 24 healthy young Caucasian males. All subjects were administered 0.5 mg digoxin in -
the morning and evening of Day 1 (12 hour interval) and 0.25 mg digoxin on the morning of Days 2 — 16.
Subjects received 4 mg silodosin (n=16, treated group) or placebo (n=6, placebo control for sequence
effect group) twice daily (morning and evening at 12 hours intervals) on Days 9 — 16.

PK samplings for digoxin and silodosin (including KMD-3213G and KMD-3293) were as follows:

Table 58: PK sampling schedule

Pharmacokineties: [ ST RO TY AT
Blood sampling for Days 9 to 16: Pre-am dose
KMD-3213 B S U, Day17:12hpostlastdose oot
Blood sampling for Day 1: Pre-am dose
digoxin _ Days 2 to 7: Pre-dose _
Days 8 and 16: Pre-am dose, 0.5, 1, 1.5, 2, 2.5, 3, 4,
5,6, 8,10, 12, 16 and 24 h post-am dose
............................... Days 10to 15:Pre-amdose .l
-ﬁx:i.r;é.s_z;x-ﬂﬁii—ﬁg for Day 1: Pre-am dose (spot collection)
digoxin Days 8 and 16: 0 to 24 b post-am dose
Results:

No significant differences in digoxin AUC and C,,,, were observed between Day 16 and Day 8 in groups
treated with silodosin (Table 59). Silodosin administration also did not affect the amount of unchanged
digoxin excreted in the urine (Table 59). The same comparisons in the placebo group also yielded a lack
of difference in digoxin PK, indicating there was not an effect of sequence (Table 60). These data indicate
that coadministration of silodosin 4 mg twice daily does not alter the PK of digoxin.

Figure 19: Geometric mean serum concentration of digoxin following multiple oral doses
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Figure 20: Geometric mean serum digoxin concentration on Days 8 and 16

1.60
= 1.26 1
&
[~ ]
£
e 1.00 -
3
k-3
o
™ 0.75 4
=
2 .
[
§ 0.60 ¢ V=
g 0.25
- S POTPr
»
n'on T T T T T T T ¥ T T T v~
0o 2 4 [ 8 10 12 14 16 13 20 22 24
Time post-dose (h)
OO0 bd’0.25 mg od digoxin & 4 m) bd KMD-3213 (D il
- os%ngmugmn‘mwmma ay%(t&=%)
S—a— osmmmmaw&bd%mgg
4 0.5 mg B/0.25 mg od digoxin & bd placebo 16) (N=

N = Number of cubjects studied
~«=Lowet Emit of quantifiostion {0.40 ngiml)

-
3
3
ws §IY
=
ey
¥ LB
=
e
IR )
=
=

APPEARS Tuis i
UAY
O ORIGINAL

Ado) ejaissod jsog



Table 59: Summary of digoxin PK parameters following multiple oral doses alone (Day 8) and in
combination with silodosin (Day 16)

Ratio of geometric 90% CI for ratio of

_ Day 8" Day 16° LS means geometric LS means
Parameter {N=16) (N=16) (Day 16: Day 8) (Day 16: Day 8)
AUC(0-1) 14.7 14.4 0.984 0.936, 1.03

(ng/ml) (20.1) (16.0)

Crax 1.26 1.25 0.992 0.912, 1.08
(ng/ml.) {21.2) (14.0) ’

tome 1.88 1.92 NC NC

® (0.738) (0.811) o

Crrough 0.500 0483 0.965 ' 0.903, 1.03
(ng/mL} {22.8) (18.6)

CLss/F 284 289 NC " NC
{mL/min) (20.1) (16.0) ' .
CLss/F [norm] 3.69 3.76 NC NC
(mL/min/kg) (17.2) (142) .

Ae, 144 137 0.953 0.848, 1.07
) (16.1) (39

fe, 515 54.8 " NC NC
(%) (16.1) (33.9)

Cly 163 158 NC NC
(mL/min) (15.5) (32.9) .

Source: Section 14.2 (Tables 1 and 4)

* Digoxin administered alone

® Digoxin administered with KMD-3213 .
Geometric mean (CV%) data are presented; ° Arithmetic mean (SD)

N = Number of subjects studied

1 =24 hours
NC = Not calculated

[norm} = Normalised for body weight (kg)
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Table 60: Summary of digoxin PK parameters following multiple oral doses alone (Day 8) and in
combination with placebo (Day 16) '

Ratio of geometric 90% CI for ratio of

Day 8* Day 16® LS means geometric LS means
Parameter - (N=8) (N=8) (Day 16: Day 8) (Day 16: Day 8)

- AUC(0-7) . 150 145 0.968 0.503, 1.04

(ng.h/mL) 18.3) 9.7

Coax 122 1.15 0.942 0.837, 1.06

{(ng/mL) (26.7) 16.3)

tone 1.88 1.82 NC NC

@) 0.991) (0.921)

Corvugh 0.520 0.472 0.908 0.827, 0.998

(ng/mL) 25.7) (30.6) :

CL./F . 277 286 NC NC

(mL/min) (18.3) 9.7

CLss/F [norm] 3.36 3.51 NC NC

(mL/min/kg) (21.6) (26.2)

Ae, 161 C 156 0.970 0822, 1.14

g (20.4) (11.6) '

fe. 64.2 623 NC NC

(%) (20.4) 11.6)

Cly 178 178 NC NC

(mL/min) @17 (19.6)

Source: Section 14.2 (Tables 1 and 4)

® Digoxin administered alone

® Digoxin administered with placebo

Geometric mean (CV%) data are presented; © Arithmetic mean (SD)
N = Number of subjects studied

T =24 hours

NC = Not calculated

{norm] = Normalised for body weight (kg)
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Comparisons Between Days for the Pharmacokinetic Parameters of Digoxin

Ratio of

Goometric least geomotric 90% CI for the ratio 958 CI for the ratio
Squaros means laast squares {Day 16:Day 8) {Day 16:Day 8)
—— e moans
Treatmant Raramater Pay 67 Day 16% (Day 16:Daye} Lower Vpper Ioner Uppar
0.5 mg bd/0.25 ng od digoxin & AUC(O-v) {ng.h/mL} 14.7 14,4 0.98¢4 0.936 1.03 9.927 1.04
4 og bd ND-3213 Caax {ng/mL) 1.25 1.25 0.592 -0.922 1.09 0.997 1.0
Ctxough (ng/ml) 9.500 0.403 9.965 0.503 1.00 ©.850 1.08
My {ug) 144 137 0.983 0.848 1,07 0.827 .10
0.5 mg bd/0.25 mg od digexin & AVC{G-t) (ng.h/mb) 15.0 4.5 ©.96p ¢.903 1.0¢ 0.850 1.05
bd placebo Cmax (ng/mL} 1.22 1.15 0,942 0.837 1.06 0.817 .09
Ctrough (ng/mL) 0.520 0,472 0.508 0.827 0.998 0.Bl1 1.02
Aaz {py) 161 156 0.970 0.822 1.14 0.794 1.18
0.5 oy bd/0.25 mg od digoxin & AUC{D-t} (ng.h/mL) 0.976 0.992 1.02 0.932 111 0.%16 1.13
4 mg bd ROD-~I213 Cmnx {ng/mL) 1.03 1.08 1.08 D.912 1.22 ¢.684 1,.2%
{adjusted for values fzom the Ctrough (ng/ml) . 0.962 1.02 1.06 0.547 1.19 0.524 1.22
digoxin/placebe treatnent) Ayt teg) 0.8%6 0.880 9.983 0.802 1.20 0.769 1.26
* Digoxin adnainimtoraed slene
# Digoxisn administered with 0MD-3213 or placebo
The xatio and cérresponding confidence iimits are back from the dif calculated on the loge acale
. » .
Reviewer’s Notes: The sponsor claimed . —
—

Digoxin assays:

The sponsor validated the digoxin assays below based on acceptance criteria of +25% at any quality
control (QC) concentrations except for the lower limit of quantitation (LLOQ) QC, upper limit of
quantitation (ULOQ) QC, and the dilution QC where the accuracy and precision can be £30%. These
acceptance criteria are higher than the FDA recommended £15% at any QC and £20% at LLOQ. The
following will discuss where the validation exceeded the FDA recommended criteria.

Plasma digoxin concentration was measured using a radioimmunoassay (RIA). The assay had a range of
0.10 ng/mL to 10 ng/mL. The intra-assay precision had high variability (27.5%) at the lower limit of
quantitation (LLOQ) of 0.10 ng/mL. Intra assay precision at other quality control (QC) concentrations
(0.4, 1.5, 6.0, and 10.0 ng/mL) were <6.3%. Inter-assay precision was acceptable. Inter-assay and intra-
assay accuracy were acceptable. Since most digoxin plasma samples had concentration >0.4 ng/mL, the
high intra-assay precision at QC <0.4 ng/mL should not significantly alter the results.

Urine digoxin concentration was measured using a RIA. The assay had a range of 2.5 ng/mL — 100.0
ng/mL. The inter-assay precision for the low QC (7.5 ng/mL) was higher than recommended (17.7%).
Inter-assay accuracy values were high for the low QC and high QC levels with relative error of -18.8%

and -16.5%, respectively. The urine digoxin data should be considered more variable and be used only as
supporting the plasma data.
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Appendix 4.4
Office of Clinical Pharmacology GRMP Filing Checklist
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING CHECKLIST FOR A NEW NDA/BLA

NDA/BLA Number: 22-206

Drug Name: Rapaflo
(silodosin)

Applicant: Watson

On initial overview of the NDA/BLA application for RTF:

NDA/BLA Type: Original

Stamp Date: 12/13/2007

| Content Parameter | Yes | No I Comment

Criteria for Refusal to File (RTF) :

1 Has the applicant submitted bioequivalence data X The Division agreed at a
comparing to-be-marketed product(s) and those used in telecontference with sponsor
the pivotal clinical trials? on 10/13/2006 that the in

vitro dissolution comparison
of 2 x 4 mg capsulesand 1 x
8 mg capsule is adequate and
no in vivo bioequivalence
study is required,

2 Has the applicant provided metabolism and drug-drug X
interaction information?

Criteria for Assessing Quality of an NDA

Data

3 | Are the data sets, as requested during pre-submission X PK data files are available
discussions, submitted in the appropriate format (e. -8 for studies conducted by
CDISC)? Watson in the US.

4 If applicable, are the pharmacogenomic data sets Not applicable
submitted in the appropriate format?

Studies and Analyses

5 | Has the applicant made an appropriate attempt to X Phase 2 study examined 4
determine the reasonable dose individualization strategy and 8 mg once a day dose
for this product (i.e., appropriately designed and regimens.
analyzed dose-ranging or pivotal studies)?

6 | Did the applicant follow the scientific advice provided The diviston expressed in an
regarding matters related to dose selection? EOP2 meeting that it was

not clear whether the 4 or 8
|| mg dose is the lowest
effective dose.

7 | Are the appropriate exposure-response (for desired and Only limited exposure

' undesired effects) analyses conducted and submitted in a response analysis (linear
format as described in the Exposure-Response regression) was performed
guidance? on the sparse PK data from

phase 3 study S104009.

§ | Is there an adequate attempt by the applicant to use No specific exposure-
exposure-response relationships in order to assess the response relationship was
need for dose adjustments for intrinsic/extrinsic factors determined.
that might affect the pharmacokinetic or
pharmacodynamics?

9 | Are the pediatric exclusivity studies adequately There are no pediatric
designed to demonstrate effectiveness, if the drug is studies submitted.
indeed effective?

10 Not applicable

Did the applicant submit all the pediatric exclusivity
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING CHECKLIST FOR A NEW NDA/BLA

data, as described in the WR?

11

Is the appropriate pharmacokinetic information
submitted?

12

Is there adequate information on the pharmacokinetics
and exposure-response in the clinical pharmacology
section of the label?

General

On its face, is the clinical pharmacology and
biopharmaceutical section of the NDA organized in a
manner to allow substantive review to begin?

14

Is the clinical pharmacology and biophannaceutical
section of the NDA indexed and paginated in a manner
to allow substantive review to begin?

15

On its face, is the clinical pharmacology and
biopharmaceutical section of the NDA legible so that a
substantive review can begin?

16

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

17

Was the translation from another langnage important or
needed for publication?

Reports of studies conducted
by Kissei in Japan were
translated into English.

IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION

FILEABLE? Yes

If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and

provide comments to be sent to the Applicant.

Please identify aud list any potential review issues to be forwarded to the Applicant for the 74-

day letter.

Review comments:

1. Coadministration of a strong CYP3A4 inhibitor, ketoconazole, with silodosin
increased the exposure to silodosin by about 3- to 4-fold. It is not clear if the

proposed = ~———
1eview issue.

is appropriate. This will be a

2. The effects of weak and moderate CYP3A4 inhibitors were not evaluated. Dosing

recommendation for these populations will be a review issue.

pld)
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING CHECKLIST FOR A NEW NDA/BLA

3. The effects of severe hepatic insufficiency were not evaluated.

—

4. The renal insufficiency study (KMD-309) enrolled patients with estimated creatinine
clearance (mean + SD) of 39.2 + 9.6 mL/min (range: 27 — 49 mL/min). This is
consistent with moderate renal impairment instead of severe renal impairment (See
Guidance For Industry, Pharmacokinetics in Patients With Impaired Renal Function —
Study Design, Data Analysis, and Impact on Dosing And Labeling (May 1998)).
Therefore, there was about a 3-fold increase in the exposure of silodosin in patients
with moderate renal insufficiency. Dosing recommendation for renal insufficiency
(mild, moderate, and severe) will be a review issue.

Labeling comments:

1. A Drug Interaction subsection should be added under the Pharmacokinetics section to
describe drug interaction studies.

Reviewing Pharmacologist Date

Team Leader/Supervisor Date
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