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EXECUTIVE SUMMARY

Tadalafil, a PDES inhibitor, is proposed for the treatment of pulmonary hypertension in male and female
patients, with a maximum recommended human dose of 40 mg/day. Tadalafil is presently marketed for
treatment of male erectile dysfunction, with a maximum recommended human dose of 20 mg (single use)
or 10 mg/day for daily use. Although the erectile dysfunction indication is limited to male use, nonclinical
data for both males and females is summarized in the approved label, and includes reproductive toxicity,
genotoxicity and carcinogenicity data. The agency agreed in a Pre-NDA meeting on January 15, 2008, that
the nonclinical overview based on the erectile dysfunction application, along with a newly submitted
nonclinical pharmacodynamic study showing efficacy in a rodent pulmonary hypertension model, provides
sufficient nonclinical information for the present application.

The relationship between PDES inhibition and free plasma tadalafil concentrations (Cmaxg..) in healthy
human subjects suggests that inhibition of PDE5 was complete following oral doses of 10, 20 and 40
mg/day, i.e., the doses should be indistinguishable, at least at Cmax. The same analysis performed with
free plasma drug levels in patients given sildenafil suggests that PDES inhibition was incomplete at the
approved dose of 20 mg tid, and even higher doses up to 80 mg, tid. Since free plasma drug levels may not
accurately reflect drug concentration at the site of action, i.e., at PDES, this analysis should be evaluated
cautiously. .

The only additional nonclinical study included with this NDA is a study evaluating the effects of tadalafil
in d rodent model of pulmonary hypertension. In this study, tadalafil (10 mg/kg/day, po) was efficacious in
rats with monocrotaline-induced pulmonary hypertension, both when given prior to, and after, development
of pulmonary hypertension. Tadalafil had both functional and mortality benefits in this model, similar to
the concurrent positive control, sildenafil (25 mg/kg/day, po).

As the maximum recommended human dose is higher for the pulmonary hypertension indication than the
erectile dysfunction indication, animal to human exposure ratios need fo be changed from the erectile
dysfunction label. The sponsor provided, in an email dated February 25, 2009 (and later in submission 001;
letter date 03/02/09) human exposure multiples based on the median steady state exposure (AUCss, 14825
ng.hr/ml) in pulmonary hypertensive patients given 40 mg/day (study LVGY). These ratios (multiples of
human exposure) appear reasonable and are reflected in the modified label provided in this submission.
(001; letter date 03/02/09). '

This reviewer does not recommend any additional nonclinical studies. The sponsor’s proposed label
submitted in on March 2, 2009, (submission 001) with dose multiples modified to account for plasma
exposures seen in pulmonary hypertensive patients, appears adequate. This reviewer does not recommend
any additional label changes.
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Pharmacolegy Study

Study Title:

Key Findings:

Study Number:

Report Status:

Study Initiation Date:

Study Facility:

GLP Compliance:

Animals:

Number/dose:

Age: -
Body weight:

Drug:
Lot Number:
Dose:
Vehicle:

Reference Drug:
Lot Number:

Dose:
Vehicle

Methods

Effects of Tadalafil (LY450190) on Monocrotaline Pulmonary Hypertensive Rats

Tadalafil (10 mg/kg/day, po) was efficacious in a rodent model of pulmonary
hypertension, both when given prior to, and after, development of pulmonary
hypertension. Tadalafil had both functional and mortality benefits in this model
similar to the concurrent positive control, sildenafil (25 mg/kg/day, po).

030327
Final and quality assured
April 12,2007

bld)

Yes

Male Sprague Dawley rats — CD (SD)) b(4)
5 for Prevention Study (Experiment 1)

20 for Treatment Study (Experiment 2)

6 weeks

166-204 g

Tadalafil (LY450190)

A264763

0.5, 2.5, and 10.0 mg/kg/day, p.o.
10% gum arabic in water

Sildenafil citrate

0601011360s

25 mg/kg/day, po given as 2 daily doses
0.9% saline

The sponsor performed 2 studies in rats with pulmonary hypertension induced by a single 60 mg/kg, sc
dose of monocrotaline (MCT). The first study (Experiment 1: pulmonary hypertension prevention study)
evaluated the effects of tadalafil on the development of pulmonary hypertension. The second study
(Experiment 2: freatment study) evaluated the effect of tadalafil on survival following development of
pulmonary hypertension. In both studies, a separate group of rats given sildenafil (25 mg/kg/kg, po) served
as a concurrent positive control. The sponsor based dose selection of tadalafil (high dose of 10 mg/kg) on
similarity of AUC in rats given this dose to the AUC seen in humans given the proposed therapeutic dose
of 40 mg/day, po. The dose of sildenafil (25 mg/kg/day, po) used in this study was shown previously to
inhibit monocrotaline-induced pulmonary hypertension in rats.'

! Itoh T, etal. A combination of oral sildenafil and beraprost ameliorates pulmonary hypertension in rats.
Am. J. Respir. Crit. Care Med. 168: 34-38, 2004
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Experiment 1: Pulmonary hypertension prevention study

Rats were given tadalafil or sildenafil for 3 weeks starting on the day of MCT injection. On day 21, the last
day of dosing, animals were anesthetized, a thoracotomy was performed, and pulmonary hemodynamics
(pulmonary arterial and right ventricular pressures), mean arterial blood pressure, heart rate, mixed venous
blood gases (pO2, pCO2 and pH), right and left ventricular cardiac weights, and plasma and lung cyclic
guanosine monophosphate (cGMP) levels were measured.

Experiment 2: Treatment study

Pulmonary hypertension was confirmed in a satellite group of rats by measurement of pulmonary arterial
blood pressure, right atrial pressure and right ventricular weights at 3 weeks after MCT injection. Main
treatment animals were then given tadalafil or sildenafil for 3 weeks starting 3 weeks after administration
of MCT. The effect of drugs on median survival time over this 3 week treatment period was determined.
On day 41 (20 days after starting drug treatment), surviving animals were anesthetized, a thoracotomy was
performed, and right ventricular and left ventricular cardiac weights, arterial blood gases (pO2, PCO2 and
pH), and pulmonary and plasma cGMP levels were measured.

Results

Experiment 1: Tadalafil (10 mg/kg/day) and sildenafil (25 mg/kg/day) reduced mean pulmonary arterial
and right ventricular systolic pressures compared to vehicle control.
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Tadalafil (10 mg/kg/day) did not affect right ventricular weight corrected for body weight and as a fraction
of left ventricular weight. I contrast, sildenafil (25 mg/kg/day) reduced these indices compared to vehicle.

Dose RV Lves BW RVBW  (LVsSBW  RVALVIS)
Group mgkgiday _emoer ofats g g g gkg glkg g
- 3 ; 01178 0.6024 32741 036 134 0.1
£00295  #01154 & 2757 _ + 007 & 026 & 001

e - ; 0.1469 0.5601 385.20 052 W 2.00 027 R
£00216 _ +00772 & 3665  + 007 % 049 & 005
o 5 0.1352 0.5581 292.19 0.47 193 0.24
- £00198 00858 & 4507 & 007 % 029 & 002
0.1503 0.5563 1.3 0.52 1.90 027
tadalafil 25 5 00477 £00662 & 1577 & 017 & 016+ 009
o0 p 0.135 0.6016 300.19 0.45 2.00 0.22
: £00485  £01091 & 1527 = 014 & 032 & 005

— - S 0.1150 0.5765 3TL19 037 1 1.85 020 T

* 0.0253 + 0.0802 + 22.53 +  0.08 * 019 = 0.03
Cardiac weight measurement was performed on Day 21 {Day | denotes the day of MCT injection).

Drugs were orally administrated from Day 1 to Day 21. Tadalafil was administrated once a day, but sildenafil was twice a day.

Data are shown as mean + S.D.

Vehicle group vs normal group; Student’s t-test (RV/BW) or Aspin-Welch's t-test (RV/ALV+S)), #: p <0.05, ##:p <0.01

Sildenafil group vs vehicle group; Student's t-test, 1: p <0.05

Definition of abbreviations:

RY = weight of right ventricle; LV++S = weight of left ventricle and septum; BW = body weight;

RV/BW = ratio of RV 10 BW; (LV+S)/BW = ratio of LV+S to BW; RV/LV+S) = ratio of RV to LV+S

Tadalafil (10 mg/kg/day) and sildenafil (25 mg/kg/day) increased lung levels of cGMP compared to
vehicle.

Group n_xgl/)_kzeday Number of rats plaps::llcgﬁﬂ h::ﬁocl(/]v?gm
normal - 5 + (l)&g) + ‘;‘?
vehicle - 5 + ggg 3) =+ f(l)
os S aum s o8
tadalafil 25 5 + 33123 + 1;3
T
sildenafil 25 5 + f’,ﬁ;iﬁ % 1;(3) "

Extraction of plasma or lung tissue was performed on Day 21 (Day 1 denotes the day of MCT injection).

Drugs were orally administrated from Day 1 to Day 21. Tadalafil was administrated once a day, but sildenafi! was twice a day.
Data are shown as mean + 8.D,

Each value in parenthesis is represented as number of rats,

Tadalafil group vs vehicle group; Dunnett's test, *: p < 0.05

Sildenafil group vs vehicle group; Student's t-test, t1: p < 0.01

Definition of abbreviations:

¢GMP = cyclic guanosine 3', 5'-monophosphate; wg = wet weight
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Neither tadalafil (10 mg/kg/day) nor sildenafil (25 mg/kg/day) altered mixed venous blood gases compared
to vehicle.

Group ng!_g/‘zseday Number of rats PH : :‘i?_;g mpn?ég
normal - 5 + ;3; " 3§ * 3§
vehicle - 5 + 38; # + 4; * 3;

05 3 + (7)?); * 4; * 32
Y- . R

10.0 5 & g:gg + 4:]! * 32
sildenafil 25 5 + ggg + 42 + 3:

Blood gas analysis was performed on Day 21 (Day 1 denotes the day of MCT injection). .

Drugs were orally administrated from Day 1 to Day 21. Tadalafil was administrated once a day, but sildenafil was twice a day.
Data are shown as mean = S.D.

Vehicle group vs normal group; Student's t-test, ##: p < 0.01

Experiment 2: Development of pulmonary hypertension was confirmed in a satellite group of animals given
MCT, as shown by elevated pulmonary arterial and right atrial systolic blood pressures, and right
ventricular weight (corrected for body weight and left ventricular weight) at 21 days after MCT
administration.

Mean Pulmonary Arterial Pressure

Dose MBP MPAP HR

Group mg/] Number of rats mmE mmHg BPM
55.2 10.2 334

normal - 5 . 32 . 1 L
MCT-treated 60 5 60.7 211 # 383

+ 57 + 22 £ 70
Hemodynamic measurement was performed on Day 21~Day 23 (Day 1 denotes the day of MCT injection).
Data are shown as mean = S.D,

MCT-treated group vs normal group; Student's t-test, ##: p < 0.01

Definition of abbreviations:

MBP = mean systemic arterial pressure; MPAP = mean pulmonary arterial pressure; HR = heart rate

Right Ventricular Systolic Pressure

Dose MBP SRVP HR
f
Group mg/kg Number of rats mmHg mmHg BPM
59.8 22.6 355
normal - 5 + 83 & 44 i 9
64.3 40.2 ## 415
MCT-treated 60 3 + 106+ 27 49
Hemodynamic measurement was performed on Day 21 ~Day 23 (Day 1 denotes the day of MCT injection).
Data are shown as mean + S.D.

MCT-treated group vs normal group; Student's t-test, ##: p < 0,01
Definition of abbreviations:
MBP = mean systemic arterial pressure; SRVP = systolic right ventricular pressure; HR = heart rate
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Right Ventricular Weight

Dose RV Lv+s BW RVBW CV+SyBW  RVALV+S)
Grou Number of rats
P mg/kg B g g gk g/kg B8
p— " s 0.1011 06012 335.12 0.30 1.79 0.17
£ 00149  + 00618 £ 2175 & 003+ 016 0.02
0.1185 0.5521 3197 038 # 1.77 0.2 7
MCT-treated 60 5 = 0.0250 = 00738 & 18.47 £ 007 & 047 0.04

Cardiac weight measurement was performed on Day 21 ~Day 23 (Day 1 denotes the day of MCT injection).
Data are shown as mean = $.D,

MCT-treated group vs normal group; Student's t-test, #: p < 0,05

Definition of abbreviations:

RV = weight of right ventricle; LV+S = weight of left ventricle and septum; BW = body weight;
RV/BW = ratio of RV to BW; (LV+S)/BW = ratio of LV+S to BW; RVALV+S) = ratio of RV to LV+§

In the main study groups, tadalafil (10 mg/kg/day) and sildenafil (25 m
compared to the vehicle control group.
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Survival analysis was performed from Day 21 to Day 41 {Day 1 denotes the day of MCT injection).
Drugs were orally administrated from Day 21 to Day41. Tadalafil was administrated once a day, but sildenafil was twice a day.
Survival time shows the survival time after the starting date of tadalafil or sildenafil administration,
Vehicle group vs riormal group; Kaplan-Méier Log-Rank test, ##: p <0.01.
Tadalafil group vs vehicle group; Kaplan-Mejer: Log-Rank test (multiple compariscn), *: p<0.05,
Sildenafil group vs vehicle group; Kaplan-Meier Log-Rank test, t:p<0.05.
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" Tadalafil and sildenafil increased plasma and lung levels of cGMP in animals that survived for 6 weeks after MCT
administration.

Group mgtdgy  Number ofras PI2ee SOMP lung cOMP
W e
vehicle - 12 s ;-g © ?g #
0 - t%fﬁ (8 = ‘§§ '
tadalafil 2.5 12 i‘slgzg :;) s 131 *
109 14 133233 ;;2) + 132 "
sildenafi} 25 15 69.63 1+ 243 1t

+ 50.70 (12) + 131
Extraction of plasma or lung tissue was performed on Day 41 (Day 1 denotes the day of MCT injection).
Drugs were orally administrated from Day 21 to Day 41. Tadalafil was administrated once a day, but sildenafil was twice a day.
Each value in parenthesis is represented as number of rats.
Vehicle group vs normal group; Aspin-Welch's t-test, #: p < 0,05
Tadalafil group vs vehicle group; Dunnett type mean rank test, *: p < 0.05, **: p <0.01
Sildenafil group vs vehicle group; Aspin-Welch's t-test, +: p < 0.01
Data are shown as mean + S.D.
Definition of abbreviations:
¢GMP = cyclic guanosine 3', 5'-monophosphate; wg = wet weight

Tadalafil did not affect right ventricular weight, in contrast to sildenafil, which lowered right ventricular
weight relative to left ventricular weight in those animals that survived for 6 weeks afier MCT
administration.

Dose ~ Y VS W RVBW — (LVASBW — RVALV+S)
Group m da Number of rats 2 2 2kg kg e
- - 0 0.1080 07014 70650 027 173 0.15
£ 00195+ 00937 x 3960 % 006 & 02 + 003

o - ” 02806 B 0.5635 #¥  30l.4l ¥ .05 77 1.60 0.50
£ 00300 _ + 00704+ 4046 % 019+ 028 £ 007
s o 0.3159 0.5678 789.22 LI 1.99 0.56
+ 00400+ 00685 & 4567  + 021 & 028 + 008
0.2862 6.5757 70094 0.95 153 0,51
tadalafil 25 12 £ 00508+ 00388 & 4400 & 020 & 02 £ ol
00 ” 02377 0.6236 390,35 0.86 2.18°% 0.40
- £ 00759  # 01243+ 6358 & 034+ 026 £ 017

) 0.2462 0.6703 71 293.99 0.86 231 71 037 77
sildenafi} 25 15 : 00547 __ + 00856 = 3797 & 027 & 037 009

Cardiac weight measurement was performed on Day 41 (Day | denotes the day of MCT injection,

Drugs were orally administrated from Day 21 to Day 41. Tadalafil was administrated once a day, but sildenafil was twice a day.

Data are shown as mean % S.D,

Vehicle group vs normal group; Student’s t-test (RV, LV+S and BW) or Aspin-Welch's t-test (RV/BW and RV/(LV+S)) , ##: p=<001
Tadalafil group vs vehicle group; Dunnett's test, *; p < 0.05

Sildenafil group vs vehicle group; Student's t-test, +1: p < 0.01

Definition of abbreviations:

RV = weight of right ventricule; LV+S = weight of left ventricle and septum; BW = body weight;

RV/BW = ratio of RV to BW;-(LV+S)/BW = ratio of LV+S to BW; RV/(LV+$) = ratio of RV to LV+S
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Relationship of PDES5 Inhibition to In Vivo Plasma Concentrations in Pulmonary Hypertensive Patients
The following discussion is an attempt to relate free plasma tadalafil concentrations to PDES inhibition.

Tadalafil inhibits PDES with an IC50 of 0.94 nM.? Maximum plasma concentrations of tadalafil in healthy
Caucasian subjects given single oral doses of 5, 10, 20 or 40 mg are shown (Study LVCS) along with the
ratio of free plasma concentration vs the IC50 for PDES inhibition. As shown in the table, maximum free
plasma tadalafil concentrations ranged from 16 to 92 times the PDES IC50 following single oral doses of
5 mg to 40 mg. In comparison, the maximum plasma sildenafil concentration in pulmonary hypertensive
patients given 20 mg tid, orally is only 1.8 times its IC50 for PDES5 inhibition.” The minimum plasma
sildenafil concentration following this dose is only 0.5 times its IC50 for PDES inhibition.

Tadalafil® 5 101 (31.4) 259 (80) 15(4.8) 16
10 187 (29.0) 481 (74) 29 (4.5) 31
20 318 (29.9) 817 (77) 49 (4.6) 52
40 562 (26.6) 1444 (38) 87 (4.1) 92
Sildenafil® 20 107 [28] 160 [42] 6.4/[17] 1.8 /0.5]
40 206 [56] 309 /84] -12.3 [3.4] 3.5/1.0]
80 503 [146] 754 [219] 30/8.8] 8.6 [2.5]

a. For tadalafil: Maximum plasma concentration {coefficient of variation, %);
Percent protein bound, 94%; molecular wt, 389.41; PDES5 IC50, 0.94 nM.

b. For sildenafil: Maximum and /minimum] plasma concentrations and ratios to the PDES 1C50;
Percent protein bound, 96%, molecular weight, 666.7; PDES IC50, 3.5 — 3.9 nM

2 Overview of Phosphodiesterase 5 Inhibition in Erectile Dysfunction.

Am. J. Cardiology. 2003; 92 (suppl): 9M-18M.

? Sildenafil plasma concentrations were taken from Clinical Pharmacology and Biopharmaceutics Review
(NDA21845); 5/20/2005, Elena Mishina, Ph.D.,
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Sponsor’s Tables of Nonclinical Study Exposures to Tadalafil and Multiples of Human Exposure

10

Table 1 Comparison of Exposure (Based on AUCss) for Unbound Tadalafil in Mouse and Rat Carcinogenicity and
Reproduction/Developmental Studies and Human PAH Patients
Study Day Total AUCss Unbound AUCss Multiple of Human
USPI Section Study Cited NOEL Dose (ng*hr/mL) (ng*hr/mL) Exposure Unbound®
(study #, report reference) (mg/kg) Male Female Male . Female Male Female
13.1 carcinogenesis Mouse oncogenicity Day 180
CTBR 88780 (Tox 40) 400 31223 20962 4683 3144 s 4
13.1 carcinogenesis Rat oncogenicity Day 180
CTBR88779 (Tox 38) 400 78863 152863 6309 12229 7 14
8.1 teratogenicity Mouse embryofetal Day 11
WIL353004 (Tox 7) 1000 36752 5513 6
8.1 teratogenicity Rat embryofetal Day 12
WIL353005 (Tox 8) 1000 80179 6414 7
8.1 postnatal Rat postnatal Day 19
WIL353016 (Tox 39) 30° 55590 4447 5
: 200 91115 7289 8
13.1 fertility, rat 6 month rat Day 168
13.2 animal tox R21236 (Tox 4) 60° 29100 82900 -2328 6632 3 7
400° 72200 190000 5776 15200 6 17

...continued
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