CENTER FOR DRUG EVALUATION AND RESEARCH
APPROVAL PACKAGE FOR:

APPLICATION NUMBER

21-290/S-001

Medical Review(s)



Safety and efficacy review

NDA #21,290

Drug Name: Bosentan (Tracleer™)
Sponsor: Actelion

Introduction
This is a safety and efficacy review of additional studies to be used to change labeling for bosentan, an

approved agent for the treatment of primary pulmonary hypertension. There were 3 additional studies the
sponsor is using to support the new product label:

1) protocol AC-052-356, a small uncontrolled trial with 16 patients between the ages of 3 and 16,
inclusive.

2) Protocol AC-052-301/302, two large placebo controlled trials with a total of 1613 patients with
congestive heart failure (this was a combined medical/statistical review).

3) Protocol AC-052-355, a small placebo controlled trial evaluating the combined use of bosentan and
epoprostenol in patients with primary pulmonary hypertension.

Protocol 1D: AC-052-356

Conclusions :

In this small, uncontrolled study bosentan was administered to 19 patients age 3 to 16 years with (mostly)
WHO grade 1l pulmonary hypertension from either primary pulmonary hypertension or congenital heart
disease. The primary objective was to investigate the pharmacokinetics of bosentan in pediatric patients
with PAH. The study also attempted to obtain preliminary data on changes in exercise capacity, Borg
dyspnea index, hemodynamics, and WHO functional class. Current medications being used in this
population include prostacyclin, endothelin receptor blockers, sildenafil and nitric oxide.

Without a control group, no conclusions can be drawn from the pharmacodynamic results. That said,
hemodynamics were improved after 12 weeks of bosentan treatment with decreases in PAP, PVR, and
SVR and increased in cardiac output and stroke index. There was no change in the walk test exercise test
or any of the other parameters from baseline at week 12. By Week 12, one of the 15 patients who was
class Il at baseline deteriorated to class 11l and 2 improved to class I; the majority (12) stayed the same.
Of the 4 who were class 11l at baseline, 3 improved to class Il and 1 stayed the same.

There were no deaths. All but 1 patient completed the 12 week study. Serious events were reported by 2
patients: patient #2021 had prolonged hospitalization because of tachycardia, hypertension, tremor, and
dizziness on day 1; patient #2026 had marked increase in ALT (up to 131 U/L) that resulted in the
patient’s premature discontinuation on Day 7. Both patients recovered without sequelae. An additional
patient discontinued bosentan on day 197 because of an elevation in ALT.

The most frequent adverse events were flushing (4 patients), headache, and abnormal hepatic function (3
patients each). Fluid retention/edema was reported by 3 patients.

Summary :
Protocol title: Pharmacokinetics and tolerability of Tracleer (bosentan) in pediatric patients with
pulmonary arterial hypertension: single and multiple oral doses.

Period of trial: May 11,2001 to February 13. 2002

The primary objective was to investigate the pharmacokinetics of bosentan in pediatric patients with
PAH. Other objectives were to evaluate the tolerability and safety of single and multiple oral doses of



bosentan and to obtain preliminary data on changes in exercise capacity, Borg dyspnea index,
hemodynamics, and WHO functional class.

This was a multicenter, open-label, uncontrolled, parallel-group single- and multiple-dose study. Patients
were stratified by weight and epoprostenol use.

A total of 19 patients were studied. Patients equally divided into 3 body-weight groups:
6 patients > 40 kg (3 on epoprostenol, 3 not on epoprostenol)

6 patients >20 kg but < 40 kg (3 on epoprostenol, 3 not on epoprostenol)
7 patients >10 kg but < 20kg (4 on epoprostenol, 3 not on epoprostenol)

Patients were male or female patients with PAH (primary or related to scleroderma or congenital heart
defects and of WHO class 1I-11I) on conventional vasodilators/anticoagulant therapy or epoprostenol
therapy

The dosage of oral bosentan tablets was adjusted to the patient’s body weight (shown below).

Body weight Single dose Initial dose Turget dose
(Day 1l andat  (Day 2 through  (starting W &k 5)
Week-12 visit)  Week-4 visit)

> 40kg 125 mg 625mgbid.  125mgb.id.
20<x<40 kg 62.5 mg 31.25mgb.id. 62.5 mgb.id
10Sx$20kg  31.25mg 31.25mgqd.  31.25mgb.id.

Note: 3125 mg doses were obtained by cutting 62.5 myg 1ablts in half.

Patients received a single dose on Day 1, started daily treatment with the initial dose on Day 2, and had
treatment up-titrated to the target dose at the Week-4 visit. At the Week-12 visit, patients received a single
dose in the moming and if they elected to continue treatment, resumed daily treatment at the target dose
the following day.

If the target dose was not tolerated, the dose could be down-titrated to the initial dose. Patients continued
treatment until the study was stopped and bosentan was commercially available.

Pharmacokinetic evaluations included Cmax, tmax, AUC, and t1/2 for bosentan, Ro 48-5033, Ro 47-
8634, and Ro 64-1056 following single and multiple doses of bosentan

Efficacy evaluations included change from baseline to Week 12 in cardiopulmonary hemodynamics, 6-
minute walk test, Borg dyspnea index, cycle ergometry test, and
WHO functional class.

Pharmacokinetic parameters were analyzed descriptively. Hemodynamic and exercise parameters were
summarized descriptively as the change from baseline to Week 12. Hemodynamic parameters in
subgroups defined by whether or not the patient was on concomitant epoprostenol were analyzed
descriptively. Changes in WHO functional class were presented as numbers of patients and proportions.

Following a screening period of 3 to 21 days, eligible patients were assigned to one of three parallel
bosentan treatment arms based on body weight. On Day 1, patients were treated with a single dose of oral
bosentan determined by body weight, and blood samples for pharmacokinetic profiles were taken
periodically for the following 24 hours. On Day 2, patients began daily treatment with the initial dose
determined by body weight for 4 weeks, upon which the dosage was up-titrated to twice the initial dose
(target dose). At the Week-12 visit, patients were again treated with a single morning bosentan dose



determined by body weight, and blood samples for multiple-dose pharmacokinetic profiles were taken
periodically for the following 24 hours. Pharmacodynamic assessments (hemodynamics, 6-minute walk
test, Borg dyspnea index, and cycle ergometry test) were performed at baseline and at Week 12 prior to
pharmacokinetic assessments (exercise tests were held only in patients > 8 years of age), and WHO
functional class was assessed periodically.

Patients were hospitalized for 3 days at each pharmacokinetic assessment for right heart catheterization
(to measure hemodynamic parameters) and for pharmacokinetic assessments beginning the following day.
Patients who completed the 12-week pharmacokinetic evaluation were eligible to continue open-label
treatment until bosentan became available commercially. Safety parameters and WHO functional class
were assessed regularly throughout continued treatment until the end of the study.



Table 2 Schedule of assessments

Pharmacokinetic Stody Period Extended Treatment Period
T Schedule | S ing | Initiati Week 4 Week 8 Week 12 | Monthd Month6 | Month8 | Month 10 | Month 12 | Every3 End of treatment
[Srudy day) | [-21.-3) m [24-33) | fs2-61) | 180-89) Y {10%117) ] [170-179] | [230-250] | [290-310] | [350-370] | meonths or premature
Phone Phone Phone withdrawal
Visit number | 2 3 4 5 6 7 8... -
Informed consers X
History X
[ Phvsical e X X
Tanner X
ECG (12 lead) X X X X
Laboratory tests X X X X X X X X X X X X
Exercise tests and X X
| Borg dyspnea index
WHO functional class b3 X X X X X X X X
Hemodviamie X X
measurements’
BP, HR, body weight X X X X X X X X
and height
Pharmacokinetic X X
evaluation
Dispense’retum X X X X X X X
medication
Adverse events X X X X X X X X X X X
intercurrent 1liness
Conconutan X X X X X X X X X X X X
medications
' The g and visits may have been combined if the patient had docwnemed labomtory test results that met the screening elrgibility criteria within 3 weeks prior to

eatmemt initiation.
° Laboratory tests performed an each visit included b logy. hi
Week-12 visit. and a1 end of crudy.premature withdrownd (added with Amendinent 1)
Y d nght heart cath i
BP = blood pressure, ECG — ckctrocardiogram. HR ~ beart rte, WHO 2 World Heatth Organization.

istry, and bver function tests  Qualitative urinalysis was performed only a1 screening. baseline (initiation). the

Results
Patient disposition '

‘Nineteen patients were enrolled in the study, 7 in the low-weight group and 6 each in the mid- and high-
weight groups. One patient was prematurely withdrawn after 7 days because of elevated liver
aminotransferases, and 18 patients completed the Week-12 assessments. One additional patient was
withdrawn on Day 197 because of a recurrent increase in alanine aminotransferase (ALT). The remaining
17 patients were started on commercial bosentan at the end of the study.

Figure 3 Disposition of paticnts
Patients Assigned to a Treatment Group
N=19
]
I 1 1
Lowweight group Mid -weight group High-weight group
Dose group by Bosentan Bosentan Bosentan
body weight 31.25 mg b.id. 62.5 mg b.i.d. 125 mg b.i.d.
nes? n=8 n=08
Concomitant With Without With Without With Without
ewpm n=4 n=3 n=3 n=3 n=3 n=3
o T 1 1 | | T
owmpnies. (2o ] (o] o] ] D] o]
'OT;::::::;? [ n=4j I n=2 I r n=2 ] r n=3 I n=3 I n=3 I
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A total of 19 subjects were entered into the study. Dosing with bosentan was based on body weight. Ten
subjects were receiving concomitant epoprostenol therapy. There was 1 premature discontinuation
(elevated liver enzymes). Seventeen patients continued with commercial bosentan treatment after study

was finished.

Demographics
Table 4 . Summary of patient demographics— all enrolled patients
(Table DEMO1: O3APRO2 - Data 03APRO2)
----- Patients Patients Patients All
10 - 20 kg >20 - 40 kg > 40 kg
N=7 N=6 N=6 N=19
SEX [n (%)]
n 7 6 6 19
Males 4 57.1% 2 33.3% 3 50.0% 9 47.4%
Females : 42.9% 4 66.7% 3 50.0% 10 52.6%
AGE (years)
n 7 6 6 19
Mean 5.7 10.0 14.2 9.7
Stanrdard deviation 1.9 2.4 1.2 4.0
Median 6.0 10.5 14.5 10.0
Min , Max t ) )
AGE [n (%))
n 7 6 6 19
< 8 years € 71.4% 1 16.7% - 6 31.6%
8 - 12 years 7 28.6% 4 €6.7% 1 16.7% 7 36.8%
13 - 17 years - 1 16.7% 5 83.3% € 31.6%
WEIGHT (kg}
n 7 6 6 19
Mean 17.1 J1.0 46.5 30.8
Standard deviaticn 2.5 6.4 5.5 13.3
Median 16.0 33.3 47.3 33.1
Min , Max L . j
HEIGHT ({cw) '
n 7 6 6 19
Mean 108.8 135.9 156.8 132.5
Stardard deviation 8.2 11.2 6.1 22.0
Median 108.0 136.4 157.8 133.1
Min , Max '
RACE [n (%))
n 7 6 6 19
Caucasian/white . € 85.7% 6 100% 3 50.0% 15 78.5%
Other 1 14.3% - 3 50.0% 4 21.1%

The sample size is too small to determine if there are differences between treatment groups.

Baseline Characteristics



Table 5 Sammary of baseline characteristics— all enrolled patients

(Table BASOl: 03APRU2 - Data 03APR02)

Pat:ents Patients patients All
10 - 20 kg >20 - 40 kg > 40 kg
N=7 =6 N=6 N=19
Time from diagnosis of PAH (months)*
n 7 6 6 19
Mean 3603 46.1 113.2 64.8
Stardard deviation 3¢..2 48.0 S3.7 55.0
Median 28.6 195.5 102.2 Gl.1
Min , Max 'R ’ T o j
Etiology of PAH [n (%)) -
n 7 6 6 19
Primary Pulmonary Hypertension 3 42.9% 4 66.7% 3 50.0% 10 52.6%
Congenital Heart Defect 4 57.1% 2 33.3% 3 50.0% 9 47.4%
WHO grade at Baseline [n (%)]
n 7 [3 6 19
7 7 100% 5 83.3% 3 50.0% 15 78.%5%
111 - 1 16.7% 3 50.0% 4 21.1%
Baseline axygen saturation (%) 1
n 7 6 G 19
Mean 95.7 94.8 95.3 95.3
Standard deviation 2.2 0.8 3.7 2.4
Median 96.0 95.0 95.5 95.0
Min , Max ( J
Fi02 (%) 1
n 3 2 3 8
Mean 23.7 24.0 23.5 23.7
Standard deviation 3.8 0.0 0.9 2.1
Median 22.0 24.0 24.0 24.0
Min , Max t j
Patients using supplemental cxygen [n (%)) t
n 7 6 6 19
Never 5 71.4% 4 66.7% 3 50.0% 12 63.2%
At any time . 2 28.6% 2 33.3% 3 50.0% 7 36.8%
PRN 2 28.6% 2 33.3t 2 33.3% 6 31.6%
- - 116.7% 1 5.3%

During night time

{*) Reported mumber of days from-diagnosis of pulmonary hypertension to the screening visit.
(1) Last valid value between the visits .. (Screening) and 2 (Initiatiom).
PAH = pulmonary arterial hypertension, PIN = as circumstances reqguire, WHO = World Health

Organization.

The mean time from time of diagnosis to study enrollment was about 65 months. The etiology of PAH
was either primary pulmonary hypertension (52.6%) or congenital heart defect (47.4%). The majority of
patients (78.9%) were WHO grade 11 at baseline and the majority (62.3%) had never used supplemental

oxygen.

Efficacy

Overall, hemodynamics were improved after 12 weeks of bosentan treatment.



Figure 13 Hemodynamics: Percent change from baseline to Week 12
- all enrolled patients

{Figure hem_g: 03APRO2 - Data 03APR02)
Percent change

n Mean 95%CL S50 40 -30 -20 -10 O 10 20 30 40 50

Heart rate
All patients 18 .19 -8.8.4.9 ——

PP AR

Mean pulmonary artery pressure
All pabents 18 -148 .24 .71
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Cardiac output T T i
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PCWP T ) ) T T
All patients 18 87 4163 334 ' R

Mean systemic artery pressure ' : )

.. Aipatients 18 100 -148 .83 . Lol S

MV saturation
All patients 16 08 -40.57 -

Pulmonary arterial oxygen saturabon i
Allpatients 18 19 -20.57 h’-o-l L .

Pulmonary venous oxygen saturation
Al patients % 01 20,18

RO - U

g;'s;(;rr;;c ar{t;f{i;nxygen saturation

______Apatents 18 18 49,14 ....a

Measured O2 consumption T T
All patients 18 68 35,167 —

E;;dv;—c‘;d;: MR A S R S S e Vama s s s am -»-~~-~~~-~«““\E-Mv-“-»ww.«“-“..““ e
All patients 17 211 10,412 L

Stroke index '" ! i .

All patients 17 237 64 .410
Pulmonary vasc.resistance

All patients 17 -28.3 435 ,-13.9 ——— i
Pulmonary vasc resistance index T

All patients 17 266 -420 ,-111 —_——
Systemic vasc resistance ) . "_'

All patients 17 194 344 .45 T a—
Systomic vasc resistance index T T T T T e e
L Mipdtents w7 w2 32 2 m'::':—wfi,.-_ww.“ R
PVR/SVR ratio .

Al patients 17 .55 -27.4 . 163 ’ — -

S0 40 30 -20 -0 O 10 20 30 40 50

Mean and mean changes were observed in

e pulmonary artery pressure (-8.0 and -7.0 mmHg),

e pulmonary vascular resistance index (-300 and -274 dynsecm’/cm’),
e systemic artery pressure (-8.6 and -7.0 mmHg), and

e systemic vascular resistance index {(-426 and -384 dynsecmZ/cms),



e cardiac output (0.61 and 0.50 L/min),
e stroke index (0.006 and 0.009 mI/m?.

There was no overall effect on heart rate (-2.4 and 0.3 bpm).

Exercise testing was limited to children 8 years of age or older. Mean changes in the parameters for the 12
children meeting this criterion are shown below.

APPEARS Tyye 1y
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Figure 14 Exercise parameters: Percent change from baseline to Week 12
- all enrolled patients

(Figure wik_erg_g1: 03APR02 - Data 03APR02)

Percent change
n Mean 95%CL -30 25 -20 15 -10 -5 0 5 10 15 20 25 30
Walk test ’ o c -

Alpatients @ 00 77 .78 o T
RestVO2

All patients 2 -02 -104 100 i
Xnaerobic threshold VO2 o o T ;

Alf patients 12 35 -184 .74 } — M — .
Peak VO2 - D

All patients 2 a9 44 142 ':_é_‘"“_':"—_‘_‘____ e
Rest VCO2 - TTTTTTTTTTTTETTTTTTTTT -

All patients ? 21 -155 . 114 - + J _
Anaerobic threshold VCO2 T i T T

All patients 12 -70 -174 34 l—-J-—--—«;-—J _
PeakVCO_Z—_ - ____._____-_..-_-__..__.____.-__..__j___._____.__..-__ T

All patients 222 5,40 owe *.‘:i:_ﬁ st e
Restendtidalcoz T i

All pahenls 22 -5 51,21 ‘__u______l:l-f—l e
Anaeroblc threshold end tidal 6(—)2 )

All patients 12 11 40 .62 = .
Peakend tidalCOZ T
‘‘‘‘‘ Aipatients 2 20 73,32 o b
Rest HE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ '

All patients 12 -29 -88.27 } o——o———c . N N
Anacrobic threshold HR T e
. Aipatents 1z 33 _2-.‘_:_1_w.._____,_____'::::L_—m'___________________
Peak HR i

All patients 12 28 77,22 P
Rest VE ’ T T : T

All patients 12 08 -124 107 -

Anaerobic threshold VE e

All patients 2?81 175 .73 X _"_____‘____i“__:'________”-_
Peak VE ;

All patients 2 33 92,157 — * ]

A
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There was no change in the walk test exercise test or any of the other parameters from baseline at week
12.

Functional class
By Week 12, one of the 15 patients who was class 11 at baseline deteriorated to class 1II and 2 improved to
class I; the majority (12) stayed the same. Of the 4 who were class 111 at baseline, 3 improved to class Il

and | stayed the same.



Table 10 - Summary of pharmmacodynamic outcomes

Patient Diagnosis WHO class Change in 6-min walk distance Peak VO.
number (BL/ Wk 12) mean PAP/ (meters) (ml/min)
{wt group) cardiac index
BL Week 12 BI. Week 12
With epoprostenol
1001 (H) CHD /10 11 438 37 682 648
1004 (M) PPH n/ 1 7l 397 339 367 311
1005 (L) CHD u/n AWA — — — —
1007 (L) PPH I/l A — — — —_
1009 (H) PPH n/n TT 456 450 1353 1515
1010(L) CHD n/m dina 424 429 279 288
2023 (M) PPH o/o . LT 416 500 926 783
2024 (M) PPH n/n /7 523 462 770 751
2027 (L) PPH n/n Ll — — — —
2028 (M) PPH mn/u /T — — — —
Without epoprostenol
1002 (M) CHD n/nu /7 487 505 324 389
1003 (M) CHD /1 7l 569 512 908 884
1008 (H) CHD HI/TH 171 485 498 813 797
2021 (M) PPH /1 T/T» 604 638 993 1299
2022 (H) PPH /1 17l 527 643 1602 1887
2025 (L) CHD n/n IVA) — — —_ —
2026 (L) CHD IpaI na — — — —
2029 (H) CHD m/n LT 573 560 560 660
2030 (L) PPH n/u 11 — — — —

1 Values decreased from bascline 1o Week (2.

T Values increased from baseline to Week 1:2.

* Improvement scen with bosentan at Week 12; addition of i.v. epoprostenol at 6 months.

— Missing values indicate patient was <8 years; per protocol, no exercise test was performed.

BL = bascline, CHD = congenital heart defect, H - high-weight group, L = low-weight group, M = mid-weight group,
na = not available, PP’H = primary pulm jnary hypcrtcnsion, WHO = World Heulth Organiczation, wt - weight.

Safety

There were no deaths. Two serious adverse events were reported.

Serious events were reported by 2 patients. Both patients recovered without sequelae. One patient (2021)
had prolonged hospitalization because of tachycardia, hypertension, tremor, and dizziness on day 1. The
other patient (2026) had marked increase in ALT (up to 131 U/L) that resulted in the patient’s premature
discontinuation on Day 7.

All adverse events: those events that were reported by at least 2 patients are shown below.



Table 12 Summary of treatment-emergent adverse events (including unrelated)
- all enrolled patients

(Table AESO01A2: 03APR0O2 - Data 03APRO2)

Body system / Patients Patients Patients All
Adverse event 10 - 20 kg 20 - 40 kg » 40 kg
N=7 =6 N=6 N=19
No % No % No. % No %
ALL BODY SYSTEMS
Total pts with at least one AE 6 85.7% 6 100% 5 83.3% 17 89.5%
Total mmber of AEs 16 : 27 14 57
FLUSHING 2 28.6% 2 33.3% - 4 21.1%
HEADACHE NOS - 3 50.0% - 3 15.8%
HEPATIC FINCTION ABNORMAL NOS 1 14.3% 2 33.3% - 3 15.8%
DIZZINESS (EXC VERTIGO) - 2 33.3% - 2 10.5¢
FLUID RETENIION 1 14.3% - 1 16.7% 2 10.5%
IMPLANT INFECTION 1 14.3% 116.7% - 2 10.5%
PHARYNGITIS STREPTOCOCCAL 1 14.3% 1 16.7% - 2 10.5%
PNEUMCNIA NOS 1 14.3% 1 16.7% - 2 10.5%
PULMCINARY HYPERTENSION NOS AGGRAVATED - 2 33.3% - 2 10.5%
PYREX1N 1 14.3% 116.7% - 2 10.5%
SORE THROAT NOS - 116.7% 1 16.7% 2 10.5%
UPPER RESPIRATCRY TRACT INFECTICGN NOS 1°14.3% 1 16.7% - 2 10.5?

The most frequent adverse events were flushing (4 patients), headache, and abnormal hepatic function (3
patients each). Other adverse events known to be associated with bosentan treatment included edema (late
onset fluid retention in two patients, edema in one) and anemia (not reported in this study).

An additional patient discontinued bosentan on day 197 because of an elevation in ALT. The incidences
of marked abnormalities in liver function tests are categorized below.

Table 16 Incidence of special marked laboratory abnormalities - all enrolled patients
{Table LMAO2b: O03APRO2 - Data 03APRO2)
N Pa:ients patients Patients ALl
Laboratory Abnormality 10 - 20 kg >20 - 40 kg > 40 kg
=1 Na6 N=6 N-19
No 3 No ) No % No.
";u-:} > 3*up;-:er std 1/ 7 14.3% 1/ 616.7% o/ 6 2/ 19 10.5%
AST > 3*upper std o/ 7 o/ 6 0/ 6 0/ 19
ALT or AST > 3+upper std 1/ 7 16.3% 1/ 616.7% 0/ 6 2/ 19 10.5%
Hemoglcbin < 10g/dl and LL
... with @ecrease from baseline 0/ o/ 6 0o/ 6 0/ 19

Values given are the mmber of patients with at least one abmmali.g/mnber of patients (%).

HH and LL denote values above or below the marked reference range having a clinically relevant
change in the same direction.

ALT = alanine aminotransferase, AST = asjartate aminotransferase.

The presence of blood in the urine of one patient (1005) in the low-weight group was observed on Day
98 of the study. It did not result in an adverse event report.

Changes in blood pressure, heart rate, and body weight are shown in the table below.



Table 17 Change from baseline to Week 12 in vital signs, body weight, and height

- all enrolled patients
{Table VITOla: OJAPROZ - Data O3AFRO2)
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Patients Patients Patients
10 - 20 kg >20 - 40 kg > 40 kg
N=7 N=6 N=6
Pulse Rate supine (bpm)
n 7 [ 6
Baseline 1(2.3 8.5 85.0 # 10.9 80.5 & 8.7
Last up to week 12 -€4.6 + 6.8 79.5 ¢ 18.5 77.3 ¢ 6.5
Change from baseline -7.7 ¢+ 11.2 -5.5 ¢ 12.4 -3.2 7.6
% Change from baseline -7.0 ¢+ 11.0 6.9 + 15.1 -3.3+ 101
Pulse Rate standing (bpm) s
n 6 [}
Baseline 106.5 # 5.8 98.2 3 20.1 87.2 + 10.5
Last up to week 12 102.7 + 8.3 91.7 + 16.0 85.3 ¢ 11.9
Change from baseline -3.8 5.1 -6.5 + 11.3 -1.8 ¢ 15.4
% Change from baseline -3.4 ¢ 8.4 -5.7 » 10.2 -0.9 ¢+ 18.1
Systolic BP supine (tmilg)
n 7 6 6
Baseline 93.6 & 9.8 103.2 ¢+ 13.4 107.2 &+ 10.6
Last up to week 12 97.1 + 10.3 103.5 8.5 108.3 1 9.2
Change from baseline -1.4 » 8.1 0.3+ 17.1 1.2 + 8.0
% Change from baseline 1.2 1 7.8 1.8 ¢ 16.1 1.4 » 7.1
Systolic BP standing (mmig)
n 6 6 [
Baseline 9.2 + 6.2 100.8 3 12.0 107.2 ¢+ 11.4
Last up to week 12 9.3 1.8 99.7 + 7.7 105.2 8.8
Change from baseline -2.81 11.6 -1.2 + 10.9 -2.0 + 10.4
% Change from baseline ~%.7 &+ 11.9 -0.3 » 1.2 -1.3 9.2
Diastolic BP mpine (mrHg)
n 7 6 6
Basaline 60.0 3 5.6 61.0 ¢ 5.8 63.5 8.1
Last up to week 12 57.4 ¢ 10.1 63.3 ¢+ 8.0 56.5 + 4.5
Change from baseline -2.6 ¢+ 13.0 2.3+ 11.2 -7.0 + 8.6
% Change from baseline 3.1 21.7 4.9 18.3 -9.8 + 13.7
Diastolic BP standing (mmig)
on 6 6 6
Baseline 62.7 # 12.3 63.2 t 8.1 68.2 ¢ 5.9
last up to week 12 54.7 ¢ 9.5 64.5 ¢+ 6.2 56.8 1 8.5
Change from baseline -8.0 ¢+ 15.7 1.3 + 9.2 -11.3 + 12.2
¥ Change from baseline -9.5 + 27.3 3.4 &+ 14.8 -15.7 + 16.9
Weight (Kg)
n 7 6 6
Raseline 17.0 ¢ 2.7 31.0 » 6.4 46.4 % 5.4
Last up to week 12 17.4 2.9 32.4 7.0 47.4 6.1
Change from baseline 0.4 0.6 1.4 ¢ 1.2 1.0 + 2.3
t Change from baseline 2.2 ¢+ 4.1 4.3 2 3.1 2.0 » 5.3
Height (cm)
n 6 [ 6
Baseline 107.5 & 7.6 135.7 + 10,3 156.4 » 5.5
Last up to week 12 108 8 7.6 137.9 11.5 159.3 6.4
Change from baseline 14 3 l.4 2.2 1.4 2.9 3+ 3.0
3 Change fram baseline 1.3 ¢ 1.3 1.6 ¢ 1.0 1.8 » 1.9

4+

Note: Values are mean + standard deviat:ion.

Without a control group, the relevance of any of the changes cannot be determined.

Protocol AC-052-301/302
Medical Reviewer: Maryann Gordon, M.D.
Statistical Reviewer: John Lawrence, Ph.D.

Conclusions:

This review summarizes, primarily, the safety results of a congestive heart failure trial with 1613
randomized patients followed for a mean of approximately 70 weeks. Overall, bosentan was not



statistically different from placebo in the improvement in time to death or hospitalization for CHF or in
clinical status. However, numerically more patients in the bosentan group in both studies who were
reported as "improved”. When both studies are pooled together, a point estimate for the difference in the
proportion of patients who were "improved" is 3% and the confidence interval is (-1.3%, 7.2%). This
means that it is questionable whether there is any difference in the rates and a difference of as much as
7.2% can be ruled out. On the other hand, patients on bosentan compared to those on placebo, tended to
have a greater rate of worsening in both studies. The point estimate for the difference in rates is 5.3% and
the confidence interval is (0.8%, 9.8%). This apparent difference was the result of increased incidence of
hospitalization for CHF rather than a difference in death rates.

The leading adverse events reported in this trial are similar to those identified in the NDA
(anemia/decreased hemoglobin, abnormal hepatic function, headache, edema, URI). There were 2 reports
of jaundice (both patients recovered with drug discontinuation and without rechallenge) and no reports of
liver failure. There was one report of liver failure in MedWatch that was most likely the result of septic
shock.

In summary, nothing reported in this study prompts a change in the package label with the exception of a
statement about patients with NYHA class I1Ib-IV heart failure becoming clinically worse (and needing
hospitalization) when starting bosentan. It should be added that there was no adverse effect on mortality.

A double-blind, randomized, placebo-controlled study to assess the effects of bosentan on the morbidity
and mortality of patients with chronic heart failure (also known as ENABLE).

The study was conducted in Europe, Australia, Israel, and North America between June 29, 1999 and
January, 2002

The primary objectives were to evaluate the effects of bosentan on clinical status in each study and on
morbidity and mortality in the combined study population of patients with chronic heart failure.

Two identical multicenter, double-blind, placebo-controlled, randomized studies of oral bosentan given
twice daily (bid) until all randomized patients have been followed for at least 9 months and at least 600
events (death or hospitalization for CHF) have occurred in the pooled ENABLE population from both
studies.

A total of 1613 patients were enrolled (816 in AC-052-301 and 797 in AC-052-302). Patients had left
ventricular systolic dysfunction (ejection fraction 35%) and NYHA class IlIb-IV CHF for at least 2
months, despite therapy with diuretics and ACE-inhibitors (unless contraindicated) with or without other

agents

The initial dose of oral bosentan was 62.5 mg b.i.d. for the first 4 weeks followed by 125mg bid for the
remainder of the study if tolerated. Back titration to 62.5 mg bid was allowed.

Primary efficacy was clinical status (worse, unchanged, or improved) after 9 months follow-up in each
study population and time to death from all causes or hospitalization for CHF assessed in the pooled
ENABLE population. :

RESULTS



Number of patients
A total of 1613 patients were enrolled into Enable. Two patients (1 bosentan and 1 placebo) did not
receive study drug and 355 patients (199 bosentan (24.7%) and 156 placebo (19.3%) did not complete the

study.

Disposition of patients
The outcome for the randomized patients is shown in the figure below.

Figure 3 Disposition of patients

Patients Randomized
N=1613

l
l l

Randomizcd Placzbo Bosentan
n =308 125 mg b.i.d.
n =805
Did not receive n=1 n=l
study treatment
Studv
rud: treatment n=156 n =199
prematurely discontinued
Duration of treatment
Table 16 Summary of exposure to trial treatment, 1TT/safety population
Protocels: ENAMBLE-1 ENABLE-2 (Tabkle EXPC1: J1FEDJZ - Dats dumo of IJ1TEPRLY)
Placzbe Besentan
N=8 ¥/ N-%04
Exposute (m2eks) *
n o B4
Mezan 2.3 bh, /
¢randard deviation 33.3 33.5
35% CL of mean . 0.3, 5.9 £6.2 , 7L
Med:izn 510 18,4
33% CL of mecian 5.1 , 83.1 76.0 , 5..1
Mie , Max ’ L j
PATICNTSG EXFCSED i n )} * '
n 827 204
AL leasr. 4 weexs 781 96.8% /63 24,9
Ar least  id weess 735 9i.1% 710 d8.
AT least. 26 weeks €69 €>.41 243 80.0:
At least 2 weexs 614 6.1% 3€7 /0.
At Jeast /8 weeis 946 &5. 3> 40% 0.
Az least 104 weexs 190 17,2 4L Dby

(*) From ostart of “rial treatrent te end of “rial treatment
CL = cortidonce It

The mean duration of treatment was 68.7 days for the bosentan patients which was slightly shorter than
for the placebo patients (72.6 days).



Premature discontinuations

Table 6 Summary of premature discontinuations, ITT/safety population

Protacols: EKABLZ-| FMASLE-Z (Table PWDOl: IZAPRCZ - Date dure of 24AFROZ)

Eeszsor tor Dlucebo Bosentan
discontinuesion
N=807 N-5(4
Nc. A No '
Total pts witn et least one reason 156 19.2 199 24.3
AE/INTERCURRENT _LLNESS 69 8.4% 36 11.9 .
RETJSED TREATMENT/DTD NOGT COQPERATE/ o1 6.3% 3 5.2
WITHORES (CONSENT
CARDIAC FATLJRTZ MOS 18 2.2% 37 4.0
ADMTNTSTRAT[VE/OTHER 4 1.7 g 1.1z
STIDY TERMINATION q 0.3% 2 a.2n
PROTOCCL VICLATION Z 2.2% Z 0.2
ELECTIVE HEART TRANSPLANT - i C.1.

AE — aifverse event, NG5 — not stherwise specified.

Of the 807 placebo patients randomized, 19.3% were discontinued for any reason and 8.4% were
discontinued for an adverse event. Of the 804 bosentan randomized, 24.8% were discontinued for any
reason and 11.9% were discontinued for an adverse event. More than twice as many bosentan patients
discontinued for cardiac failure (37, 4.6%) compared to placebo patients (18, 2.2%).

Demographics

APPZARS THIS WAy
ON ORIGINAL



Table 8 Summary of patient demographics, ITT/safety population

Frotocols: ENABIE-1 ENABLE-2 (Table DEM(1: Z6FEB0Z - Data ounp ot T1FERDZ)

Placeto Bosentian
N-80" N=-E4

SEX I n 13)]
n
Ma.as
Fena.es

ASE (years)
n
Mezn
Standard deviation
Me-dian
Mir , Max

MEF | o ()]
hl

21 A0 years
41 - €2 years
P vears

WEICHT (<)
n
Mear.
Standard aeviszzien
Medizn
Min , Max

HEIGAT (30
r
Mezn
Stendard deviation
Median

Min , Max . c

RAZE I n (-
n
Laucacian/whits
Black
RATSATFATEN
rsien other than Sapanese
Hispenic
Cunzr

LOCATION | n (%))

80"
602 74.€%
205 23.4.

a0° 804
66,¢ €1.3
11.C PO ]
69.( 62.0

N VT

—
c
O s o e

Approximately 75% of patients were male, almost all were white and the mean age was about 67 years.

The groups were well balanced.

Disease characteristics

Ad0J 3181SS0d 1534



Tablc 9 Summary of baselin: disease characteristics, ITT/safcty population
Frcr.-ocols: ENABLE-1 ENABLE-Z? (Table BAS:: 14FEE0Z - Dava dump of ClFEBOZ)

bl:cebo DBesentan
N 807 N=§03
WYHAR zlasz:z: al Pase.ane 11 n (%))
n £07 B4
IIZ ¢t 7:3 2.0 T3¢ 50,9
Iv I 4 9.2,
Fiaction fraction (%)
n 06 303
Mean 2L .2 3.8
Standard deviation £.3 €.3
45N L1 of mean 24.8 , P 24.9 , 23.3

Previcus hocp:italizazion tor CHT within lasz 12
mmihs (yes/no) [ o (2]

n £2
Ne 4.3 58./
Yes 333 4.3

Ltiology {11 (%)}

Ad0J 3191SS0d 1519

1 €07 Hii

Ischenic heart disease 972 70.9% 34é

Non-1scheric dilatzed cardiomycpaty 21% 27.1: 249 31,

Primary valvu.ar disease 1¢ 2.00 13 L,6%
Patient history of cardiovascular diseasz [ n (%)]

n 207 03
MYCCARDIAL INFARCTION 5zC 64.4% 43% €0.8
CCPONARY ARTERY JISEASE NOS 334 42.¢% 273 45.0
CORONARY ARTERY SURZERY 2z0 31.7% 233 36.4
CORONARY REVASCU_ARISATION 155 19.2% .
MIGTNA JHNSTABLE 140 1/.3% 5 .
CARDIAC PACEMAKER INSERTIUN 112 14./% I I
CEREBROVASCILAK ACCIDENT NGS * 126 15.7
VENTRICJLAR TIBRILLATICN % 2 a0
VENTRICULAR TACHYCARDIA P BN
IMPLAMNTARLE LETIBRILLATUR INSERTTON 8¢ 8.
HYPCTENSICH NCS 43 &,
KPEISTTTRTTON 34 3.
VALVILAR HEART DISEASE NOS 34224
EEART VALVE BEFLACEMENT NOS 27 3.4.
ARRHYTHMIA NOS 15 1.6t

(t) Lasz valid valoe between visits 1 (S:reening) and 2 (Randemizazion).
CL - confidence limit, NOS = net otherwise soecifled, NYHA - Mew Yor< Heart Ausnciztien.

Almost all patients had NYHA class 11Ib heart failure and mean ejection fraction was 25%. The groups
were well balanced.

Concomitant medication at baseline



Table 11 Summary of most frequent (= 20% on bosentan) classes of concomitant
medication at baseline, ITT/safety population
ccls: FMARLE-L EKABLE-2 (Table CMEOl.: QLTERUY - Dara dump cof OLFEBGD)

Frove
Clacs 7 pPlazebe Rosentar,
Preferred Term N=8G7 =504
No. n Nc. !

ALL TRERTMENT JTASSES

Total pts with <@ Jeasr one IRT 807 1CC- ER R U

Total number cf TRTs 6821 €380
ACENTS ACTING UM THE RENIN-ANGIOTENSIN SY..TEM w

Totii. plu with at least one TRT TE3 wn BA

Tozz. nunber of TRTs 795 re
BISH-CCIZTNG DIURETICS (Ve

Tetal pts with et least one TRI TEQ Y5.3. B} 90.4

Tersl nurker ct TRTs 114 77 _4
ANTITHARSIGTIZ ACENTS w

Total pis with a% least ene TRT 66: 891.49¢ b3 =1.3-

Total nuoer ot TRTs s LB Q
CRRPLAC Z1A CES

Totel I at leest one TRT 45C Hr.07 m

Tetel 461 w
BETE DLCCKING AGENTS —

Total pre with at ieast one TRY 404 50.1% 417 ul.ds

‘stal nunber ot TRTs 404 q1¢ w
ORZMNTS NITRATES '

Total pis with at least one TRT 237 44.2» 258 340 m

Total nurher cf 7RI 33/ EDE .
SERSM LUPIL REDUSING ASENTS - O

Total pL3s with at least one TRT 3i4 46.3- 335 930

Totel number cf TRTs 391 RESY o
MINERAL SIPPLEMENTS v

Totel pre with st Lleast one IRT 358 32.0% 262 3.0

Istal number cf TETs 290 g -<
PGTREGIUM SFARING AGENTE

Totel pts with at least cne TRT 223 27,6 V2491 3800

Totzd nunkeor ot TRTS 223 PR
NRX:E USED IN DIFBETES

Total pts wath 2t least one TRT 212 26.3. 21% 26.4.

Total nurber c¢f TRT:, 278 254
ANTACIDS, DRUGSZ 0GR TRFATMENT GF PEPTIC UWER AND FLATULLELCE

Tetal pss with at leasrt one TRT 177 21.9. 154 4.1

Total nunber of TRI3 T8 z14

Abstracted from Appendix 6.
TRT = treatment.

At least 80% of patients were taking an ACE inhibitor/ARB, diuretic, and/or antithrombotic agent.
EFFICIACY AND SAFETY

Clinical status at 9 months



Clinical status at 9 months in AC-052-301 and AC-052-302 (adjudicated),

ITT population
Q17FRNZ - Datw: dugp of 0IFEBOZ)

Table 12

{Table CL3S 1 ang CLSS 2:

_________ AC-G57-30" 1C-£52-302
Placebo Bosentar. Fiacebo Bosentan
N~+.02 N-40s K-3GH N=2362
Clininzl status it % month £
n 409 4G5> 9% o0 )
IMPRCVED 73 12.3% 97 24.0+ 3 23.4% 03 Z4.6%
JSICHMNCED 231 6. 194 47.¢= 293 1.0 152 45.:»
WORSF 99 29.2¢ 114 26.1% 102 20.5 129 32,3
TREATMENT FFFECT .
0.28z26

p-value Mann-wiitnev U-test .

FU = follow=-ug.

Statistically, there was no difference between drug and placebo for clinical status at 9 months. However,
more bosentan patients became worse compared to placebo patients in both studies (28.1% versus 24.2%

in study 301 and 32.2% versus 25.6% in study 302).

The primary endpoint for the pooled studies was the time from randomization to death from all causes or
hospitalization associated with heart failure (adjudicated). The log rank p-value for the treatment
difference was 0.8986 (312 events for bosentan versus 321 for placebo).

Time to death or hospitalization for CHF (adjudicated) in the pooled
ENABLE population, ITT population

Protocols: ENABLE-1. ENABLE-2

(FIGURF. dhcg: 04FTBO2 - Data dump of O) FEBO2)

Kaplan Mcier estimates

HX)"

Figure 4

90 1
80
70 1

o0 1

50 1

40 1

% of paticnts without the event

30

20 1

““““ Bosentan

Placebo

Logrank p-value: 0.8986
Lol L3 T b T LA— |
[} 13 26 39 s [ 78 91 104 117 130 weeks from randosmization

10 4

0

Patients ut risk
B4 68D 6IS 573 S42 S02 0 393 23R 123 16 3 Bosentn
2 k)

7 723 655 613 S7T SI2 3RE 29 i) [ 0 Placebo

From Table 12, it can be seen that there are numerically more patients in the bosentan group in both

Ad0J 3181$S0d 1539



studies who are "improved”. When both studies are pooled together, a point estimate for the difference in
the proportion of patients who are "improved" is 3% and the confidence interval is (-1.3%, 7.2%). This
means that it is questionable whether there is any difference in the rates and a difference of as much as
7.2% can be ruled out: On the other hand, patients on bosentan, compared to those on placebo, tended to
have a greater rate of worsening in both studies. The point estimate for the difference in rates is 5.3% and
the confidence interval is (0.8%, 9.8%). This apparent difference was the result of increased incidence of
hospitalization for CHF rather than a difference in death rates.

The time to death from all causes is shown below.

Figure 6 Time to death from all causes up to study end, ITT population

Protocols: ENABLE-1, FNABLE-2
(FIGURF dig' (4FTFBO2 - Data dump of :HIFEBO2)

Kaplan Meicr estimales

)
N
N 1
= 80 1
g
2 70
ER)
< 50
E 0
z
2 30
20
"=~ Boscotan
(e Placebu
Logrank p-valuc: 0.5447
0 T T LS T Ad ¥ T L T R ]
0 13 26 39 52 65 7™ 91 104 117 130 wechks from randomization
Paticnis at risk
K04 770 731 704 679 64l 505 315 164 25 ) Bosentan
ROT 779 745 716 689 637 S05 314 1M 26 ) Placcbo

There was no difference in the death rates between bosentan and placebo at any timepoint.

The causes of death for patients (> 3) who died during the randomized period or within 28 days of the
treatment end are shown below.



Table 20 Most frequent (= 3 paticnts on bosentan) reasons for death during
randomized treatment or within 28 days of treatment end,
safety population

trotccolz: EMRBLE-1 ENABLE-2 (Table DEA(1d: J1FEBO2 - Datu dump oL JIFEROD)

Placebs Bosettan

Cause of death
N=837 N-804

Ne. E Neo. :
Torel pts with at jeast one cause 133 17.2% 115 14.9:
CARCTAC TRILURE MCS 50 6.2¢ LY -4
SUDDEN CRRLCIAC DEATH 33 3.1 ER ]
VERTRICULAR FTIERILLATION g 1.0% L
MYGUARD AL INTARCTION 4 0.5% ) B
SUDDER SEATH UNEXFLALINED 10 1.2% > Ny
RENAL FRILJRE NC& € a7 U -
CARDICGENIC SHOCK 3 0.k 4 0.
GIRONARY ARIFERY DISEASE NC3 2 0. 4 0.5
FNEJMONTA NOY 1 0. 4 0.5
RESCIRATZRY ZAILURE (EXT NFONATAT.) 1 0. 4 0.5
CARCINC ARREST [V 3 0.490
BEPS1S NOS 1 0. 3 0.4
CARCIC-RESPIRATORY ARREST 3 0. 3 0.4,
MULTI-CRGAN TAILURE 2 0. 300.4¢

stractod fromn Appendix L6,
NIS = not otherw:se specified, SAE = serious adverse even:.

Nothing seems unusual.

Adverse events

APPEARS THIS way
ON ORIGINAL
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Table 17 Most frequent (= 5% on bosentan) treatment-emergent adverse event
(including unrelated), safety population
Protocols: FHARLE-1 ENABLF-2 (Table AESJLA3: Z23APRUZ - Cate dump of 24APRODY

Body syster. S P)aceho Bosen-an w
Aaverse evert N=3ivy N=R045
No. : NG m
ALL BODY SYSTRMS (I o)
Total pru with al least cne AR _*
Total autber ot Afs
CAPDIAC TAILJURE NOS 10,8,
CYSPHIEA NCS e - 1
DIZ2INZSS (EX(C WERTIGC) 1600 o
CHEST FAIN NEZ 13% 1003
FATIGUZ i 157
HYEGTENSIGH NOE BE 10,4 m
OFDFMR 1CWER LIME £3 10,3
ANAEMI A O €l - m
CIUGH vG oo
HFADACHT NDE ! ;
MAUSEA £% | W
JPPEK ZZSPIRATCRY TRACT INFECTION NOS €2 ELU r—
HFPATI MNCTION ABNORMAL NOS L3 [T I
RENAL WE NUY 3.0t L R m
CiARRHDTA NOS 59 £.6% TN
ENGINM DECICRIZ 49 .1 QT S
PNEJMCNLA HOS b2 it 8 6. n
JRINARY TRACT INFECTION NOS 91 .1 o€
WEAKNES3 53 5.g% €2 &3 Q
RENAT. TMFZIRMEND NOS e 4 €.1:
ARTHRAICIA o z.Cn 4z e.1- -ﬂ
ATICAS FIERILLATION q; 42 u.i-
HASOPHARYNGITIS 93 5. PP -
BROGNCHITIS NCG3 9; =, an o
BACK BATN 45 5. :
HAFMC TH DECREASEL i1z,
PJULMONARY CEDEMA NOS 33 4.
MYSTIRDIAL INTARCTION 12 .
OTHER 7iC 38,

Hote: Al: AEs with a bosentan incidence < 5: azre pooled =nde: 'QOther'.
Apstracted Lo Appendix 37,
., NEC = nct elsewhere classified, NOS - nct otherwise speritiea.

Events in the above table that were reported at least 2% more often by the bosentan group compared to
the placebo group include lower limb edema.

Percent of patients who reported an event

Event Placebo Bosentan Placebo subtracted
Anemia nos 5.2 10.1 49
Abnormal hepatic 33 7.5 4.2
function .

Decreased hemoglobin 2.1 5.3 3.2

URI nos 5.3 7.7 2.4
Headache nos 6.6 8.8 2.2

Lower limb edema 8.2 10.3 2.1

Anemia, abnormal hepatic function, and decreased hemoglobin were reported at least 3% more often by
the bosentan group compared to the placebo group.

Serious adverse events




Table 22 Most frequent (= 1% on bosentan) SAEs (excluding censored) during
randomized treatment or within 28 days of treatment end,
safety population

Protoccls: ENABLE-) ENABLE-2 (Table SAE(2D2: O1FEBUZ - Date durp nt DIFZRD2)

Brdy svuston / Placebo Posentan

ndverse even:t N-E07 H=834 -
Nz. B ToNe I o]

ALL DODr SYSTEMS &
Tota. phu with 2t leesl one SAR 3 45,6 336 41.9¢ -;i
Tota. number ot SArs 10905 906
CHEST PAIN NEC W0 3.7 43 ﬂ
PNFIMONTA HGS 21 4.& 4
ANCINA UNSTABLE 23 2.9% 3z @
RENAL FAILJRF WGS 32 4.1« 2t
CORCHARY ARTERY CISEASE NOS 21 2.6% i m
3YNCOPE 2% 1% 1%
JYSPICEAR HOS 28 2.5% 17 (I o]
CEREBRGVASCJLAR ACCIDENT NOS 2€ 3.2% 17
CHROMIZ OBSTRUCTIVE ALRWAYS U1SEASE 17 2.1% 1€ b
ELECTIVE TREATMENT 3 1.9 16 w
ANCINP. PECTORIS 16 2.0% 12
ANAEMIZ NOS 13 1.6% |
LEHYDIATION 22 2.7 1z
ABTUMINAL PATN MOS & 1.0~ iz rm
ZASTXCINTESTINAL HAEMORRHAGE NOS 5 -l.lw il
WEAKNESS. 9 1.1~ 11
DIZZTHNESS (EXC VERTIGO) 4 1.1 1 n
KENAL IMEAIRMENT NS 14 1./ S
LYPERAAZREMIA 11 1.4 ) Q
CELLOLITLS R ¢
DIABETES MELLITUE NOS 12 1.5 3 - |
SEFSIS MOS 10 1.2% ]
PYREXIA T 0.9 g l'li:
CHGLELITHIASTS I 9
HAEMBTRIA 4 0. &

Nore: =nly $iEs with onset from start uf treatient to 2% waiendsr days after
end of treatmen” are included.

NOS = nct otherwise specified, SAE = sericus adverse event.

sbstracted from Nppencix 71.

[ 8

Chest pain nec and unstable angina were reported at least 1% more by bosentan patients than by placebo
patients.

Discontinuations for adverse events

APP?A.;?S THIS yay
Ot GRiGinaL



Table 23

PInroco.s:

Most frequent (= 3 patients on bosentan) adverse events that led to
discontinuation of randomized treatment, safety population

ENARLE~] EMABLE-2 (Table AEDOLl: Q1FEROZ - Cetz Jurp ot H1FEBIZ)

CIAKKRHOEA NOS
HREMOLOR LN DECRERSED

e

8ody systen . Plarebe Brsenten
rdverse event N=80"/ N-80¢
Ne. E ti=.
ALL BOSY 2Y=2
Total pty wats 2l least one AE €6 16,/ 154 16.7
Total nurker cl AES 143 34
CARDIAC FAILURE NOG Z5 3.1% 34
HEPALL® FUNCTION ABNORMRL NOG 1 0.1% 1%
DYSPHORA NOS € 0.i% 1¢
FATICUE 2 0.z~ 1¢
KAUSEA ERRN U TH Y
DIZZINESS (EXC VERTIX) LS B
ANAFMIA NOS 5 0.6% I3
HEABACHE HOS 3 0.4 g
HYDGTENSION NOS 2 G.5: 1
WEAKNESS 2 5.2~ [
PUIMONARY TIDEMA NOE nooGL2h 5
VOMITING NG5S 3 C.g= L]
1 C.1% k

Awstracted from Appendix 794.

(X Xis NN o

Ar = adverse ever:, NOS = not otherwise specified.

0J 31415504 1539
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Adverse events from the above table and leading to discontinuation more often in the bosentan group
compared to the placebo group are shown below.

Percent of patients

Placebo Bosentan Placebo subtracted

Any event 10.7 16.7 6.0
cardiac failure 3.1 4.9 1.8
abnormal hepatic 0.1 24 23
function

fatigue 0.2 1.2 1.0
nausea 0.4 1.1 0.7
dizziness (exc vertigo), 0.2 1.1 0.9
decreased hemoglobin 0 0.4 0.4
Ml 0 0.4 0.4

Laboratory parameters

Incidence of markedly abnormal laboratory values reported during or within 28 days of receiving study

drug.



Table 25 Incidence of marked laboratory abnormalities occurring during
randomized treatment or within 28 days after treatment end,
safety population

Protocols: ENAELE-1 ENADLR-? (Table L#0ld: OIFEBO2 - Lata cdumg >f J1FEEC2)

Lapcratary Asbnormelity (%)

HEMATOTD s o ww
Hemogloat:in HH 3 76z

L 69 /782 8 z0.0 m
Heoet ooris HH 17781 0

LL 87 781 10 22,20 m
Leugocytes HH 16 /780 2 Sain

! 1L 2780 0 C.9 —

Neutrcphils LL 8 /12 1 1.2
FEosinophils i 7 ey GO AR LR VR U
Flatelets HH. D ‘7118 PANEEES o

W Iz CTI8 I.5E 20 STy w
CLINICAL ZHEMISTRY ‘n
ALT HH 41 84 3.Z2x» 104 j7Tr 0 lE.o
AST . HH 33 JTix dUB% 0 16 7100 6% w
Rilirabir. HH 27,774 3.5 17 762 P F
nlgcilne rhospnatase iy 17 ;8¢ 2.2V 30 ,0F0 5.¢ m
Alzunin HH 1,781 0.1 2.1

iL 12 j781 V.o R <D
CYeel. nAne HH 84 ; Rk 0. S.en o
Beatium i 4 /99 0.5 4 ;1 J.5%

LL 27 /784 3.4t 13 /7 1.7 -~
Cholesteral Tul4l HH S /168 C.7Y /6T 0L :
Fotassiun HH 31 /85 4.7 23 ; 3.0.

Li 10 /89 1.3¢ 13 7% 1.7
Glacoss IH 93 751 11.9% 88 /Y 1L,

1L 3 /781 0.4% a.ri g
Trialycerides HH 91 /763 11.9% EERV N Z.
mun HH 137 /82 1/.5% 116 /706 24.9
J2AINF :
Jrine Pratein HH 38 /770 4.9% 3.2
urine &loedd BH N /2 4.0% 3.

Values given are the number of patients with at least one szbrocrmeliry/number cf pacients (-).

HE and LL denore values zbove or below t!e murked reference range zrd having & «linicaily

relevans change in the yume direction.

ALT = alznine aninotransferase, AST — asjartare aninotransferase, 3UN = Duood urea nitrcuen.
As expected, there were more bosentan patients with abnormally low hemoglobin and hematocrit
compared to placebo patients (20% versus 8.8%, respectively, and 23.2% versus 10.5%, respectively) and
more bosentan patients with abnormally high ALT and AST compared to placebo patients (13.5% versus
5.2%, respectively, and 9.9% versus 4.5%, respectively). While abnormally high Alk phos values were
somewhat more common in bosentan patients compared to placebo patients (3.9% versus 2.2%,
respectively), there were more placebo patients with abnormally high bilirubin compared to bosentan

patients.

The table below shows those patients who had ALT and/or AST > 3 times upper limit of normal as well
those patients with hemoglobin < 10 g/dl.



Table 26 Incidence of marked abnormalities in hemoglobin and liver

aminotransferases to a clinically meaningful cut-off, safety population

Protoccls: ENABLE-1 CNARDLE-Z

{Table LMAQ.G: 01FEBCZ - Datu duwp ol J1ZEBOZ)
Abnorme.itles up to 28 days atter the en: of study treatmen
Flacebs Bazentan
Lehoretory Asrormaliny

ALT > 3upper ctd
-

AST » 3+ upper std
BLT or AST > 3 uoper std

Hemcglokbin < 1Ca/dl a2nd LL
. with decrease from kaseline 40 /378

Values alven are the number of patients vith &t least one abncrmality/numper ot petlents

HE and LL aenote values above or below the nmarced reference range and havino 2 »lxn--ally

relevant change in the same direction.
ALT - alanine arinctransterase, AST = aspartate aminotransferass.

The percents of patients with ALT and/or AST by various degrees of abnormality are shown below

Table 27 Incidence of marked increases in ALT or AST by magnitude,

safety population

Protonnls: ENABLE-1 ENABLE-2 (Taehle iMAQ31:

017EBOZ - Data dunp of OLFERO2)
Abnotinel Jhies up Le 28 davs eller Lhe end of study Lieclienh
Flaceoo desentan
Laporatcry Abncrmalisy
N=-847 N-304

ALT or AST >

prcr std

ib /Sing 3 5.8
ALT or AST >= >*urper std 14 /764 1.8+ 49 7t 6, 3w
ALT or AST >= g upper std 5 /784 1.,1% 29 /376 T

Values given are the nurber cf patients w:th at leest one sbncrmality/rumber of patien
ALT = alanine aminotransferase, AST = asp.:rtate aminotransferase.

are shown below.

The percents of patients with increases in bilirubin and ALT and/or AST > 3 times upper limit of normal
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Table 29 Incidences of increases in bilirubin and ALT and/or AS} to > 3 x ULN,

safety population
Protocols: ENARIF-1 FNARIF-7 (Table LMAQ4d: 04FEB02 - Data dume of JIFEBOD)
Abnormelities up Lo 28 deys-etter the 2nd ot stuay treatnent

Piacehn Boscentan
Laboratery Abnormality
N-807 H-804
Ne.
ALT or AST > 3*upper st 26 /764 3.3 € /776 G.4-
BILIRUBIN >= 2*upper std 35 /776 4.%% z9 /782 3.1~
BILIRUBIN >= 3‘upper std Q /774 1.2+ & i62 1.2+
ALT «r AST > 3*upper std and
... BILIRCEIN >- Zuppe- std 6 /774 D.8% 9 /isl L.2+
ALT or ~AST > I*upper std and . -
. RBILIRUBIN »>= 3*upper stad 25774 0.4¢ 2 /el 0.4s

Values given are tne nunber of patient: with &t least one abncrmaiity/number cf patientis ).
ALT = elanine aninotransterase, AST = aspaitate eminotrensferass, UJIN = npoer lirat of aornel.

There seems to be little difference between patients on bosentan and patients on placebo.

Ad09 3181SS0d 1514

Outcomes of patients with abnormal ALT and or AST are shown below.

Table 32 Outcomes of patients with ALT and/or AST > 3 x ULN, safety population
Number  Tranticnt* Treatment Prematurcly Death Othcers
of intcrruption/  discontinucd (with (NA or
paticnts successful trcatment’ elevated  concomitant
reintroduction® ALT!AST)  discase)
Bosentan 125 mg buid. 76 36 LI 20 7 2
Placcho 26 8 3 ! 10 4

Note: The sponsor’s upper limit of the normal range was 30 U/ for ALT and 25 U/l for AST.

* Transicnt value = liver function tests decreased to s 2 x ULN while on treatment (target or reduced dosc).

" Successful reintroduction of rcatment atter ALT and/or AST retumed to baseline.

* Prematurcly discontinued randomized trcutment (initially or upon re-introduction)

ALT = alanine aminotranstcrase, AST = aspartat:: aminotransferase. NA = not applicable, ULN = upper limit of
nonnal.

A total 10 placebo patients and 7 bosentan patients died of cardiac failure or Myocardial infarction while
aminotransferases were > 3 x ULN but none were associated with a report of “liver failure.

There were 2 bosentan patients who reported jaundice compared to 0 placebo patients. These were:

Patient 50511

This patient with ischemic heart disease, CHF NYHA class lIIb and an ejection fraction of 27% at study
start, developed an increase in liver aminotransferases during the course of the study. She had a medical
history of osteoporosis, insulin-dependent diabetes mellitus, urinary tract infection, myocardial infarction,
hypertension, congestive heart failure, cerebrovascular accident, hypothyroidism and colon cancer.
Concomitant medication at study entry included atenolol, isosorbide mononitrate, cilazapril, oxazepam,
vitamin E, and famotidine. Liver aminotransferases were elevated on day 58 (ALT and AST were 70 U/l
and 44 U/1, respectively), but normalized by day 63. On day 170, the patient complained of weakness
(105/55 mmHg). After a one-day interruption and subsequent dose reduction of study drug, her blood



pressure increased, but weakness persisted, along with nausea, abdominal pain and jaundice, and an
increase in liver tests were noted: total bilirubin 115.4 umol/l, direct bilirubin 48.2 umol/l, AST 341 U/,
ALT 183 U/1, and alkaline phosphatase 217 U/L. The patient was hospitalized on day 176, and the study
drug was stopped at that time. Liver and spleen were normal sized, and a CT of the abdomen showed a
small amount of ascites. A gastroscopy revealed severe esophagitis and duodenitis. The patient’s
condition improved and she was discharged on day 177 with a diagnosis of ‘drug-induced jaundice’.
Eosinophil count remained normal throughout the event. On day 218 transamininases were normal and
bilirubin was 16.4 umol/L. The patient was rehospitalized on days 316-318 with chest pair and dyspnea,
and was treated with furosemide. Liver function tests remained normal through day 626 (end of study
visit).

Patient 92806

This pattent with ischemic heart disease, CHF NYHA class 1lIb, ejection fraction 21%, was prematurely
discontinued from the study because of increased liver aminotransferases. She had a medical history of
myocardial infarction, coronary angioplasty, coronary artery bypass surgery, unstable angina, and
hypercholesterolemia. Concomitant medication included captopril, hydrochlorothiazide, digoxin,
warfarin, carvedilol, atorvastatin and estrogen. Between days 24-33, the patient developed dizziness,
nausea, vomiting and mild jaundice. Study medication was permanently stopped on day 40. Liver
function tests were found to be elevated on day 29 (ALT and ALT were 231 and 130 U/L, respectively,
AP was 254 U/I, and total bilirubin was 19.5 umol/l). Values increased on day 33 (ALT-295, AST-130
U/I, AP-362 U/I and bilirubin-22 umol/l). Eosinophil count was also increased (from 0.13 at baseline to
0.77 10e9/1). Clinical symptoms completely resolved on day 54 without treatment. Laboratory values
returned to baseline by day 79.

The absolute changes from baseline in hemoglobin over time for the 2 treatment groups are shown in the
figure below.

Figure 16 Absolute changes frorn baseline in hemoglobin concentration over time by
cohorts, safety population

Protocols: ENABLE-1, ENABLE-2
(FIGURE hemog: 11FEBO2 - Data dump of 01F =B02)
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Protocol AC-052-355.

Summary
This study is too small to draw any conclusions about the combined use of epoprostenol+bosentan except
that there is no indication that these drugs are excessively harmful if used together.

A double-blind, randomized, placebo-controlled study to assess the effect of Tracleer™ (bosentan) in
combination with the initiation of epoprostenol therapy on cardiopulmonary hemodynamics in patients
with severe pulmonary arterial hypertension (PAH).

This document reports data from the double-blind study up to the 28-day safety follow-up. There is an
ongoing open-label extension.

The primary objective of this study was to determine the effects of bosentan on hemodynamics when
combined with the initiation of epoprostenol in patients with severe primary pulmonary hypertension
(PPM) or pulmonary hypertension due to scleroderma (SSc/P11) or scleroderma spectrum disorders in
need of epoprostenol.

Secondary objectives were to evaluate the effects of bosentan combined with epoprostenol on exercise
capacity, dyspnea-fatigue rating and functional classification as well as to assess the safety and
tolerability of the epoprostenol/bosentan combination.

This study was multicenter, randomized, double-blind, placebo-controlled with two parallel groups.
Patients were randomized in a 2:1 ratio to receive oral bosentan (62.5 mg bid for first 4 weeks followed
by 125 mg bid for last 16 weeks, if tolerated) or placebo in addition to epoprostenol (initiation at 2
ng/kg/min for 4 days and increased to 4 ng/kg/min. Thereafter, increased at rate of 2ng/kg/min at 2 week
intervals for a target dose of 12 to 16 ng/kg/min between weeks 14 and 16.

Figure 3 Study design

4 Epoprostenol up-titration Target dose: 12-16 ng/kgimin at Weeks 14 to 16 >
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Epoprostenol+bosentan

Epoprostenol+placebo

No. randomized

22

11

No. discontinued 4 1
Discontinued for death 2+ 0
Discontinued for AE 1 1
Worsening condition 1 0

+a 3 patient died 36 days after being withdrawn from trial although the patient remained on bosentan.

Of the 22 patients randomized to epoprostenol+bosentan, 4 discontinued early (2 died, 1 withdrew for
adverse events and 1 withdrew for worsening condition). Of the 11 patients randomized to
epoprostenol+placebo, 1 discontinued early (for adverse event).

The majority of patients in both groups were female, mean ages were about 45 years, and nearly all were
white. The mean times from diagnosis of PAH to enrollment were about 14 months, the majority of
etiology of PAH was primary, most had of WHO grade of 111 at baseline, and the majority did not have
clinical signs of right heart failure.

Deaths

There were no deaths in the epoprostenol+placebo and 2 deaths in the epoprostenol+bosentan. One
patient (208 40065) died of cardiopulmonary failure on Day 15 and one patient 208 40067 died of cardiac
failure on Day 111 after randomization. The third bosentan-treated patient (101 4003 1) died 36 days after
being withdrawn from the study. Treatment was unblinded on Day 47 because of his worsening condition.
The patient, however, continued unblinded bosentan on a compassnonate use basis. The patient’s
condition grew worse, and on Day 83, died of cardiac failure,

Serious adverse events

There was little difference between the 2 treatment groups regarding the reporting of serious events. Only
cardiac failure was reported by more than 1 patient in epoprostenol+placebo group (2, 18.2%) and
epoprostenol+bosentan

group (2, 9.1%). This difference in reporting rates is probably irrelevant.

Discontinuations for adverse events

There were 2 discontinuations for adverse events, both the result of abnormal hepatic function. One
patient receiving epoprostenol+placebo developed elevated LFTs on day 3; the study drug then was
discontinued and reintroduced with a resurgence of LFT levels. The patient was then permanently
discontinued and later had decreasing LFT values. This patient had elevated LFTs at baseline. The other
patient was receiving epoprostenol+bosentan when she developed increased LFTs on day 36. She was
discontinued and LFTs returned to normal.

Adverse events



Table 16 Summary of adverse events (including unrelated) reported for > 5%
of patients on bosentan, safety population
Protocol: AC-052-355 (Table AESS03: 26JULO2 - Data 19JULUZ2)

N=11 N-Z2
No % No. %
ALL BODY SYSTEMS
Total pts with at least one AE 11 100% 22 100%
Total number of AEs 67 123
PAIN IN JAW 10 90.9% 13 59.1%
DIARRHOEA NMOS 327.3% 12 54.5%
FLUSHING 5 45.5% & 27.3%
HFADACHE NOS 4 36.4% 6 27.3%
CEDEMA LOWER LIMB 1 9.1% e 27.3%
PAIN IN LIMB 2 18.2% 522.7%
NAUSEA 2 18.2% 4 18.2%
DERMATITIS NOS 1 9.1% 4 18.2
CARDIAC FAILURE NOS 2 18.2 3 13.6%
OPPER RESPIRATORY TRACT INFECTION NOS 1 S.1% 3 13.6%
HEPATIC FUNCTION ABNORMAL NOS 2 18.2% 2 9.1%
COOGH 1 9.1% 2 2.1%
DIZZINESS (EXC VERTIGO) 1 9.1% 2 9.1%
DYSPNCEA NOS 1 5.1% 2 9.1%
EPISTAXIS 1 9.1% 2 2.1%
MYALGIA 1 S5.1% 2 9.1%
ANNEMIA NOS - 2 9.13%
BLOOD IN STOOL - 2 9.1%
FATIGUE - 2 §.1%
IMPLANT INFECTION - Z S.1%
OEDEMA NOS - 2 9.1%
TOOTH ABSCESS - 2 9.1
VISUAL DISTURBANCE NOS - 2 5.1%
9 81.8% 14 €3.6€%

OTHER

Note: Only AEs with onset from start of study treatment to 1 calendar day after
end of study treatment are included.
All AEs with a bosentan incidence < 5% are pooled under 'Other’.
All patients in the study are trea:ed with epoprostenol in addition
to randomized treatment (placebo or busentan).
RE = adverse event, EXC = excluding, NOS =~ not otherwise specified, pts = patients.

The adverse event reported most frequently in either treatment group was jaw pain, an event associated
with the use of eproprostenol. The incidence rate was higher in the epoprostenol+placebo group compared
to epoprostenol+bosentan.
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