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FLOLAN). More FLOLAN patients than conventional therapy patients were able
to stop calcium channe! blockers that they had been taking prior to study (5% of

conventional, 23% of FLOLAN). About 20% of patients in both groups started
vasodilators during study.

Even though all patients were, in accordance with the protocol, to be
anticoagulated for the duration of the trial (because of the indwelling venous
catheter in the FLOLAN patients), significantly fewer patients in the conventional
group were on warfarin than in the FLOLAN group (used warfarin at least 75% of
the time on study: 86% of FLOLAN group, 67% of conventional therapy group;
took at least 1 dose of warfarin: 95% of FLOLAN group, 75% of conventional
therapy group). Heparin was used only by 1 FLOLAN patient during the study.
Information on prothrombin times (PT) of patients during the study was not
provided.

D. Efficacy Assessment: The following table summarizes results of the sponsor's
primary efficacy analyses of the 6-Minute Walk Exercise Test:

Study VA1A4001: Resuits of 6-Minute Walk Exercise Test

Treatment
Conventional FLOLAN p-value®
N N
Baseline
median®
Week 1 55 . 240 55 270
Week 6 53 240 53 270
Week 12 53 240 55 270
actual median 55 240.0 56 2715
mean®
Week 1 54 271.2 50 271.0
Week 6 52 2719 51 265.6
Week 12 53 2701 53 268.8
actual mean 55 269.9 56 270.0
range 55 P 56 —
Week 1
median® 4 55 238 55 265 0.4178
actual median 54 2425 50 283.0 -
mean® 54 265.8 50 294.7 0.0252
actual mean 54 2658 50 294.7
range 54 —— __S0_ |
. Week G
median® 53 235 53 290 0.0028
actual median 51 237.0 48 3180
mean® 52 2579 51 299.3 0.0025
actual mean 51 2556 48 308.9
range 51 —_— 48 —
Wesek 12
median® 53 192 55 318 <0.0001
actual median 44 228.5 50 3281
mean® 53 2209 53 308.0 0.0001
actual mean 44 233.6 50 3175
range 44 50 _— -

* Adjusting for baseline walk and vasodilator use at baseiine.
® Adjusting for vasodilator use at baseline (analysis of covanance, carrying forward results for missing values or
results after transplant or death)

¢ FLOLAN versus conventional treatment

reviewer's table, based on information in sponsor's tahles, NDA Vol. 30.3. pp. 125 through 127
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The results showed a highly statistically significant benefit of FLOLAN over
conventional treatment in improvement in the 6 Minute Walk Test and Week 6
and Week 12. Examination of the results for patients enrolled before and after
Amendment 3 showed similar results for both time periods (personal
communication, M. Fan, FDA Biometrics).
A number of patients had missing efficacy data at one or more timepoints. Some
baseline characteristics and efficacy results for these patients are summarized in
the following table:
Study VA1A4001: Summary of Available Data for Patients Who Had Some Missing 6 Minute Walk Test Data
Paie~t# . NYHA | Vasodilator | Baseline Walk Distance Walked (meters) Patient
t Class at (yes/no) Stratum Screening/ Week 1 Week 6 Week 12 completed”?
Entry (10r2) Baseline
Conventional:
8235 3 yes 1 231/198 168 nd (technical | nd (too ill) Yes
problem)
4 yes 1 130/ 140 192 120 nd No - died
3 yes 2 220/ 220 196 234 nd No - lost to F/U
3 no 2 134 /200 80 12.3 nd No ~ died
3 no 2 284.5/306 301.5 nd (too il to nd No - consent
! travel) withdrawn
N 3 no 2 200/ 200 nd (too ill) nd (too il) 36.5 Yes
' 3 yes 2 260 /240 275 100 nd No - died
3 yes 2 323.4/ 399 a7s nd (too i) _ 137 Yes
i 3 yes 2 400/ 456 436 320 nd No - died
3 yes 2 357 / 361 357 278 nd (too ill) Yes
3 no 2 2217218 212 107 nd No - died |
a no 2 181/ 241 182 179 nd (too ill) Yes B
‘ 3 no 1 1797197 183 148 nd (too ill) Yes |
— FLOLAN '
8324 3 no 2 286 /289 241.5 nd nd No —~ died
TEIlT 3 no 1 178/ 120 nd (too ill) 144.5 2365 Yes
e 3 yes 2 393/310 nd (gout %0 405 Yes
attack)
2TacT | 3 yes 2 438 /432 436 nd nd No - consen:
: withdrawn”
T3303 i 4 yes 2 200/ 200 nd (too ill) nd nd No - died"”
c2a02 3 yes T2 246/ 240 nd (too iit) nd nd No - died"”
0zils 3 yes 1 203/171 nd (too il) nd (could not 195 Yes
) travel to -
center)
(Iil 4 ! no 1 91.5/128.1 194 147 nd No — died”
e 3 : no 1 119/99 59 nd (too iil) nd (too ill) Yes
2°:22 3 yes 2 291/ 529.2 nd (too ill) nd (toe pain) 175 Yes
27304 3 no 2 137.3/207 136 nd (too il 160 Yes -

T Siztumt = 50 to <200meters  Stratum 2° = >200meters

ng = net Jone

** drug stopped prematurely due to adverse experience

Reviewer's original table, based on information in sponsor's tables, NDA Vol. 30.6, pp. 6 through 8, 24 through 26

Thirteen conventional therapy patients and eleven FLOLAN patients missed at
least one of the 6 Minute Walk Tests. The most common reason for missing a
walk test was patient being too ill to walk (7 conventional treatment patients: 5
FLOLAN patients). Five conventional treatment patients and 4 FLOLAN patients
were missing data because they died prior to the scheduled assessment. All 5 of
the conventional treatment patients who died had completed through Week 6 of
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the study. Two of the 4 FLOLAN patients who died during study died after Week
1 but before Week 6 and did not have tha Week 1 walk test done because of
being too ill at the time.

Two paiients in the FLOLAN group and 1 patient in the conventional treatment
group had been exposed to FLOLAN at some time prior to study. Results of the
walk tests for these patients are summarized below:

Subject Treatment Week Distance Walked Change from
{m) baseline (m)
07303 FLOLAN Screening 236
Baseline 203
Week 1 195 8.0
Week 6 296 93.0
Week 12 418 215.0
16301 FLOLAN Screening 292.7
Baseline 298
Week 1 311 13.0
Week § 337 39.0
Week 12 314 16.0
13306 Conventional | Screening 308
Basetine 224
Week 1 311 87.0
Week 6 321 { 87.0
Week 12 201 ‘ -23.0

from sponsor's table, NDA Vol. 30.6, pp..

Summary of baseline, Week 1, Week 6, and Week 12 hemodynamic and biood
gas measurements and between group comparisons of the measurements and
changes in the measurements are shown in sponsor's tables attached to this
review as APPENDIX 7. The sponsor found statistically significant improvement
in a number of the parameters from baseline. Measures showing a greater than
10% improvement over baseline with FLOLAN included diastolic systemic
arterial pressure, diastolic pulmonary arterial pressure, mean pulmonary arterial
pressure, cardiac index, cardiac output and peripheral vascular resistance.
There was no significant effect on pulmonary capillary wedge pressure or mean
arterial oxygen saturation. Conventional treatment patients did not show a
greater than 10% improvement in any hemodynamic measure. -

The following tables dispiay numbers of patients in each treatment groups
getting better or worse during the study with resgect to NYHA Class during the
study.

VA1A4001: Shift Tables for Change in NYHA Ciass During Study

NYHA Class On Treatment
Week 1 (Conventional/FLOLAN)
(N= 55/ 55)
] 11} v
NYHA Class at Baseline ny 371 1/0 0/0
(Conventional/ FLOLAN) i 1 0/0 41/39 4/2
v | 0/0 1/5 5/8 -
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NYHA Class On Treatment
Week 8 (Conventional/FLOLAN)
(N = 54 / 52)
; : 1] 1 v
NYHA Class at Baseline " 2/1 2/0 0/0
(Conventional/ FLOLAN) 1 0/6 35/31 9/2
v 0/2 0/6 6/4
NYHA Class On Treatment
Week 12 (Conventional/FLOLAN)
(N=48/51)
I ] v
NYHA Class at Baseline H 2/1 1/0 1/0
(Conventional/l FLOLAN) 1] 0/15 28 /122 11/2
v 0/3 0/3 5/5

reviewer's tabies, based on data in sponsor's table, NDA Vol. 30.3, p. 132

Over the course of the study more patients in the FLOLAN group showed
improvement in NYHA Class than did patients in the conventional treatment
group. This improvement was seen both in patients with Class |l disease at
entry and those with Class IV disease at entry. Atthe 6 Week visit 25% of
patients randomized to FLOLAN showed improvement in NYHA Class as
compared to 0% of the conventional treatment patients; at the 12 Week visit 38%
of FLOLAN patients as compared to 0% of conventional treatment patients has
shown improvement. Also, fewer patients in the FLOLAN group had worsening
of NYHA Class as compared to the conventional treatment group. At Week 6
about 20% of conventional therapy patients had worsened as compared to 3.5%
of FLOLAN patients; at Week 12 the numbers were 23.6% in the conventional
group as compared to 3.5% in the FLOLAN group.

Shifts in other secondary measures of efficacy during the study are tabulated
beiow:

VA1A4001: Direction of Change in Symptom Scores During Study as Compared to Baseline

Number of Patients

1
|

Conventional

FLOLAN

N | Better | Same | Worse

N

| Better | Same | Worse

| Dyspnea-Fatigue Rating:

Week 1 55 4 34 17 55 12 33 10
. Week 6 54 7 20 27 52 30 15 7
[ Week 12 47 5 10 32 51 32 11 8
i Borg Dyspnea Score:

Week 1 54 15 19 20 50 29 6 15
. Week 6 51 17 8 26 48 30 11 7

Week 12 42 12 6 24 49 35 6 8

Raynaud's Severity Score:
. Week 1 34 4 17 13 35 18 11 6
i Week 6 34 12 (] 13 30 14 11 5
{ Week 12 29 10 4 15 24 15 7 2

reviewer's original table. based on sponsor's SAS datasets, personal communication. M. Fan, FDA S:z:.sucal
Reviewer.

The sponsor performed non-parametric between group comparisons of change
from baseline for NYHA Class, Dyspnea-Fatigue Rating, Borg Dyspnea Score

and Raynaud's Severity Score. Results of these comparisons are summarized
in the following table.
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Study VA1A4001: Summary of Secondary Ffficacy Analyses

Week 1
Conventional FLOLAN C95%C Copventional
} n chanqe n b change” n _{:ha_ﬁée.:
“Change n NYHA Class 5% 55 | 0000 | 54 )
mean 007 -0 05 0.20
median 000 000 000
range . —— —_— —_—
"Change in Dyspnea-Fatigue Raling: 55 . 55 -10.00 | 54
mean -0.47 022 -0.70
median 000 0.00 -0.50
range . — -_— —
Change in Borg Dyspnea Score: 54 50 05,20° 51
mean 0.24 097 0.25
median 0.00 -1.00 0.50
. fange . — — —_—
Raynaud’s Severity Score: nd nd nd nd nd 47
mean -0.34
median 0.00
|_range _—
“nd = not done
reviewer's table, hased on sponsor's tables, NDA Vol 30 3, pp. 133, 135, 137, and 139
APPEARS THIS WAY

H

NN PRI

~ Week6

i ) Week12 _
FLOLAN " [795%Cl | _Conventional FLOLAN [ 795%CI
_.n__| change . n change n change
52 00,10 48 51 00,10
-0.27 029 -0.43
0.00 0.00 0.00
pr— ——— ———
52 -20,-1.0° | 47 st ] [-30.-20°
1.13 -1.34 1.25
1.00 -1.00 1.00
Sn— ! —
48 10,25 42 49 15,35
-1.28 0.62 -1.79
-1.00 1.00 -2.00
‘ —_— —
48 00,20 40 45 00,30
-0.79 -0.50 -1.69
0.00 0.00 -1.00
———— r—————
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No clear effect of FLOLAN relative to conventional therapy on these secondary
efficacy parameters could be discerned. Numerically, there appeared to be
greater improvement in NYHA Class with FLOLAN but this difference was not
statistically significant. There appeared to be a benefit of FLOLAN on Borg
Dyspnea Score; however, the Dyspnea-Fatigue Rating appeared to worsen in
the FLOLAN group.
[Reviewer's comment: It should be noted that the procedure described for
obtaining the Borg Dyspnea Score (see Appendix C) was somewhat complex and
lacked crispness. The description implies sort of an amalgam of a visual analog
scale with a categorical scale. Different patients and different testing personne!
may have actually performed this part of the evaluation differently}.
There appeared to be a trend toward greater improvement of Raynaud's in the
FLOLAN group. However, these analyses are essentially evaluable analyses not
including all patients randomized or all patients treated.

Safety: All patients treated in this study experienced one or more adverse
events. Adverse events occurring in two or more patients in either treatment
group are summarized by body system in the following table:

Study VA1A4001: Adverse Events Occurring in 2 or More Patients

Event Conventional FLOLAN
{(N=55) {n=56)
Body as 3 Whole
Any event 55(100%) 56(100%)
asthenia 54 (98%) 56(100%)
coltagen disease 46 (84% 46 (82%)
chest pain . 25 (45%) 23 (52%)
jaw pain 0 42 (75%)
| ascites 18 133%) 13 (23%)
| headache 3( 5%} 26 (46%)
pain 1 2%} 18 (32%]} !
intection 5( 9% 10 (18%)
abdominal pain a4( 7%) 8 {14%) .
back pain 3( 5% 7 {13%)
injection site reaction 0 8 (14%)
fever a( 7%) 3( 5%)
chills 2( 4%) 4( 7%)
injection site pain 0 S5( 9%) |
neck pain 1( 2%) a( 7%) K
|  sepsis 11 2%} 3( 5%) :
| injection site hemorrnage : 0 3( 5%) '“
unevaluable reaction 1( 2%} 2( 4%) X
abdominal entargement 0 2( 4%)
! cellulitis 0 2( 4%)
L flu syndrome 2 { 4%) 0 ,
APPEARS THIS WAY

ON ORIGINAL
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Respiratory System

Any event 55(100%) 56{100%)
dyspnea 55({100%) 56(100%)
increased cough 45 (82%) 46 (82%)
hypoxia 36 (65%) 31 (55%)
epistaxis 4 7%} 5( 9%0
rhinitis 4( 7%) 3( 5%)
respiratory disorder 2( 4%) 4( 7%)
pleural sffusion 0 4( 7%)
pharyngitis 1( 2%) 3( 5%)
sinusitis 2( 4%) 2( 4%)
lung edema 1({ 2%) 2( 4%)
pneumonia 0 3( 5%)
bronchitis 1 2%) 1{ 2%)
pneumothorax 0 2( 4%)
Cardiovascular System
Any event 55(100%) 55 (98%)
peripheral vascular disorder 55(100%) 54 (96%)
vascular disorder 49 (89%) 53 (95%)
palipitations - 39(71%) 35 (63%)
pallor 29 (53%) 18 (32%)
tachycardia 23 (42%) 24 (43%)
syncope 11 (20%) 4 ( 7%)
tlushing 0 13 (23%)
right heart failure 7113%) 61(11%)
hypotension 0 7 113%}
shock 3( 5%) 3({ 5%)
arrhythmia 1{ 2%) 1( 2%)
bradycardia 1{ 2%} 1( 2%)
hemorrhage 0 2( 4%}
myocardial infarction 0 2( 4%)
migraine 1( 2%) 1( 2%)
thrombocytopenia o] 2{ 4%)
Metabolic and Nutritional Disorder
Any event 52 (35%) 53 (95%)
edema 48 (B7%) 44 {79%)
weight decreased 31 (56%) 25 {45%0
hypercalcemia | 28 (51%) 27 (48%)
hyperkalemia ) 0 2(4%)
thirst : 2 4%) []
Digestive System !
Any svent i 44 (80%0 51 (91%)
gastrointestinal disorder 40 (73%) 34 (61%)
anorexia i 26 (47%) 37 (66%)
nausea ’ 9 (16%) 23(41%)
diarrhea 3( 5%0 28 (50%)
[ vomiting 0 7 {(13%)
i tlatulence 2( 4%} 3{ 5%0
i rectal hemorrhage 1( 2%) 3( 5%)
constipation 1( 2%) 2{ 4%)
Musculoskeletal System !
Any event ’ 42 (76%0 49 (88%)
arthralgia 36 (65%) 43 (77%)
arthritis 25 (45%0 29 {52%)
leg cramps 4 7%) 3( 5%
Nervous System
Any event 43 (78%) 36 (64%)
| dizainess 42 (76%) 33(59%0
. depression 2( 4%) 7 (13%)
. anxiety 2{ 4%) 3( 5%)
| insomnia 0 S ( 9%)
. s>mnolence 1{ 2%) 2{ 4%)
| pervousness 0 2( 4%)
{  paresthesia 0 2{ 4%)
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Hemic and Lymphatic System :
Any svent 44 (80%) 31 {55%)
cyanosis’ 44 (80%) 30 (54%)

Skin and Appendages
Any event 31 (56%) 42 (75%)
sweat 20 (36%) 23 (41%}
skin ulcer 13 (24%) 22 {39%)
rash 2( 4%) 14 (25%)
pruritus 1{ 2%) 2( 4%

Urogenital System
Any event 11 2%) 8 (14%)
urinary tract system (o 4( 7%)
hematuria 0 3( 5%)

Special Senses
Any event 3( 5%) 2( 4%)

from sponsor’s table, NDA Vol. 30.3, pp. 151 through 155

A number of adverse events occurred in both conventional and FLOLAN
groups with a high frequency. These included asthenia, collagen disease,
dyspnea, increased cough, peripheral vascular disorder, vascular disorder and
edema, all of which occurred in over 80% of patients in each group. Other
frequent events included chest pain, hypoxia, palpitations, pallor,
tachycardia, decreased weight, hypercalcemia, anorexia, arthralgia, arthritis,
dizziness and cyanosis. Many of these events were likely related to patients’
underlying disease. Events occurring at 3 10% or higher greater frequency in
the FLOLAN group as compared to the conventional treatment group are

shown in the following table:

APPEARS THIS WAY

0N ORIGINAL
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Study VA1A4001: Adverse Events Occurming with 2.5% Difference Between FLOLAN and Conventional Therapy
Groups
Adverse Event’ Conventional Treatment FLOLAN
(% of patients) (% of patients)
IN=5§5) (N =56)
Occurrence More Common with FLOLAN
Body As a Whole
chest pain 45% 52%
jaw pain 0 75
headache 5 46
pain 2 32
infection 9 18
abdominal pain 7 14
back pain 5 13
injection site reaction 0 14
injection site pain 0 8
neck pain 2 7
injection site hemorrhage b} 5
Respiratory System:
pleural effusion 0 7
pneumonia 0 5
Cardiovascular System
vascular disorder 89 95
flushing 0 23
hypotension 0 13
Digestive System
anorexia 47 66
nausea 16 41
diarrhea 5 50
vomiting (o} 13
Musculoskeletal System
! arthralgia 65 77
{ arthritis . 45 52
Nervous System
i depression 4 13
| insomnia [o] 9
| skin and Appendages
| sweat 36 41
i skin ulcer 24 39
i rash 4 25
| Urogenital
’ urinary tract infection o] 7
! hematuria 0 5
! Occurrence More Common with
. Conventional Treatment _
| Body as a Whole .
l ascites : 33 23 °
. Respiratory
' hypoxia 65 55
‘{ .Cardiovascular
| paipitations 7 63
. pallor 53 32
' syncope i 20 7
! Metabolic and Nutritional "
edema ; 87 79
decreased weight f 56 45
Digestive System
gastrointestinal disorder 73 61
Nervous System
‘ dizziness 76 59 i
i Hemic and Lymphatic System
: cyanosis 80 54

from sponsor’s table, NDA Vol. 33.3, pp. 151 through 155
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A number of adverse events were more common in the FLOLAN group than
the conventional treatment group. These events in general reflect the current
labeling for. FLOLAN. Also, seen in this study were a number of events
related to the injection site, which obviously did not occur in the conventional
treatment patients who did not have an indwelling venous catheter in this
open-label study. A few events that appeared at similar frequency in the
primary pulmonary hypertension studied are notable in this study for
occurring more frequently in the FLOLAN group as compared to the
conventional group (e.g., hypotension, anorexia, and rash).

Sixty-five percent of conventional group patients and 63% of FLOLAN
patients had at least one serious adverse event. Serious adverse events
occurring in 2 or more patients are summarized in the following table:

Study VA1A4001: Serious Adverse Events Occurring in 2 or More Patients

Adverse Event Conventional FLOLAN
(N=55) (N =56)
Body as a Whole
Any event 28 (51%]} 23 (41%)
asthenia 26 (47%) 16 (29%)
collagen disorder 2( 4%) 8 (14%)
- ascites 3{ 5%) 21{ 4%)
chest pain 3( 5%) i 2( 4%)
sepsis 1( 2%) 2{ 4%)
fever 2{ 4%) 0
Respiratory Systern
Any event 30 (55%) 24 {43%)
dyspnea . 26 (47%) 17 {30%)
hypoxia ' 12 (22%) 10 (18%)
respiratory disorder 2( 4%) 4{ 7%)
increased cough 4 ( 7%} 1{ 2%)
pneumonia o} 3( 5%)
lung edema 1( 2%) 1{ 2%)
pneumothorax 0 2{ 4%)
Cardiovascular System
Any event 16 129%) 19 (34%)
| peripheral vascular disorder 7 (13%) 9 (16%)
| right heart failure 5( 9%) 5( 9%)
! tachycardia 1( 2%) 7 (13%)
: vascular disorder 21( 4%) 5( 9%)
' palpitations 2( 4%) 4( 7%) 1
! syncope 3( 5%) 2( 4%) -
' palior 2 4%) 1( 2%)
i shock 1( 2%) 21 4%)
{ myocardial infarction 0 2 4%)
[ Metabolic and Nutritional Disorder
| Anyevent 10 (18%) 12121%)
i edema 5{( 9%) 7 (13%)
| hypercalcemia 41 7%) 3( 5%)
waeight decreased 21( 4%) 2( 4%)
I hyperkalemia 0 2( 4%)
| Hemic and Lymphatic System
! Any event 7 (13%) 6 (11%)
| cyanosis 7 13%) 5 9%)
+ Digestive System
‘ Any event 6 (11%) a( 7%) -
anorexia < 7% 1{ 2%) "
gastrointestinal disorder | 3 5% 2( 4%) |
Nervous System :
! Any event & (11%) 3( 5%) [
| dizziness 8 111%) 31 5%)
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Musculoskeletal Systam
Any event 3( 5%) 2( 4%)
arthraigia 3( 5%} 1( 2%)
arthritis - 1( 2%) 21 4%)
Skin and Appendages
Any event 3( 5%) 1( 2%)
skin ulcer 3( 5%) 1{ 2%)

from sponsor’s table, NDA Vol. 30.3, pp. 156 through 158

Serious events showing a 5% or greater difference in frequency between
treatment groups included: a greater frequency in the FLOLAN group of
pneumonia (5% vs. 0%), collagen disorder (14% vs. 4%), tachycardia (13%
vs. 2%), and vascular disorder (9% vs. 4%); and a greater frequency in the
conventional treatment group of dyspnea (47% vs. 30%), increased cough
(7% vs. 2%), asthenia (47% vs. 29%), anorexia (7% vs. 2%) and dizziness
(11% vs 5%).

Nineteen patients had FLOLAN decreased and/or temporarily stopped due to
adverse events. Events leading to interruption of FLOLAN treatment included
nausea and/or vomiting (5 patients), sepsis (3 patients), hypotension (3
patients), respiratory disorder (2 patients), abdominal pain (2 patients), _
headache (2 patients}, and one patient each had diarrhea, metabolic acidosis,
pulmonary edema, hyperkalemia, pneumonia, myocardial infarction, and
arrhythmia. Disease-related events that led to interruption of FLOLAN
treatment included one case each of: syncope, dyspnea on exertion,
cardiovascular collapse, tachycardia, hypoxia, palpitations and edema. There
was no clear relationship between interruption of FLOLAN and distance
walked on any of the 6 Minute Walk Exercise tests.

There were 4 deaths in the FLOLAN group and 5 in the conventional
treatment group. The patients who died are described briefly in the table
below:

APPEARS THIS 'WAY
ON ORIGINAL
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Patient
7#

03306

| 03308

—— -t

Hex

IM/f)

Conventinnal

hall

A
{yi}

71

NYHA
Claee,

Vasadilato
7_(_y|.::.lnul

yes

Basehne Watk
(j.lll:qulv"_

Study VATA4001: Summary of Patient Deaths

Diseas

averlap
sythrome

Descrplion

P1 with hx clwonie hypotension. Meds potassiunm, Lasix, cisapride, tamazepam, docusate Ca,
Senokol, omeprazole, oxygen. Pt did not take coumadin because worried about falling. Hosp for
pancreautis suffered respiratory arrest during an episode of emesis. Died with respiratory (ailure,
renal falure, and pancreatitis at about day 70 on study.

limited
scleroderma

Pt with Hx Gl bleed, pneumonia, elevated WBC. Meds famotidine, oxygen, glaucoma drops, Xanax
Lasix, digoxin and others. Pt admitted to hosp with chest pressure. Was not on coumadin.
Suffered a respiratory arrest and died (about 60 days on study)

08304

66

yes

limited
scleroderma

Pt with hypertension, peptic ulcer disease, chronic sinusitis. Pt was admitted for dehydration,
sutfered worsening CHF and died (at outlying hospital). Pt died at about 60 days on study of
progressive right heart failure

15304

52

yes

N

features of
SSD

No medical problems other than SSD listed. Meds include Procardia XL prior to and during the
study. The patient presented to primary MD (not study site) with increased cough and shortness of
breath. She was hospitalized but symptoms worsened. Possibility of Ml was considered. CXR c/w
pulmonary edema. Pt died of acute puimonary edema after 2 days later (day 71 on study
treatment).

17301

46

overlap
syndrome

No medical problems listed other than SSD. Pt was on multiple meds prior to and during study
including prednisone, Lanoxin, Relafan, Zantac, Resteril, Albuterol, Alupent, coumadin. Pt was
hospitalized (not at study site) for a syncopal episode. She was placed on telemetry and over the
next few days showed “arrhythmias” and had another syncopal episode. Pt died on day 68 of
study treatment. Cause of death: severe pulmonary hypertension leading to fatat arrhythmia vs right
ventricular Ml vs PE

FLOLAN
06304

limited
scleroderma

Pt with. CREST and pulmonary hypertension, hx of syncope. Suffered a syncopal episode while on
FLOLAN; felt to have worsening right hear failure, FLOLAN increased (to about 7ng/kg/min). Pt
worsened became urvesponsive. Declared DNR. Died about day 48 of FLOLAN

08303

09307

67

yes

limited
scleroderma

Pt with ischemic heart disease, hypertension, gout, gastric reflux as well as SSD. Med included
Cardizem, Prinivil, Pepcid, Reglan, Flovent, Trilisate aspirin. Pt walked 200m on baseline day.
following day was started on FLOLAN 2ng/kg/min and dose gradually increased to 6 (or 8?)
ng/kg/min over next two weeks. Dose decreased to 4 because of irritability, flushing and
headache. About 7 hes alfter FLOLAN started pt developed increased difficulty breathing, CXR c/w/
pulmonary cdema; pt intubated. Blood cultures grew gram neg. Pt treated with antibiotics,
stabilized, extubated. Suffered an acute massive anterior Ml a week later and died {about day 19)
on FLOLAN. AEs on FLOLAN included paresthesias, rash, bleeding from CVP line, inc. urinary
frequency, reddened heel, skin tear..

a9

yos

systemic
nelorons

No medical problems other than SSD listed in CRF but hosp records indicate cardiomegaly,, CHF,
and hypartonsion.  Mads inchedod Lasix, digoxin, Trontal, nifedipine, Synthwoid, prazocin,
dicloxacillin. After about a3 week on FLOLAN pt developed low grade fever, a week later -
weakness. FLOLAN was stopped (about day 14). She developed nausea, abdominal pain, LUQ
pain, vomiting and flushing. She developed pneumonia and was treated with antibiotics. She
developed pulmonary edema. and worsening pericardial effusion, underwent periocardiocentesis and
was dischargod. Ono day lator she was admitted to a difforont hospital with coffee ground emesis,
hypoxia ind sepsis. Pt continued to deteriorate and died of respiratory failure due to pulmonary

| bypentension, and scleroderma with a number of complicating factors including pneumonia, hepatic
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finmted

sclerodenimg

' unlqnslum, voagutopathy, appee 64 hlmid,‘n-n.ll fowhae iul penpheral vascular disease. .

't on Lacax, allopormol, ndocm, coumadin, digoxan. Pt was started on FLOLAN Gll()).‘;{;illllll. This
was mcreased to Bngkagamn. PUexpenenced headache, jaw pain, diarrthea, nausea, nosebleeds, and
URI winle- on FEOLAN. Over subraequent weeks FLOLAN was increased turther stepwise to
16nafkgionn because of dyspnea on exertion and edema. Pt collapsed at home on about day 70 of
FLOLAN  Paramedics found e oin ventricular bbrdlation. Cardhoversion was unsuccessful. Efforts

at resusotation on armval n FR also were unsuccessiul.

BEST POSSIBLE COPY
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There is very little specific information given regarding the patients who died.
Most of the deaths appear to have occurred at hospitals that were non-study
hospitals and the little information that is recorded in the case report forms is
second hand in most cases. The case report form for this study was poorly
designed for collecting medical history not related to scleroderma spectrum
of diseases. A checklist was provided listing medical problems that were
exclusion criteria. At the end of the list were blank spaces for “Other” (See
sample sheet in Appendix G). here were no striking differences in
characteristics of the patients who died as compared to those who survived.
Only one of the 5 conventional treatment deaths was a male as compared to
2 of the 4 FLOLAN deaths. The FLOLAN survivors tended to be younger
than the FLOLAN deaths {52.6yrs as compared to 57.5yrs). However,
numbers of deaths were too small to make any reliable assessments of
possible risk factors for death with either conventional or FLOLAN therapy.

Reviewer's comments: This study has a number of limitations. First, the
study was essentially open-label even though efforts were made to mask
presence of an indwelling catheter during the 6 Minute Walk Exercise Test.
Second, there was some data missing for up to 20% of patients for the
primary efficacy assessment .

Walk distance did not particularly appear to predict risk of death over the study
time.

The magnitude of improvement in the 6 Minute Walk Exercise Test seen in
this study was somewhat less than that seen in the original NDA application.
The analyses of the secondary efficacy parameters are not inconsistent with
a beneficial effect of FLOLAN on pulmonary hypertension in these patients.
However, these analyses are essentially evaluable analyses not including all
patients treated, and cannot be regarded as providing substantial support for
efficacy of the drug.

Supporting Safety Study: -

Title: A Multicenter, Open-Label Protocol to Provide Chronic FLOLAN (epoprostenol
sodium) Infusions Plus Conventional Therapy to Patients with Pulmonary Hypertension
Secondary to the Scleroderma Spectrum of Diseases: A Continuation Study Following
Study VA1A4001 (NDA Vols. 4.008 through 4.010; study protocol in Vol. 4.010, pp. 3

through 33).

A, Summary of study: This is an ongoing long-term safety study designed to provide
long-term infusion of FLOLAN to patients with moderate to severe secondary
pulmonary hypertension who have completed Study VA1A4001 and to provide
additional long-term safety and survival data on use of the drug in these patients.
Patients who had completed Study VA1A4001 through week 12 were efigible to
enzer this open label study. Patients who had been on FLOLAN in VA1A4001 were
csntinued on the same FLOLAN dose to start with Patients who had been on
conventional therapy were started on FLOLAN at 2ng/kg/min which was increased
at a rate of 1-2ng/kg/min every 15 minutes or longer until dose-limiting side stfects
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occurred. Further changes in the infusion rate were made over time based on
persistence, worsening, or recurrence of symptoms of pulmonary hypertension or
occurrence of intolerable adverse events. Investigators vvere cautioned against
abrupt discontinuation of FLOLAN because of the rebound increase in pulmonary
arterial pressure that has been seen with discontinuation of FLOLAN infusion.
Information collected during the study included demographic data, dosing
information, and adverse events. Adverse events felt to be due to drug delivery
system maifunction and those felt to be due to the disease were documented
separately from the other adverse events. Any patients discontinuing FLOLAN were
to be noted. Patient deaths were to be recorded. Conditions for patient withdrawal
from the study included: the study is terminated; the patient’s FLOLAN infusion
was discontinued for more than 30 days; petient receives lung or heart-lung
transplant; patient withdraws consent; patient begins receiving commercially
available FLOLAN; patient is lost to follow-up; or patient dies.

Results: [Note: This study is ongoing. The sponsor indicates that this is an interim
report and data have not been verified against source documents, validated or
quality assured]. Enrollment started on January 15, 1997. As of March 31, 1998,
a total of 97 patients had been enrolled. Disposition of patients is summarized in
the following table: :

Study VA1A4002: Disposition of Paients

: Number of Patiants
i Total from conventional from FLOLAN
. group group

. Ehgibie patients 99 48 51
 Patients not entered 2 2 0 "
. Patients enrolled 97 46 51 z
. Discontinued due to: '
‘ Adverse event 2 2° 0

Death 19¢ 6 13

\Withdrew consent 2 1 1°

Receipt of commercially availabie FLOLAN 3 (4] 3°

+ raasons for non enroliment: .(both patients from the conventionsl group; 1 pt judged unreliable because of
comrphance problems; 1 pt, reason unknown};

t ane patient (#02307) sutfered respiratory distress on the first day of FLOLAN administration and the drug was

permanently discontinued; -however, she died 5 days later:

¢ does not include patient ¥02307 described in “b";

: Two of these patients (#03309 and #22302) subsequently died of unspucitied causes.

* This patient (#06303) withdrew consent becsuse jsw pain and diarrhsa wers too uncomfortable for her 1o tolerate

and she did not feel her symptoms wedre improved sufficiently to warrant continuation on FLOLAN.

reviewer's table, based on information in NDA Vol. and Vol. 30.10, pp. 163 and 164, and 30.6 pp. €
and 7

Generally demographic features, disease and duration disease of the Study
VA 14002 population were similar to those of the overall Study VA1A4001
population. Mean age was 54.8 yrs, 90% of patients were female, 79% of patients
were NYHA Class Ill, and 71% of patients had limited scieroderma. =

FLOLAN doses in this study ranged from O to 51ng/kg/min for former conventional
therapy patients and from 2 to 76ng/kg/min for former FLOLAN patients. At

-
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enroliment into this study median FLOLAN infusion rate was 10ng/kg/min for former

FLOLAN patients gnd 2ng/min/kg for former conventional patients.

As of 3/31/98 a total of 22 patients treated with FLOLAN in this study had died.
Most of these patients (15 of 22) had been on FLOLAN in Study VA1A4001. The
demographic and baseline characteristics of the patients who died were similar to
those of the patients who survived with the exception that the patients who died
tended to have had a longer history of pulmonary hypertension and a longer history
of scleroderma than the survivors as summarized in the following table:

Study VA1A4002: Summary of Baseline Disease History Characteristics for Patients Who Died®

FLOLAN deaths® FLOLAN survivors
(n=20) (n=77)

Puimonary hypertension

mean 17.20 15.26

median 7.00 8.00

range —— —t ‘
Scieroderma

mean 95.85 85.87

median 73.50 48.00

range Ee— e

? patients #03309, and #22302, who the sponsor considers to have died ‘off study’ are counted as

SUrvivors.

from sponsor’s table, NDA Vol. 30.8, p. 56

Causes of death and time on treatment at death are summarized in the following

table:

Study VA1A4002: Summary of Deaths

Number of Patient

Deaths

Time in study before death*:
<1 week
1 week to <4 weeks
4 weeks 10 < 12 weeks
12 weeks to_< 24 weeks
24 weeks 10 <48 weeks

HWOWN

Causes of death:

) hypotension

[  respiratory afrrest

. sepsis

i puimonary hemorrhage

! hyperkalemia

{ worsening interstitial tibrosis
cardiopulmonary arrest
vasculitis

progressive right heart failure/right heart failure

- - s NN W

j
i
i
i

* The protocol specified that “Each patient’s survival time will be calcuiated as the time from mitiation ot
study drug until the patient dies or is discontinued from the study or the study is terminated. The date of
initiation of study drug will correspond to the date the patient first received FLOLAN therapy. e ther as a

participant in Protocol VA1A4001 or in this study.” (NDA Vol. 30.10, p. 26}). However, in th2 sponsor’s
tables here the time appears to be only time enrolled in Study VA1A4002.

reviswer's table, based on information in sponsor’s tables NDA Vol.

—

[Note: According to the sponsor’'s Safety Update submitted 4/20/98 and

covering the period 4/1/98 through 12/31/98_an additional 12 patients in this
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study have died. These deaths have occurred between 31 and 99 week on
study. Most frequent causes of death were: right heart failure (7 patients),
_hypotensio’n (4 patients), renal failure (2 patients), puimonary hemorrhage (1

patient), cardiac failure {1 patient). Most patients suffered other events as
well].

About 99% of patients in this study have experienced one or more adverse events.
The most frequent events reported included: jaw pain (64 %), diarrhea (49%),
nausea (40%), headache {38%), pain (30%), and flushing {21%).

Serious adverse events were experienced by about 34% of patients in this study.
These events included: right heart failure (11%), sepsis {5%), hypotension (4%),
pericardial effusion (3%), and pneumonia (3%).

(Note: Occurrence of serious non-fatal adverse events was reported in an
additional 6 patients in the sponsor’s Safety Update mentioned above].

Two patients had FLOLAN permanently discontinued because of adverse events.
One patient (#02307, a 67 year old woman) experienced respiratory distress upon
initiation of FLOLAN. The drug was stopped but she died 5 days later. Another
patient (#06310, a 60 year old man) became hypotensive when FLOLAN was
started; the dose was decreased but hypotension persisted, so the FLOLAN was
discontinued. A number of patients {18% of patients) had adverse events which
lead to dose decrease and/or temporary discontinuation of FLOLAN. These events
included: hypotension {4%), nausea (3%); reaction unevaluable {orthostasis,
pinched nerve in back, tearing of eyes, and bacteremia), and dehydration (2%).

Adverse events attributable to the drug delivery system were experienced by about
22% of patients. These included: injection site pain, injection site reaction, sepsis,
injection site hemorrhage, and cellulitis. One patient reported anxiety due to drug
delivery system.

Adverse events attriboted to FLOLAN were experienced by 89% of patients. The
most frequent of these events were: jaw pain (64 %), diarrhea (45%}, headache
{33%), nausea (33%), pain (22%), and flushing (18%).

Reviewer’'s comments: The events observed in this ongoing open-label extension of
Study VA1A4001 are similar to the events reported for FLOLAN in the controlied
clinical study. During the 14 month period covered by the application a total of g7
patients have been enrolled and 22 of these have died. While the majority of these
cases were due mainly to progression right heart failure, in several cases sepsis
{clearly associated with the central line) and/or hypotension {(due to the FLOLAN)
were major cause of death or contributed to the death. This study highlights the
morbidity and mortality associated with intravenous administration of FLOLAN as
well as the morbidity and poor prognosis associated with the underlying disease.

Discussion:

In th's

application the sponsor has requested approval of FLOLAN for treatment of

“pulmonary hypertension —
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Efficacy: To support the requested expansion of the indication for FLOLAN the sponsor
has submitted report of a single controlled clinical trial (Study VA1A4001) for
demonstration of efficacy in secondary pulmonary hypertension. The May 1998 Guidance
for Industry: Providing Clinical Evidence of Effectiveness for Human Drug and
Biological Products identifies the following as characteristics of a single adequate and well-
controlled study that couid make the study adequate support for an effectiveness claim:

e large multicenter study - No single study site should contribute an unusually large fraction
of the patients and no single investigator or site should be disproportionately responsible for
the favorable effect seen.

o demonstration of consistency across study subsets — Analysis of the results of the trial for
consistency across key patient subsets should address concerns about generalizability of
findings to various populations.

e muitiple studies in a single study - Properly designed factorial studies may be analyzed as a
series of pairwise comparisons, representing, within a single study, separate
demonstrations of activity of a drug as monotherapy and in combination with another drug.

e multiple endpoints involving different events — Statistically persuasive evidence of an effect
on two or more prospectively identified, distinct, but logically related, endpoints. _

o statistically very persuasive finding - In a multicenter study, a very low p-value indicates that
the result is highly inconsistent with the null hypothesis of no treatment effect.

The study submitted for the requested indication is deficient with regard to all five of the above
criteria Study VA1A4001 was a fairly small (111 randomized, treated patients) muiticenter trial.
Because of the small number of patients it was difficult to assess consistency of results across
subsets. For instance numbers of males and numbers of older patients were particularly small
(15 men [10 conventional, 5 FLOLAN]; 32 patients >65 years [19 conventional, 13 FLOLAN].
The small size of the study also precluded meaningful analysis of the resuits by other methods
of grouping the patients, such as by center or by geographic area. FDA Biometrics has
concluded that the result for the primary efficacy analysis was not consistent across sites. (See
FDA Statistical review, by M. Fan dated 5/24/99).

Multiple efficacy endpoints were examined in the study. These included 6 Minute Walk Test
‘orimary). Borg Dyspnea Score, Dyspnea Fatigue Index, Raynauds Score and mortality.
Hemodynamic measures of the pharmacologic effect of FLOLAN also were assessed. No
senefit was seen on mortality. A modest improvement in the 6 Minute Walk Test was
seen. There was no improvement in the Dyspnea Fatigue Index. By the sponsor’s
analysis. there was some improvement in the Borg Dyspnea Score; however, the
instructions for collecting that data were somewhat confusing and the analysis done by the
sponsor used a different structuring of categories than was specified in the study protocol.
Scme of tnz hemodynamic parameters showed significant improvement. FDA Biometrics has
==:z-minsd that the study is not internally consistent with regard to results across the various
endpoirts  Finally, FDA Biometrics has determined that the sponsor's finding on the primary
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efficacy endpoint of change in 6 Minute Walk Test at 12 weeks is not statlstlcally persuasuve
(See FDA Statistical Revnew by M. Fan dated 5/24/99).

The approval of FLOLAN for primary pulmonary hypertension was driven importantly by a
demonstrated benefit of the drug on the hard endpoint of death in one of the two clinical
trials submitted in that application. In that trial survival was improved in NYHA functional
Class Il and Class |V PPH patients treated with FLOLAN for 12 weeks. At the end of
treatment 8 of 40 patients receiving standard therapy alone died, whereas none of the 41
patients receiving FLOLAN died. Indeed, this is the only between treatment comparison for
which a p-value (0.003) is provided in the description of the supporting trials in the labeling
for FLOLAN. Improvements in the 6 Minute Walk Test, the Congestive Heart Failure
Questionnaire and the Dyspnea Fatigue Index were additional evidence supporting efficacy.

The application also does not adequately address whether results obtained with use of
FLOLAN in the scleroderma spectrum of disease population would be extrapolatable to
patients with pulmonary hypertension secondary to other causes. For this application, the
sponsor has studied patients with pulmonary hypertension secondary to scleroderma
spectrum of diseases. However, the requested indication,

The sponsor has provided a
letter from Dr. ———————— of the University of Pennsylvama School of Medicine,
discussing the rationale as to why FLOLAN may be beneficial in treating pulmonary
hypertension due to these causes. The sponsor also argues that the other causes of
secondary pulmonary hypertension are sufficiently rare that it would be virtually impossible
to conduct clinical studies in any of the other indications.

The rationale for expecting the pharmacologic benefit of FLOLAN to be similar across these
populations is reasonable based on current understanding of the physiologic and
remcdynamic factors involved in puimonary hypertension. However, because the
conulations differ with regard to clinical manifestations and with regard to underlying
disease and etiologv of disease, it cannot be assumed that the morbidity and mortality
consequences of FLOLAN use in the different populations will be the same. There may be
differences in the safety profile of the drug in the different subpopulations that affect the
benef:'assessment for the product and possibly the labeling. Therefore, some clinical
experience in patients with secondary pulmonary hypertension due to these other causes is
neeced to adequately assess the benefit/risk of FLOLAN in these patients. While | agree
with the sponsor that due to the limited number of patients, it is probably not possible to
conduct an adequate clinical trial in each of the secondary pulmonary hypertension
subgccpulations, this does not constitute sufficient reason to grant the expanded indication
with2ut any clinical information in these patient populations. To obtain approval for the
expanded indication, the sponsor should perform a clinical trial in the broader population with
secondary pulmonary hypertension.

Szse+.. Administration of intravenous FLOLAN is associated with considerable morbidity, a

la rgf nart of which is associated with the requirement for an indwelling intravenous
atneter. (The invasive nature of the drug administration system is the reason Study

'y;-. " 4<201 coild not be blinded and better controlled). There a higher rate of ‘infection’ in

-~z FLOLAN group (18% of FLOLAN patients, 9% of conventional therapy patients) and

s~are were more reports of sepsis and cellulitis in the FLOLAN group. Injection site

-zaztions (including injection site pain, injection site hemorrhage, and unspecified reactions)
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occurred in over 20% of patients. The known and expected adverse events for FLOLAN
(such as jaw pain, diarrhea and headache) were reported in up to 75% of patients on

FLOLAN in the 12-week trial and in a majority of the patients in the long-term extension
study.

There were no evidence of improved survival with FLOLAN in the controlled trial
{(VA1A4001). This is in contrast to the result observed in a 12-week clinical trial (Study
46) in primary pulmonary hypertension which is reported in the FLOLAN labeling where 8 of
40 patients on conventional therapy alone died as compared to O of 41 patients on
FLOLAN plus conventional therapy. Possibly risk factors for primary pulmonary
hypertension and secondary pulmonary hypertension are a bit different. Also, in the
primary pulmonary hypertension study there was an issue that the patients randomized to
conventional therapy alone were somewhat sicker than those randomized to FLOLAN. (See
Medical Officer's Review of NDA 20-444 by E. Triantas dated 2/8/95).

The information in this application and the safety update indicate a significant morbidity

associated with use of intravenous FLOLAN with no apparent benefit of FLOLAN on
mortality.

Conclusions and Recommendations:

The sponsor has provided one trial which gives some support for efficacy of FLOLAN in
treating patients with secondary pulmonary hypertension due to scleroderma spectrum of
diseases. However, the evidence provided by that trial is not sufficientty convincing to
support approval of FLOLAN for the requested indication:

Therefore, | recommend that this application not
be approved.

Major deficiencies include failure of Study VA1A4001 to meet the criteria for adequacy as

a single trial supporting efficacy of FLOLAN in treatment of secondary pulmonary

hypertension. Specifically: .

. The trial was too small to establish consistency across centers due to small
numbers of patients enrolled at each center,

2. Consistency across subsets of patients (such as by gender, or by age) was not
established.

3. There was inconsistency of results across endpoints.

By The efficacy result was not statistically persuasive as a single study.

Additionally, the population studied does not adequately reflect the population for which
-he sponsor wishes to label the drug.



NDA 20-444
Page 37

Also, for the resubmission, in accordance with the December 2, 1998 Final Rule:
Regulations Requiring Manufacturers to Assess the Safety and Effectiveness of New Drugs
and Biological Products in Pediatric Patients (Federal Register, 63:66632) the sponsor
should submit plans for pediatric studies and/or information to support any planned request
for waiver or deferral of pediatric studies.

These comments and recommendations should be conveyed to the sponsor.
./ .. IV T O U

Kathy M. Robie-Suh, M.D., Ph.D. ¢

S
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FLOLAN?’ (epoprostenol sodium) for Injection

FLOLAN® (epoprostenol sodium) for. Injection
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Overall Table of Clinical Studies

v 35ed
FrE-0T VAN

F=28

md;;n;;;rl Snudy Stan Number of
Repant Lacanon (R) Investigatou(s) Age Range  Treatment Group, Treatment Duration  Srudy
CRE Locanon (C) - Design Publicauon in Years Dose Regimen Panticipants Batch Number
Clinical Stulies in Secondary Pulmonary Hypertension (SPH)
Consrolled Chinical Study
VA1A4001 Standard therapy controlied, 240CT96 23-78 Chronic FLOLAN® 12 weeks M=5 323503
(R) Vol. 4003, pt  chrunic, vpen-label, randomized, Barst, et al. 1-25ng/kg min plus F=5t 6M3508
(C) Vol. 4.017- parallel, multicenter None Conventiona) Therapy 603509
4.018 7C3307
Conveantional Therapy: 12 weeks M=10 5X5030
F=45 3$X5032
Ongoing Uncontroiled Clinical Stady ' .
VALTA402 open-label, extension of Study SIAN97 23-18 Chronic FLOLAN® Interim results up M=0 523503
(R) Val. 4 00R, pi  VA1A4001 Barst et al. 1-25 ng/kg/min plus 0 64 weeks F=g?7 6M350S
(C) Vol. 4.019- Nonc Canventional Therapy 603509
4024 : 703520
TD3513
6P3314
TH3530
Clinical Studies in Primary Puimonary Hypertension (PPH)
Controlled Studres
BWIS/36 Study 35: Class 1 & It 10APR8? 12-66 Acute FLOLAN® Apptox. M=7 4F2742
Please See Origmal Study 36: Class 1l & IV Rubin ct al. 210 22 ng/kg/min 10-20 min a F=18 612787
NDA 20 444 tor Stdand therapy cantrolied, Ann It Med cach dose 6K278)
the sty ey hironic, open, sandonnzed, (1990) L 12:485- IT244
Vel 1.25:1.29) nalticenter 9N Chronic FLOLAN® 8 weeks M=4 71X2797
and CRFs (Val. 210 12 ng/kg/min F=? 2783
1 69-1.70) 772740
Conventional Therapy 8 weeks M=3
F=U
W46 Sundard therapy controlled, 12SEP9) 6-70 Acute FLLOLAN® Approx. M=22 9P2776
Plcase Sce Onginal  chronic, open, ramdomized, Barst ¢t al. 2 w0 30 ng/kg/min 10-20 min at F=59 9W2761
NUA 20444 for paraliel, mukicenser NE 1 Med (1996) each dose oM2719
the smdy report 334:296-302 oM2721
Vol 1.30-1.33) and ot Chronic FLOLAN' 12 weeks M=10 O0M2722
CRFs (Vol. 1.70- 1 0 30 ng’kg/min F=3} IM2703
1.76) IM2704
i Conventional Therapy 12 weeks M=12

8 XION3ddV
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Table of Clinical Studies (cont'd)

Study [dcnufier Sady Start Number of
Repon Location (R) Investigator(s) Age Range  Treatment Group, Treaument Dunation  Seudy
CRF 1.ocanun (C) Design Publication in Years Dosc Regimen Participants Batch Numb
Other Information in Secondary Pulmonary Hypertension (SPH)
Menon Uncontsolicd study of acute effects  Reported L‘MR‘)a 39-64 FLOLAN' acuse F=17 Not reported
(R) Vol. 4.011, p250  of prostacyclin in SPH/SSc Menont N. Peripheral vein infusion, ~1 hour
(C) not available Anhritis and initial dose: 2 ng/kg/min
Rheumatism increased 2 ng/kg min every 10
(1998) 41:466-9. minutes; maximum 12 ng/kg/min
Olschewski Open-label, unconrolied, Reported 1996 30 56 FLOLAN® 20 min M= Not reported
(R) Vol. 4.011, p299  sequential acute treatment study of  Oslschewski H. 5-7.5 ng/kg/min, O, 2-8L/min, F=s
(C) not availahle 0,. NO intravenous epoprostenol,  Ana Int Med NG 18-28 ppm, acrosolized
serosolized cpoprostencl. and (1996) 124:820-4. prostacyclin 52-112ag,
acrosolized doprost for PH and acrosolized iloprost 9-21ug.
SPH
Mark Case report of treatment of PH Reporied AUG97 29 FLOLAN® Nox reported F=1 Not reporned
(R) Vol 4011, p236  associaced with use of Mark E. 2-5 ug/kg/min IV
(C) not available feafluramine and phentcramine NE 1 Med (1997)
337: 602-6.
Turanlahti Factorial, dosc response sndy of  Reported 1998 03-16 FLOLAN® 10 min M=7 Not reported
(R)Vol. 4.011, p403  vasodilators in children with PH Tursnlshti M. 10-20 ne/kgimin F=13
(C) not available Heant (1998)
79:169-74. NO nifedipine
Clinical Studies in Primary Pulmonary Hypertension (PPH)
Humben Case repons of puimonary cdema  Reporied 1997 25-34 FLOLAN' Not reporied F=12 Not reported
(R)Vol 4 011, piSS  in pulmonacy capillary Humben M. Eur 8-12 ng’kg/min
1C) mot avalable hemangiomawsis Respiratory J
(1997) 10-468s
|
Sollier Contrulled tnal of sequential doses  Reporied MAR9G  Not FLOLAN® Not reported n=10 Not reported
) Vol 4011, play  of NO. prostacyclin, and Jolhed P reporied tng/kg/mn initial dose
1C) not avalable mifedipioe to test vasoreactiviy in - Thorax (1997) increased | ng/kg/min
PPl 52369372 10 ng/kg/min maximum
Nitnc aride Not reponted n=10
Nifedipine Not reported n=10



Table of Clinical Studies (cont'd)

BEST POSSIBLE COPY

Study Idemlier Swnudy Surst Number of
Repoet Lacanon (R) Investigator(s) Age Range  Treaumens Group, Treaamemt Duration  Swudy
CRF Laxauon (C) Design Publication w Years Dose Regimen Panticipants Baich Number
Lawhom Case report of ondansetron for Reported APR97 38 FLOLAN® Chronic Fe=l Not reporied
(R) Vol. 4.011. p232  nausea and vomiting associated Lawhom S. . 1-22ng/kg/min
(C) not available with prosiacyclin J Heart and Lung

Transplanation.

(1997) 16:472.3.
McLaughlin Open sudy of epoptostenol in 01JANS4 40 (mean)  FLOLAN'® 12-24 months M=8 Not reported
(R) Vol. 4 011, p245  pauenis with PPH McLaughlinV. 2ng/kg/min with increases 60 a F=19
() i v ailable Fal. NEIM mean dose of 40ng/kg/min.

(1998) 338:273-7
Morales Case report of patients with PPH Reported 1997 19, 49 FLOLAN® 26 days. 6months  M=] Not reporsed
(R) Vol 4.01), p260 treated with epoprosienol prior 0 Morales P. et al. - 4-6 ng/kg/min F=1:
{C) not available lung transplant. Arch

Bronconeumol

(1997) 33:148-50
Nguyen Case report of acquired Repored 1997 60 FLOLAN® 6 months M=t Not reported
(R) Vol. 4011, p266  hemophilia in PPH Nguyea L. et al. Dose not reported
(C) not available - Eur Resp § (1997)

25:414s.
Rafly Case ceport of parsdoxical scuse Reported OCT93 34 FLOLAN® Not repored F=1 Not reporied
{R) Vol. 4 011. p332  brain thromboembolism in patiet  Raffy O. 5-10 ng/kg/mm
{C) not available with PPH and patent foramen Eur llean J

ovale (1996) 17, 153-

154
Tokarczyk Controlied, open-label study of Reporeed 1997 41 FLOLAN® 3-52 months M=35 Not reported
(R) Vol. 4011, ps0f  thrombocywpenia during chronic Toarczyk T. et al. 26123 ng/kg/min (mean dose) F=25
(C) not available prustacyclin infusions in PPH Circulation (1997) . '

96:1-134. 38 Conventional therapy n=15

!

Congenital Heart Discase
Schulre-Neick Open label, sequential m Reported 1994 Not reported  FLOLAN® Acute n=21 Not reported
(R) Vol 4011, p370  swdy of O, plus prostacychin and Schulze-Niccke 5-20 ng/kg/mmn
(Cy not avalable NO for preoperative evaluation in 1. Furopean

conpenial heant discase
i

)

lcan Joumal
(1994) 14 521

pp a5ed
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Table of Clinical Studies (cont'd)

Saudy Identificr Swudy Stant Number of
Repont Location (R) Investigator(s) Age Range  Treatment Group, Treatmeni Dunasion  Study
CRF Locacion (C) Design Publication m Years Dosc Regimen Participants Batch Number
Hemodialysis
Navacek Controlled, opea-label trial in Reportod SEP97 23-65 FLOLAN® . 1 week M= Not reported
{R) Vol. 4.011, p281  hemodialysis. companing Novacek G. Sng/kg/min Few?
(C) not avatlable unfractivnated hepann, low Thrombosis Res
molecular weight heparin, and (1997) 88:283-90 Cross-oves to control groups 1 week
prostacyclin
Hepatic Failure
Reineh Case repon of hepatic failure afier  Reported 1995 76 FLOLAN® 6 days M= | Not reporsed
(R) Vol 4011, p339  septic shock Reinek H. 5 ng/kg/min
(C) not available Clin Intensive
Care (1995)
. 6:290-2
Pulmonary Veno-occlusive Disease
Palmer Case repont of prostacyclin Reported SEP96 42 FLOLAN® 15 min F=1 Not repored
(R) Vol. 4 011, p3O8  infusion in pulmonary venous Palmer S. et al. 2 ng/kg/min
(C) not available obsiructive discase Chest (1998)
113:237-240.

Persistent Pulmonary Hypeﬂ‘cnsion of the Newborn

farher Casc repon of neonatal alveolar- Reported FEB9? 17 days FLOLAN® Day 17-Day 58 M=) Not repored
(R) Vol $011, p3t2  capillary dysplasia treated with Parker T. 8-230 ng/ke/min
4C) in available inhaled nitnc oxide and PG, Am § Respinatory

and Critical Care Inhalcd NO Days 244, $1-93,

Med (1997) 55-60

158.741 6
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Table of Clinical Studies (cont'd)

Swdy Kdentifier Swudy Start Number of
Repot Location (R) Investigaws(s) Age Range  Treatmem Group, Treaunent Dunstion  Smudy
CRF Locatioa (C) Design Publication in Years Dose Regimen Panicipants Baich Number
Raynaud's Phenomenon
Kingma Randomized, controlled, crossover  Reporied AUGHM  24-60 FLOLAN" Repeawed for 3 M=3 Not reported
(R) Vo!. 4.010, p203  study of prustacyclin effect on Kingma K. ] 2-8 ag/kg/min (or Sh weeks F=9
(C) nat avalable hemodynamics in Raynsud's Cardiovascular followed by 1 wk washout,
Pharmacology
(1999) 26:388-93.
Refractory Heart Failure
Pacher Randomized, open-label, Reporwed 1998 53 (mean) PGE, 1015 ng/kg/min Not reported n =30 Not reported
(R) Vol. 4.011, p307  contyolled, prospective Pacher R ctal. )
(C) a0t available comparison of prostaglandin, Heart and Lung FLOLAN® 412 ng/kg/min Not reporsed n=§
prostacyclin, and dobutsmine . Transplanation
(1998) 17:43. Dobutamine 4 +2 mcg/kg/min Not reporsed n=30
Sepsis
Radcrmacher Open-label study of prostacyclin Reporwed 1995 43-8] FLOLAN® 3.32 days M= 14 Not reported
(R) Vol. 4.011, p324  cffects on gastric intra-mucosal pH  Radermacher P. e Acute dose of 10 ng/kg/min F=2

(C) it available in septic shock

i

al Intensive Care
Med (1993)
21:414-21.

followed by
3-10 ng/kg/min for 3-32 days

9y a3ed
PP-0C VAN
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APPENDIX C

BORG DYSPNEA SCORE

Following the walk, the person administering the test will obtain the rating of
dyspnea using the Borg Scale as follows:

“I would like to use the following scale to indicate the maximal shortness of
breath you had during the walk test {indicate the Borg Scale]. If there was no
shortness of breath at all you would point to 0; if the shortness of breath was
not very great you would choose from 0.5 to 2; if you were somewhat more
short of breath you would select 3; and if the breathing was getting very
difficult, you would choose 4 to 9, depending on just now hard it was; 10
represents the greatest shortness of breath you have ever experienced in your
life, and if you feel more short of breath than you have ever been in your life
before, choose a number greater than 10 that represents how short of breath
you feel. If one of the numbers doesn’t exactly represent how short of breath
you are, then you can choose a fraction between. For example, if you had
shortness of breath somewhere between 4 and 5, you could choose 4'4.”

= Nothing at all

Very, very light (Just Noticeable)
Very light

Light (Weak)
Moderate

Somewhat heavy

Heavy (Strong)

us

Very heavy

Very, very heavy (Almost Maximal)
Maximal

WO YO U WN OO

o
[ B B

APPEARS THIS WAY
ON ORIGINAL
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APPENDIX D

Appendix D:  Dyspnea-Fatigue Rating

The following clinical index of dyspnea and fatigue has been applied in
previous studies to rate the condition of patients with CHF and PPH. The
index has 3 components, each rated on a scale of 0 to 4, for the magnitude of
the task that evokes dyspnea or fatigue, the magnitude of the pace (or effort)
with which the task is performed and the associated functional impairment in
general activities. The ratings for each component are added to form an
aggregate score, which can range from 0, for the worst condition, to 12, for the
best. Since dyspnea and fatigue are prime symptoms and sources of clinical
distress, the index should also aid in assessing the severity of pulmonary
hypertension. In double-blind CHF trials, changes in the index showed good
correlations with patients’ self-selected ratings of improvement. (Feinstein
AR, Fisher MB, Pigeon JG. Am ] Cardiol 1989; 64:50-5)

The ratings for the 3 components of the dyspnea/fatigue index

~ Magnitude of Task (at normal pace):

4= extraordinary. Becomes short of breath or fatigued (hereafter called
“symptomatic”) only with extraordinary activity such as carrying very
heavy loads on level ground, lighter loads uphill or running. No
symptoms with ordinary tasks.

3= major. Becomes symptomatic only with such major activities as walking
up a steep hill, climbing more than 3 flights of stairs or carrying a
moderate load on the level.

2= moderate. Becomes symptomatic with moderate or average tasks such as
walking up a gradual hill, climbing less than 3 flights of stairs or
carrying a light load on level ground.

1= light. Becomes symptomatic with light activities, such as walking on the
level, washing or standing.

0= none. Symptomatic at rest, while sitting or lying down.

Magnitude of Pace:

4= extraordinary. Essentially all conceivable physical tasks are performed at
normal pace.

3=  major. Major tasks, as defined earlier, are performed at a reduced pace,
taking longer to complete. Less strenuous tasks can be done at normal
pace.

2= moderate. Moderate tasks, as defined earlier, are performed at a reduced
pace, taking longer to complete. Light tasks can be done at normal -
pace.

1= light. Light tasks are done at a reduced pace.
0= None. Symptomatic at rest.
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Functional Impairment:'

4= none. Can carry out usual activities and occupation (if employed before
onset of pulmonary hypertension) without symptoms.

3= slight. Distinct impairment in at least 1 activity but no activities
completely abandoned. A change in activity may have occurred at work
or in other activities, but the change is slight or is not clearly caused by
shortness of breath or fatigue.

2= moderate. Patient has changed jobs or has abandoned at least 1 usual
activity.

1= sepere. Patient is unable to work or has given up most or all usual
activities.

0= uvery severe. Unable to work and has given up most or all usual
activities.

In categories 2, 1 and 0 for any of these component ratings, the impairment

should be caused by shortness of breath or fatigue or both. If causec. by other

factors, the impairment should not be rated with this index. Also, usual

activities refer to requirements of daily living, maintenance or upkeep of
residence, yard work, gardening, washing, shopping, cooking, etc.

APPEARS THIS WAY
ON ORIGINAL
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APPENDIX E

Appendix E:  Functional Classifications of Patients With Diseases of the
Heart

CLASSI

CLASSIT

CLASS I

CLASS IV

Patients with cardiac disease but without resulting limitations in
physical activity does not cause undue fatigue, palpitation,
dyspnea, or anginal pain.

Patients with cardiac disease resulting in slight limitation of
physical activity. They are comfortable at rest. Ordinary
physical activity results in fatigue, palpitation, dyspnea, or
anginal pain.

Patients with cardiac disease resulting in marked limitation of
physical activity. They are comfortable at rest. Less than
ordinary physical activity causes fatigue, palpitation, dyspnea,
or anginal pain.

Patients with cardiac disease resulting in inability to carry on
any physical activity without discomfort. Symptoms of cardiac
insufficiency or of the anginal syndrome may be present even at

rest. If any physical activity is undertaken, discomfort is
increased.

Excerpted from Diseases of the Heart and Blood Vessels - Nomenclature and
Criteria for Diagnosis, 6th Edition, Boston, Little Brewn and Company,
copyright 1964 by the New York Heart Association, Inc. 7th edition, revised,

1973.

APPEARS THIS WAY
oY ORIGINAL



Protocanl: VAIAANO)

Fopilataon;

Al PFatients,

Variable

Heart Rate (bpm)

SAPs

SAPd

SAPm

RAPm

PAP3

PAPd

PAPM

{mem Hg)

(mn Hg)

{mn Hg)

(mm Hg)

{mm Hq)

(mm Rg)

(mm tig)

Intent -t o-Treat

Sunwnary of Hemodynamic and Blood Gas Measurements at Baseline and Week 12

Treatment

Flolan
Conv.
Flolan
conv.
Flolan
Conv.
Flolan
Conv.
Flolan
Conv.
Flolan
Con‘.
Flolan
Conv.,

Flolan

55

56

S5

56

55

56

55

56

55

56

S5

56

55

56

55

Plapned
Relative
Time

Baseline
Week 12

Baseline
Week 12

Baseline
Week 12

Baseline
Week 12

Baseline
Week 12

Baseline
Week 12

Baseline
Week 12

Baseline
Week 12

Baseline
Week 12

Baseline
Week 12

Baseline
Week 12

Baseline
Week 12

Baseline
Week 12

Baseline
Week 12

Baseline
Week 12

Basel ine
Woek 12

Table 26

55
48

56
50

55
48

56
49

5SS
49

56
49

55
40

56
49

55
47

56
50

55
40

56
50

55
48

56
50

55
49

36
50

Mean

84.46
82.90

83.70
86.91

122.93
119.96

126.70
118.08

72.13
712.92

75.85
66.4)

89.07
88.60

92.80
84.90

11.13
12.2¢

13.14
11.71

82.87
82.52

83.0?
74.49

32.25
32.40

34.78
30.21}

49.12
49.10

50.88
44.97

SD Median
13.50 85.33
13.18 84.00
10.85 83.50
11.49 85.83
14.10 119,33
15.06 119.8)
16.73 124.00
21.30 112.67
11.18 13.00
9.79 72.50
1,33 75.61
9.64 67.67
10.78 88.56
9.94 87.8)
12. 91.56
12.33 85.56
5.49 | 10.67
6.25 12.33
5.02 13.03
6.60 12.17
17.07 81.67
19,76 78.1?7
16.75 80.67
17.35 76.00
7.75 30.3)
9.01 31.00
8.7 34.33
9.22 3o.00
10.19 48.22
11.78 47.83
10.58 50.33
10.54 46.313

Page 1 of 2
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Pcotocnl: VAIA4001
pPopulation: All Patients, Intent-to-Treat

Table 26

Summary of Hemodynamic and Blood Gas Measurements at Baseline and Week 12

Planned
. Relative
Variable Treatment N Time n Mean SD Median Min. 259-Tile 758-Tile Max.
Cardiac Output (L/min) Conv, 55 Baseline 55 4.05 1.26 3.93
Week 12 49 ‘.94 1.49 J.62

Flolan 56 Baseline 56  3.40 1.18  3.27
Week 12 S50  4.29 1.39  4.05

Cardiac Index (L/min/m**2) Conv. 55 Baseline 55 2.23 0.65 2.11
Week 12 18 2.15 0.70 2.09

flolan 56 Baseline 56 1.93 0.59 1.86
Week 12 50 2.44 0.66 2.34

PCHP (mm Hql Conv. 55 Baseline 53 9.03 3.22 10.00
Week 12 46 9.63 5.79 8.8)

Flolan 56 Baseline 55 9.27 3.07 9.00
Week 12 48 9.77 5.69 8.67

' sv02 (V) Conv. S5 Baseline 54 56.76 9.89  60.67
Week 12 45 59.09 8.66 60.00

Flolan 56 Baselina 54 57.41 10.76 58.17
Week 12 . 47 61.38 12.26 63.13

5a02 (W) Conv. SS Baseline 55 92.52 6.59 94.00
Week 12 48 93.06 4.8% 93.00

Flolan , 56 Baseline 56 92.65 6.76 94.00
Week 12 49 92.82 8.52 94.33

PVR (U) Conv. 55 Baseline 53 11.17 5.31 9.3
Week 12 46 11.66 6.61 10.84

Flolan 56 Baseline 55 14.20 7.06 13).48
. Week 12 438 9.17 4.492 8.48

TS 38ed
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APPENDIX G

CONFIDENTIAL

MEDICAL HISTORY

v SCREEN
% VAIAA001

; . Subject’s Subject’s Sesmon
Imvestigato” number; ity ; mer

A

Yo

Past Present at
-] history Screen No | Unknown
Does this patient have s history of: v v v v

Anorexic agents

Liver disesse 3

Disbetes 2

pvr2

IV drug abuse !

Left heart failure 1

Other family members with PH,
Spectfy type of PH:

Exposure to Flolan 1

Puimonary embolism !

Renal dysfunction 2

Residence at high altitude

Smoking -~

Valvular heart disease ?

Other,
Specify:
Other,
Specity:
Other,
Specify:
Other,
Specity:

' Patient may not be entered in studly if present at Screen.

1 if present ot Screen, comment in the INVESTIGATOR COMMENT LOG on clinical significance in cagards to
study entry eligibility.
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