Clinical and Statistical Review ,

Thomas A. Marciniak, M.D. (Efficacy), Maryann Gordon, M.D. (Safety), and Ququan Liu, M.D., M.S. (Statistics)
NDA 22-081 -
Ambrisentan (Letairis™) tablets

Anemia

There was a decrease in mean hemoglobin and hematocrit in the ambrisentan groups compared
to placebo. The table below shows the changes from baseline at week 12 for the combined
studies 320 and 321.

Table 39 Hemoglobin and Hematocrit Change from Baseline to Week 12 (AMB-320/321
Population: Safety)

Treatment group Placebo 25mg 5mg 10 mg Combined
N =132 ambrisentan  ambrisentan  ambrisentan  ambrisentan
(N =64) (N =130) N =67 (N = 261)
Hemoglobin {g/dL) .
_Week 0 n 120 63 124 62 249
Mean (SD) 144205  148(1.98) 147(187) 144097  146(1.92)
Change from n 106 55 116 59 230
baseline to
week 12! Mean (SD)  0.18(1.04)  -087 (1.09) 077 (119  -093(1.29)  -0.84 (1.19)
Median 0.20 070 -0.80 -1l 0.80
Min, Max 30,34 39,16 33,37 -3.1,5.1 -39.5.1
Hematocrit (V/V)
Week 0 n 118 60 121 60 241
Mean 0.44(0.062)  0.45(0.061) 0.44(0.08)  0.44(006) 0.4 (0.06)
Change from n 106 33 110 56 219
ﬁ::}("l‘;.m Mean (SD)  0.01(0.033) -0.03(0.034) -0.02(0.037) -0.03(0.043) -0.03 (0.038)
Median 00 0.03 -0.02 -0.04 -0.03

Min, Max -0.09,0.14 -0.12.0.05 -0.11.0.11 -0.10,0.16 -0.12,0.16

*The bixseline value was the most recent value prior to flrst dose
Source: AMB-320/321. Table 14.3.12

Overall there was a mean 0.84 g/dL. decrease in the mean hemoglobin level in the combined
ambrisentan group (n=230) compared to a mean 0.18 g/dL increase in the placebo group
(n=106). Hematocrit had similar changes.

At week 12, there were decreases in mean hemoglobin/hematocrit levels in the ambrisentan
group (all doses combined) compared to placebo (-0.84 g/dL/-0.03 V/V) compared to a mean
increases in the placebo group (0.18 g/dL/ 0.01 V/V).

The number and percent of subjects in studies 320 and 321 who had a decrease in hemoglobin of

> lg/dL as well as those with a decrease of > 15% and below the lower limit of normal are
shown below by treatment group.
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Table 40 Decreases in Hemoglobin from Baseline to Minimum Post-Baseline Values
(AMB-320/321 Population: Safety)

Shift, n (%) Placebo . 25mg 5mg 10 mg Combined
(N =132) ambrisentan ambrisentan ambrisentan Ambrisentan
N=64 N =130) N=67) N =261)

Decreases in Hemoglobin 21 g/dL

Any decrease 23(17.9) 39 (60.9) 83 (63.8) 49 (73.1) 171 {65.5)
Weeks i-4 10(7.6) 26 (40.6) 50 (38.4) 35(5.2) tt1 (42.5)
Weeks 4-12 13 (9.3) 13 (20.3) 33(25.49) 14 (20.9) 60 (23.0)

Normal 10 low 6 (4.5) 5(7.8) 9(6.9) 8(11.9) 28 (10.M)
Weeks 1-4 2(15 34D 538 6(8.9) 16 {6.1)
Weeks 4-12 430 23.1) 4(3.1) 2{3.0) 12 (4.6)

High to normal 2(1.5) 5(71.8) 16(12.3) 4 (6.0) 27 (10.3)
Weeks 1-4 1(0.8) 5(1.8) 11 (8.5 4{6.0) . 21(8.0)
Weeks 4-12 1{0.8) 0 (0.0) 5¢3.8) 0 (0.0} 6(2.3)

High to low 0{0.0} 9 (0.0} 0(0.0) 0{0.0) 0 (0.0)

Decreases In Hemoglobin 215% and Below the Lower Limit of Normal

Any decrease 5(3.8) 3(4.D 7(5.4) 7(10.9) 17 (6.5)
Weeks 1-4 0 (0.0 2.1 6 (4.6) 3(4.5 12 (4.6)
Weeks 4-12 5038 1(1.6) 1(0.8) 4(5.9 5(1.9

Source: AMB320/321. Summary Table 14.3.19 and Summary Table 14.3.20

There were more decreases in hemoglobin > 1 g/dL in the drug group (65.5% for the combined
ambrisentan) compared to placebo (17. 4%) and there was an indication that it was dose
dependent. This was also true for the sizable hemoglobin decrease defined as 15% from baseline

and below lower limit of normal (6.5% versus 3.8%).

The same finding was observed in study 220 (at week 12).

Table 41 Hemoglobin and Hematocrit Change from Baseline at Week 12
(AMB-220 Population: Safety)

Treatment group 1mg 25mg Smg 10 mg Combined
ambrisentan  ambrisentan  ambrisentan  ambrisentan  ambrisentan
(N=16) N=19) (N=16) N=13) N =64)

Ifemoglobin {g/dL)
Week 0 n 16 19 16 2 6
Mean (SD)  14.5(2.11)  133(1.75)  149(1.68) 152(17.51)  14.3(1.94)
Change from n 15 i6 14 1 56
baseline to Mean (SD)  04(121)  -0.7(072)  -10(08%) -14(L1})  08(1.03)
Median 05 0.6 09 14 08
Min,Max  -24,2.1 2.2,04 27,02 -3.0,06 30,21
Hematocrit (V/V)
Week 0 n 16 19 16 2 63
Mean (SD) 043 (0.066) 040(0.052) 0.44(0.050) 0.46(0.060) 0.43 (0.059)
Change from n 15 16 14 11 36
2’::;“,‘; © 7 Mean(SD) -0.01(0.038) -0.02(0.022) -0.03(0.03) -0.04(0.035) -0.02(0.033)
Median -0.02 002 -0.03 0.0 -0.02
Min, Max 0.1, 0.1 0.1,00 0.1,00 -0.1,00 -0.1.0.1

Source: AMB-220. Table 12.10
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The table below shows the decreases from baseline over 24 weeks.

Table 42 Hemoglobin and Hematocrit Change from Baseline throughout the Study
(AMB-220 Population: Safety)

Study week Week 4 Week § Week 12 Week 16 Week 24
Hemoglobin (g/dL)
Change from n 57 5 s6 53 52
baseline Mean(SD)  05(082)  -08(089) D8(102)- -09(L12)  -09(1.24)
Median 09 08 08 10 1.0
Min, Max 29,09 25,23 -3.0,21 30,33 30,30
Hematocrit (V/V)
Change from n 56 5 56 4 50
baseline Moan €SD) 003 (0.026) -0.02(0.030) -002(0.033) -0.03(0036) -0.03 (0.038)
B Median -0.03 £0.02 £0.02 0.03 -0.03
Min Max 01,00 20.1,0.1 01,01 01,01 01,01

Souwrce: AMB-220, Summary Table 14.4.11

Mild to moderate decreases in hemoglobin/hematocrit anemia appear linked to ambrisentan use
(similar to bosentan). The effect seems to stabilize in the first several months of treatment.

Anemia was reported as an adverse event by 6% of the subjects in the AMB-320/321E combined
analysis (24/383). One subject (AMB-222/143-003) was hospitalized twice (study days 10 and
112) because of anemia. She had a long history of frequent episodes of epistaxis. During both
hospitalizations she was transfused and released. She remained on study drug (2.5 mg followed
by 5 mg ambrisentan). ’

The mild decreases in hemoglobin and hematocrit are similar to those seen with other endothelin
receptor antagonists.

Coagulation

Coagulation tests were obtained monthly for 50%-60% of subjects receiving an anticoagulant in
the phase 3 studies AMB320 and 321.

The table below shows the changes in PT and INR values at week 4, by treatment group.
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Table 44 Prothrombin Time aud Internatisnsf Normalized Ratio Charge frem
Baseline to Week 4 (AMB-320321 Popuiation: Safety)
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The changes to the doses of specific anticoagulants (sum of daily doses over 7 day period) were

examined as well.

Table 1213 Weekly Anticoarulant Dose, Profhrembin Time and International Normalized
Ratio Percent Change from Week 0 at Week 12 (Population: Safety)

per e

@=1y)  (N=e§  N=I)  (K=6) (=21
BPoccant camgs
iz waakly 2 » W0 60 ] 1
P Mam(SD) 323Q0M  185(6LTF) 1S2(EISY) LGS (SEEH  163(73.16)
Madien 000 080 0.00 0.00 LY
Porcant change
n?T n 3 % 4 » 139"
Mem(SD) 135@E230)  -LeCR9N)  RO@IAY  -36Q88%)  3S5GEED
Madiaz 16 12 36 0.00 083
Min Max 5711684  -618,813 61,2853 650,568 7612833
IR e 61 36 73 » 4G
Mean(S0) BM(LES  LISE49E) - 1184(6002) 146(33Y  695(1228)°
Madizz we 209 326 0.00 ko)
. Min Mz 608338707 TR10, 12113 774633893 -S415,12154 84153883
Sootre Sty TV 14503 }

The changes observed in the active treatment groups are not different from those observed-in the
placebo group.

In addition, there were no subjects in the ambrisentan arms of these 2 studies who reported a
change in PT or INR that was considered to be an adverse event. There were scattered reports of
changes in PT/INR as an adverse event in subjects participating in other studies.

Long term use of ambrisentan and coagulation values was evaluated in extension study
AMB320-321E. The table below shows changes in INR values over 48 weeks, by treatment

group.
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Table 121§ International Normalized Ratio Chazge from BaseEne Over Time during the
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In summary, it is unlikely that there is a link between the use of ambrisentan and changes in
coagulation.

Bleeding reports
The following subjects reported bleeding events that led to study drug discontinuation:

-subject 320/101-006 (10 mg) was hospitalized 14 days after the start of study drug because of
hypoxic respiratory failure secondary to a rapidly recurring right pleural effusion. She
complained of abdominal and flank pain with a marked increase in dyspnea. Her hematocrit had
dropped from 30% to 19%, platelet count was 45 x10° U/L, and PTT was >150 s. Heparin was
interrupted and the subject was started on lepirudin. She recovered and remained on study drug.
On day 88, this subject was hospitalized because of an intracranial bleed. Her husband stated that
the subject had fallen and hit her head. She died the next day (see death section)

Other reports of serious bleeding include:

-subject 321/242-005 reported anemia. Resolved.

-subject 321/207-009 reported severe epistaxis. Other medication change, resolved;

-subject 321/245-006 reported hemoptysis. Other medication_change, resolved;

-subject 320/321/227-001 (2.5mg) had severe GI hemorrhage with drop in hematocrit, resolved;
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-subject 320/321/155-003 (10mg) had severe hemoptysis;
-subject 320/321/214-002 (placebo) had severe epistaxis.

There were 30 subjects with reports of hemorrhagic events in 320/321E. Of theée, 11 were
serious with 3 of the 11 resulting in discontinuation/interruption of study drug.

-subject 320/321E/231-005 (2.5mg) with subacute subdural hematoma diagnosed day 91.
Acenocoumarol was discontinued as was ambrisentan when subject withdrew her consent.

-subject 320/321E/116-008 (10mg) with subacute subdural hematoma diagnosed day 239 after
traumatic event. Warfarin was discontinued; ambrisentan was interrupted for 6 days.

-subject 320/321E/104-003 (5mg) was discontinued because of hematochezia. Concomitant
medication included warfarin.

7.1.8 Vital Signs

Mean heart rate decreased slightly more (1.4 bpm at week 12) for 244 subjects receiving
ambrisentan (doses 2.5 mg-10 mg) compared to 113 subjects receiving placebo 90.2 bpm).

Mean blood pressure tended to decrease more in subjects receiving ambrisentan at week 12
compared to subjects receiving placebo.
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There were sporadic reports of hypotension/syncope.

-subject 321/211-008 (2.5 mg) reported syncopé day 50. Temporéry discontinuation of study
drug. Completed study : : - e —
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7.1.9 Electrocardiograms (ECGs)

QT study ,

For a detailed evaluation of the thorough QTc¢ study, AMB-104, please see the review of it by the
Division QTc team. The most succinct summary of it from that review is the following
recommendation regarding a description of it for the label:

Abnormal ECGs _
The number and percent of subjects with clinically significant abnormal ECG findings at screen,
week 0, and week 12 for studies AMB 320 and 321 are shown below®.

AMB-320 AMB-321
placebo Smg 10mg placebo 25mg 5 mg
N 67 67 67 65 64 63
CS abnormality, %
Screening Visit 9.0 16.4 239 15.4 14.1 9.5
Week 0 10.4 149 19.4 12.3 10.9 4.8
Week 12 7.5 10.4 1.9 9.2 94 1.6

The vast majority of abnormalities were reported both at screen/baseline and week 12 and
reflected the effects of PAH on the heart. There is no indication that ambrisentan causes cardia
abnormalities that can be detected by ECG changes after 12 weeks of treatment. '

7.1.10 Immunogenicity

Allergic reaction
The following subjects reported events suggestive of allergic reaction:

-subject 320/321/211-009 (5 mg) reported dyspnea and erythematic swelling of face, hands, legs
on day 15. She was discontinued 4 days after the event and the reaction resolved 28 days later.

-subject 320/321/211-010 (5mg) reported mild face edema and headache 3 days after start of
drug. Study drug was stopped and the events resolved in one day. She-was restarted on drug and
the events reappeared. Study drug was then permanently discontinued.

8 ECG table dated March 5, 2007.
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7.1.11 Human Carcinogenicity

Human carcinogenicity is impossible to evaluate in the small, short-term studies performed for
this development program for PAH.

7.1.12 Special Safety Studies

Male fertility
Animal (rat studies) findings:

“Diffuse testicular atrophy (unilateral and bilateral) of massive severity was observed in one
animal at 100 mg/kg/day and in two animals at 300 mg/kg/day. . . . During the recovery phase
massive diffuse tubular atrophy was observed in-one animal in each treatment group (10, 30,
100, and 300 mg/kg/day). The diffuse testicular tubular atrophy was not reversible during the 13-
week recovery period at > 10 mg/kg/day.”

Semen specimens were collected during some of the studies:

Study AMB 320: few semen analyses were available for review (2 placebo subjects, 3
ambrisentan Smg subjects, 7 ambrisentan 10 mg subjects). In the 10 mg group, there were 4
subjects with ejaculate volumes greater than 1.0mL in both week 0 and week 12 samples. Sperm
densities decreased at week 12 compared to week 0 in all. One of the subjects also had
decreasing motility from week 0 to week 12.

Study AMB 321: few complete semen samples were available for review (2 placebo subjects and
4 ambrisentan 5 mg subjects). One of the ambrisentan subjects was deemed to be azoospermic by
the reviewer (expert consultant). There was little change for the remainder of the subjects.
However, the data were very scant and it is not possible to rule out an effect of the drug on
human male fertility.

Conclusion

While it is difficult to interpret these data, there is no indication that ambrisentan does not have
an adverse effect on human male fertility. One of the expert reports recommended that the effect
of drug on sperm concentration, motility, or morphology be examined after 24 weeks rather than
at 12 weeks.

7.1.13 Withdrawal Phenomena andjor Abuse Potential

There were no signs or symptoms of withdrawal in patients discontinuing ambrisentan in the
clinical trials, although withdrawal phenomena were not studied formally. There were no reports
of abuse in the clinical trials and there are no pharmacologic actions of ambrisentan that would
encourage abuse.
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7.1.14 Human Reproduction and Pregnancy Data

In embryo-fetal toxicity studies in rats and rabbits abnormalities of the lower jaw and hard and
soft palate, malformation of the heart and great vessels, and failure of thymus and thyroid to
form were observed. Ambrisentan was associated with an increased incidence of craniofacial
abnormalities of the jaw and palate and other teratogenic findings at all doses administered

In the clinical trails four patients became pregnant while taking ambrisentan. All pregnancies
were terminated by abortion.

7.1.15 Assessment of Effect on Growth

Children were not stﬁdied.

7.1.16 Overdose Experience

There were no reports of overdose with ambrisentan in the clinical trials.

7.1.17 Postmarketing Experience

Ambrisentan has not been marketed anywhere.
7.2 Adequacy of Patient Exposure and Safety Assessments

7.2.1 Description of Primary Clinical Data Sources (Populatlons Exposed and Extent of
Exposure) Used to Evaluate Safety ,
For descriptions of the trials and extent of exposure please see the first part of Section 7.1 above.
The clinical development program for ambrisentan was not large, i.e., 483 subjects exposed, but
typical of development programs for PAH, an orphan disease. We judge the exposure adequate
for characterizing the major risks of this ERA, the third submitted for approval. Besides the
usual problem of being able to detect rare events, the major limitation of exposure of this size is
the inability to characterize adverse events in 1mportant subgroups, such as blacks and the
elderly.

7.2.2 Description of Secondary Cli_nical Data Sources Used to Evaluate Safety

7.2.2.1 Other studies

Phase 1 studies
The phase 1 studies are briefly described below.
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Phase 1 Clinical Studies in Healthy Subjects

PK and EE-001
Tolerability
EE-002
Bicequivalence AMB-103
QT/QTe AMB-104
Drug-Drog AMB-163
- Inferaction
AMB-106

n=22

eﬁ'zctoszoodonambnsentznphmmkmenﬁ

Multiple ascending dose pharmacokinetics and
pharmacodynamics of ambrisentan
Bicequivalence of clinical and commerciat
formulation ambrisentan tablets

Correlation of ambrisentan pharmacokinetics
and effect on QT/QTc interval
Pharmmacckinatic drug-drog interaction with
siidenafil

Pharmmacokinetic and phaxmacodynamic drug-
drug mteraction with warfarin

There were seven phase 1 studies (including AMB-107, a mass balance study not listed above).
A total of 369 healthy volunteers participated in one of these seven studies.

The table below shows the numbers of subjects enrolled and the numbers withdrawn for adverse
event for the phase 1 studies. '

Study ID Number enrolled Number withdrawn for adverse event

EE-001 63 1 (50 mg: facial flush, shivering, sickness, nausea,
vomiting, headache, vertigo, and dizziness)

EE-002 30 2 (10 mg: fever, diarrhea and 10 mg: headache)

AMB-103 65 1 (10 mg: strep infection)

AMB-104 161 1 (10 mg: palpitations)

AMB-105 20 0

AMB-106 22 0

AMB-107 8 0

The following table lists the number of subjects who reported adverse events in the phase 1
program, by drug dose.
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7.2.2.2 Postmarketing experience .
Best Possible Copy

Ambrisentan has not been marketed anywhere.

7.2.2.3 Literature

We found 27 citations in Pubmed searching on “ambrisentan”. The majority of the articles were
general discussions of ERAs; none provided source data not included in the NDA submission.

7.2.3 Adequacy of Overall Clinical Experience

From an efficacy viewpoint, the overall clinical experience was adequate for establishing the
efficacy of ambrisentan in improving six minute walks. The clinical experience was marginal
for demonstrating that ambrisentan improves clinical worsening and inadequate for confirming
that ambrisentan improves symptoms or quality of life for PAH patients in general.

From a safety viewpoint, the overall clinical experience provides reasonable assurances about the
safety of ambrisentan and reasonable characterization of its adverse event profile in the WHO
group 1 PAH population as a whole. It is inadequate for characterizing adverse event profiles in
important subgroups such as blacks and the elderly. It is also inadequate for characterizing
effects upon male fertility as discussed in the Integrated Review of Safety. However, overall it is
adequate for use in the general group 1 PAH population and adequate for approval.
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7.2.4 Adequacy of Special Animal and/or In Vitro Testing

The FDA pharmtox reviewer did not identify in his review any deficiencies in pre-clinical
testing.

7.2.5 Adequacy of Routine Clinical Testing

Routine clinical testing, in particular the monitoring of liver function tests, was adequate in the
study protocols and study conduct. Follow-up on serious adverse events was less than optimal in
some cases, such as the suspicious death in a patient with liver function abnormalities. The
semen analyses done were inadequate for ruling out an effect of the drug on human male
fertility.

7.2.6 Adequacy of Metabolic, Clearance, and Interaction Workup

The FDA clinical pharmacology reviewer discusses in his review that whether ambrisentan is a
substrate for OATP was not determined and with the limited mass balance information available
clinically relevant metabolic interactions caused by metabolic inhibitors and inducers of
ambrisentan or by pharmacogenetic polymorphisms cannot be ruled out.

Regarding interactions, the submission includes two studies that document that co-administration

of sildenafil in healthy volunteers appears not to impact the PK of ambrisentan and ambrisentan

does not affect the PK of sildenafil and N-desmethyl-sildenafil and that co-administered

ambrisentan appears not to impact the PK of the warfarin enantiomers, and does not affect
prothrombin time or International Normalization Ratio. These two drugs are ones commonly

administered to PAH patients so demonstration of a lack of interaction with ambrisentan is

important. However, the submission did not include an interaction study with cyclosporine, a

drug that has been demonstrated to have a major interaction with the approved ERA bosentan.

7.2.7 Adequacy of Evaluation for Potential Adverse Events for Any New Drug and
Particularly for Drugs in the Class Represented by the New Drug;
Recommendations for Further Study

Ambrisentan appears to share several toxicities with other ERAs: hepatotoxicity, anemia,
teratogenicity, and interference with sperm production. The evaluation for potential adverse
events in the ambrisentan development program is adequate for characterizing ambrisentan as a

- typical ERA. The program does not suggest that ambrisentan has any unusual toxicities but
neither does it confirm that ambrisentan has any unique advantages. For the sponsor to establish
the latter, studies directly comparing ambrisentan with the approved ERA bosentan would be
needed. To eliminate any labeling cautions about testicular toxicity, much more extensive semen
analyses are necessary. Finally, the FDA clinical pharmacology reviewer makes several
recommendations in his review regarding better characterizations of metabolism and
interactions—please see his review for those recommendations.
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7.2.8 Assessment of Quality and Completeness of Data

Overall the quality and completeness of data were adequate Please see Sections 4.4 and 7.2.5
for some specific comments.

7.2.9 Additional Submissions, Includlng Safety Update

Introduction

The 4-month safety update contains cumulative data through November 30, 2006 from the 3
ongoing trials (AMB-320/321-E, 220-E, and 222). Information about all subjects who were
reported to have died or were discontinued because of an adverse event up to March 18, 2007
was submitted. There is one newly initiated open label trial (AMB-323) in subjects with
pulmonary hypertension for which all reported deaths, serious adverse events and
discontinuations for adverse events were submitted.

As of November 30, 2006, a total of 483 subjectsi received ambrisentan in a phase 2 or 3 study.
Mean exposure is about 1.5 years with maximum exposure more than 4 years. A total of 343
subjects received ambrisentan for at least 1 year and 120 subjects have received the drug for at
least 2 years. Doses ranged from 2.5 to 10 mg once daily. The safety update added 32 weeks of
exposure to ambrisentan since the close of the NDA data base.

The newly initiated study AMB-323 reported no deaths. There was one serious adverse event of
worsening pulmonary hypertension. One subject discontinued study drug because of elevated
liver enzymes. A total of 14 subjects have been enrolled into this open label study.

Deaths
Cumulative reported deaths through November 30, 2006 are shown below by study and
treatment group.

Table 16 Cumulative Summary of Deaths in Subjects with Pulmonary Arterial
Hypertension through 30 November 2006, All Phase 2 and 3 Studies

Treatment group’ " Placebo Img 25 mg ' Smg 10 me

AMB-320 2 NA NA 1 1

AMB-321 4 NA 2 o NA
Phase 2 Studies

AMB-220 NA 0

AMB-27 NA 0 0 1 2
Long-term Phase 2 and 3 studies

AMB-320/321-E¥ NA 1 5 18 10

AMB-220. ¥ NA 0 L1 _ o 4

*Deaths are attributed to the actu! awbrisectan dose at the ime of dath o
*For ongoing studies danths are reported through 30 November 2005, OF these, 21 occurred duging the sefety update period.

"Deaths that occurred during stady AMB-326-331-H only (o= 34). Deaths that accurred while subjects received ambrisestan of placebo
AMB-30) and AMB-321 are counted for those stadies only (o= 5).

NA = treatiment not available in smdy
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There were 21 additional deaths reported since the close of the NDA data base (February 17,
2006) and the close of the safety update data base. There were 3 additional reported deaths in
AMB-222 at doses of 5 (1 subject) and 10 mg (2 subjects) and 18 additional reported deaths in
AMB-320/321E at doses of 1 mg (1 subject), 2.5 mg (2 subjects), 5 mg (8 subjects), and 10 mg

(7 subjects).

In addition, there were 6 subjects (5 from study AMB-320/321 and 1 from AMB-222) who died
R S S R B

Subject ID/age/sex

| Dose/Duration

| Comments

AMB-320/321-E

255-001/44/f

2.5 mg for 336

224 days

days and 5 mg for

Sudden death. Subject was hospitalized
because of asthma and during this time she
experienced palpitations diagnosed as
paroxysmal reciprocal AV node tachycardia
and AV node dissociation. She stated that she
experienced previous palpitations. Ablation
was planned. Concurrently she reported
muscle weakness that was diagnosed as
polymyositis. Lab results showed mild to
moderate elevated fibninogen, C-reactive
protein, leukocytes. The day before death, she
developed nausea and vomiting. Prior LFTs
were normatl but on the day of death ALT and
AST were 15XULN and total bilirubin was
nearly 3xULN. Abdominal ultrasound was
unremarkable. She had sudden collapse and

Appedrs This Way
On Original
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could not be revived. Pathological findings
mcluded periartentis nodosa and fresh and
sclerotic infarction in the lungs. Cause of
death was acute cardiovascular event
secondary to paroyxmal tachycardia or
pulmonary ebmbolism.

221-001/64/f 2.5 mg/675 Hospitalized on day 418 because of
: decompensated heart failure. Worsening
pulmonary hypertension followed by sudden
_ death about 6 months later. :
242-002/31/m 2.5 mg for 682 Hospitalized for anemia after bleeding from
- days and 5 mg for | ruptured varicose vein. Was found to be
14 days anemic with elevated heart rate. Recovered

after transfusion. Hospitalized about 2 weeks
later for symptoms of worsening heart failure.
ECHO showed dilated heart and he was
placed on transplant list. Progressive renal
failure and fluid retention. Developed cardiac
arrest and died when CPR failed. '

108-002/70/f

5 mg for 837 days

History of rectal cancer. Died respiratory
failure while hospitalized for enteritis.

133-009/76/f

5 mg for 332 days

Death occurred 18 days after the last dose of
ambrisentan because of anemia. She was
hospitalized for low grade fever and night
sweats. Blood cultures were postive for S.
bovis. She developed a intracerebral
hemorrhage and subsequently died. PT and
INR were elevated. She had a history of mitral
valve replacement and was presumed to have
septic embol from bacternial endocarditis. -

155/005/63/

5 mg for 97 days

Ambrisentan was discontinued on day 97
because of diarthea and vomiting. She was
hospitalized the next day, deteriorated, was
sent home, attempted to be readmitted, was
taken to the emergency room where she was
found to be in a hypoglycemic coma (blood
glucose 29 mg/dL). Abdomen was enlarged
and painful on palpitation. Her LFT's were
shightly elevated. She suffered a cardiac arvest
and cause of death was listed as hypovolemic
shock and dehydration secondary to
-gastroenteritis.

207-021/71/m

5 mg for 45 days

‘History of gastic carcinoma and gastnc
bleeding. Died suddenly at home. No autopsy.

211-002/62/f

5 mg for 638 days

Reported several serious adverse events
(worsening heart failure, worsening PAF,
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diverticulosis, hypotysis, and large pericardial
effusion) during study. Developed worsening
dyspnea, peripheral edema, ascities. Blood
and urme cultures were positive for staph and
E. coli, respectively. Prior to dying, she was
placed on a ventilator and developed
multiorgan fatture.

and 10 mg for 219
days

213-018/64/m 2.5 mg for 505 Previous reports of progressive dyspnea, atrial
days and 5 mg for | fib/flutter, and syncope secondary to
91 days hypoxemia. While in the clinic he collapsed,
was found to be in ventricular fib and could
not be resuscitated.
227-002/70/f 5 mg for 406 days | Died of right heart failure. _
241-002/69/f 2.5 mg for 338 Sudden death. Prior to death subject
days and 5 mg for | developed increased dyspnea. She had
107 days reported a panic attack previously.
112-004/73/f S mg for 14 days | Hospitalized for acute respiratory fatlure and

died about 2 weeks later. Reported anemia.

116-009/68/f

5 mg for 14 days
and 10 mg for 805
days

Hospttalized for severe dyspnea and died asa
result of acute exacerbation of severe
pulmonary hypertension.

117-002/22/f

5 mg for 14 day
and 10 mg for 266

days

Sudden death secondary to intracranal
hemorrhage. Previous events include bleeding
post renal biopsy and pulmonary embolus.
She was being treated with warfarin. Autopsy
showed lupus nephritis, lung edema and
congestion, bilateral pleral effusion,
cardiomegaly, and a pulmonary embolus.

151-003/18/f

5 mg for 171 days

Sudden death while hospitalized for

days and 10 mg for
239 days.

and 10 mg for 4 worsenmg right heart failure.
days ‘
155-002/48/m 5 mg for 14 days | Died of respiratory failure after bemg
and 10 mg for 186 | hospitalized for worsenng right heart failure
days
210-004/42/m 2.5 mg for 257 Previous serious adverse events included leg
days, 5 mg for 86 | ulcer, acute renal failure, right heart fatlure.
days and 10 mg for | He was hospitalized for worsening systemic
420 days. hypotension. His heart failure progressed and
he died of cardiovascular collapse.
213-001/71/m 2.5 mg for 251 Previous serious adverse events included lung
days, 5 mg for 176 | fibrosis, increased pulmonary hypertension,

“worsening right heart failure, and syncope. He
was hospitatized for worsening right heart
failure and respiratory infection. He continued
to deteriorate and died of nght heart failure.
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AMB-222 .
126-001/69/F 2.5 mg for 29 days | Hospitalized and died because of right heart
- and 5 mg for 225 | failure.
days .
122-002/70/f 2.5 mg for 29 days, | Subject developed increased difficulty
5 mg for 14 days | breathing. She refused to be hospitalized and
and 10 mg for 261 | died that day.
days.
212/62/f 2.5 mg for 26 days, | Hospitalized and subsequently died of
5 mg for 255 days | worsening pulmonary arterial hypertension.
-and 10 mg for 24
days.

Most deaths were related to heart failure, sudden death, and/or worsening respiratory condition,
deaths similar to those associated with pulmonary hypertension and underlying diseases. No
death appeared to be caused by liver failure or seemed unexpected.

Serious adverse events

The most commonly reported serious adverse events include right ventricular failure (7%),
pulmonary hypertension (7%), pneumonia (2%), syncope (<2%), hypoxia (<2%), and pleural
effusions (<2%) (table 14.3.6).

Discontinuations for adverse events

Discontinuations because of adverse events were reported for 52 subjects (14%) for all
ambrisentan doses combined. Common events leading to discontinuation were cardiac disorders
(5%) including right ventricular failure (3%), and respiratory disorders (4%) including
pulmonary hypertension (3%). Other important events reported less often include postural
dizziness/syncope (0.5%), cerebral/intracranial hemorrhage (0.5%), and renal failure
/insufficiency (0.5%). There was one subject who discontinued because of face edema.

(table 14.3.7).

Laboratory values

Liver function tests

The incidence rate of LET > 3xULN for subjects on ambrisentan increased to 3.5% (compared to
2.7% in the original NDA). The cumulative incidence of LFTs >8x ULN was 0.8% (compared
to 0.6% in the original NDA.

The additional subjects with elevated LFTs are shown below. The doses used ranged from 1 to
10 mg. The above incidence rates do not includg all subjects listed below.
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Dose Subject | Sex/age | Time to Max ALT/AST Discontinued
D >3xULN (xULN) Study medication?
(wks)
1 mg 01-007~ /67 192 4/3 No
2.5 mg 252001+ | £70 68 2/3 No
10 mg 104004+ | /54 29 273 No
10mg 101-002+ /29 99 10/2 No
1 mg 255-001+ f'44 80 15/15 Died#
10 mg 15-006~ 182 /4 Yes, temporary
5 mg 147-003* /44 21 7/6 ves
Astudy AMB 220-E
+study AMB 320/321-E .
*study AMB 323
#see death section
Subject 101-002 was receiving dapsone (for lung infection) at the time of the ALT/AST increase.
Dapsone was discontinued and both ALT/AST levels fell. The subject remained on ambrisentan
for an additional 15 weeks without incident.
Subject 15-006 had periodic elevations of LETs. Study drug was discontinued for 6 days and
then restarted. LFTs started to increase and ambrisentan was down titrated to 5 mg. LFTs
returned to normal 1 week later. ' /;
The Kaplan-Meier time to event analysis of time to ALT or AST > 3xULN and >5xULN has
been updated to include the addition 32 weeks of data. This is shown below.
Subject 147-003 (study AMB-323, Smg for 150 days) developed elevated liver enzymes (4-
7xULN) and was discontinued. This subject is not included in the above figure.
Anemia
There were 6 subjects with reports of serious anemia (including iron-deficient anemia). As
previously shown in the NDA safety review, mean hemoglobin levels, hematocrit and red blood
cell count decline by about week 4 in subjects taking ambrisetan and then remain stable.
Additional reports of deaths/withdrawals/serious adverse events received after November 30,
2006
Study AMB 320-321: 5 deaths included sudden death, pulmonary hypertension, cardiac arrest,
cardiac failure/pneumonitis, right ventricular failure/thrombosis.
Study AMB 22: 1 death from worsening pulmonary hyperterision. -~ ——
N
<f-f";;
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Figure 1 Kaplan-Meier Curves for Time to ALT or AST Event for All PAH Subjects
Who Received 1 or More Doses of Ambrisentan

1.00 4
0.98 4
0.96 -
0.94 1
§- 0921
&
2 ALY or AST > SxULN
: orASTS
P | ALT or AST > SxUN
3
¥ om
0.86 -
0.84 4
0.82 1

0.80 {(N=483) {N=423) (N=366) {=246) (N=140) {u=73) (N=48) (n=42) (N=33)
° 24 48 72

96 120 144 168 192 216
Woela '

Data for this analysis include subjects from the Phase 12 and Phase 3 studies (excluding AMB323) who received ambrisentan.
AMB-320/321-E Subject 101-602 had an event of ALT >5xULN (10. 24xULN) on 17Aug2006 (Week 99) that was recorded at a local
laboratory and is included in this analysis.
Source: Figure 14.7.3

Study AMB 323 had 2 reports of elevated LFTs: 125-006 and 147-003. Subject 147-003 is

discussed in the LFT section of this report.

Summary
The conclusions from the review of the original NDA submission remain unchanged. The

additional data presented in the safety update are from uncontrolled trials.

7.3 Summary of Selected Drug-Related Adverse Events, Important Limitations of
Data, and Conclusions

There were 483 subjects who received at least one dose of ambrisentan (dose range 1 mg to 10

mg qd) in one of the phase 2-3 studies. Most of the subjects (81%) received the 5 or 10 mg

doses. A total of 161 subjects received ambrisentan for at least one year.

-

Safety problems : . L

1) Elevated liver enzymes
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As with bosentan, ambrisentan has been shown to be a hepatotoxin and capable of causing
substantial damage to the liver. There were three ambrisentan subjects (0.6%), but no placebo
subjects who reported LFTs > 8 x ULN. An additional 1.3%1 ambrisentan subjects had LFTs
between 3 and 5 x ULN. It cannot be assumed that all LFT increases will resolve when
ambrisentan is discontinued, although all appeared to do so in the clinical trials. Those patients
with mild LFT elevations could be able to remain on drug. Close monitoring will be essential for
all patients taking ambrisentan and all patients should be taking the lowest effective dose. There
was one death for which drug induced liver failure cannot be ruled out (primarily for lack of
follow up information). Box warning should be similar to the one for bosentan.

2) Pregnancy
Category X

3) Male fertility '
Animal studies reported diffuse testicular atrophy. The attempts to determine the effect in adult

male patients were inadequate.

4

£

5) Anemia

There were common, mostly mild, decreases in hemoglobin and hematocrit in the ambrisentan
treated groups. This was rarely an adverse event of concern (which remains the case with
bosentan).

6) Allergic reaction

There were two subjects with reports of allergic reaction (face edema). One subject had a
positive re-challenge. Both subjects were permanently discontinued. This seems to be an
uncommon and non serious adverse event. -
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Conclusions

The safety issues associated with the use of ambrisentan appear to be not unlike those associated
with the use of bosentan. The safety labeling for ambrisentan, therefore, should be similar to the
labeling for bosentan.

7.4 General Methodology

- 7.4.1 Pooling Data across Studies to Estimate and Compare Incidence

7.4.1.1 Pooled data vs. individual study data

For efficacy we evaluated the data from the two pivotal trials individhally and did not pool
because of the heterogeneity in the two studies, e.g., differences in magnitudes of placebo and
drug-related walk changes.

7.4.1.2 Combining data

For safety we examined data primarily from the two pivotal trials combined and secondarily
from the phase I studies combined. We examined special studies, such as the one in patients
who experienced liver enzyme increases on another ERA, individually.

7.4.2 Explorations for Predictive Factors

7.4.2.1 Explorations for dose dependency for adverse findings

We explored dose dependency for adverse findings as possible within the limitations of the
safety data base size and the dose range tested. With those limitations it is impossible to
demonistrate dose dependency for most adverse findings; the exception is hemoglobin reduction.

7.4.2.2 Explorations for time dependency for adverse findings

We and the sponsor explored time dependency for adverse findings particularly with regard to
the changes in liver function tests. See Section 7.1.7.

7.4.2.3 Explorations for drug-demographic interactions

We explored drug-demographic interactions as possible within the limitations of the safety data
base size. We did not identify any significant drug-demographic interactions with the exception
that peripheral edema appears to occur more frequently with drug use in the elderly (age > 65).
However, the safety data base size is too small to provide assurance that other drug-demographic
interactions do not exist.

7.4.2.4 Explorations for drug-disease interactions

The one drug-disease interaction we examined was comparative efficacy in patients with
idiopathic PAH and secondary PAH. Ambriseritan appears to be less effectlve for improving
walk distance in secondary PAH. See Section 6.1.4.4.2.  ~ -
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7.42.5 Explorations for drug-dfug interactions

Because of the small size of the data base we did not try to explore drug-drug interactions.

7.4.3 Causality Determination

We did not perform any special analyses for causality determination but depended upon the usual

presentations of adverse events by frequency.
8 ADDITIONAL CLINICAL ISSUES

8.1 Dosing Regimen and Administration

The-major outstanding issues regarding dosing regimen and administration are whether once
daily dosing is optimal and whether dosing should be limited to a maximum of 10 mg daily. For
a discussion of these issues see Section 6.1.6 and the FDA clinical pharmacologist’s review.

8.2 Drug-Drug Interactions
Please see the FDA clinical pharmacologist’s review for a complete discussion of drug-drug
interactions. We present briefly below the most pertinent points made in that review.

The sponsor formally studied interactions of ambrisentan with sildenafil and with warfarin. Co-
administration of sildenafil in healthy volunteers appears not to impact the PK of ambrisentan
and ambrisentan does not affect the PK of sildenafil and N-desmethyl-sildenafil. Co-
administered ambrisentan appears not to impact the pharmacokinetics of the warfarin
enantiomers and does not affect prothrombin time or INR. The FDA clinical pharmacology
reviewer concludes that the interaction liability of ambrisentan has not been adequately
investigated because its metabolism has not been completely elucidated and recommends the
following:

e Exploring the interaction potential of ambrisentan in humans when co-administered with
drugs known to be strong inhibitors of OATP and P-gp such as cyclosporine A and
rifampin. In vitro studies indicate that ambrisentan is a substrate of P-gp and a probable
substrate of OATP.

e Exploring the interaction potential of ambrisentan in humans when co-administered with
strong inhibitors of CYP3A (ketoconazole) and CYP 2C19 (omeprazole). The CYP 450
catalyzed metabolism of ambrisentan is likely to exceed 20% of the administered dose in
humans. '

8.3 Special Populations

Subgroups for Safety -

There were no studies specifically designed to evaluate safety of ambrisentan-in any subgroup
including age, gender, race, etiology of PAH, and baseline WHO functional class. Overall, one
cannot draw any conclusions about the safety in subgroups because of the small sample sizes.
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There were no studies evaluating the safety of ambrisentan in subjects with either renal or liver
impairment.

8.4 Pediatrics

As a drug indicated for an orphan population ambrisentan is exempt from the requirements of the
Pediatric Research Equity Act. Because of its substantial reproductive toxicity it is debatable
whether ambrisentan is suitable for use in children. However, PAH is a very serious, life-
shortening disease so use in children may be considered.

8.5 Advisory Committee Meeting
We have not presented ambrisentan at an advisory committee meeting nor do we plan to present
it.

8.6 Literature Review ,
We found 27 citations in Pubmed searching on “ambrisentan”. The majority of the articles were
general discussions of ERAs; none provided source data not included in the NDA submission.

8.7 Postmarketing Risk Management Plan

Because of the identified toxicities of ambrisentan, the sponsor submitted a postmarketing risk
management plan. Please see the review by the Office of Surveillance and Epidemiology for a
detailed analysis of this plan. We have the following comments:

¢ The sponsor identifies four risks to be addressed: teratogenicity, the potential risk of
hepatotoxicity, decreases in hemoglobin concentration and hematocrit, and the potential
risk of reduced male fertility. To address these risks the sponsor is proposing the risk
management plan summarized in Table 34.

¢ Planned distribution of ambrisentan is through a closed distribution system using
specialty pharmacies. Prescribers and patients must be enrolled in the program. This
approach is similar to that used for the approved ERA bosentan.

e The largest deviation from the bosentan riskmap is a relaxed frequency of liver function
test (LFT) monitoring—monthly for bosentan and w_

¢ Recommendations from the Office of Surveillance and Epidemiology are being
communicated to the sponsor in a discipline review letter. Those recommendations and
the issue of frequency of LFT monitoring will be dlscussed with the sponsor during
labeling negotiations.
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Table 34: Sponsor’s Risk Management Plan Summary

8.8 Other Relevant Materials
We are unaware of any other relevant materials.

9 OVERALL ASSESSMENT

9.1 Conclusions

Regarding efficacy, the results of the two adequate and well-controlled studies, AMB-320 and
AMB-321, for the common primary endpoint, change from baseline in six minute walk, provide
substantial evidence that ambrisentan is effective in improving exercise capacity, at least at peak
drug levels, from both clinical and statistical perspectives. The results are reasonably and
clinically convincing that ambrisentan also improves time to clinical worsening but are less
compelling for the other secondary endpoints. Regarding safety, ambrisentan has an adverse
event profile similar to that of the approved ERA bosentan. The major concerns are hepatoxicity

—
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and the potential for teratogenicity and testicular toxicity. Ambrisentan also shows other effects
typical of ERAs including a slight reduction in hemoglobin, reduction in blood pressure, and
peripheral edema.

The major unanswered question regarding ambrisentan is whether the once daily dosing regimen
is optimal. The PK data do not support once daily dosing and walks were not performed at the
interdosing interval to provide data on exercise effects at trough drug levels. On the other hand,
the beneficial impact upon clinical worsening and the continued improvements in walks over 12
weeks suggest a more Sustained effect. There is another unanswered question regarding whether
higher doses would provide more benefit and there are also deficiencies in metabolic
characterization that are described well in the FDA clinical pharmacologist’s review.

9.2 Recommendation on Regulatory Action

From clinical and statistical perspectives we recommend approval of ambrisentan for the
treatment of WHO group 1 PAH to improve exercise capacity. From a clinical perspective we
also recommend approval to improve time to clinical worsening.

9.3 Recommendation on Postmarketing Actions

9.3.1 Risk Management Activity

Because of the substantial potential toxicity (hepatoxicity, teratogenicity, and testicular toxicity),
ambrisentan needs and the sponsor has proposed a risk management program.

9.3.2 Required Phase 4 Commitments

The sponsor must conduct a study to evaluate effects upon exercise capacity at a time remote
from peak drug levels, e.g., in the late aftemoon or evenmg or at the mterdosmg mterval prior to
taking the next dose : : : - = s

9.3.3 Other Phase 4 Requests

Regardless of the effects upon exercise capacity throughout the interdosing interval, the sponsor
should study the effects upon efficacy and safety of a BID dosing regimen. The sponsor should
also study dosages higher than 10 mg per day. The sponsor should also delineate better the
metabolism and potential for interaction of ambrisentan as detailed in the FDA clinical
pharmacologist’s review.

9.4 Labeling Review
We have many specific comments regarding the proposed label that we will communicate to the
sponsor during labeling negotiations. =
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Clinical and Statistical Review

Thomas A. Marciniak, M.D. (Efficacy), Maryann Gordon, M.D. (Safety), and Ququan Liu, M.D., M..S. (Statistics)

NDA 22-081

Ambrisentan (Letairis™) tablets ' ‘}

9.5 Comments to Applicant
We will communicate our comments to the applicant in conjunction with the labeling
negotiations.

ApPEQTs This Way
on Original

94



This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Thomas Marciniak
5/16/2007 01:03:22 PM
MEDICAL OFFICER

Maryann Gordon
5/18/2007 10:59:40 AM
MEDICAL OFFICER

Ququan Liu
5/18/2007 11:21:15 AM
BIOMETRICS

James Hung
5/18/2007 11:38:14 AM
BIOMETRICS



NDA#22081
Maryann Gordon, MD

Conclusions

The safety issues associated with the use of ambrisentan appear to be not unlike those
associated with the use of bosentan. The safety labeling for ambrisentan, therefore,
should be similar to the labeling for bosentan.

Summary ‘
There were 483 subjects who received at least one dose of ambrisentan (dose range 1

mg to 10 mg qd) in one of the phase 2-3 studies. Most of the subjects (81%) received
the 5 or 10 mg doses. A total of 161 subjects received ambrisentan for at least one
year.

Safety problems

1) Elevated liver enzymes

As with bosentan, ambrisentan has been shown to be a hepatotoxin and capable of
causing substantial damage to the liver. There were three ambrisentan subjects
(0.6%), but no placebo subjects who reported LETs > 8 x ULN. An additional 1.3%'
ambrisentan subjects had LFTs between 3 and 5 x ULN. It cannot be assumed that all
LFT increases will resolve when ambrisentan is discontinued, although all appeared
to do so 1n the clinical trials. Those patients with mild LFT elevations could be able
to remain on drug. Close monitoring will be essential for all patients taking
ambrisentan and all patients should be taking the lowest effective dose. There was
one death for which drug induced liver failure cannot be ruled out (primarily for lack
of follow up information). Box warning should be similar to the one for bosentan.

2) Pregnancy
Category X

3) Male fertility
Animal studies reported diffuse testicular atrophy. The attempts to determine the
effect in adult male patients were inadequate.

5) Anemia

There were common, mostly mild, decreases in hemoglobin and hematocrit in the
ambrisentan treated groups. This was rarely an adverse event of concern (which
remains the case with bosentan).

6) Allergic reaction

! Placebo subtracted



There were two subjects with reports of allergic reaction (face edema). One subject
had a positive re-challenge. Both subjects were permanently discontinued. This
seems to be an uncommon and non serious adverse event.

7.1 Methods and findings

Description of phase 2-3 clinical trials

There were six phase 2-3 trials. Two were large, randomized, double blind, placebo
controlled efficacy trials (AMB-320 and AMB 321), one was a blinded dose ranging
efficacy trial (AMB-220), one was an open label, uncontrolled trial with subjects who
could not tolerate taking an endothelin receptor antagonist because of elevated LFTs,
and two were open label extension trials that are ongoing (AMB-320/321E and

AMB-220). | |
Best Possible Copy

Table 2 Description of Ambrisentan Clinical Safety Studies

; © Gender MY (%) Treatmeat
Study ldcatifice No.of Study | Totl No. Subjects .
and Location of Dosign Centers Eorolled/ Mean Age {y) (Range) Do Durwion of Drug
Study Roport {Location} Completod Raco CINC (%) Rcéim
PHASE 3 PLACEBO-CONTROLLED STUDIES IN SUBIECTS WITH PULMONARY ARTERIAL HYPERTENSION
AMB-320°24 Randomized, doublé-blind 1% 202/183 1684 MF AMB Sor f0mg qd 12 wks
-(ARIES-1) efficacy and safety study investigative $0.1 Pbogd
83511 sites 17-83 5
. ) {17-82y} Onlly
8 countrics 89131 CINC
AMB-321 Randomized, doublc-blind 1 19170 26175 MF AMB2.5 0r'S mg od 12 whs
(ARIES-2) cfficacy and safety study investigative 509 Pho gd
53512 : sitcs . Qo-ss)
13 countrics 4 Onally
83715 Ce
PHASE 2 STUDIES IN SUBIECTS WITH PULMONARY ARTERIAL HYPERTENSION
AMB-220 Randomized, double-blind, dosc- 2 6usg 1684 MIF AMB 1,2.5, 5, or [0 mg od Up to 28 wis
controtled, dose-ranging investigative Onlly
53524 evalustion of exercise capacity for sites é&;s" 12 Wi Goulble blind, 12
- 12 wh. followed by [2-wkopen. | o o @228y whs opert-late
tabicl extensjou coumiees 7630 ONC
AMB-222 Opcen-label safety and cfficacy 17 36 carulied 1486 M/F AMB 25,5, 0r 10 mg qd Ongoing. As of
| sudy ia subjects who prov fnvestigati 3 withd st2y Onlty 16 February 2006, mean
53523 discontinucd ERA therapy duc o sites 34 cugoing o176y Titrsted 1o balonce expostte wis 19.2 wke
scrum ami . o " sind maxi P
abocrmalitics 4 Study ongoing B ONC visalety was 36 whs
LONG-TERM PHASE 2 & J STUDIES IN SUBJECTS WITH PULMONARY ARTERIAL HYFERTENSION
AMB-320321.6' Blinded, dose-controtied [ 3B3emrolled | For combined amalysis (=383) | AMB 25,5, or 10 mg pagd Ongoing.
evaluation of safety and cfficucy investigative 3did not enter 2779 M Taleries dals cutoff
53.532 sites cxtension study T6Fcb2006
. 64 withdmawn Sy MCAn CXPOSUCS:
8
180U 1 316 cngoing (1738i7y) 386 ws O Y)
19wk LY
AME-220-8 Opan-tabet, continuation from 16 54 carolled 15/85 MF AMB 1,25, 5, of 10 mg po Oogoing.
AMB-220 investigative 1 withdrawn st od Intecim daga
53522 sites 43 cageing m;,,’y) cntofl 16EHE006
$ countrics Study ongainy g - P exposurs.
ady onging TR CNC 115 whs (2.2 y) sad
maxmnim
19wksly)

s e e s 2 &

The numbers of subjects in these six studies are shown below, by maximum dose of
ambrisentan.
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Table 1 Ambrisentan Exposure for Subjects with Paimonary Arterial Hypertension
(Population: All Phase 2 and 3 Studies)

1mg 25mg Smg 0mg Combined
ambrisentan, ambrisentan ambrisentan ambrisentan ambrisentan
(N=3) N=91) N=2i7) N=172) (N = 483)
Mean (SD), weeks 46.9{68.61) -48.2 18.29) 38.7(37.26) 57.9 (48.49) 474 (42.69)
Median, weeks 13.0 423 219 417 36.1
Min, Max, wecks 1.9,1259 04,1673 0.1, 168.0 0.1,184.3 01,1843
Duration, n
212 weeks 2 79 184 . 152 417
26 months 1 68 109 109 287
=1 year L 30 51 79 161
" 215 years 1 16 2 a7 80
>2-years 1 7 {4 26 43
23 years 0 3 5 13 . ; 23
;n‘;:i:" posure, ized by maxi dose reccived (safcty treatment assignment) as of the léFcWZ(l)&c\q-oﬂ't!ahgfotpngoirls
=] . B

Source: Appendix 3, Table 14.1.4a

At total of 483 subjects received at least one dose of ambrisentan. Most of these
subjects received the 5 or 10 mg dose, and 161 subjects received drug for at least one
year.

Disposition of subjects

Placebo studies

A total of 394 subjects were randomized to either placebo, ambrisentan 2.5 mg,
ambrisentan 5 mg, or ambrisentan 10 mg in the placebo controlled efficacy trials
AMB-320 and -321. Both trials followed subjects for 12 weeks. The table below
shows the number of subjects who were randomized, completed the study, or were
withdrawn prematurely (by reason).

Number and (percent) of subjects

placebo AMB 2.5 mg AMB 5 mg AMB 10 mg

randomized 132 64 130 - 68
completed 111 58 121 63
Withdrawn 21 (16) 6 (9) 9(7) 5()
premature

Adverse 4 1 4 1

event

Early 8 2 1 2

escape”

Other+ 6 3 4 2

~defined as a gradual deterioration in subjects’ clinical symptoms.
+see table below.

The percent of placebo subjects who withdrew (for any reason) was about twice the
percent for the active treatment groups.

The 15 subjects whose reason for withdrawal was classified as “other” are described
in the table below.



Study Subject Reason for Discontinuation
number

YAMB-320 111-001 formal .w1thdrawal of consent (declined to contihue with sfudy

medication)
AMB-320 129-001 . Other: protocol violation
AMB-320 132-001 Non-compliance to any of the procedures (patient requested to stop
drug for 2 weeks)
AMB-320 139-001 Treatment with other PAH treatment (IV epoprostenol)
AMB-320 156-001 formal withdrawal of consent (clinical worsening)
| AMB-321 201-008 Clinical status did not improve

AMB-321 225-002 formal withdrawal of consent (decision of the patient)
AMB-321 229-002 formal withdrawal of consent (patient stated that study drug made
her illness worse)

formal withdrawal of consent (marked dyspnea)

AMB-321 247-004

AMB-320 101-009 Lost to follow-up (patient did not return for visit 4 or 5, site
attempted several contacts)

AMB-320 107-006 Other: patient developed left heart failure. Diagnosis revised:
pulmonary venous hypertension

AMB-320 149-004 formal withdrawal of consent (too complicated; personal (private)
reasons) ,

AMB-321 247-003 formal withdrawal of consent (the patient has refused to participate

in the study due to her family’s circumstances)

ng

AMB-320 101-015 Discretion of Myogen (Note: The investigator randomized the
' subject prior to receipt of central laboratory liver function test
results. The ALT/AST results were >1.5 ULN which was a protocol
violation. Subject discontinued prior to 1st dose of study drug and
was not included in analysis dataset [or ITT] since the subject never
received drug.)
AMB-320 126-006 formal withdrawal of consent (patient decided to withdraw)

Duration of exposure

The mean numbers of weeks subjects were receiving treatment were similar for all
groups. However, the minimum duration of treatment for the ambrisentan groups
tended to be somewhat less (1-1.1 weeks) compared to the placebo group (2.7
weeks).

e oagunes e v a7 oA SRS AR, SR8 R0 e
etit Exposure (AMB-320/321 Population: Safety)

T Plccbo | 25mg  Smg . 10mg  Combined
Q4=132) am tant --ambrisedten ambrisentan  dmbriscotan
o (N=64) T(N=130) N=67 MN=261}

;‘Jfg‘_!jlé,Si;S‘ummary of T rea
. ‘- Trestuient group - B

Total weeks subject received drug - .
Mean (SP)- - L1142 119(156)  116Q09) 1183193  11.7(19)

Median ’ 12.0 121 121 12.1 124

Min.,h_iax ‘. 2.7, 140 11,139 11,134 09,143 09, 143
Soucce: AMB-320¢321 Tabie12.1 : o :




Demographics
The demographics of the 393 subjects in the 2 placebo controlled trials are shown
below.

‘Table 8 Demographics: Combined Analysis of Phase 3 Placebo-Controlled Studies (AMB-320/321: Population: Safety)

Tréatment group Placeba 2.§ mg 3 mg IO_mg Cambined Totad
Chacactedstic ' (N=132) atzxtgrls:z;)an a(n::sle;‘l):;n al?:[n:z;l;m ar(anzsze;x:a;u !Z?qp:lgggl)l
Gender, n (%)
Male 29(22.0) 16 (25.0) 23(17.79) 1420.9) 53.(20.3) 82 (20.9)
Female : 103 (78.0) 48 (75.0) 107 (82.3) 53(79.1) 208 (79.7) 311 (79.1)
Race, n (%) : .
Caucasion 100 (75.8) 54(34.4) 104 (80.0) “aa(657) 2020774y 302(768)
Black - 430 0(6:0) B Y& % ) 3(4.5) 707 11(2.8)
Asisi . 403.0) e . C3023) 141.5) 5319 923
Hispanic ' 24 (18.2) 9 (14.1) 17(13.1) 17(25.4) 43 '(16.'5) 67 (17.0)
Other - .0(0.0) 0(0.0) ‘ 2(1.3) 2(3.0) 4(15) 41(1.0)
Age, years, mean (SD) 49.4 (15.22) SLEQ5IT) - 516(1499)°  49.3(15.64) - SEOQ15.1T) 505 (15.19)
<65 years’ " 104 (78.8) S0(78.1) - 100(769) 55(82.1) 205 (78.5) 309(78.6)
265 and <75 years 2169 11(17.2) ©25(19.2) 7 (10.4) 43 (16.5) " 65(16.5)
275 years 6(4.5) 34T7) 5(3.8) 5(1.5) 13 (5.0) 19 (4.8)
Weight, kg, mean (SD) 74,2 €19.59) 00(1517) 703 (16:65) 73.2 (20.92) TL0(17.50) 72.1 (18.27)
BMI, kg/m®, mean (SD) 27.8(6.21) 263 (5.40) 26.7(5.38) 27.9(7.10) 269 (5.8%) 272 (6.00)
Region, n (%) - :
US/Augtealia’ 52(39.4) 000y ML 470001 96 (36.8) 148 37.T)
Eastern Eurepe ’ 11(8.3) 20(313)° 18(13.8) 00.0 38(14.6) 49 (12.5)
Latin America 33(25.0) 16(25.0) 24(18.5) 16(23.9) 56 €21.5) 39 (22.6}
Westem Europe/sract 36 (27.3) 28(438) 39 (30.0)  4{60) 71(27.2) 107 (27.2)

'Because no subjects from Cannda were enrolled, the geographical egion of US/Ciniaila/Australia is refereed 10,93 US/Australia
Source: AMB-120/321, Table 10.2 aad Listing 16.2.1

Subjects were more likely to be feméle, whit,e, and less than 65 years of age. The
majority of study subjects were living in US/Australia/Western Europe/Israel.

The treatment groups were fairly well balanced for these demographics.

Baseline disease characteristics
Disease characteristics are shown below by treatment group.
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Tsible 8 Demagrapiics: Comlined Analysis of Phase 3 Placebo-Confrolled Studies (AMB-32W321: Population: Safely)

Clamctaristic = @ =6 =130 @i=67) @9=187) =
Geedar, . (3%)
Maln 29 (220 16(25.0} BT 405 BEL3) L TeLY))
Fonzla 103 (75.0) 45 5.0) 107 323) B{0E 26 (F0.T) 3 GRL;
Face, n (36}
Cancasim, 100 (7583 S4{8EH) 164 @00y H{EST) 02O 302 (76.5)
Black ) 4G o0.0) 430 349 78 H eX1]
Asem 4G9 1(16; 33 143 a8 Q.3
Hispanic HMOED gL 1733 17 5.4 43{165) 7070
Other o0 6{0.0) 243 60 143 Q.0
Aga, yoers, moan (5B} @052y JLEQISITy  SLEQ4SY] BW3(II8 S10517 L EN AL
<65 yoar 104 (728 50-(78.3) 100 (76.9) 55 (8L} 205 (8.5) 309 (78.8)
63 andd <75 years 16T 1y 2538.7) 7¢04 |6 50169
275 yoars . 6% . IEm LT:15) gn 0 Ben 19@4.8)
Weight kg, man (SO} 42 (19,90 TMOQSIH  HIEEST  TI209%) TOATSH 210827
BMI kg'ur®, mmeen {SDY WR(621) 26.3 (540} 267(338) 275 (730 26.9 (3.88) 272 (6.00)
Kagion. » (%6} '
T Awctraliat 33 (396 o(0.0) HETN 4705 %6 (365 148 BT
Fastarn Bucoga 1183 W(ELI 18(13.9) 005 I8 046 w©aLy
Latin Amarica 33 (254 16230 MR - 5@5 $@LT) Vel
Westwm Buropo/Trraal 36213 W H3E) 39000 160 S NS W07 QLD
mm%mm:&g‘%m@dm TN S At sbyaitin i seforpad 1o s UL W ieatdin

Subjects were mostly likely to be diagnosed with idiopathic PAH, to have been
diagnosed with the disease for about two years, to be in WHO functional class II or
HI, and to have a baseline walk distance of around 345 meters. The groups were
fairly well balanced. '

Concomitant medication
The three most common concomitant medications included spironolactone,
paracetamol, and dilitazem.

Serious safety
7.1.1 Deaths (all Phase 2-3 clinical studies)

A total of 27 subjects were reported to have died while on or within four weeks of

discontinuing ambrisentan. The majority of the deaths (78%) were reported during
the longterm extension studies.
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Table 25 Summary of Deaths in Subjects with Pulmonary Arterial Hypertension
(Population: All Phase 2 and 3 Studies)

Treatment group' Placebo tmg 25mg Smg 10mg
ambrisentan ambrisettan ambrisentan ambrisentan

Phase 3, placebo-controlied studies

AMB-320 2 0 NA 1 1

AMB-321 4 0 0 NA
Phase 2 Studies

AMB-220 NA 1 ] 1

AMB-222° NA 0 ] 0
Long-teem Phase 2 and 3 studies

AMB-3201321-E° NA 10

AMB-220-E° NA o 0 4

Deatls a2 atiributed to the actual smbrizentsa doze 3t the tine of desth
Far ongaing studics deaths are veparred dirough 16 Ecbrinicy 2006
that occuared during study AMB-320-’3 1-E only. Dearhy that occummed while subjects ceceived ambrisentan or placcbo in AMB-320 and

AMB-321 are counted for thoss studies only.

NA = wreatmens no availsble in spudy

N.B. Subject 321/235/003 had been randomized to placebo r(and is listed in the
placebo column in table 25) but was actually receiving ambrisentan 5 mg for 8 day at
time of death. She is discussed under the 5 mg dose in the table below.

During the two placebo controlled trials, there were ten deaths: six deaths” were
reported in the placebo group (4.5%) and four in the ambrisentan group (1.2%). The
ten deaths are discussed below, by treatment group.,

Deaths reported during the placebo controlled trials

Subject ID/age/sex Duration Comments

placebo

320/126-008/50y/f 15d Right heart failure

320/139-001/32y/f 62d Right heart failure

321/207-014/65y/m 72d Cardiorespiratory arrest

321/235-005/40y/f 23d Pulmonary thromboembolism and right heart
failure * °

321/245-006/44y/t 68d Worsening PAH

Amb 2.5

321/207-002/66y/m 80d Discontinued because of worsening PAH.
Hospitalized, experienced 3 cardiac arrests. Died
one day after the last dose of study drug.

321/230-004/29y/m 66d Sudden worsening of dyspnea followed by death.
Could not rule out pulmonary embolism. History
of SLE.

Amb 5 mg

320/156-007/28y/f 8d Gastroenteritis (N&V with elevated GGT, total
bilirubin, LDH, mild leukocytosis, protein and
bilirubin in urine), pneumonia (consolidation on
x-ray), sepsis with hypovolemic shock and
cardiac arrest. .

321/235-003/31y/t 67d placebo | Developed decompensated right heart failure

followed by | while on placebo and discontinued as “early

? Includes subject 321/235/003




escape.” Started ambrisentan. Condition did not

8d amb Smg
improve, subject developed sepsis and
multiorgan failure leading to death.
Amb 10 mg
320/101-006/77y/f 89d Intracranial hemorrhage after (witnessed) fall.
Concomitant med included warfarin

These deaths seem linked to the underlying disease rather than to the use of

ambrisentan.

The additional 21 deaths reported during the other phase 2-3 trials are shown below.

Subject ID/age/sex

Dose/Duration

Comments

220/16-004/75y/m

Img/13d

Appeared cyanotic at screening visit,
increased edema dyspnea, fatigue
day 8. Sudden death. '

220/13-005/52y/m

10mg/44d

Seen in clinic 2 days, doing well.
Died suddenly 2 days later.

320/321E/207-015/70y/f

2.5mg/365d

Hospitalized for worsening right
heart failure with frequent

“supraventricular extrasystoles and

anuria. She developed progressive
hypotension followed by

-cardiorespiratory arrest.

320/321E/221-003/54y/fl

2.5mg/24d
(Randomized to
placebo in base study)

History of SLE. Developed

'| epigastric pain with dark urine, "

back pain, nausea, vomiting.
Hospitalized at another hospitai
and details are sparse (no
documentation of LFTs, serum
amylase). There were discussions
about ALT and ALT 10-20xULN
(unconfirmed). Drug induced
hepatitis versus bile duct
cholelithiasis/biliary
sepsis/pancreatitis.

320/321E/244-004/72y/f

2.5mg/393d

Developed dyspnea, cyanosis,
cardiac arrest. She was revived but
developed asystole and died 2 days
later. Had been hospitalized
previously for worsening PAH day
309.

320/321E/104-003/35y/f

Smg/115d

Hospitalized for dizziness, increased
dyspnea, chronic cough. Became
febrile, WBC rose, blood pressure
dropped, developed nausea and
vomiting. Arrested and could not be
revived. Blood and lung cultures
were positive for microorganism
associated with indwelling catheter.




Previously hospitalized for chest
pain.

320/321E/116-003/68y/f

5mg/206d

Hospitalized for respiratory failure.
She died the following day. Autopsy
reported cause of death as
respiratory failure.

320/321E/121-001/71y/f

5mg/235d/

History of 3 day bout of
gastroenteritis with diarrhea, nausea,
vomiting. Cardiac arrest while being
transported to hospital because of
dyspnea and chest pain. Arrested
again in the emergency room. On
admission chest x ray showed
pulmonary edema. Labs: potassium
6.8mmol/L and creatinine 6.3 mg/dl.-
DNR was implemented. Cause of
death was listed as presumed sepsis.

320321 E/207-005/49y/f

5mg/196d

Continued with signs and symptoms
of worsening right heart failure. Was

| hospitalized twice. Experienced

severe bradycardia followed by
cardiac arrest. Resuscitation was

-unsuccessful. - - :

320/321E/207-
007/72y/m

5mg/365d

Hospitalized on day 253 because of
tuberculous meningitis with
encephalitis. Medica!l treatment was

'ineffective and he was discharged to

home. He died a short time later.

320/321E/207-011/67y/f

Smg/205d

Hospitalized day 78 because of right
heart failure. Hospitalized day 194 -
because of heart failure and acute
renal failure. She had fallen 3 days
previously and blood pressure on
admission was 95/60 mmHg with
heart rate 120 bmp. She became
febrile with rapid deterioration.
Death was attributed to
cardiorespiratory arrest.

320/321E/207-025/57y/f

- 5mg/114d

Hospitalized day 12 because of
worsening right heart failure.
Hospitalized again for pulmonitis
and acute respiratory failure. She
died from cardiac arrest about 1
week later. Anemia was reported
without laboratory values reported.

320/321E/211-004/69y/f

5mg/181d

Hospitalized because of right heart
failure. She was found to be anemic.
She died day 182 as a result of acute
respiratory failure after having been
transferred to a nursing home.




320/321E/235-
004/32y/m

5mg/441d

Died of acute respiratory failure.
Hospitalized for increased dyspnea
and tachycardia on study day 441.
Experienced cardiac arrest and could
not be revived. HIV positive.

320/321E/132-008/24y/f

S5mg/12d

Discontinued from placebo day 37
because of worsening PAH (early
escape). She was hospitalized for
fluid overload and increased
dyspnea. 8 days after starting
ambrisentan (and 4 days after she
had been discharged for the
previous event) she was
hospitalized for what was
identified as exacerbation of SLE.
Complaints included dyspnea at
rest, chest pressure, nausea and
vomiting. ECHO showed greatly
enlarged right ventricle. LFTs
were >7000 IU/L. Ambrisentan
was discontinued, she was treated
with epoprostenol and dobutamine
and LFTs fell to ~100 IU/L.
Thrombotic thrombocytepenia
was diagnosed, plasma exchange
was started and she developed
asystole during the procedure.
Autopsy showed diffuse alveolar

“hemorrhage, SLE, pulmenary

hypertension, renal failure. Liver
showed severe centrilobular '
congestion consistent with right
heart failure. GGT at screen was
mildly elevated as was ALT.

320/321E/210-006/65y/f

10mg/523d’

Diagnosed with large, highly
malignant nerve sheath sarcoma on
day 444. Several months later she
died of cardiac arrest and autopsy
showed cardiac wall metastases.

320/321E/213-004/34y/f

2.5mg/364d
5mg/57d
10mg/3d

Subject died 422 days after start of
study drug of multiorgan failure. On
day of hospitalization she presented
with severe cough and minor
hemoptysis and was diagnosed with
respiratory insufficiency and
broncho-pneumonia. She developed
right heart failure with persistent
hypotension. LFTs were normal or

? Includes 336 days on 5 mg and 187 days on 10 mg

10

mildly elevated initially, but became




greatly elevated as did serum
creatinine. She died after being
denied a heart/lung transplant.
Autopsy showed PAH with acute
bronchitis and multi-organ failure.
She had been hospitalized on day
361 for worsening PAH.

320/321E/213-008/65y/f 5mg/438d Died of acute heart failure. Had been
10mg/221d hospitalized numerous times for
pneumionia, worsening PAH,
saspicion of malignant
lymphadenopathy, repeated syncope
with bronchopneumonia.
220E/13-007/68y/f 2.5mg/285 d Died of right heart failure on study
: 5mg/99d day 490.
2.5mg/29d
: . 1mg/86d : -
..} 220E/05-002/59y/f 1mg/86 d Hospitalized for psittacosis
2.5mg/24d pneumonia on day 233. On study
Smg/108d day 268 she was hospitalized for
10mg/54d shortness of breath. After a lung
biopsy she was found unresponsive.
Autopsy showed bilateral organizing
1 - pneumonia.
" 220E/13-004/77y/m 2.5mg/17d Hospitalized on day 282 for right
o 5mg/14d heart failure with worsening dyspnea
10mg/252d and decreased urine output. He died-
S R that day. -
| 220E/15-005/66y/f 2.5mg/82d Elevated LFTs on day 495 found
1- 5mg/30d when hospitalized for pneumonia.
10mg/568d Drug discontinued and then restarted
about 2 months later when LFTs
normalized. She was hospitalized on
day 672 because of pneumonia. ALT
was within normal limits (bilirubin,
GGT, Alk phos-elevated). She died
7 days later of acute respiratory
failure.
220E/21-009/54y/f 2.5mg/85d Experienced dizziness and syncope
5mg/30d day 672. Remained on drug. Again
10mg/597d experienced syncope day 681. Study

drug continued. Rehospitalized day
702 for increased shortness of
breath, weight gain, peripheral
edema, increased weakness and
fatigue. Echo showed severe right
ventricular dilatation and PAH. She
collapsed and could not be
resuscitated.
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Drug induced hepatitis followed by death cannot be ruled out for subject
320/321E/221-003. Details about this case are unobtainable.

There was an extremely large rise in LFTs for subject 320/321E/132-008 which
resolved in the drug was discontinued. Cause of death was probably SLE
exacerbation.

The other deaths seemed linked to the underlying disease.

There were no reported deaths in the phase 1 studies.

7.1.2 Serious adverse events
Placebo controlled trials

- Twice as many placebo subjects reported at least one SAE compared to the
ambrisentan groups. The SAEs not leading to death and reported by at least two
subjects in one or more groups are shown below.

Table 26 Serious Adverse Events (Other Than Death) Reported in >1 Subject in the
Combined Ambrisentan Treatment Group (AMB-320/321 Population: Safety) -

" Treatment group - Placebo Combined Ambrisentan
Adverse event, n (%) N=132) (N=261)
‘Any SAE 21(15.9) 23(8.8)
Rxghz ventricalor failure (6.1} 5(1.9)
) 'Pncumoma 2{1.5) 4(1.3)
" Worsening pul v by ion : 5(3.8) ’ Cosa
Dyspnea exacerbated 1(0.8) 208 .
Peripheral edema 0(0.0) 2(0.8)

-+ Source: AMB-320°31). Section §2.3.3.2 and Summsry Tsble 1439

Right heart failure was the most commonly reported event.

Extension trials o

There were 97 subjects with at least one report of a SAE (excluding those who went
on to die) during the long term extension studies (320/321E). Mean exposure of 38.6
weeks.

All events reported by at least two subjects are shown below.

Best Possible Copy

Appears This Way
On Original
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Tabtle 27 Serious Adversé Events with OQutcomes Other Than Death in 2 or More
Subjects Reported in the Combined Ambrisentan Treatment Group
(AMB-320/321-E Population: Safety)

Treatment group 25mg 3 mg 10 mg Consbined
ambrisentan ambrisentan ambrisentan ambrisentan
Adverse event, n (%) (N =178) MN=1I71) . (N=134) (N=383)
No. of subjects with 1 or more 20 (25.6) 37 (21.6) 40(29.9) 97 (25.3)
SAE other than denth’
Pulmonary hypertension 5(6.4) 4(2.3) 9(6.7) RLISN
Right ventricular failure 2(2.6) 10.(5.8) 6(4.5) 18 (4.7)
Preumonia 2Q2.6) 3(1.8) 322) 8.1}
Syncope 3(3.8) 1(0.6) 2(1.5) 6.(1.6)
Pregnancy 1(1.3) 2(12) 1(0.7) T4(1.0)
Hypoxia 1(13) 1(0.6) 2(1.5) 41.0)
Pleurs! cffusion 0(0.0) . 1(0.6) 322 4(L0)
Gastrofntestinal hemorthage 13 (LY .00 3(08)
Anemia G (0.0) 1(0.6) 1.7 2(0.5)
Attial fibrillation 0 (0.6} 1(0.6) 1(0.7) 2¢0.5)
Alrisl flutter 0(0.0) 1(06) 107 2(0.5)
Retroperitoneal hemorrhage 0(0.0) 0(0.0) 2(15). 2(0.3)
Peripheral edema 0(0.0) 0(0.0) 2(15) 2 (0.5)
Cholecystitis-acute 00.0) 1(0.6) 1(0.7) 2(0.5)
Cholelithiasis 1(1.3) 00.0) 1{0.7) 2(0.5)
Bronchopreumonia 0 (0.0) 0(0.0) 2(1.5) 2(0.5)
Subdural hematoma 1(13) ] 0 (0.0} 1.7 2{0.3)
Hepatic enzyme increased 0(0.0) 1(0.6) 10.7) 2(6.5)
Fluid overload 0{0.0) 0¢0.0) 2(1.5) 2(0.5)
Hyperglycemia 0(0.0) 2(1.2) : 0(0.0y 2(0.5)
Locatized ostecarthritis 0(0.0) 1¢0.6) 1(0.7) 2(0.5)
Renal failure acuts 0 (0.0} 1¢0.6) 1007 2(0.5)
Menorthagia 0{0.0) 1(0.6) 100.T 2(0.5)
Dyspnes, exacerbated 1(1.3) ‘ 6 (0.0) 1.7 2(0.3)
;P;dl;mﬁgry analysis period inchudes the Week 1-120 intervat with a mean exposure of 38.6 wetks and & maximnm expogure of 109.0

Sourcc: AMB-320/321-E. Tsble 12,9

Commonly reported SAEs were pulmonary hypertension and right ventricular failure.
Two ambrisentan subjects reported increased hepatic enzymes as an SAE.

With the dose range so narrow, it is not possible to identify an event, other than
elevated LFTs", that is possibly dose related.

Appears This Way
On Original

* Based on the bosentan data.
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7.1.3 Adverse events leading to study discontinuation (excluding early escape)

Placebo controlled trials®
A similar percent of subjects randomized to ambrisentan® (4%) discontinued because

of an adverse event compared to placebo (5%). Only the event “right ventricular
failure” was reported by more than one ambrisentan subject. Table 14.3.10

In the long term extension study 320/321E there were 34 (9%) withdrawals for
adverse events’. Common events included right ventricular failure, infections,
nervous system disorders, pulmonary hypertension.

Dose ranging trial (study 220) .
There were three study drug discontinuations because of an adverse event during the
double blind phase and one in the open label extension phase. These are shown

below.

Table 12.8 List of Adveyse Events Leading to Study Discontinuation (Population: ITT)

Treatment  Subjéct Sex Adverse Event Relation to SAE Quteome
No. Age verbatim / prefarzed term study drug (YN}
Blinded Treatment Period '
1mg 16-004 M aggravated PAH / pulmonary unrelated N unresolved
5y hyperiension NOS aggravated
electre hanical dissociation/ lated N unresolved
electromechanical dissociation
R __ suddea death / sudden death unrelated Y death
Smg 24901 F elevated AST ALT/ probably Y " resolved
. 57yr ALT increased
elevated AST ALT/ probably Y resolved
AST increased ,
0 mg 12005 M suddén death / unzelated Y death
52yr sudden death
OLE Peried
Smg 05.001" F bload pressure low/ possibly N unresolved
62 yr . hypetension NOS )
oxygen saturation low/’ possibly N ugresolved

oxygen safuration decreased
' In Listing 16.2.8, "Sub_;m:r‘x medics] stans did not Improve™ was listed a5 the reason for discontinustivn of sridy; however, Listing 16.2.25
indicated that die shove AES lead (0 discontinuation of the study.
Saurce: Liring 162.25

There was one discontinuation because of elevated ALT/AST. Subjects with elevated
LFTs are discussed later in this section.

In the extension study there were 10 discontinuations: right heart failure (5),
worsening pulmonary hypertension (2), exacerbated dyspnea (1), increased
ALT/AST (1, noted above), acute respiratory failure/viral pneumonia (1). One subject
reported recurrent cystitis and one reported intermittent headaches with nasal

congestion.

Healthy volunteer Phase I studies

3 Table 14.3.10
¢ All doses (2.5 mg-10 mg) combined
" Table 14.3.7 in AIRES-E
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One healthy volunteer (#38) in study EE-001 discontinued after receiving the 50 mg
dose because of facial flush, shivering, sickness, nausea, vomiting, headache, vertigo,
and dizziness. The 100 mg dose was admmlstered to 2 subjects without an obvious
safety effect.

Other discontinuations in normal volunteer studies included subject 01-322 in study
AMB-103 who dropped out because of streptococcal pharyngitis, subject 01-03 in
study AMB-105 who dropped out because of headache and subject 01-147 in study
AMB-104 who dropped out because of palpitations.

7.1.5 Routine adverse events
Placebo controlled trials

Adverse events reported by subjects randomized into study 320 or 321 are shown
“below.

~ Table 12 Adverse Events >3% Incidence in Placebo or Combined Ambrisentan
Treatment Groups (AMB-320/321 Population: Safety)

Treatment group Placebo 25mg Smg 10 mg ‘Combined
i (N = 132) ambrisentan  ambrisentan  ambrisentan  ambirisentan
Adverse event, n {%) (N=64) N =130) N=67) (N =261)
Subjects with at feast | AE 108(31.8)  47(734) ° 102(78.5) 53(79.1)  202(774)
Peripheral edema 14 (10.6) 20.1) 24(18.5) . 19.(284) 45(17.2)
Headache 18(13.9) 5(7.8) 20(154) 13(194) ~ 38(14.6}
Dizziness 1308 347y $(6.9) 6 (2.0 18 (6.9)
Nasa! congestion 2(L.5) ERICN 745.4) - 7 (10.4) 15(57
Cough £(6.1) 23.0) 754 3(1.5) 14(54)
Dyspnea exacerbated 8(6.13 2(3.0) 10 (7.7) 1(1.5} 13150
Upper respiratory tract infection 8{6.1) 2Q3.1) 6 (4.6) 5(7.3) 13 .(S.O)
Palpitaticns I 4(63) 53.8) 3(4.5) 12 @46y
Dyspnea ' 4(3.0) YY) 7(54) 3(4.5) 1HED
Constipation 2(1.53 260y 403.0) 1(6.0) 10 (3.8}
Fatigue 6 (4.5) 0 0.0 7(5.4) 3@.3) 10 (3.8)
Nausea 1209.1) 2(3.1) 5(3.8) 3(4.5) 10(3.8)
Bronchitis 5(3.8) 3(4.7) 6 (4.6) 1(1.3) 10 (3.8)
Flushing 1(0.8) 4(6.3) 503.38) 1(1.5) 10 (3.8)
Nasopharyngitis . 1(0.8) 0(0.0) 74y 2(3.0) 2(334)
Right ventricular failure 16 2.1y 203 6 (4.6) 1(1.5) 9(3.4)
Abdominat pain 1(0.8) 2.1 4G 2(3.0) 86.1)
Chest pain 323) 1(31.6) 6.6 1(L.5) 3.0
Insomnia 4(3.0) 4(6.3) 33 1(L5) 8(3.1)
Epistaxis 5(3.8) 2(3.1) 2(1.5) 4(60) 8.1
Sinusitis 0(0.0) 1(1.6) 4(3.1) 3(4.9) . 33.n0
Arihralgia 5.8 34D 1(0.8) 203.0) 6223
Urinary tract infection 8(6.1) 2.0 2(1.5) 1(1.5) 5(1.9)
ALT increased 5(3.8) 0(0.0) 2(1.5) 2(3.0) 4(1.5)
Pulmonary hypertension 7(5. 3y 2{3.1) 1(0.8) 1(1.5) 4(1.5)
Nate: Tablke reports AEs of >3% in the placebo group or Domhlmd smbrisentan groug
'Subject 156-001 (placebio) bad an event of clinical of PAH that appearcd o be Upan investigation, the

cvent stated afier the fidt dose of study drug, This subject has béen inchided in this summary table.
Source: AMB-320:321, Summary Table 12.3
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The events from the above table and reported more often in the combined
ambrisentan compared to the placebo group include peripheral edema 7%?2, headache
1%, nasal congestion 4%, palpitations 2%, dyspnea 1%, constipation 2%, flushing
3%, nasopharyngitis 3%, abdominal pain 2%, chest pain 1%, and sinusitis 3%.

Peripheral edema (in particular) and nasal congestion (less so) seem to suggest a
positive relationship to dose. _

Right ventricular failure, on the other hand, was reported almost 4 times more often
by the placebo group than the combined ambrisentan group. However, this was more
notable in the one study (321) than in the other. :

A review of the nonplacebo controlled studles does not contradict the findings cited
above. :

Study 220 had both a double blind and an open label phase. The table below shows
the adverse events reported both durmg the blinded phase (weeks 0-12) and during
the entire study (weeks 0-24).

Table 18 Adverse Events >10% Incidence Puring Weeks 0-12 and 0-24 for the Combined
Ambriscntan Group (AMB-220 Population: Safety)

‘Frentment period Week 0-12 ) Week 8-24

Adverse cvent, n (%) (N =64} (N = 64)
Pexipheral cdema 16 (25.0) 17 (26.6)
Headache 10 (15.6) 14 {21.9)
Nasal congestion 12 (18.8) . 13 {20.3)
Upper respiratary tract infection NOS 12 (18.8) 13 (20.0)
Cough 6 (9.4) . 9(14.13
Nausea 8(12.5) ?(14.1)
Flushing . 8 (1Z.5) &{12.5)
Dizzincss 4(6.3 » R(12.5)
Nasopharyngitis 6(%.4) 7109
Sinusitis NOS 4 (6.3) . 7 (10.9) v
ALT increase 5¢7.8) ’ 7 (10.9)
Palpitations 6(9.4) . 7109

NOS = not otherwise specificd, ALT = alanime aminoansterase
Lousce: AM3.220, Table 12.5

This suggests, but does not prove, that common events are more likely to be reported
within the first 12 weeks rather than later.

Longterm uncontrolled studies

Appears This Way
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% All percents in this paragraph are “placebo subtracted”
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7.1.7 Clinical laboratory evaluations

Liver enzymes
There was one death (320/321E/221-003) possibly lmked to drug induced

hepatotoxicity. See death section 7.1.1.

Number and percent of subjects with AST/ALT abnormalities for all 483 subjects are
shown below by degree of severity.

Table 32 Serum Aminotransferase Abnormalities (ALT and/or AST) by Severity
(Population: All Stadies)

ALT and/or AST - <12-week exposure Cumulative incidence for all PAH studles
{<84 + 4 days) &1 day)’
Placebo AMB AMB Distribution by dase at event, n
N =132) (N = 483) (N = 483}
n (%) n (%) R (26) Img | 2%mg | Smg 10 mg
>3xULN and <5xULN 1{0.8) 3(0.6) ) ey 0 2 5 3
»3XULN and <8xULN 2(1.5 ¢{00 ) 0 0o ) 0 1] [}] 0
>8xULN 000 | t(2 3(0.6) o 0 1 2
All >3xULN 323 4 (0.8) 137 [ 2z 6 5
'Incidence corsesponds 1o an averall réan exposure for all PAH studies of (7.4 £ 42.69 weeks. and 3 maximum exposare of 184.3 weeks
Source: Table 33

Cumulative incidence of AST/ALT > 3xULN was 3% for all subjects who received
ambrisentan for up to 184 weeks. Of these 13 subjects with abnormalities, 3 were
discontinued and 3 had dose reduction and/or dose interruption, 1 had a concomitant
medication discontinued, and 6 were unchanged. There was one placebo subject who
discontinued study medication. There was one subject (236-004) who had rising
LFTs (3-5xULN). She was discontinued from sulfasalzine and remained on
ambrisentan with a normalization of LFTs.

Discontinuations for abnormal LFTs

Patient ID/dose/age/sex Abnormality/time on drug | comments ,
220 24-001/5mg/58y/f ALT and AST 8-9 xULN/4 | Elevated LFTs starting
weeks about 2 weeks after

randomization. Subject
was discontinued day 32
(2 weeks after drug was
increased from 2.5mg).
Enzymes were with
normal range within 6
weeks after drug was
stopped. (see figure below

Appears This Way
On Original
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Randomized treatment: Ambrisentan 5 mg

AMB-220 Subject ID: 24001

e AIT(SGPT)

A AST(SGOT)

o Tota Bilirubin

v Alkaline Phosphatase

20 24

) 4 8 12 16
P oy g)\ Pas weekson StUdy
Patient ID/dose/age/sex Abnormality/time on drug | comments

220 13-009/5mg/45y/m

ALT and AST 3 xULN/
9.9 weeks

Hepatic enzymes elevated
on day 28. Dose was
decreased to 2.5mg and
then to Img. Enzymes
remained elevated and
subject was later
discontinued. (see figure
below)

AMB-220/ AMB-220-E  Subject ID: 13009

~_Randomized treatment: Ambrisentan’5 mg — Extension dose (Wk 24): 1 mg

® ALT(SGPT)

A AST{SGOT) o Total Biirubin

v Aliine Phgssbhatasé]
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Patient ID/dose/age/sex Abnormality/time on drug | comments

320/321E 109-002/10mg | ALT and AST 35-40 Study drug was
xULN/ discontinued on day 248
34 weeks because of abnormal

LFTs. Highest elevations
were 35-30 x ULN. MI
reported week 10. Subject
remained asymptomatic.
LFT elevation resolved
about 1 month after drug
was discontinued. (see
figure below). '
Atorvastatin had been
started on week 23.6 and
was discontinued at the
same time as ambrisentan.

AMB-320 / AMB-320-E Subject ID: 109002
Randomized treatment: Ambrisentan 10 mg ~ Extension dose: 10 mg

o _| -
w & ALT (SGPT) A AST(SGOT) o Total Bilirubin v Alkaline Phosphatase
-1 T
i> Entered AMB-320-£
< - !
'
. 1
{
. (=] ] 1
5] 1
= ;
"‘ - H
=2 ;
* o ]
[

(4] 4 8 12 16 20 24 28 32 36 40 44
Weeks on Study i

The Kaplan Meier curves for time to ALT or AST >3xULN and >5xULN for the 483
subjects are shown below.
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Figure 4 Kaplan-Meier Curves for Time to ALT or AST Event for All PAH Subjects
Who Received 1 or More Doses of Ambrisentan
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Seurce: Appéndix 3. Figire 14.7.3

The risk of developing ALT/AST elevations >3 x ULN was 2. 1% (95% CI: 0.6% to
3.5%) at 0.5 years of ambrisentan treatment and 3.6% (95% CI: 1.3% to 5.8%) after 1
year exposure.

The risk of developing ALT/AST elevations >5 x ULN was 0.2 % (95% CI: 0.0% to
0.7%) at 0.5 years of ambrisentan treatment and 0.6% (95% CI: 0.9% to 1.5%) after 1
year exposure.

Conclusion: While there were few subjects with substantial rises in LFTs,
ambrisentan has been shown to be a hepatotoxin and capable of causing substantial
damage to the liver. It cannot be assumed that all LFT increases will resolve when
study drug is discontinued. There were subjects with mild LFT elevations who were
able to remain on ambrisentan. Close monitoring is essential. There was one death for
which drug induced liver failure cannot be ruled out (primarily for lack of follow up
information).

Study 222

AMB-222 is an ongoing, single-arm, open-label study evaluating the incidence of
increased serum aminotransferase concentrations after 12 weeks of ambrisentan
therapy in subjects who previously discontinued bosentan or sitaxsentan treatment
because of LFT abnormalities (AST and ALT >3xULN). Subjects received 2.5 mg
ambrisentan daily for a period of 4 weeks before increasing the dose to 5 mg daily.
After Week 24, investigators were allowed to adjust the dose of ambrisentan as
clinically indicated. Subjects were monitored with clinical laboratory tests every 2
weeks and assessed for safety and efficacy every 4 weeks during the first 12 weeks of
treatment. After Week 12, subjects who continued to receive ambrisentan were
monitored with clinical laboratory tests every 4 weeks and were assessed for safety
and efficacy every 12 weeks. After Week 48, subjects continued to be monitored with
clinical laboratory tests every 4 weeks and were assessed for safety and efficacy
every 24 weeks.
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- The previous LFT abnormalities for the 36 study subjects are in the table below.
(N.B.: ERA=endothelin receptor antagonist.)

Table 10.4 Previous ERA Use and Associated LFT Elevations (Population: All Subjects)

Total
N =36
LFT Elevations Bosentan Sitaxsentan Firs_t ERA
. Failure*

Subjects Who Discontinued ERA. n 34 5 36
Subjects With AST >3xULN, v (%) 32(%4.1) 4 (80.0) 33(91.7)
Subjects With AST »SxULN, n (%4) 21(61.8) 4 (80.0) 24 (66.7)
Subjects With ALT >3xULN, n (%) 28 (£2.4) 5(100.0} 32(83.9)
Subjects With ALT >SxULN, n (%) 10 29:4) 3 (60.0) 13(36.1)
Subjects With Total Bitirubin >2xULN, n (%) 129) 0(0.0) 128
Durstion on ERA Before Discontinuation, weeks,

Median 139 287 156

Min, Max 4,141 17.6,53.6 4, 141
Forcach ERA, thic first ERA discontingation for ¢ach subject was countod.
“Subjects could have previ diszontiatied both boscritin dnd si

Mean dutation on prioc ERA before discontimistion was calculaed for the first episode of LFT4 on.each drug.
Sourée: Summary Tible 14.1.3 and Listing 16.2.5

All subjects had to have normal LFTs at baseline.

There were 2 discontinuations (subject #104-001 for pain in extremity day 8 and
subject #117-002 for palpitations day 22).

A Kaplan-Meier curve for the time to the first event of ALT/AST>3xULN up to 36
weeks (n=34 at 36 weeks) is shown below. There was one event reported of elevated
LFTs (subject 133-002 with mild elevations 6f AST/ALT which returned to normal
while subject remained on ambrisentan). '

Figure 11.1 Time to First Event of ALT/AST Value >3xULN (Population: Safety)

100

L e

40

Proportion of Subjects with No Event (%)

Week
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Anemia

There was a decrease in mean hemoglobin and hematocrit in the ambrisentan groups
compared to placebo. The table below shows the changes from baseline at week 12
for the combined studies 320 and 321.

Table 39 Hemoglobin and Hematocrit Change from Baseline to Week 12 (AMB-3201321
Population: Safety)

Treatment group Placebo 2.5mg Smg 10mg Combined
(N=132)  ambrisentan  ambrisentan  ambrisentan  ambrisentan
(N-=64) N =130) N =67) (N = 261)

Hemoglobin (g/dL)
Week 0 n 120 63 124 62 249
Mean (SD)  14.4(205)  148(1.98) 147(1.80)  144(197)  146(1.92)
Change from n 108 55 116 59 230
baseline to
wosk 12! Mean (SD) 0.18(1.04) -087 (109 -0.77(119) -093(1.29)  -0.84 (L19)
Median 0.20 £.70 -0.80 -1 -0.80
Min, Max  -30,34 39,16 33,37 31,51 -38,5.1
Hematocrit (V/V)
Week 0 n 18 60 121 60 241
Mean  044(0062) 0.45(0061) 044 (C06)  0.44(0.06)  0.44 (0.06)
Change from n 106 53 110 56 219
svaefl'("l‘ez}" Mean (SD)  0.01(0.033) 0.03(0.034) -0.02(0.037) -0.03(0.043) -003{0.038)
Median 0.0 003 -0.02 0.04 -0.03

Min, Max -0.09, 0.14 0.12,0,05 -0.11.0.11 <0.10.0.16 -0.12,0.16

*he hasclinié value was the mosf recent value prior to first dose
Saurce: AMB-320£321, Table $4.3.12

Overall there was a mean 0.84 g/dL decrease in the mean hemoglobin level in the
combined ambrisentan group (n=230) compared to a mean 0.18 g/dL increase in the
_placebo group (n=106). Hematocrit had similar changes.

At week 12, there were decreases in mean hemoglobin/hematocrit levels in the
ambrisentan group (all doses combined) compared to placebo (-0.84 g/dL/-0.03 V/V)
compared to a mean increases in the placebo group (0.18 g/dL/ 0.01 V/V).

The number and percent of subjects in studies 320 and 321 who had a decrease in

hemoglobin of > 1g/dL as well as those with a decrease of > 15% and below the
lower limit of normal are shown below by treatment group.
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Table 40 Decreases in Hemoglobin from Baseline to Minimum Post-Baseline Values
(AMB-320/321 Population: Safety)

Shift, " (96} Placebo - 25mg Smg 10 mg Combined
N=132) ambrisentan ambrsentan ambrisentan Ambrisentan
N =64 (N =130) N =67) (N =261}

Decreases in Hemoglobin =X gfdL

Any decrease 2B17.4 39 {60.9) 83 (63.8) 9 @3 171 (65.5)
Weeks {4 10 (7.6) 26 {40.6) 50 (38.4) 35(5.2) 111 (42.9)
Weeks 4-12 13-(9.8} 13 (20.3) 33(25.4) 14 (20.9) 60 (23.0)

Normal {o low - 615 5.8 9(6.9) 8(119) 28 {10.7)
Weeks [-4 2 (L5} 347 5(3.8) 68.9) 16 (5.1)
Weeks 4-12 4330 230 434 2(3.0 12 (4.6}

High 1o normal 2(1.5 5(1.8) 16 (12.3) 4 (6.0 2710.3)
Weeks 1-4 10.8) 5(7.8 11 (8.5) 1(6.9 21{8.0)
Weeks 4-12 1 (9.3) 0 0.0 5(33) [ (Q.O) 6{(2.3)

High to low 0.0 0 {0.0) 0 (0.0 0 (0.0 0 (0.0}

Decreases in Hemoglobin >15% and Below the Lower Limit of Notrial

Any decrease 538 3(4.7) 7(3.4) 7{10.4) . 17 6.5
Weeks 1-4 - 0(0.0) 231 6 (4.6) 3(4.9 12(4.6)
Weeks 4-12 53.8) 1{1.6) 1(0.8) 4.9 5(1.9)

Source: AMB320/321, Surnmary Table 14.3.19 and Summary Table 14.3.20

There were more decreases in hemoglobin > 1 g/dL in the drug group (65.5% for the
combined ambrisentan) compared to placebo (17. 4%) and there was an indication
that it was dose dependent. This was also true for the sizable hemoglobin decrease
defined as 15% from baseline and below lower limit of normal (6.5% versus 3.8%).

The same finding was observed in study 220 (at week 12).

Table 41 Hemoglobin and Hematocrit Change from Baseline at Week 12
(AMB-220 Population: Safety)

Treatment group 1mg 25mg Smg T 10mg : Combined
ambrisentan  ambrisentan  ambrisentan  wmnbrigentan  ambriséntan
N=16) N=19) N=16) N=13). W =64)

Hemoglobin (g/dL)
Week 0 n 16 19 16 2 63
Mean(SD) 145@.11)  133(175)  149(168) 152(1751)  144(1.99)
Change from n 15 16 4 It 36
:"‘::é";; o Mean(SD) -04(L21) 07(@®.T2) -L0(085)  -14(L43)  -08(1.03)
Median 05 06 09 . -I4 Y
Min, Max 24,21 22,04 227,02 -3.0,06 -3.0,2.1
Hematocrit (V/AV) _
Week 0 a 16 19 16 12 6
Mean(SD) 0.43(0.066) 040(0052) 0.44(0.050) 0.46(0.060) 043 (0.059)
Change from n 15 16 . 14 t 56
if:f’l‘z w Mean (SD) -0.01 (0.038) -0.02(0.022) -0.03{003) -0.64(0:035) -0.02(0.033)
Median 002 om 0.03 005 -0.02
Min, Max  -0.1,0.1 01,08 £0.1,00 -0.1,00 0.1,0.1

Source; AMB-22, Table 1210
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The table below shows the decreases from baseline over 24 weeks‘

Table 42 Hemoglobin and Hematocrit Change from Baseline throughout the Study
(AMB-220 Population: Safety)

Stdy week Week 4 Week 8 Week 12 Week 16 Week 24
Hemoglobin (g/dL)
Change from n 57 52 56 33 52
baseline Mean(SD) -09(0.82)  -08(089)  -08(102)  -09(L1Q) -09(12%)
Median 09 08 08 10 10
Min, Max 29,09 25,23 -30,2.1 -3.0,33 -3.0,30
Hematocrit (VIV)
Change from n 56 52 56 49 30
baseline Mean(SD) -0.03(0.026) -0.02(0.030) -0.02(0.633) -0.03(0.036) -0.03(2.038)
Median 003 £.02 002 003 003
Min,Max 0,00  0.1,0.1 20.1,0.1 01,01 0.1,0.1

Soarce: AMB-220, Summary Table 14.4.11

Mild to moderate decreases in hemoglobin/hematocrit anemia appear linked to
ambrisentan use (similar to bosentan). The effect seems to stabilize in the first several
months of treatment.

Anemia was reported as an adverse event by 6% of the subjects in the AMB-
320/321E combined analysis (24/383). One subject (AMB-222/143-003) was
hospitalized twice (study days 10 and 112) because of anemia. She had a long history
of frequent episodes of epistaxis. During both hospitalizations she was transfused and
released. She remained on study drug (2.5 mg followed by 5 mg ambrisentan).

The mild decreases in hemoglobin and hematocrit are similar to those seen with other
endothelin receptor antagonists. '

Coagulation

Coagulation tests were obtained monthly for 50%-60% of subjects receiving an
anticoagulant in the phase 3 studies AMB320 and 321.

The table below shows the changes in PT and INR values at week 4, by treatment
group.
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The changes to the dose of specific anticoagulants (sum of daily doses over 7 day
period) was examined as well.

Table 1218 Weekly Anticosgulant Dose, Profirembin Time and Enternztional Normatired
Ratio Percent Chapze from Week 0 at Week 12 (Populatien: Safety)
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Madties 14 12 36 © 000 083
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The changes observed in the active treatment groups are not different from those
observed in the placebo group.

In addition, there were no subjects in the ambrisentan arms of these 2 studies who
reported a change in PT or INR that was considered to be an adverse event. There
were scattered reports of changes in PT/INR as an adverse event in subjects
participating in other studies. '

Long term use of ambrisentan and coagulation values were evaluated in extension

study AMB320-321E. The table below shows changes in INR values over 48 weeks,
by treatment group.
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In summary, it is unlikely that there is a link between the use of ambrisentan and
changes in coagulation.

Bleeding reports
The following subjects reported bleeding events that led to study drug
discontinuation:

-subject 320/101-006 (10 mg) was hospitalized 14 days after the start of study drug
because of hypoxic respiratory failure secondary to a rapidly recurring right pleural
effusion. She complained of abdominal and flank pain with a marked increase in
dyspnea. Her hematocrit had dropped from 30% to 19%, platelet count was 45 x10°
U/L, and PTT was >150 s. Heparin was interrupted and the subject was started on
lepirudin. She recovered and remained on study drug. On day 88, this subject was
hospitalized because of an intracranial bleed. Her husband stated that the subject had
fallen and hit her head. She died the next day (see death section)

Other reports of serious bleeding include:
-subject 321/242-005 reported anemia. Resolved.
-subject 321/207-009 reported severe epistaxis. Other medication change, resolved;

-subject 321/245-006 reported hemoptysis. Other medication change, resolved;
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. -subject 320/321/227-001 (2.5mg) had severe GI hemorrhage with drop in
hematocrit, resolved;

-subject 320/321/155-003 (10mg) had severe hemoptysis;
-subject 320/321/214-002 (placebo) had severe epistaxis.

There were 30 subjects with reports of hemorrhagic events in 320/321E. Of these, 11
were serious with 3 of the 11 resulting in discontinuation/interruption of study drug.

-subject 320/321E/231-005 (2.5mg) with subacute subdural hematoma diagnosed day
91. Acenocoumarol was discontinued as was ambrisentan when subject withdrew her
consent. '

-subject 320/321E/116-008 (10mg) with subacute subdural hematoma diagnosed day
239 after traumatic event. Warfarin was discontinued; ambrisentan was interrupted
for 6 days.

-subject 320/321E/104-003 (5mg) was discontinued because of hematochezia.
Concomitant medication included warfarin.

Allergic reaction
The following subjects reported events suggestive of allergic reaction:

-subject 320/321/211-009 (5 mg) reported dyspnea and erythematic swelling of face,
hands, legs on day 15. She was discontinued 4 days after the event and the reaction
resolved 28 days later.

-subject 320/321/211-010 (5mg) reported mild face edema and headache 3 days after
start of drug. Study drug was stopped and the events resolved in one day. She was
restarted on drug and the events reappeared. Study drug was then permanently
discontinued.

Male fertility
Animal (rat studies) findings:

“Diffuse testicular atrophy (unilateral and bilateral) of massive severity was observed
in one animal at 100 mg/kg/day and in two animals at 300 mg/kg/day. . . . During the
recovery phase massive diffuse tubular atrophy was observed in one animal in each
treatment group (10, 30, 100, and 300 mg/kg/day). The diffuse testicular tubular
atrophy was not reversible during the 13-week recovery period at > 10 mg/kg/day.”

Semen specimens were collected during some of the studies:
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Study AMB 320: few semen analyses were available for review (2 placebo subjects,
3 ambrisentan 5Smg subjects, 7 ambrisentan 10 mg subjects). In the 10 mg group,
there were 4 subjects with ejaculate volumes greater than 1.0mL in both week 0 and
week 12 samples. Sperm densities decreased at week 12 compared to week 0 in all.
One of the subjects also had decreasing motility from week 0 to week 12.

Study AMB 321: few complete semen samples were available for review (2 placebo
subjects and 4 ambrisentan 5 mg subjects). One of the ambrisentan subjects was
deemed to be azoospermic by the reviewer (expert consultant). There was little
change for the remainder of the subjects. However, the data were very scant and it is
not possible to rule out an effect of the drug on human male fertility.

Conclusion While it is difficult to interpret these data, there is no indication that
ambrisentan does not have an adverse effect on human male fertility. One of the

expert reports recommended that the effect of drug on sperm concentration, motility,
- or morphology be examined after 24 weeks rather than at 12 weeks.

ECG findings

QT study (see Christoffer Tornoe’s 'reviéw of QT study)

Abnormal ECGs |

The numbef and percent of subjects with clinically signiﬁcant abnormal ECG

findings at screen, week 0, and week 12 for studies AMB 320 and 321 are shown
below” . . o

AMB-320 AMB-321
placebo Smg 10 mg placebo 25 mg Smg
N 67 67 &7 65 64 63
S abnormality, %
Screening Visit 9.0 164 239 154 14.1 9.5
Week 0 104 14.9 19.4 12.3 109 4.8
Week 12 75 104 119 22 9.4 1.6

The vast majority of abnormalities were reported both at screen/baseline and week 12
and reflected the effects of PAH on the heart. There is no indication that ambrisentan
causes cardiac abnormalities that can be detected by ECG changes after 12 weeks of
treatment. '

Vital signs

Mean heart rate decreased slightly more (1.4 bpm at week 12) for 244 subjects
receiving ambrisentan (doses 2.5 mg-10 mg) compared to 113 subjects receiving
placebo 90.2 bpm).

® ECG table dated March 5, 2007.
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Mean blood pressure tended to decrease more in subjects receiving ambrisentan at
week 12 compared to subjects receiving placebo.

Table 53 Bloed Pressare Chznpe from Baseline fo Week 12 {AMB-32(:321 Papulation:
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There were sporadic reports of hypotension/syncope.

-subject 321/211-008 (2.5 mg) reported syncope day 50. Temporary discontinuation
of study drug. Completed study :

Subgroups . _ :

There were no studies specifically designed to evaluate safety of ambrisentan in any
subgroup including age, gender, race, etiology of PAH, and-baseline WHO functional
class. Overall, one cannot draw any conclusions about the safety in subgroups
because of the small sample sizes.

There were no studies evaluating the safety of ambrisentan in subjects with either
renal or liver impairment.

Phase 1 studies

The phase 1 studies are briefly described below.
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Phase 1 Clinical Studies m Healthy Subjects

PK and EE-001 M Smngle ascending dose ambnsentan
Tolarability a=63 pharmacokimnetics, pharmacodynamics and the
: effect of food on ambrisentan pharmarckmetics
ER-002 M Multiple ascending dose pharmarokineties and
n=10 phamacodynamics of ambrisentan
Bioequivalence . AMB-103 MF Bioeqguivalence of chnical and commerciat
2=65 formmalation ambrisentan tablets
GTIQTe AMB-104 MF Comelation of ambrisentan pharmacokimetics
n=161 and effect on QT/QTc mterval
Drog-Diug AMB-105 MF Pha.unacukinéﬁc drug-dreg inferaction with
Interactron a=20 sildenafil
AMB-106 M/F Pharmacokinetic and phamacedynamic doug-

n=123 drug interaction with warfarin

There were seven phase 1 studies (including AMB-107, a mass balance study not
listed above). A total of 369 healthy volunteers participated in one of these seven
studies.

The table below shows the numbers of subjects enrolled and the numbers withdrawn
for adverse event for the phase 1 studies.

Study ID | Number enrolled |- Number withdrawn for adverse event

EE-001 63 1 (50 mg: facial flush, shivering, sickness, nausea,
' vomiting, headache, vertigo, and dizziness)

EE-002 30 2 (10 mg: fever, diarrhea and 10 mg: headache)

AMB- 65 1 (10 mg: strep infection)

103

AMB- 161 1 (10 mg: palpitations)

104

AMB- 20 0

105

AMB- 22 0

106

AMB- 8 0

107

The following table lists the number of subjects who reported adverse events in the
phase 1 program, by drug dose.

Appeats This Way
On Original

30




Tanie .33 Number of Subjects with idveras svsnis [counisd Boce per subject] by dose leval

)

Tipe of evert Pe img
S cobo
: MN=18

Trvaiend sovameed (Fleees o BOr 08075
mg Wmg SOmng 0m

Soy . Wwg

NeZ -NeZ7 M=l Hes Kewd

Hxg

_td
. H=TF

190
. ma
‘Ne2

- NI

H=72

T v
cuiar diaoigar aagt

. Cansigilicn

Digphe 1
* Faeling ofwamnth .
Fhabiflance; : t

Fiahing

. Flaabing of fsce -
 H e IR
. Hesdachs nos® -
£ Shondicte o .

et

Hmasnn with

F

¢ -

e,
.

N
b
- A

o am

1

ulur..._.-a

- amn

3

ENP N R X TR

e
[ R R

an

15

-

o

Best Possible Copy

Appears This Way

On Original

31



This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Maryann Gordon
4/30/2007 11:39:15 AM
MEDICAL OFFICER



Safety update
NDA# 22081

Summary
The conclusions stated in the NDA safety review remain unchanged. The additional data

presented in the safety update are from uncontrolled trials.

Introduction

The 4-month safety update contains cumulative data through November 30, 2006 from the 3
ongoing trials (AMB-320/321-E, 220-E, and 222). Information about all subjects who were
reported to have died or were discontinued because of an adverse event up to March 18, 2007 -
was submitted. There is one newly initiated open label trial (AMB-323) in subjects with - -
pulmonary hypertension for which all reported deaths, serious adverse events and
discontinuations for adverse events were submitted.

As of November 30, 2006, a total of 483 subjects' received ambrisentan in a phase 2 or 3 study.
Mean exposure is about 1.5 years with maximum exposure more than 4 years. A total of 343
subjects received ambrisentan for at least 1 year and 120 subjects have received the drug for at
least 2 years. Doses ranged from 2.5 to 10 mg once daily. The safety update added 32 weeks of
exposure to ambrisentan since the close of the NDA data base. :

The newly initiated study” AMB-323 reported no deaths. There was one serious adverse event of -
worsening pulmonary hypertension. One subject discontinued study drug because of elevated
liver enzymes. A total of 14 subjects have been enrolled into this open label study.

Deaths
Cumulative reported deaths through November 30, 2006 are shown below by study and
treatment group.
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Table 16 Cumunlative Sammary of Deaths in Subjects with Palmonary Arterial
Hypertension throagh 30 November 2006, All Phase 2 and 3 Studies

Treatment gronp’ Placebo long - 25mg mﬁSmg 10 mg
ambrisentan. ambmisentan risentan ambeisentan

Phase 3, placebo-contiolled studies

AMB-320 2 NA NA 1 1
AMB-321 4 NA 2 0 NA
Phase 2 Studies

AMB2O NA 1 o 0 1
AMB-DP NA e . . 0 1 2
Long-term Phase 2 a0d 3 studies o '
AMB-320321-E% NA 1 s 18 10
AMB2WE  NA 0 . o0 4

‘Mmmmmmmmmmnmmofm

*Fox enguing stndies deaths are Feported through 30 November 2006. Of these, 21 ocmmed during the sefety npdlate pestod.

eaths that cocured daring stady AMB-3Xk321- Emly(n-MDmﬂEﬂmmqmdwmesubjedsmmedmmmmpMm
AMB-320 and AMB-321 2o conled & those stﬂmwy(n 53.

HT— ~° BestPossible Copy

There were 21 additional deaths reported since the close of the NDA data base (February 17,
2006) and the close of the safety update data base. There were 3 additional reported deaths in
AMB-222 at doses of 5 (1 subject) and 10 mg (2 subjects) and 18 additional reported deaths in
AMB-320/321E at doses of 1 mg (1 subject), 2.5 mg (2 sub]ects) 5 mg (8 subjects), and 101 mg
(7 subjects)

In addition, there were 6 subjects (5 from stud AMB 320/321 and | from AMB222) who dled
between December 1, 2006 and March 18, 2007.

Subject ID/age/sex | Dose/Duration | Comments

AMB-320/321-E

255-001/44/f 2.5 mg for 336 Sudden death. Subject was hospitalized
days and 5 mg for | because of asthma and during this time she
224 days experienced palpitations diagnosed as

paroxysmal reciprocal AV node tachycardia
and AV node dissociation. She stated that she
experienced previous palpitations. Ablation
was planned. Concurrently she reported
muscle weakness that was diagnosed as
polymyositis. Lab results showed mild to
moderate elevated fibrinogen, C-reactive
protein, leukocytes. The day before death, she
developed nausea and vomiting. Prior LFTs
were normal but on the day of death ALT and
AST were 15xULN and total bilirubin was
nearly 3xULN. Abdominal ultrasound was
unremarkable. She had sudden collapse and




could not be revived. Pathological findings
included periarteritis nodosa and fresh and
sclerotic infarction in the lungs. Cause of
death was acute cardiovascular event
secondary to paroyxmal tachycardia or
pulmonary ebmbolism.

221-001/64/f 2.5 mg/675 Hospitalized on day 418 because of
decompensated heart failure. Worsening
'pulmonary hypertension followed by sudden
death about 6 months later.
242-002/31/m 2.5 mg for 682 - Hospitalized for anemia after bleeding from
o days and 5 mg for | ruptured varicose vein. Was found to be
anemic with elevated heart rate. Recovered

14 days

‘after transfusion. Hospitalized about 2 weeks

later for symptoms of worsening heart failure.
ECHO showed dilated heart and he was

| placed on transplant list. Progressive renal

failure and fluid retention. Developed cardiac
arrest and died when CPR failed.

108-002/70/f

5 mg for 837 days

History of rectal cancer. Died respiratory -
failure while hospitalized for enteritis.

| 133-009/76/f

5 mg for 332 days"

Death occurred 18 days after the last dose of

‘ambrisentan because of anemia. She was

hospitalized for low grade fever and night
sweats. Blood cultures were postive for S.

“| bovis. She developed a intracerebral

hemorrhage and subsequently died. PT and
INR were elevated. She had a history of mitral
valve replacement and was presumed to have
septic emboli from bacterial endocarditis.

155/005/63/f

5 mg for 97 days

Ambrisentan was discontinued on day 97
because of diarrhea and vomiting. She was

-hospitalized the next day, deteriorated, was

sent home, attempted to be readmitted, was
taken to the emergency room where she was
found to be in a hypoglycemic coma (blood
glucose 29 mg/dL). Abdomen was enlarged
and painful on palpitation. Her LFTs were
slightly elevated. She suffered a cardiac arrest
and cause of death was listed as hypovolemic

'shock and dehydration secondary to

gastroenteritis.

207-021/71/m

-5 mg for 45 days

History of gastic carcinoma and gastric
bleeding. Died suddenly at home. No autopsy.

211-002/62/f

5 mg for 638 days

Reported several serious adverse events
(worsening heart failure, worsening PAF,




diverticulosis, hypotysis, and large pericardial
effusion) during study. Developed worsening
dyspnea, peripheral edema, ascities. Blood
and urine cultures were positive for staph and
E. coli, respectively. Prior to dying, she was
placed on a ventilator and developed
multiorgan failure.

213-018/64/m 2.5 mg for 505 Previous reports of progressive dyspnea, atrial
days and 5 mg for | fib/flutter, and syncope secondary to
91 days hypoxemia. While.in the clinic he collapsed,
was found to be in ventricular fib and could
not be resuscitated.-
227-002/70/f | 5 mg for 406 days | Died of right heart.failure.

.241-002/69/f

2.5 mg for 338
days and 5 mg for
107 days

Sudden death. Prior-to death subject
developed increased dyspnea. She had -
reported a paiic attack previously. '

© 1 112-004/73/f

5 mg for 14 days
and 10 mg for 219
days

Hospitalized for acute respiratory failure and
died about 2 weeks later. Reported anemia.

. [116-009/68/f

5 mg for 14 days
and 10 mg for 805
days

Hospitalized for severe dyspnea and died as a
result of acute exacerbation of severe
pulmonary hypertension.

o 117-002/22/f

5 mg for 14 day
and 10 mg for 266
days

Sudden death secondary to mtracramal
hemorrhage. Previous events include bleeding
post renal biopsy and pulmonary embolus.
She was being treated with warfarin. Autopsy
showed lupus neplhiritis, lung edema and
congestion, bilateral pleral effusion,
cardiomegaly, and a pulmonary embolus.

151-003/18/f

5 mg for 171 days
and 10 mg for 4
days

Sudden death while hospitalized for
worsening right heart failure.

155-002/48/m

5 mg for 14 days
and 10 mg for 186
days

Died of respiratory failure after being
hospitalized for worsening right heart failure

210-004/42/m

2.5 mg for 257
days, 5 mg for 86
days and 10 mg for
420 days.

Previous serious adverse events included leg
ulcer, acute renal failure, right heart failure.
He was hospitalized for worsening systemic
hypotension. His heart failure progressed and
he died of cardiovascular collapse.

213-001/71/m

2.5 mg for 251
days, 5 mg for 176
days and 10 mg for
239 days.

Previous serious adverse events included lung
fibrosis, increased pulmonary hypertension,
worsening right heart failure, and syncope. He
was hospitalized for worsening right heart
failure and respiratory infection. He continued
to deteriorate and died of right heart failure.




AMB-222

126-001/69/F 2.5 mg for 29 days | Hospitalized and died because of right heart
and 5 mg for 225 failure.
days

122-002/70/f 2.5 mg for 29 days, | Subject developed increased difficulty

5 mg for 14 days breathing. She refused to be hospitalized and
and 10 mg for 261 | died that day :
days.

212/62/f 2.5 mg for 26 days, Hospltallzed and subsequently died of
5 mg for 255 days | worsening pulmonary: arterial hypertension.

and 10 mg for 24 N :

days.

' Most deaths were related to heart failure, sudden death, and/or ‘worsening respiratory condition, .
- deaths similar to those associated with pulmonary hypertension and undetlying diseases. No :
death appeared to be caused by liver failure or seemed unexpected. : '

Senous adverse events

- The most commonly reported serious adverse events include ri ght ventricular failure (7%)

- .. pulmonary hypertension (7%), pneumonla (2%), syncope (<2%) hypox1a (<2%); and pleural
~ effusions (<2%) (table 14.3.6).

_,Dlscontmuatlons for adverse events

. Discontinuations because of adverse events were reported for: 52 subjects (14%) for all
- -ambrisentan doses combined. Common events leading to discontinuation were cardiac. disorders-

. (5%) including right ventricular failure (3%), and respiratory disorders (4%) including - - -
pulmonary hypertension (3%). Other important events reported less often include postural
dizziness/syncope (0.5%), cerebral/intracranial hemorrhage (0.5%), and renal
failure/insufficiency (0.5%). There was one subject who discontinued because of face edema.
(table 14.3.7). '

Laboratory values

Liver function tests v
. The incidence rate of LFT > 3xULN for subjects on ambrisentan increased to 3.5% (compared to
2.7% in the original NDA). The cumulative incidence of LFTs >8xULN was 0.8% (compared to
0.6% in the original NDA.

The additional subjects with elevated LFTs are shown below. The doses used ranged from 1 to
10 mg. The above incidence rates do not include all subjects listed below.

Dose Subject | Sex/age Time to Max ALT/AST Discontinued
ID >3xULN (xULN) Study medication?
(wks)




lmg - 01-007~ 1767 192 ' 4/3 No

2.5 mg 252-001+ {770 68 2/3 No

10 mg 104-004+ /54 29 2/3 No

10mg 101-002+ | {729 99 10/2 No

1 mg 255-001+ /44 80 15/15 Died#

10 mg 15-006" 182 4/4 Yes, temporary

5 mg 147-003* /44 21 7/6 yes
~study AMB 220-E ' ’ .
+study AMB 320/321-E
*study AMB 323

- #see death section

‘ Subj ect 101-002 was receiving dapsone (for ling infection) at the time- orf the ALT/AST increase. =
* Dapsone was discontinued and both ALT/AST levels fell. The subject remamed on ambrlsentan
~ for an addltlonal 15 weeks without incident. - ‘

Subject 15-006 had periodic elevations of LFTs. Study drug was discontinued for 6 days and "
then restarted. LFTs started to increase and ambrisentan was down titrated to 5 mg. LFTs
returned to normal 1 week later. :

The Kaplan-Meier time to event analysis of time to ALT or AST > 3xULN and >5xULN has . -
been updated to include the addition 32 weeks of data. This is shown below. .

Figure 1 Kaplan ‘Meier Cuives for Tinie to ALT:6r AST Eveént for Al PAH Subjects
. Who cheived lor Mnre Dosa of Ambrisentan -

o Y 4 ‘n s 12 ['E " res 192 28

‘Daa far this analyss include siibjects fror the Fhase 12 and Phase 3 studies (excluding AMB323) who received ambrisentan,
AMBAZ321-E Subject: 101-007 had an eventiof AUT:SSxULN {1624 ULN) on'17Auz2006 (i0eek 99) That was: recorded 3t a Jocal
labiocatory:and ts incloded in this aalysis.
Source: Figure 14.7.3

Subject 147-003 (study AMB-323, Smg for 150 days) developed elevated liver enzymes (4-
7xULN) and was discontinued. This subject is not included in the above figure.

Anemia




There were 6 subjects with reports of serious anemia (including iron-deficient anemia).

As previously shown in the NDA safety review, mean hemoglobin levels, hematocrit and red
blood cell count decline by about week 4 in subjects taking ambrisetan and then remain stable.

Additional reports of deaths/withdrawals/sérious adverse events received after November 30,
- 2006.

Study AMB 320-321: 5 deaths included sudden death, pulmonary hypertension, cardiac arrest,
cardiac failure/pneumonitis, right ventricular failure/thrombosis. ,

- Study AMB 22: 1 death from worsening pulmonary hypertension.

' Study AMB 323 had 2 reports of elevated LFTs: 125-006 and 147-003. Subject 147-003.is
discussed in the LFT section of this report. '
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