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Division Director Review

I refer to reviews of CMC (Wang; 24 May 2013), biopharmaceutics (Duan; 18 June 2013),
pharmacology/toxicology (Link; 14 June and 26 August 2013), clinical pharmacology
(Sabarinath, Marathe, and Zhao; 29 June and 6 September 2013), clinical (Gordon; 19 June
2013), and statistics (Zhang; 18 June 2013 and 4 October 2013). There is also a CDTL memo
(Southworth; 19 September 2013), with which |1 am in complete agreement.

CMC site inspections are complete. There are no other CMC issues.
There are no outstanding issues with biopharmaceutics.

The non-clinical work-up is consistent with macitentan being a mixed endothelin ETA and
ETB receptor antagonist. There is one long-lived active metabolite. Typical of these drugs,
macitentan shows toxicity at seminiferous tubules, decreases hematocrit, and causes
craniofacial abnormalities in fetuses exposed in utero. There is no identified off-target toxicity.
There was no genotoxicity finding; two-year carcinogenicity studies in two species were
unremarkable.

In man, the long half-life results in about 50% accumulation of the parent, and about 8-fold of
the active metabolite, with once daily dosing. Plasma levels are about 50-100% higher in PAH
patients than in normal volunteers. Both parent and metabolite are highly protein bound.
Macitentan is subject to metabolism by multiple CYPs; inhibition or induction of 3A merits
dose adjustment. Dose adjustment is also not needed for hepatic or renal impairment.

A single study supports approval. SERAPHIN was a parallel study in which 742 subjects with
pulmonary arterial hypertension (77% female; 55% idiopathic, 31% connective tissue

disorders; WHO functional class II-111; 60% on background PDES inhibitor) were randomized
to placebo or to macitentan 3 or 10 mg and followed for up to about 4 years (median of about
2).

The primary end point was fairly conventional, clinical worsening as evidenced by all-cause
mortality, need for atrial septostomy, lung transplantation, IV or SC prostanoids, or clinical
worsening (confirmed 15% decrease in 6MW plus increase in functional class or right heart
failure plus new oral or other therapy for PAH) to end of treatment + 7 days. Both doses were
allocated alpha=0.005, so the overall alpha was 0.01, deemed by the Division and ODEI as an
adequate basis for one-study approval.

Statistical significance was achieved at 10 mg (HR=0.55; p=0.0001), but not quite at 3 mg
(HR=0.7; p=0.011). Most of the events and all of the treatment effect are, predictably, on
worsening PAH.

The effect on 6MW at 6 months was about 22 m (p=0.008). Similar results are obtained on
both end points for the observed data and including the imputed data for withdrawals.

Reviews describe similar effects on the composite end point and on 6MW in various subsets.
Analysis by background PDES5 inhibitor is a particular concern considering how hard it has
been to show consistent effects of one vasodilator on top of another one.

The table below shows effects on the composite end point by baseline use of PDE5 inhibitor:

Macitentan Placebo
PDES5 inhibitor | N # events N # events HR 97.5% CI
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None 88 26 95 48 0.45 0.26 0.77
BERAPROST | 6 3 4 2 1.03 0.13 8.09
ILOPROST 10 3 3 2 0.59 0.08 4.69
SILDENAFIL | 140 46 140 62 0.60 0.39 0.94
TADALAFIL 2 1 2 0
VARDENAFIL | 8 1 8 3 0.35 0.03 4.61

The effect is similar on no PDES5 inhibitor and on sildenafil (where the bulk of the experience
is), and even statistically significant in both subsets.

This table shows effects on 6MW at 6 months:

Placebo Macitentan 10 mg

PDES inhibitor [ N Mean STD Median N Mean | STD Median
None 95 | -12.2 | 1224 0 88 3.1 85.4 13.5
BERAPROST 4 -52.8 127.1 -13.5 6 -43.2 57.6 -47
ILOPROST 3 31.3 62.9 39 10 -4.8 49.2 -8.5
SILDENAFIL | 140 -6.3 85.1 4 140 20.0 82.6 175
TADALAFIL 2 3.0 17.0 3 2 19.0 48.1 19
VARDENAFIL | 8 -9.9 71.3 4.5 8 4.8 95.5 -15.5

Again, there are, at least, similar median effects on sildenafil or no PDES5 inhibitor.
In addition, there are at least favorable trends on functional class and hospitalization.
Deaths were similar across groups™.

The only clear “safety” signal is anemia; as an AE, the counts are <1% on placebo, 2% on 3
mg, and 3% on 10 mg. This is consistent with effects seen with all the drugs approved for
PAH, and | suspect that it contributes to benefit.

There is no hint of hepatotoxicity, but the baggage for endothelin receptors is such that the
review team favors labeling similar to ambrisentan’s, with additional clinical information
obtained through a post-marketing commitment.

I concur with the entire review team in recommending approval.

! The accounting is a little confusing. For all subjects throughout the entire study, there were 28 deaths on placebo
and 30 on macitentan 10 mg. For adjudicated events as part of the primary end point (EOT+7), the numbers are
17 and 16 as first events, and they are 18 and 16 as adjudicated events at any time up to EOT+7. However, the
adjudicators liberally interpreted the window; unadjudicated counts are 19 and 14 for EOT+7.
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Re: liver toxicity review

Summary

Macitentan is an agent developed for the treatment of patients with pulmonary arterial
hypertension (PAH). Because this drug is chemically similar to bosentan, a drug associated with
liver transaminase elevations, and the Canadian Health Authorities were concerned about the
liver toxicities reported by patients who received macitentan during the clinical trials, I, as the
primary reviewer decided to re-examine the known effects of macitentan on the liver.

In my re-review, I have found, at best, only a weak link between possible liver injury and the use
of this agent. However, there is still need for vigilance because

a.) the majority of macitentan doses studied has been 10 mg or less so the safety of higher doses
1s unknown, and

b.) the total number of patients who have taken the drug is small.

Background

The findings that led me to this conclusion are:

1) @@ Lypertension study AC-
® @

055-201 because of signs of liver toxicity

A total of 379 subjects were randomized to placebo (n = 54), ACT-064992 doses 0.3 mg (n =
54), 1 mg (n = 60); 3 mg (n=57); 10 mg (n = 56) or enalapril (n = 56).

Safety outcome: There were five cases of increased liver enzyme (LFT) elevation > 3 x ULN in
the ACT-064992 treatment groups (1, 2, 1 and 1 in the ACT-064992 0.3, 1, 3, 10 mg groups,
respectively), and none in placebo or the enalapril groups.

There were three subjects, randomized to macitentan in the study who were discontinued because
of elevated LFTs:

-#202-1024, macitentan 1 mg, 51 year old white female, concomitant medications included
aspirin, pipemidic acid, bromazepam, diclofenac, avamigran, ibuprofen, omeprazole, ranitidine
and sertraline. She reported mild ALT elevations and a urinary tract infection needing treatment
with an antibiotic.

-#204-1011, macitentan 3 mg, diagnosed during study with pancreatic cancer with obstruction of
the papilla of Vateri.
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-#119-1429, macitentan 10 mg, 70 year old white male was receiving atorvastatin and warfarin at
baseline. Reported mild ALT elevations and was hospitalized for benign prostate hyperplasia
with urinary retention leading to prostatectomy. He received Ampicillin 2g IV and gentamycin.

There was one subject with pancreatic cancer and the other two had mild increases in ALT in
association with antibiotic use.

2) Study AC-055-102 was a single center, double blind, placebo-controlled, randomized,
ascending dose study in healthy male subjects. The subjects received 1, 3, 10 or 30 mg dose of
macitentan or placebo for 10 days. There was a trend for small increases in mean levels of the
liver aminotransferases ASAT and ALAT compared to baseline in the groups treated with 10 and
30 mg macitentan, mainly caused by four subjects. However, all cases of elevated liver
aminotransferases were asymptomatic, resolved within 2 weeks and there were no reported
changes in serum bile salts, bilirubin, or AP reported. The sponsor apparently decided at this
point to limit exposure to macitentan in PAH patients to no more than 10 mg once daily.

3) Health Canadian received a list of 38 macitentan treated subjects who reported at least one

event using the preferred term “drug-related hepatic disorders” and then later died. | concluded
that these patients died of PAH progression and their liver toxicities were probably the result of
PAH progression.

4) The long term placebo-controlled trial in PAH (SERAPHIN) did not demonstrate that
macitentan had an adverse effect on the liver. However, there is a case of drug rechallenge that is
discussed below.

Patient 8401-11587 (macitentan 10 mg)

This 26 year old female patient with idiopathic PAH had a medical history of hypothyroidism,
upper abdominal pain, headache, human papilloma virus infection, and cutaneous tuberculosis.
The patient reported a history of liver disease with increases of liver enzymes on at least at two
occasions and a past history of receiving sitaxentan.

On Day 190, the patient started drinking a “natural” coffee containing ‘Ganoderma lucidum’ (the
lingzhi or reishi mushroom) followed by elevations of ALT and AST > 10 x ULN with slight
elevation of AP and no significant elevation of TBIL were observed. Study treatment was
permanently discontinued and the Ganoderma lucidum-containing beverage was stopped on Day
217.

This patient was rechallenged with macitentan (without the coffee drink) 10 mg starting 7.5
months after study treatment discontinuation. ALT and AST were within the normal range prior
to rechallenge. IgE at this time was reported to be 4500 IU/mL (normal 1-165 IU/mL). During
the rechallenge, her PAH grew worse with signs of hepatic congestion.

After five week of macitentan aminotransferases were elevated and continued to increase.
Macitentan was discontinued on Day 486 and LFTs eventually normalized.
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5) There are 2 studies in patients with digital ulcers. Although there are some patients with

increased transaminases, they are complex cases and it it hard to identify a direct link between
liver toxicity and use of macitentan.
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1 Recommendations/Risk Benefit Assessment

The results of the single large, well-controlled efficacy trial in patients with PAH showed that
macitentan 10 mg once daily reduces the risk of the occurrence of worsening PAH symptoms.
There was neither a survival benefit nor a mortality risk with doses 10 mg once daily or less.
Other benefits included improvements in 6 MWD, WHO functional class, health-related Quality
of Life (QoL), and fewer days of hospitalizations.

The identified risks include numerous reports of usually mild anemia that infrequently resulted in
the need for transfusions. There may be increased risk of liver enzyme elevations with doses
about 10 mg.

1.1 Recommendation on Regulatory Action

Approval of the 10 mg tablet for once daily use in patients with PAH, WHO Group 1.

1.2 Risk Benefit Assessment

The benefit of this agent in delaying the worsening of symptoms in patients with PAH probably
outweighs the risks of macitentan 10 mg once daily.

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation Strategies

None

1.4 Recommendations for Postmarket Requirements and Commitments

Exploration of doses above 10 mg once daily for improved efficacy should be considered.

2 Introduction and Regulatory Background

Macitentan is being proposed for the long-term treatment of pulmonary arterial hypertension
(PAH, WHO Group 1) ®®The safety and efficacy of
this application is based mainly on the outcome of the Seraphin trial for which the study design,
endpoints, and analysis strategy were discussed with the Division of Cardiovascular Drug
Products at the US FDA. The protocol for this study was based on an agreement between the
FDA and the sponsor within Special Protocol Assessment (SPA).

2.1 Product Information

PHARMACOLOGIC CLASS

Macitentan is a dual ETA and ETB endothelin receptor antagonist and has the following
structural formula:

Reterence 1D: 3529555



Clinical Review
Maryann Gordon, M.D.
NDA 204410, Opsumit® (macitentan)

0 0
L ¥4

Rr
W "

H
o > ﬁ
N
Br

Macitentan is an orally active, dual ETA and ETB receptor antagonist that prevents the
binding of ET-1 to its receptors. Endothelin (ET)-1 and its receptors (ETA and ETB) mediate a
variety of deleterious effects such as vasoconstriction, fibrosis, proliferation, hypertrophy, and
inflammation. In disease conditions such as PAH, the local ET system is up regulated and is
involved in vascular hypertrophy and in organ damage.

MODE OF ACTION

2.2 Tables of Currently Available Treatments for Proposed Indications
Drugs approved for PAH are shown below.

bosentan (Tracleer)

ambrisentan (Letairis)

sildenafil (Revatio)

tadalafil (Adcirca)

treprostinil injection (Remodulin)

treprostinil inhalation (Tyvaso)

iloprost (Ventavis)

epoprostenol (Flolan)

2.3 Availability of Proposed Active Ingredient in the United States

Available
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2.4 Important Safety Issues with Consideration to Related Drugs

1) Elevations of liver aminotransferases (ALT, AST) and liver failure have been
reported with an endothelin receptor blocker (bosentan).

2) Based on animal data, endothelin receptor blockers are likely to cause major
birth defects if used during pregnancy (class labeling).

3) Decreased sperm counts (class effect).

2.5 Summary of Presubmission Regulatory Activity Related to Submission

See FDA reviewer’s guide to NDA 204410 for complete submissions and communications with
FDA regarding the development of macitentan under IND 77,258.

2.6 Other Relevant Background Information

None

3 Ethics and Good Clinical Practices

The Seraphin study includes the list of IECs / IRBs including center name of IEC/IRB
chairperson, address, date of approval of initial protocol, date of approval of protocol
amendments. The model for the informed consent was submitted.

3.1 Submission Quality and Integrity
The quality of this submission and the studies conducted in support of the NDA are as expected.

A routine DSI inspection was requested for study AC-055-302 with no major violations.

3.2 Compliance with Good Clinical Practices

The protocols used to support this NDA stated that the study was to be conducted in compliance with
Good Clinical Practices. With the exception of minor protocol violations, there is no indication that good
clinical practices were not followed by any investigator.

3.3 Financial Disclosures

FORM FDA 3455: See documents for the information regarding the sixteen investigators with
financial interests to disclose for the major efficacy study AC-055-302 in section 1.3.4 of the
sponsor’s NDA. The remaining investigators were without financial interests and are listed in

10
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FORM FDA 3454. There is no indication that financial compensations compromised the
integrity of the data used in support of this NDA.

4 Significant Efficacy/Safety Issues Related to Other Review Disciplines

4.1 Chemistry Manufacturing and Controls

See individual review

4.2 Clinical Microbiology

NA

4.3 Preclinical Pharmacology/Toxicology

See individual review

4.4 Clinical Pharmacology

See individual review

5 Sources of Clinical Data

Materials used for the clinical review of this NDA include the original submission dated 10-19-2012 and
the safety update dated 1-31-2013.

5.1 Tables of Studies/Clinical Trials
See NDA 5.2 Tabular listings of all clinical trials.

The NDA consists of data from

- 14 clinical pharmacology studies,

-one study in patients with essential hypertension (AC-055-201),

-one study in patients with PAH (AC-055-302/SERAPHIN)

-one open label study in patients with PAH (AC-055-303)

-other indications include idiopathic pulmonary fibrosis, glioblastoma, digital ulcers.

See attachment to this NDA review for reviewer’s comments about Phase 1 studies, terminated
studies, PK studies, and studies in indications other than PAH.

11
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5.2 Review Strategy

This is a primary review by a single medical officer. The focus of the review was on the large Seraphin
trial. The other trials were reviewed and included in this document as deemed appropriate by the
reviewer. All necessary safety discussions are included as well.

5.3 Discussion of Individual Studies/Clinical Trials

The complete review for clinical trial AC-055-302 (Seraphin) is in the attachment.

6 Review of Efficacy

In the single efficacy in PAH study AC-055-302 the incidence rate of patients with confirmed
PAH events was lower for the macitentan 10 mg group (31%) compared to macitentan 3 mg
(38%) and placebo (46%) groups. The reporting of death was slightly more frequent for
macitentan 3 mg (8%) compared to placebo (7%) and macitentan 10 mg (7%). There were more
IV/SC prostanoids initiations in the placebo group (2%) compared to the macitentan groups
(0.4% each). The largest cause of a CEC confirmed endpoint for all groups was worsening of
PAH. There was a higher incidence rate of placebo patients (37%) reporting this portion of the
primary endpoint compared to macitentan 3 mg (29%) and macitentan 10 mg (24%)).

6.1 Indication

OPSUMIT® is indicated for the long-term treatment of pulmonary arterial hypertension
(PAH,WHO Group I) to reduce symptomes.

6.1.1 Methods

The indication for this NDA is supported by a single, large, multi-center, randomized, double-
blind, placebo-controlled study (AC-055-302/SERAPHIN) designed to evaluate the effect of
macitentan compared to placebo on morbidity and mortality in patients with symptomatic PAH.

6.1.2  Demographics

The table below shows the demographics for the SERAPHIN trial.
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Table 4 Summary of demographic and baseline characteristics, SERAPHIN
study, All-randomized set
Placebo Macitentan Macitentan All patients
Characteristic img 10 mg
(N =250y (N=150) (N=141) (N=T412)
Female sex — no. (%) 184 (73.9) 187(754) 194 (80.2) 363 (76.3)
Age — years 46.7+17.03 445=16.26 4351499 45.6=16.13
Race —no. (%)
Cancasian/White 131 (32.6) 137(55.2) 135(55.8) 403 (54.5)
Black 3(3.2) 52.0) 6(2.3) 19 (2.6)
Asian 71 (28.5) 69 (27.8) 65 (26.9) 205277
Hispanic 37(14.9) 37(14.9) 35(14.3) 109 (14.7)
Other 2(0.8) - 1(0.4) 3(04
Time from PAH diagnosis — years 26+373 30=434 26=363 27+£399
PAH etiology — no. (%)
Idiopathic 126 (31.0) 144 (58.3) 134 (55.6) 404 (35.0)
Heritable 3(1.2) 8(3.2) 2(0.8) 13(1.8)
Connective tissue disease 81(32.8) 70 (28.3) 73 (30.3) 224 (30.5)
Congenital shunts 26 (10.3) 15 (6.1) 21(8.7) 62 (8.4)
HIV infection 3(1.2) 1{0.4) 6(2.3) 10(1.4)
Drugs and toxins 8(3.2) 9(3.6) 5(2.1) 22(3.0)
6-Mimute walk distance —m 3524=1106 3641955 3626+932 359.6=1002
WHO functional class — no. (%a)
I 0 0 1{0.4) 1(0.1)
II 129 (51.8) 138 (35.6) 120 (49.6) 387 (324)
I 116 {(46.6) 105 (42.3) 116 (47.9) 337 (45.6)
IV 4(1.6) 5(2.0) 3(2.1) 14 (1.9
Hemodynamics
mBEAP (mmHg) 88+£35359 92=+3532 92=+6.03 9.1+3564
mPAP (mmHg) 531=18.13 551=16.74 335+17.63 53.9=17.50
PCWP (mmHg) 95+338 98=+330D 05344 9.6+337
CI (Limin/m") 244080 236+0.79 236078 239+0.79
PVR (dyn sec/cm’) 906 = 7843 1044 = 6242 1040 £672.5 1026 =693.7
Background PAH therapy — no. (%)
Yes 154 (61.8) 163 (65.7) 154 (63.6) 471 (63.7)
Mo 95 (38.2) 85(343) 88 (36.4) 268 (36.3)
Background PAH therapy — no. (%)
PDE-5 150 {60.2) 154 (62.1) 130 (62.0) 454 (61.4)
Oral/inhaled prostanoids 728 15(73) 16 (6.6) 41(3.5)
Anticoagulants — no. (%) 123 (49.2) 134 (53.6) 123 (50.8) 380(51.2)

Plus—minus values are means = SD; 6MWD = G-mimute walk distance; CI = cardiac index; HIV = human
immunodeficiency wvirus; mPAP = mean pulmonary arterial pressure; mRAP = mean rnight atrial pressure;
PAH = pulmonary arterial hypertension; PCWP = pulmonary capillary wedge pressure; PDE-5 = phosphodiesterase
fype 5; PVR = pulmonary vascular resistance; SD = standard deviation; WHO = World Health Organization.

Source D-12.425

Patients aged 12 years or over were enrolled if diagnosed with WHO FC II-1V idiopathic
PAH, familial PAH, PAH associated with connective tissue disease, PAH associated with
simple congenital systemic-to-pulmonary shunts at least 1 year post surgical repair, or
PAH associated with HIV infection, or drug and toxin use. Participants were required to
have a baseline 6MWD of at least 50 m.
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Overall, the subjects in SERAPHIN were predominantly female (77%), white, living outside the

US (mostly in Europe or Asia), and had a mean age of 45.6 years (3% of subjects were less than

18 years of age). Differences between treatment groups were small indicating that randomization
was successful in patient distribution.

In addition, mean time from PAH diagnosis to randomization in the study population was 2.7
years, idiopathic PAH was the most common etiology (55%) followed by collagen vascular
disease (30%), congenital shunts (8%), drugs and toxins (3%), and HIV infection (1%), baseline
mean 6MWD was approximately 360 m, mean Borg dyspnea index was approximately 3.5
across the groups, most patients were WHO FC II (52%) or WHO FC III (46%).

Around one third of subjects had at least one sign of heart failure with peripheral edema being
the most common. The majority (approximately 64%) of patients were receiving concomitant
PAH therapy with sildenafil being the most common (58%)". The percentages of patients taking
sildenafil at baseline were similar across treatment groups. Other commonly used drugs included
furosemide and spironolactone. The most frequently reported concomitant diseases were
ventricular failure, hypertension, and scleroderma. The treatment groups were balanced.

6.1.3  Subject Disposition

A total of 590 patients (80%) completed the study as planned and 22%, 17% and 22% of patients
withdrew prematurely in the macitentan 3 mg, macitentan 10 mg, and placebo groups,
respectively. The reasons for withdrawal are shown below by treatment group.

Table 60 Summary of reasons for premature discontinuation from the study,
All-randomized set
ACT-0€4952, Protocol: AC-055-302

Summary of reasons for premature discontinuation fram the study
Analysis set: 21l randomicsed

Placebo Macitentan Macitentan
3 mg 10 mg
Reason for discontinuation N=250 N=250 N=242
No. L] No. 2 No.
Total patients with at least one reason 55 22.0% S€ 22.4% 41 l16.5%
Death 44 17.6% 47 18.8% 34 14.0%
Wichdrawal of subject’s consent 3 1.2% € 2.4% 4 1.7%
Lost to follow—up 7 2.E% 3 1.2% 2 0.c%
Edministrative reason 1 0.4% - 1 0.4%
Table FWDS A - Produced by (0)@) on 02MAY1Z - Data cuwp of 2€APRIL2
(Page 1/1)7
A total of three patients (two in the macitentan 2 mg group —-5702/15102, 1S01/10€06,1 patient in the
placebo group~ €002/11080) who did not follow appropriate ICE procedures are not included in this

Table.These patients discontinued study cdue to administrative reasons (placebo) and loss—to follow—up
(racitentan 32 mg).

Death was the main reason for patient withdrawal (19% macitentan 3 mg, 14% macitentan 10
mg, 18% placebo). Other reasons for premature discontinuation from the study included

! Endothelin receptor antagonists were prohibited as were IV or SQ_prostanoids.
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withdrawal of consent (2% macitentan 3 mg, 2% macitentan 10 mg, 1% placebo) and loss to
follow up (1% macitentan 3 mg, 1% macitentan 10 mg, 3% placebo).

6.1.4  Analysis of Primary Endpoint(s)

Pre-IND communication / Response to proposed composite endpoint dated October 3, 2007: In
response to a 27 August 2007 Pre-IND submission containing a description of the proposed
composite endpoint for study AC-055-302, the Division, upon consultation and review with Dr.
Robert Temple, agreed that the proposed composite endpoint appeared to be acceptable.

The primary objective was assessed as the time from start of study treatment to the first
morbidity or mortality event (primary endpoint) up to end of treatment plus 7 days and was a
composite including the following components:

- death, or onset of a treatment-emergent AE with a fatal outcome occurring within 4 weeks of
study treatment discontinuation, or,

- atrial septostomy or hospitalization for atrial septostomy, or,

- lung transplantation or hospitalization for lung transplantation, or,

- initiation of i.v. or s.c. prostanoids (e.g., epoprostenol, treprostinil) or hospitalizationfor
initiation of i.v. or s.c. prostanoids, or,

- other worsening of PAH.

Other worsening of PAH was defined by the combined occurrence in a patient of all the
following three events:

- at least 15% decrease in the 6 MWD from baseline, confirmed by two 6MWTs, performed on
separate days, within 2 weeks of each other.

AND,

L] worsening of PAH symptoms that included at least one of the following:

0 increase in WHO FC, or no change in patients in WHO FC 1V at baseline,
O appearance or worsening of signs/symptoms of right heart failure that did not

respond to optimized oral diuretic therapy,
AND,

[ need for new treatment(s) for PAH that included the following:

O oral or inhaled prostanoids (e.g., iloprost),

0 oral phosphodiesterase inhibitors (e.g., sildenafil),

0 ERAs (e.g., bosentan, ambrisentan) only after discontinuation of the study
treatment,

O intravenous diuretics.

Adjudication of all events by the independent Clinical Endpoints Committee (CEC) was done in
a blinded manner. The CEC adjudicated the type of primary endpoint event and confirmed
whether a primary event of mortality up to EOT + 7 days was due to PAH. The CEC had the
right to override strict protocol definitions to adjudicate an event.
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The function of the clinical endpoints committee (CEC) was to review all mortality and
morbidity events in a blinded fashion and to qualify or disqualify events. The table below shows
the number and percent of patients by treatment group with at least one CEC confirmed event®,

Table 20 Summary of causes of primary endpoint events (CEC-confirmed),
All-randomized set

Placebo Macitentan Hacitentan
2 mg 10 mg
=250 H=250 H=242
Mo . ¥ Ha. ¥ Ho. L]
Total ERTIENTS with at least one confirmed evens 11€ 26.4% 85 2E.0% TE 31.4%
First confimed event
WORSENMING OF PaEH* 83 37.2% 72 28.8% 59 24.4%
D 17 6.8% Z1 8.4% 16 6.6%
I FROSTANOID IMITIATION € 2.4% 1 0.4% 1 0.4%
LONG TRENSFLAMTRETION - 1 0.49% -

* Corresponds to “Other worssning of PRHEY

C = Clinical Ewvent Committes, EOT = End of treatment.
Erents conmfirmed by Independents CEC.

Fource: Table 89

The hazard ratio versus placebo for the occurrence of a morbidity or mortality event in the
macitentan 3 mg group was 0.704 (97.5% CLs 0.516, 0.960, log rank p = 0.0108). In the
macitentan 10 mg dose group, the effect versus placebo was highly statistically significant as
measured by the hazard ratio of 0.547 (97.5% CLs 0.392, 0.762, log rank p < 0.0001).

The Kaplan-Meier curves are shown below. The placebo separates from the macitentan groups
about 12 months and all groups are separated from one another at 24 months. At 36 months the
macitentan 10 mg is still distinct from placebo.

2 The numbers of unconfirmed events were 20 for placebo, 16 for macitentan 3 mg and 9 for macitentan 10 mg.
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Figure 3 Kaplan-Meier curves of the first confirmed morbidity or mortality
event up to EOT + 7 days. All-randomized set (Kaplan-Meier
estimate)

ACT-064992, Protocok AC-055-302

Time to first confirmed morbidity/mortality event up to EOT+7 days (CEC) (Kapln-Meier estimate
with standard error bars)

Analysts set: All-randomized

100 -
’-T Placebo
e ——-—— Macitentan 3mg Logrank p-value: 0.0108
90 4 “--. — — Macitentan 10mg Logrank p-value: <.0001

E
5
E b=
: 60 4 “M‘—\_.._
-
=
3 507
Z
2 404
g-
T 30
®
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10 4
9 . g p i & b months from
0 6 12 18 24 30 36
Patients at risk treatment start
250 188 160 135 122 64 23 Placebo
250 213 188 166 147 80 32 Mackentan 3mg
242 208 187 171 155 91 41 Mackentan 10 mg

CEC = Chinical Event Committee, EOT = End of treatment. Events confirmed by Independent CEC.

Survival plots are presented up to 36 months, time at which more than 10% of the patients are still in follow-up.
Statistical tests aré performed ncluding all data available during the follow-u FEPQ

Figure MMTBC_A l‘roducod by ) @)on 20MAYI12 - Data dump of 26A

A total of 94 (26 macitentan 3 mg, 34 macitentan 10 mg and 34 placebo) patients discontinued
study treatment without experiencing events for the pnmary endpomt Of these, 29 (7 macitentan
3 mg, 9 macitentan 10 mg and 13 placebo) did not experience a primary endpoint event even
though they showed signs of PAH worsening.

The groups of patients discontinuing treatment showing or not showing signs of PAH worsening
are displayed below.
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Table 22 Summary of reasons for discontinuation from the treatment for
patients without a primary endpoint event by signs of PAH worsening
at the time of study drug discontinuation, All-randomized set

ACT-0€4592, Protocol: AC-055-302
Swmmary of reasons for discontinuation from the treatment for patients without a primary endpoint
event by signs of FAH worsening at the time of study drug discontinuation

.

Analysis set: All randomiced

Placebo Macitentan Macitentan All patients
32 mg 10 =g
Preferred term N=134 N=155 N=16¢€ N=4535
No. L No. 2 No. 2 No. L]
Patients discontinuing treatment showing 13 9.7% T 4.5% 5 5.4% 28 €.4%
signs of PAH worsening
ADVERSE EVENT € 4.5% 2 1.3% g 4.8% 1€ 3.5%
DISEASE PROGRESSION NOT LEADING TO OL** 4 3.0% - 1 0.¢6% S 1.1%
¥ RARAL FROM TREATMENT 3 2.2% 4 2.6% - 7 1.5%
IMENT FAILURE 2 1.5% 1 2] - 3 0.7%
L RAFAL OF CONSENT 1 0.7% - 1 0.¢6% 2 0.4%
ADMINISTRATION OF FORBIDDEN DRUG 1 0.7% - - 1 0.2%
Patients discontinuing treatment showing 21 15.7% 16 12.3% 25 15.1% 65 14.3%
NC =ign of FAH worsening
WITHDRARAL FROM TREATMENT 7 S5.2% 3 1l.5% 12 7.2% 22 4.5%
ADVERSE EVENT € 4.5% & S5.g8% € 3.¢6% 21 4.6
ADMINISTRATIVE/OTHER 5 3.7% 2 1.3% 4 2.4% 11 2.4%
WITHDRARAL OF CONSENT - 3 1.5% 3 l.8% € 1.3%
1OST TO FOLLOW-UP 3 2.2% 2 1.3% - S 1l.1%

‘*Patients who terminated the treatment due to a mortality/morbidity event
Table FWIEWS_A - Produced by (b)@)on 2Z2TRI1Z - Data cump of ZEAFRI1Z
(Page 1/1)

The results are consistent with the primary analysis when the patients showing signs of PAH
worsening are considered to have reached an endpoint and are included in the analysis.

There was an additional analysis using all morbidity and mortality events that were reported by
the investigator whether or not the CEC confirmed the event. The hazard ratio for macitentan 3
mg versus placebo for the occurrence of a morbidity or mortality event was 0.689 (0.513, 0.925,
logrank p = 0.0044). Regarding the macitentan 10 mg versus placebo, the hazard ratio was 0.506
(0.367, 0.698, logrank p < 0.0001).

6.1.5 Analysis of Secondary Endpoints(s)

Secondary endpoints included change in 6MWD from baseline to Month 6, proportion of
patients with improvement in modified WHO FC from baseline to Month 6, time to death due to
PAH or hospitalization for PAH up to end of treatment (death due to PAH as identified by CEC
up to end of treatment plus 7 days, or onset of a treatment-emergent adverse event with a fatal
outcome due to PAH occurring up to 4 weeks after end of treatment, or hospitalization for PAH
up to end of treatment plus 7 days), time to death of all causes up to end of treatment (death
from all causes up to end of treatment plus 7 days, or onset of a treatment-emergent adverse
event with a fatal outcome occurring up to 4 weeks after end of treatment, and time to death from
of all causes up to end of study.

Change in 6MWD from baseline to Month 6
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The 6MWT was performed at screening, randomization (Day 1), Month 3, Month 6, and every 6
months thereafter, and at EOT/event visit.

Baseline walk distances were longest for placebo (352 m) compared to macitentan 3 mg and 10
mg (364 m and 363 m, respectively). Most study subjects did not use supplemental oxygen
(>90%). However, supplemental oxygen was used less by macitentan 10 mg (3.3%) compared to
placebo (7.2%) and macitentan (8.5%), indicating that subjects in the macitentan group were less
sick.

After 6 months of treatment, the placebo group had a mean decrease of 9.4 m compared to a
mean increase of 7.4 m for the macitentan 3 mg group and 12.5 m for the macitentan 10 mg
group in walk distance.

The placebo-corrected mean change (= SD) from baseline at month 6 in 6MWD was
16.8 m (+ 96.95) in the macitentan 3 mg group and
22.0 m (£ 92.58) in the macitentan 10 mg group.

Missing walk data
There were 52 (20.9%) placebo subjects, 32 (12.9%) macitentan 3 mg subjects and 30 (12.4%)
macitentan 10 mg subjects who did not have 6 month walk data.

6MWD at all assessed time points
The figure below shows the change from baseline in the walk distance up to month 12.
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Figure 17 Change from baseline in 6 VWD at all visits up to Month 12,
All-randomized set

ACT-064992, Protocol: AC-055-302
Plot of adjusted mean (95% CL) changes from baseline in Walk Distance values (meters) by visit up to Month 12
Analysis set: All-randomized
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While the adjusted mean changes in 6MWD improved for patients in the macitentan groups (10
mg tended to be better than 3 mg), the walk distance for the placebo patients tended to drop
below baseline values.

Additional efficacy endpoints

Improvements in WHO functional class

At baseline, most patients were WHO class II or III. At month 6, most patients did not change
class. However, those randomized to macitentan 3 mg and 10 mg were more likely to have
improved (20% and 22%, respectively) compared to placebo (13%).

Regarding those that became worse,

-Placebo: 3% changed from class II at baseline to IV and 12% from class III at baseline to I'V.
-Macitentan 3 mg: 3% changed from class II at baseline to IV and 5% from class III at baseline
to IV.

-Macitentan 10 mg <1% changed from class II at baseline to IV and 3% from class III at baseline
to IV.

Deaths caused by PAH or hospitalizations caused by PAH (end of treatment)
There was a lower incidence rate of subjects with a cause of death linked to PAH in the
macitentan 10 mg group (3%) compared to macitentan 3 mg (6%) and placebo (6%).
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There was a lower incidence rate of subjects with at least one hospitalization for PAH in the
macitentan 10 mg group (20%) compared to macitentan 3 mg (23%) and placebo (33%).

Hospitalizations

The table below shows the number per year of all-cause hospitalizations and number per year of

mn-patient hospital days by treatment group.

Table 151 Number per vear of all-cause hospitalizations and number per yvear of

in-patient hospital days for all causes from baseline up to
EOT + 28 days, All treated set

ACT-064992, Protocol: AC-055-302

Number per year of all-cause hospitalizations and number per year of in-patient hospital days
for all causes from baseline up to EOT + 28 days

Analysis set: All treated

Placebo Macitentan Macitentan
3mg 10 mg
N=249 N=250 N=242
Number per y=ar of all-cause
hospitalizations
n 249 250 242
M=an 1.0 0.6 0.5
Standard deviation 2.27 1.22 1.81
Standard error 0.14 0.08 0.12
Median 0.0 0.0 0.0
QL , Q3 0.0, 1.0 0.0, 0.8 0.0, 0.4
Min , Max 0.0, 24.4 0.0, 10.0 0.0, 24.4
Number per year of in-patient
hospital days for all causes
n 249 250 242
Mean 12.2 7.5 5.7
Standard deviation 37.57 21.12 19.38
Standard error 2.38 1.34 1.25
Median 0.0 0.0 0.0
QL , Q3 0.0 , 9.0 0.0, 4.2 0.0, 3.3
Min , Max 0.0 , 340.9 0.0, 172.7 0.0, 182.6

Table HOSAS T - Produced by ()4 on 06JUNL2 - Data cdump of 26APRI2
(Page 1/1)

The mean number of hospitalizations (all causes) per year was similar across treatment groups

(0.6 in the macitentan 3 mg group, 0.5 in the macitentan 10 mg group, 1.0 in the placebo group).

The numbers of in-patient hospital days for all causes were lower for macitentan 10 mg (5.7
days) compared to macitentan 3 mg (7.5 days) and placebo (12.2 days).

Deaths from all causes end of study (EOS)
There was a lower incidence rate of death resulting from any cause in the macitentan 10 mg

group (14%) compared to macitentan 3 mg (19%) and placebo (18%). The Kaplan-Meier curves

are shown below.
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Figure 16 Kaplan-Meier curves of death of all causes up to EOS, All-randomized
set

ACT-064992, Protocol: AC-055-302 : _
Time to death of all causes up to EOS (CRF) (Kaplan-Meier estimate with standard error bars)
Analysis set: All-randomized
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CRF = Case report form, EOS = End ofs(udi,l': deaths reported on CRF.

Includes one patient who died after EOS following a confirmed (CEC) adverse event with a fatal outcome.
Survival plots are presented up to 36 months, time at which more than 10% of the patients are still in follow-up.
Statistical tests are performed includine all data available durlng the follow—%?{i)e d.

Figure DTEOBG_A - Produced by | ®®)on 20MAY]12 - Data dump of 26APR12

Borg dyspnea index

Regarding changes from baseline at month 6 in the Borg index by treatment group, there was
some improvement in the index for the macitentan dose groups (-0.7 for 3 mg and -0.5 for 10
mg). The placebo group grew a little worse. These changes for the treatment groups were
consistent at all clinic visits.

Quality of life questionnaire

The SF-36 questionnaire was used to assess quality of life. A higher score for the individual
domains and summary component scores indicated a better condition of the patient.
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There were indications that the patients in the macitentan groups showed improvement compared
to the patients in placebo.

Hemodynamic variables

Hemodynamic endpoints (change in PVR and CI from baseline to Month 6) were analyzed in a
sub-set of the SERAPHIN population who participated in the PK/PD sub-study (n = 187).
Macitentan was associated with a clear treatment effect on pulmonary hemodynamics compared
to placebo. There was no clear difference between the 3 mg and 10 mg doses on any of

the hemodynamic variables collected.

Table 37

Treatment effect of macitentan (median changes vs placebo) on
hemodynamic variables from baseline to Month 6, All-randomized set,
patients participating in the PK/PD sub-study

Placebo Macitentan 3 mg Macitentan 10 mg

PVR (dyn * sec/em™)  n=67 n=62 n=57

Change from baseline ~ Mean: 504 (£919) Mean: -122 (+308) Mean: —-25 (+688)

(Mean [+ SD]) Median: 58 (=279, Median: -61 (-1223, 587) Median: -168 (-1690,

Median [Range] 3623) 2668)

Treatment effect Mean percent change*: Mean percent change*:

(macitentan vs placebo 62.2 (52.8, 73.3) 61.8 (49.9, 76.5)

[97.5% CLs]) Median percent change: Median percent change:
70.0 (56.0, 82.1) 63.5 (50.8, 78.3)

mRAP (mmHg) n=67 n=62 n=57

Change from baseline

(Mean [+ SD])
Median [Range]

Treatment effect

(macitentan vs placebo

[97.5% CLs])

Mean: 7.4 (+18.68)
Median: 0 (-8, 75)

Mean: 11.1 (+38.53)
Median: 0 (-16, 182)

Mean: 3.7 (-8.3, 15.6)
Median: -0.6 (-3.0, 1.0)

Mean: 7.8 (£27.62)
Median: 0 (-11, 119)

Mean: 0.4 (-9.1, 9.9)
Median: -1.0 (-3.0, 1.0)

mPAP (mmHg)

Change from baseline

(Mean [+ SD])
Median [Range]

Treatment effect

(macitentan vs placebo

[97.5% CLs])

n=67

Mean: 6.6 (+14.37)
Median: 2.0 (-15, 57)

n=62

Mean: 0.4 (+10.17)
Median: 0 (-19.3, 2802)

Mean: -6.9 (-12.0, -1.9)
Median: -5.0 (-9.0, -1.0)

n=57

Mean: 3.9 (£28.39)
Median: -2.0 (-33.0,
116.1)

Mean: -2.7 (-11.7,6.3)
Median: -7.0 (-12.0,-2.0)

CI (L/min/m°)

Change from baseline

(Mean [+ SDJ)
Median [Range]

Treatment effect

(macitentan vs placebo

[97.5% CLs])

n=67

Mean: -0.48 (=0.701)
Median: -0.21 (-2.53,
0.44)

n=62

Mean: 0.20 (£0.598)
Median: 0.10 (-0.89, 1.76)

Mean: 0.68 (0.41, 0.94)
Median: 0.53 (0.27, 0.86)

n=57

Mean: 0.13 (£0.887)
Median: 0.23 (-2.97, 1.99)

Mean: 0.61 (0.28, 0.93)
Median: 0.58 (0.28, 0.93)

* Mean percent change over placebo = ratio of geometric means x 100
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6.1.6 Other Endpoints

Not applicable

6.1.7  Subpopulations

The figure below is a Forest plot for the time to first morbidity/mortality event (confirmed by
CEC) by subgroups for macitentan 10 mg vs. placebo.

Figure § Occurrence of the first morbidity or mortality event
(CEC-confirmed) up to EOT + 7 days by subgroups (macitentan
10 mg versus placebo), All-randomized set

ACT-064992, Protocol: AC-055-302

Forest plot for time to first morbidity/mortality event (HR and 95% CL) - exploratory subgroup analysis
Analysis set: All-randomized

nge, n e ME¥ oema 01 02 05 1 2 5 10
Macitentan 10 mg vs placebo
Al patients 242 76 250 116 0.547 0.409 , 0.731 —_—
Sex (interaction p-value=0.7274)
Males 48 18 65 35 049 0.270 ., 0.887 —_—
Females 194 60 185 81 0574 0.410 , 0.803 ——
Race (interaction p-value= 0.8220)
Caucasianwhite 135 43 131 S8 0558 0375, 0.831 —t—
Asian 65 19 71 36 0480 0275, 0836 —t—
Other 42 12 48 22 0636 0325, 1245 —t—
PAH therapies atbaseline (interaction p-value=0.2354)
Yes 154 S0 154 &8 0617 0427 , 0891 [ S——
No 88 26 96 48 D447 0.277 , 0722 —
PAH etiology (interaction p-value= 0.8448)
Collagen vascular disease 73 20 82 31 0581 0330, 1.022 —t—
Congenital shunts 21 & 26 10 0410 0.128 , 1.311 —_—
Idiopathic/Other* 147 52 140 75 0.534 0374 , 0.763 [E——
Geographical region (interaction p-value= 0.8232)
North America 23 4 30 S 1068 0.287, 3982 t + "
Westemn Europefisrael 48 12 51 21 0452 0222, 0821 ————i
Eastem Europe/Turkey 62 24 59 33 0527 0.310 , 0.896 [ —
Asia 68 21 68 33 0544 0.314 , 0841 —_—
Latin America 41 15 42 24 0532 0279, 1018 ————
01 02 05 1 2 5 10
FAVORS ACTVE FAVORS PLACEB0

n = number of patients in active: e = number of events in active

n_=number of patients in placebo; e_=number of events in placebo

*Ceher etiology consists of idiopathic or familial PAH, or PAH related to HIV infection or drugs and toxins.
Figure MMT_HR_SG_A- Produced by © @)on 264PR12 - Data dump of 264PR12

Efficacy of the 10 mg dose was shown regardless of sex and race. The 10 mg dose was effective
whether the patients were receiving background PAH therapies or PAH etiologies (except for
congenital shunts which included few patients). However, there was no demonstration of
efficacy for patients living in North America.

PAH background therapy at baseline
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The figure below shows the Kaplan-Meier curves of the confirmed morbidity or mortality events
for subjects receiving PAH therapy at baseline.

Figure 7 Kaplan-Meier curves of the CEC-confirmed morbidity or mortality
events for patients with concomitant PAH therapy at baseline,
All-randomized set

ACT-064992. Protocol: AC-055-302

Time to first confirmed morbidity/mortality event up to EOT+7 days(CEC) by concomitant PAH therapy at baselme
Analysss set: All-randomized

Concomitant PAH therapy at baselme: Yes

100 =
L — Placebo
w ———— Macitentan 3 mg Logrank p-value: 0.2672
A M 3mg Logrank p-value: 0.2672
90 1 1:\_\——-1-..‘__‘ _ — — Macitentan 10mg Logrank p-value: 0.0004
Yo

80 “ﬂaﬁ\ K -
] .
— -

;E) ™ e T——
z 701 —_ "'.‘_ b—
2 _L‘fx_\\. f— A
= 601 Tt
é ‘ﬂ_\‘_\ : “l_|
- |
2 sol T
g
240 4
_8.
S 30
°
=]
20 1
10 4
0 - - " - r Y
0 6 12 18 24 30 36 months from
) . treatment start
Patients at risk
154 122 106 90 80 40 10 Phcebo
164 139 125 107 91 51 19 Mactentan 3 mg
154 134 119 107 97 53 24 Mactentan 10 mg

CEC = Chnical Event Committee, EOT = End of treatment. Events confirmed by Independent CEC.
Survival plots are presented up to 36 months. time at which more than 10% of the patients are still m follow-up.
Figure MMT_PAHPG A - Produced by | (b)@)on 24AUG12 - Data dump of 26APR12

While the macitentan 3 mg group was not statistically different from placebo, the subjects who
were on background PAH therapy and macitentan 10 mg showed a significant effect.

WHO functional classification at baseline

The two figures below show the Kaplan Meier curves by WHO functional class.
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Figure 8

Kaplan-Meier curves of the CEC-confirmed morbidity or mortality

events up to EOT + 7 days by WHO FC I/II at baseline,
All-randomized set

ACT-064992, Protocol AC-055-302

Time to first confirmed morbidity/mortality event up to EOT+7 days(CEC) by WHO FC at baseline
Analysis set: All-randomized

WHO class at baselme: I/II

treatment start

100 =
HJE"‘%;:_ - Macientan 3me Lo 095
—_ ———— Macitentan 3mg rank p-vahe: 0.9541
90 4 T T = —~—— — Macitentan 10mg I.ggranlgp-value: 0.0279
—e ~
20 1 _LC\_-———-__ —h,
- L —
= L
S s
;L’) 70‘ — — 1_,_1 o
o L
S [P—
= 60
3
=
'z 501
.'\ﬁ
2 40
@
a
z 30
20 1
10 1
0 T L} T T T 1
0 6 12 18 24 30 36 months from
Patients at risk
130 111 o8 87 79 42 12 Phcebo
138 121 113 101 89 49 17 Macitentan 3 mg
121 109 103 o4 87 50 20 Macitentan 10 mg

CEC = Clinical Event Committee, EOT = End of treatment. Events confirmed by Independent CEC.

Survival plots are presented up to 36 months. time at which more than 10% of the patients are still m follow-up.

Figure MMT_WHOPG_A - Produced by, ®®on 24AUG12 - Data dump of 26APR12
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Figure 9 Kaplan-Meier curves of the CEC-confirmed morbidity or mortality
events up to EOT + 7 days by WHO FC III/IV at baseline,
All-randomized set

ACT-064992. Protocol: AC-055-302

Time to first confirmed morbidity/mortality event up to EOT+7 days(CEC) by WHO FC at baseline
Analysis set: All-randomized

WHO class at baseline: III/TV

100 1
o — Placebo
L ———— Macitentan 3 mg Logrank p-value: 0.0008
90 4 L W — — Macitentan 10mg Logrank p-value: <.0001
\ s
80 - L ‘1: 5

—a -
_ bl 8 —
70 v
‘_\-L\ T __ I
60 1 e T T

% of patients without the event

50 4 Y -
W H
40 - _‘_\_\_“ .
—,
—
30 1 1
20 1
10 -
0 " - . - - )
0 6 12 18 24 30 36 months from
) ) treatment start
Patients at risk
120 77 62 48 43 22 11 Phcebo
112 92 75 65 58 31 15 Macitentan 3 mg
121 99 84 77 68 41 21 Macitentan 10 mg

CEC = Clinical Event Committee, EOT = End of treatment. Events confirmed by Independent CEC.
Survival plots are presented up to 36 months. time at which more than 10% of the patients are still m follow-up.
Figure MMT_WHOPG _A - Produced by, ®®on 24AUG12 - Data dump of 26APR12

The two doses of macitentan were equally effective compared to placebo in the sicker patients
(1.e., WHO classes III/IV), but only macitentan 10 mg showed efficacy in the less sick patients
(I.e., WHO classes I/II).

6.1.8  Analysis of Clinical Information Relevant to Dosing Recommendations
Doses of macitentan used in the Seraphin study were probably limited because of liver function
test abnormalities in the early studies. Perhaps the use of higher doses would have produced

greater efficacy, especially regarding the 6MWD.

Macitentan doses up to 600 mg were used in the single-ascending dose study AC-055-101.
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One case of increased liver transaminases was observed in subject 704, who had received 600 mg
of ACT-064992, and the other in subject 708, who had received placebo. Both cases occurred 7
days after drug administration whereas 3 days after administration liver enzymes were normal. In
subject 704, an increase in ALAT of about 2 times the upper limit of normal was observed
accompanied by a small increase in ASAT. In subject 708, the increase in ALAT was less
pronounced, returned more quickly to bascline and was not accompanied by an increase in ASAT.
In neither subject a change in bilirubin or alkaline phosphatase was noted. Both cases of increased
liver transaminases were reported as an AE by the investigator (see Table 5). These abnormalities
resolved within 2 weeks or less (Appendix 16.4.7).

Study AC-055-102 was a single center, double blind, placebo-controlled, randomized, ascending
dose study in healthy male subjects. The subjects received 1, 3, 10 or 30 mg dose of macitentan
or placebo for 10 days. The study raised the question of macitentan’s adverse effect on LFT.

There was a trend for increased mean levels of the liver aminotransferases ASAT and ALAT
compared to baseline in the groups treated with 10 and 30 mg macitentan, mainly caused by four
subjects. In the group treated with 10 mg macitentan, three cases of single elevated liver
enzymes were reported.

-Subject 301 (10 mg) presented with an isolated increase of ALAT values of 1.1 times the upper
limit of normal (ULN) (2.3-fold increase from baseline) the day after the last drug intake.
-Subject 307 (10 mg) presented with an isolated increase in ALAT of 1.2 x. ULN (a 1.4-fold
increase from baseline) 10 days after the last drug intake.

-Subject 304 (10 mg) had an increase in ASAT of 1.8 x ULN (2.6-fold increase from baseline)
and ALAT levels just above the ULN (1.3-fold increase from baseline) 10 days after the last
drug intake.

In the group treated with 30 mg macitentan, there was one subject reporting elevated LFTs.
-Subject 401 (30 mg) experienced increases in ASAT of about 2 x ULN and in ALAT of about
2.5 x ULN on day 10.

One placebo subject reported abnormal LFTs.

-Subject 308 (placebo) reported on Day 4 of treatment with ASAT levels just above the ULN
(1.3 fold-increase from baseline) and an increase in ALAT of 1.1 x ULN (1.4-fold increase from
baseline).

However, all cases of elevated liver aminotransferases were asymptomatic, resolved within 2
weeks and there were no reported changes in serum bile salts, bilirubin, or AP reported

6.1.9  Discussion of Persistence of Efficacy and/or Tolerance Effects
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6.1.10 Additional Efficacy Issues/Analyses

Appears this way on original
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7 Review of Safety

Safety Summary from Seraphin

The main focus of this safety summary is study AC-055-302/Seraphin. The complete review of
the study is the attachment.

Important findings:

-the incidence rates of reported deaths were similar for the 3 treatment groups: placebo (8%),
macitentan 3 mg (9%), and macitentan 10 mg (7%). Most deaths were attributed to right
ventricular failure or PAH.

-the adverse events reported more often in the macitentan groups compared to placebo included
anemia, headache, thrombocytopenia, hypotension and various infections (URTI,
nasopharyngitis, bronchitis, UTI, and others).

-liver function test abnormalities were reported more often in the placebo group (perhaps a result
of worsening PAH in the placebo group). However, the dose of macitentan was limited to 10 mg
or less.

-anemia reported as a serious adverse events was more frequent in the macitentan 3 and 10 mg
groups (2% and 3%, respectively) compared to placebo (<1%). Anemia was given as the reason
for drop outs in 2 patients (1 for each macitentan group). Marked hematology abnormalities are
shown below.

Table 46 Incidence of marked hematology abnormalities up to 28 davs after
treatment discontinuation. All-treated set

Placebo Mocitentan Hacitentan
2 mg 10 mg
H=Z48 M=25 H=zaz
Laboratory Ebmormality Ho. & Ko. & Mo, L
HEMRTOLOGY
Hemoglobin HEL 1.3%
LL 3.6% L
Hematocris HE 0.6%
LL 2.1% L
Leukocybes HEH 0.6%
LL
Flatelets HE
LL 5 2.48
Incidence of pre-dafinsd treatment-smsrgent laboratory asbnormalitiss up to 25 days after treatment
di=scomtinuation
Hemoglobin <= 8 g/dl 1 /237 0.4% 4 /291 1.7% 10 /220 4.3%
Hemoglobin = B g/dl and <= 10 g/dl 7 f237 2.0% 11 f241 4.6% 1o /220 4.3%
Values given are the mumber of patients with at least one abnormality/mamber of patients ().
HH and LL denote values= zhove or below the Actelion marked refersnce range and hawing a
clinically relsvant change in the same direction.

Source: Table 174 and Table 1

Abnormally low hematocrit, leukocytes, and platelets were more common in macitentan 10 mg
compared to the other two groups.
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-of the 4 reports of serious acute or relapsing pancreatitis, all were by patients in the macitentan
groups (3 and 1, macitentan 3 mg and 10 mg, respectively).

Safety findings from additional studies

Pool 1 (3 completed double blind, placebo controlled phase 2/3 studies) :

-adverse events associated with infection (especially URTI and bronchitis), headache, anemia,
hypotension, thrombocytopenia and insomnia were more common in the macitentan groups
compared to placebo.

-incidence rates of reported deaths from any cause were similar across treatment groups.

-serious adverse events reported more frequently in macitentan compared to placebo includes
anemia.

-incidence rates for drop outs because of an adverse event included ALT/AST increases (1%
macitentan any dose compared to 0 placebo). LFT abnormalities are shown in the table below.

Table 46 Incidence of liver function abnormalities occurring from treatment
start up to 28 days after EOT in the pooled double-blind safety set
(Pool 1)
Total
<3 mg 3 mg 10 mg Macitentan Placebo
(N=129) (N=311) (N=423) (N=8€3) (H=370)
n n (%) n (%) n (%) n (%)
ALT or AST > 3 x ULNW
n 125 307 414 346 36l
n (%) 3 (2.4 11 (3.8) 13 (3.1) 27 (3.2) 14 (3.9)
BLT or AST > 5 x ULN
n 125 307 414 gde 36l
n (%) 1 (0.8) 4 (1.3) B (1.9) 13 (1.5 7 (1.9)
ALT or AST > B x ULNW
n 125 307 414 346 360
n (%) 1 (0.8) 4 (1.3) & (1.4) 11 (1.3) 2 (0.8)
ALT or AST > 3 x ULN and
TBIL > 2 x ULN at any time
n 125 301 EEE 824 349
n (%) 0 5 (1.7) 5 (1.3) 10 (1.2) 5 (1.4)

AT T = alanine aminotransferase, AST = aspartate aminotransferase, EOT = end of treatment. TBIL = total bilirubin,
ULN = upper limit of the normal range

Note: Denominator for percentages based on number of non-missing observations for each treatment group and total.

Incidence based on the number of patients with at least one post-baseline abnormality for each category.

Patient 1406/11104 (placebo) is not counted in source table since TBIL = 2 » ULN as reported by a local laboratory was
not included in the clinical database. Patient 9103/12093 (macitentan 3 mg) was incorrectly included in source table,
despite TBIL < 2 = ULN. Patient 204-1011 (3 mg group) was not classified in the ALT/AST = 3 = ULN and TBIL =
2 x ULN 1in source table, since TBIL = 2 x ULN was observed more than 28 days after treatment disconfinuation.

Studies AC-055-201, AC-055B201, AC-055-302

Source: Appendix 5, Table 167, and, D-12.559: Annex 1. narratives

Clinical pharmacology studies
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Clinically relevant LFT abnormalities reported in these studies are cited below:

a) In study AC-055-102, one subject treated with macitentan 30 mg had an increase in ALT to
3.1 x ULN. The elevations resolved spontaneously after the end of treatment;

b) In study AC-055-106, one subject treated with sildenafil had increases in AST (4.5 x ULN)
and ALT (1.6 x ULN) 11 days after EOT, with a macitentan 30 mg loading dose followed by 10
mg o.d. for 3 days.

¢) In study AC-055-107, one subject had increases in AST (1.6 x ULN), ALT (4.0 x ULN) and
GGT (2.7 x ULN) during treatment with ketoconazole (18 days) and 13 days after a single dose
of macitentan 10 mg.

c.) In study AC-055-110, one subject with mild impairment of hepatic function had clinically
significant increases in ALT (8.1 x ULN), AST (7.3 x ULN) and GGT (3.3 x ULN) at EOS from
baseline elevated levels of 4.1 x ULN, 3.9 x ULN and 1.9 x ULN, respectively.

7.1 Methods

7.1.1  Studies/Clinical Trials Used to Evaluate Safety

The clinical evidence for the efficacy and safety of macitentan in the treatment of patients with
PAH is derived from study AC-055-302/SERAPHIN.

The long-term safety data in patients with PAH are derived from the open label study AC-055-
303.

The application also contains information from 14 completed Phase 1 clinical pharmacology
studies. Three additional Phase 1 studies are ongoing.

Two Phase 2 studies in other indications have been completed:

-AC-055-201 (moderate essential hypertension)
-AC-055B201 (idiopathic pulmonary fibrosis)

7.1.2 Categorization of Adverse Events

As stated by the sponsor, adverse events were collected on the case report form adverse event
page. Investigator verbatim terms were coded to MedDRA preferred terms using the most recent
MedDRA dictionary available at the time. The pooled AE data were coded according to
MedDRA v. 14.0 and, therefore, the results of the pooled safety analyses do not necessarily
match the results provided in the individual CSRs, where previous versions may have been used.

Serious adverse events (SAE) during the screening period that were considered by the
investigator to be related to study-mandated procedures were collected on the SAE form and
entered only into the Actelion drug safety database (Argus™ Safety). All SAEs during the
treatment period and up to 28 days after study drug discontinuation were collected on SAE forms
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as well as on the CRF AE page. For patients from study AC-055-302 who continued into the
open-label

7.1.3  Pooling of Data Across Studies/Clinical Trials to Estimate and Compare
Incidence

Pool 1 (three completed, double blind, placebo controlled phase 2/3 studies)

The table below shows the overall reporting of adverse events in study AC-055-201 (hypertension), AC-
005B201 (IPF), and AC-055-302 (PAH). These studies were fairly large, double blind, placebo
controlled, randomized trials.

Tahle 27 Overview of adverse events in the pooled double-blind safety set
{(Pool 1)
<3 3 mg 10 mg Macizenzar Tlacsi
M=129 =311 M=433) M=363) H=370
I n (% (%) n (%) n (%
ts with any BE 42 (32.6) 233 (81.4) 363 (85.8 €52 (76.2 317 (85.7)
with SAEs 4 (3.1) 132 (42.4) 148 (35.0) 284 (32.5) 158 (42.7)
with any BE 12 (9.3) 35 (11.3) 43 (10.2) 90 (10.4) 46 (12_4)
e
ion of trestment
No. of patients who died® 0 22 (7.1) 25 (5.3 47 (5.4) 5 (£.8)

hore Denominator for percentages based on number of P"ItI.EIIIS in Safety Population for each treatment group and total
* Includes deaths duning study up through 28 days from end of treatment.
Studies AC-053-201, A.C GS‘B"Dl AC-033-302

Reports of any adverse event, serious adverse event, and adverse event leading to study drug
discontinuation are lower for the combined macitentan dose groups (equivalent for macitentan 10
mg) compared to the placebo groups.

The table below shows the reporting of adverse events in the large, placebo controlled trial AC-

055-302.
Table 28 Overview of adverse events in the double—blind PAH population
Ho. of patients with any BE 240 {9c_0) 225 (%94 _g)
Ho. of patients with any SRE 130 {52.0) 10% {45.09
Mumber of patients with any BE = 34 (13.&) 26 (10.7)
leading ]
d;s:c:::"_-.us.:'_c: of treatment
Ho. of patients who died® 22 (8.8} le (g.&] 3| (7.7 21 (B.4)

AF = adverse event, SAE = senous adverse event

Note: Denominator for percentages based on mumber of patients in Safety Population for each treatment group and total
* Includes deaths during study up through 28 days from end of treatment.

Study AC-055-302
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Reports of any adverse event, serious adverse event, and adverse event leading to study drug
discontinuation are lower or equivalent for the combined macitentan dose groups compared to
the placebo groups.

Pool 2 (AC-055-302 plus the open label extension AC-055-303)

Regarding the ongoing study AC-055-303, patients received macitentan 10 mg per day and data
are included up to the cut-off date of 26 April 2012. By the cut-off date, 550 patients from study
AC-055-302 had initiated treatment and had data entered in study AC-055-303.

7.2 Adequacy of Safety Assessments

The safety analysis includes 863 patients who received macitentan treatment and 370 patients
who received placebo in Phase 2 and 3 randomized, double-blind, placebo-controlled studies for
up to 188 weeks. There is also safety review of the 14 clinical pharmacology studies that
includes a total of 356 subjects.

For the indication pulmonary arterial hypertension, there were 492 patients exposed to
macitentan treatment and 249 exposed to placebo treatment during the double-blind study
Seraphin. Of the patients who received double-blind macitentan treatment in the Seraphin trial,
367 continued into an open-label extension study, as of to receive macitentan 10 mg once daily
treatment, along with 183 patients who switched from placebo treatment to macitentan 10 mg
once daily (as of 4-26-2012).

There were 317 subjects who received macitentan in either a study of essential hypertension
(AC-055-201) or idiopathic pulmonary fibrosis (AC-055B201). The doses ranged from < 3 mg
up to 10 mg one daily. There are two ongoing trials in digital ulcers AC-055C301 and AC-
055C302 with 33 patients and 9 patients, respectively.

7.2.1  Overall Exposure at Appropriate Doses/Durations and Demographics of Target
Populations

In the 14 completed Phase 1 clinical pharmacology studies (AC-055-101 to AC-055-114), a total
of 356 subjects, including 324 healthy subjects, 24 subjects with hepatic impairment, and 8
subjects with renal impairment were exposed to macitentan. Of the 356 subjects, 149 were
exposed to single doses of macitentan and 207 received multiple doses of macitentan.

Safety data from three completed double-blind, placebo-controlled Phase 2/3 studies (AC-055-

201, AC-055B201, and AC-055-302) were pooled in order to evaluate the safety of macitentan
compared to placebo in patients, using the largest available dataset.
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Tahle 5 Patients included in Pool 1

Amalysis set Study number (acronyim) Numbers of patients, Safety set
: Macitentan (mg) Placebo
! =3 mg pool Img 10mg An
(0.3 mg) (1 mg)

Pool 1 3 DB, controlled smdies (pooled) : .
AC0355-302 (SERAPHIN) : NA NA 250 242 492 ¢ 249
AC-035B201 (MUSIC) i NA NA NA 119 119 | 39
AC053-201 63 66 61 62 152 62
Total : 129 311 423 B63 © 3T0

DB = double-blind NA = not applicable
* Data for the macitentan 0.3 mg- and 1 mg-treated patients were combined due to the small number of patients who
received these doses.

The studies in pool 2 include AC-055-302 and AC-055-303, by dose.

Table 6 Patients included in Pool 2
Analvsis set Study number (acronym) Numbers of patients, Safetv set
Pool 2 Double-blind/ : 3mg’ 10mg Placebo’ 3mg 10mg Total :
open-label treatment i none  mone 10mg 10mg 10mg macitentan :
AC055-302/AC055-303 65 60 183 185 182 675

The table below shows the combined pools 1 and 2 by dose and type of study.

Tahle 8§ Overall exposure in Pool 1 and Pool 2
Treaoment Double—bl ind Double—lind Totzal Cpen label Cherall total
ERH sther double—blind ERH
indications Bool 1
H Tears H Tears N Years N Tears H Years
Macitentan
< 3mg - - 175 15 125 - - 175 5
3 mg 250 477 £l B 311 - 311
10 mg 242 482 181 138 473 550 362 0%
L 452 959 371 1gl BE3 550 362 104g
Dlaocshko 248 407 171 7E 370 484 - - 370 124

ears = Patient J:f:-a.rs Based on fotal days on NMacitentan/ 363,35 for patients who took study dmg for at Teast 1 day -
DB = double-blind, PAH = pulmonary arterial hypertension, OL = open-label

? Previous treatment in double-blind study: placebo = 133 patients, macitentan 3 mg = 185 patients, macitentan 10 mg =

182 patients

" 1046 exposed to macitentan = 863 patients in phase 2-3 DB studies + 183 patients in OL exposed to placebo in DB

study

- . a me e e v oa wo—w T oa e e e waom

The table below shows the exposure of the Pool 1 group.
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Table 9 Exposure to study medication in the pooled double-blind safety set
(Pool 1)
< 3 mg
H=128)
Exposure (wesls)
n 123
Mean (SD) €.10 (2.4€3)
Median 7.00
Min, Max 0.3, 5.7
Ezxposure, n (%)
n 123
< 24 weeks 125 {100.0)
24 — < 45 weeks 0
45 — < T7Z waslks 0
72 — < Bg weeks 0
58 — < 120 wesks 0
= 120 weeks 0

Datisnt Years Exgposurs?
n 123 311 423 863 370
Exposure (years) 15 484 620 1120 454
Note: Denominator for percentages based on number of patients in Safety Population for each treatment group and total
* Duration of exposure 15 defined as the time (days/7) elapsing between the start and the end of treatment, mclusive.
* Patient year is based on total days on study dmug/365.25 for patients who took study dmug for at least 1 day.
Studies AC-035-201, AC-055B201. AC-055-302
Source: Appendix 5, Table 4

The mean duration was 68 weeks for total macitentan groups and the placebo groups.

The table below shows the duration of treatment for the large, placebo controlled trial AC-055-

302.
Tahle 10 Exposure to study medication in the double-blind PAH population
10 mg Placebo
M=z42) (=249

Exposure  (weeks)?

n 250 24z 45z 245

Mean (S0) 5551 (30.524)  10%.8% (52.443)  101.67 (51.621)  95.33 (23.648
Median 11564 11236 11833 101.2%9

Min, Max 0.7, 188.0 0.3, 1868.0 0.3, 188.0 0.3, 184.8

Ezxposure, n (%)

n 24z

< 24 wigs 34

24 - = 48 w=sks 20

45 - = 72 w=eks 18

72 - 598 wesks 15

95 - 120 wesks &7

2 120 wesks BE
Patisnt Years Exposurs®

n 250 24z 452 243
Exposure (years) 477 482 955 407

Note: Denominator for percentages based on number of patients in Safety Population for each treatment group and total.
* Duration of exposure is defined as the time (days/7) elapsing between the start and the end of treatment, inclusive.

* Patient year 15 based on total days on study dmg/363.25 for patients who took study dmg for at least 1 day.

Study AC-055-302

Demographics
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In the 14 completed Phase 1 clinical pharmacology studies, 91.8% of those treated were healthy
subjects and 8.2% were subjects with hepatic or renal impairment. A total of 82.6% were male

and 89% were Caucasian. The age range of the subjects was 19 to 66 years.

The demographics for the studies in pool 1 studies are shown in the table below.

Table 18 Demographics in the pooled double-blind safety set (Poal 1)
Total
< 3 mg 3 mg 10 mg Macitentan
(=125} (F=311) H=423) (H=863)
REgs ([y=ars)
n 370
Mean (5D W8T E1.Z2 (15.40) El1.3 (1&.41)
Median o 530
Min, Max 54 13, B5
bge Growp (ye=ars), n (%
n 1z5
< 18 a [1.5) 1
18 - &4 07 (B2.9 (77.4) -3}
2 65 22 (17.1 (21.1} B}
Sex, n (%)
n 125
Mals Bl (62.8 (40.59] -8}
Femals 48 (37.2) [55.1} .2}
Bace, n (%)
n 125 370
White 128 (9% (73.8 43 (67.3
Bsian a (15.6 72 (19.5
Cither 1 (d.8) (10.5 49 (13.2
BT (kg/m
n 125 370
Mean (5D 29.87 (4.188 26.87 (5.585)
Median 29.40 26.30
Min, Max 21.1, B1.1 14.8, 49.0
Location', n (%)
n 125 370
Horth Bmerica a B3 (14.3
Western Eurcpe B7 (67.4) 117 (31.&
Eastern Europe 42 (32_6) A1 (21.5
Lzis o 77 (20.8
Latin Emerica a 4z [11.4
Fenal impairment
n (%)
123 365
8l {62.8) 1€z (44.7
40 {31.0) 2] 145 (33.7)
“-.cd—*a:e—ﬁv&"e"' g (6.2) 111 {13.0 E7 (15.6)

Note: Denominator for percentages based on mumber of non -missing = observations for each freatment group and total
* North Amenica mcludes Canada, Western Europe meludes South Aftica and Israel, Eastern Europe mcludes Turkey,
Asia mcludes Australia.
No renal mpairment = creatimine clearance = 90 mU/min, mild = 6090 ml/min moderate-severe = <6 ml./min
Smdm AC-055-201, AC-055B201, AC-055-302

______ B e A & T2 1%

The table below shows the demographic data for the large, placebo controlled study AC-055-302.
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Tahle 19 Demographics in the double-blind PAH population
3 mg 10 mg Macicentan Elacebo
=250 =242 (=432} (M=245)
n (%) n (%) n (%) n (%)
Bg= [y=ars)
n 250 24z 452 245
Mean {SD) 44.3 (16259} 45_5 (14_99) 445 (15.65) 468 (17.09)
Median 43.0 450 4410 4.0
Min, Max 1z, 80 13, Te 12, 80 13, 85
Bge Group (years), n (%
n 280 24z 45z
<18 T (2.8 & {2_5} 13 (2.g)
12 — g4 210 (84.0} 205 (Be.4) 419 {85.2)
= &5 32 (13.2) 27 (11.2) el (1Z.2)
S=x, n (%
n 250 24
Male 6l (24.4) z
Femals 185 (75.8) 154
Face, n (%)
n 242
White 135
Bsism
COther
BMT (lg/m?)
n 24
Mean (SO 2
Median 2
Min, Max 1
Location’, n (%)
n 25 24
Horth Emerica 30 (12 23
Western Europs 42 {168 48
Eastern Europe &3 (25_Z) a2
R=im 71 (28.4] &8
latin Bmerica 44 (L7.8) 41

Fenal impairment
n (%)

n

None

e

Moderate-Savers

Note: Denominator for percentages based on number of']:wn -missing observations for each treatment E:mup and total
* North America includes Canada, Western Europe includes South Africa and Israel, Eastern Europe mcludes Turkey,

Asia includes Australia.

No renal impairment = creatinine clearance = 90 ml/mm, mild = §0-90 ml/min moderate—severe = <60 ml/mun

Study AC-055-302

As expected with a PAH population, there were more females than males and the median age of
approximately 45 years. Approximately 12% of the macitentan-treated patients were elderly and
3% were adolescents. The patients were predominantly white or Asian. A total of 58.3% of the
macitentan-treated patients had renal impairment with >17% in the moderate—severe category.
The groups were reasonably well balanced profiles across the treatment groups.

Disease characteristics

The baseline disease characteristics of the patient sin the large, placebo controlled trial AC-055-
302 (Seraphin) are shown in the table below.

38

Reterence 1D: 3529555



Clinical Review
Maryann Gordon, M.D.
NDA 204410, Opsumit® (macitentan)

Table 21 Disease characteristics of the double-blind PAH population
(All-randomized set)
Elacsho Macitentan Macitentan 211 patients
3 mg 10 mg
§=250 R=250 N=242 R=742

Time from PAH diagnosis (days)
Mean
Standard deviation
Etandard error
Median
21, Q3
Min, Max

E;Jl:r*_g of ERH [m (%)]

I::L"‘JET.J"

& min Walk Test (m) (absocluce)

M4 M:
Min , Max

Signs of right heart failure [n (%)]

gns g (%1
n z49 248 z4z 739
Patients with at least one sign T8 31.3% T 30.c% T 31._4% 230 31.1%

Concomitant EBH therapy [n (%))

n z45 242 7359
7] 895 35.2% B 36.4% 268 36.3%
Tes 154 gl.5% 154 g3.6% 471 63.7%
Sildenafil 140 56.253 - 140 57.5% 476 5T7.6%
Ta.d.:l_:.f l Z 0.8% 1. 2 0.5% T 0.59%
B 3.2% N B 3.3% 21 2_.B%
31.2% 3 10 4.1% 26 3.5%
rar i_ 1.&% 2.- E 2.5% 15 2.0%
Treprostini 0. - 10.1%
by

1
I—H‘-. h;manlmmnﬂdeﬁclenﬂ vimus, PAH = pulmonary arterial

'pert'em.mn. WHO = World Health Orgamization

The mean time from PAH diagnosis to randomization was 2.6 to 2.9 years across the three
treatment groups. Idiopathic PAH was the most common etiology in the study population
(approximately 51-58%) followed by PAH resulting from collagen vascular disease
(approximately 30%) and PAH following surgery for congenital shunts (6 to 11%). Familial
PAH and PAH resulting from HIV infection, drugs, or toxins ranged from <1% to 4% of patients
in any group.

Most patients were WHO functional class II/1II; only 2% were class IV.

The mean baseline 6 minute walk test ranged from 352 to 364 meters. About 31% of all patients
had at least one sign of heart failure.
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The majority of patients were receiving concomitant PAH medication (64%), predominantly
sildenafil (approximately 58%). There was an increase in the number of patients receiving
sildenafil during the trial in all treatment groups, more in the placebo group than the macitentan
groups.

Number and (percent) of patients

sildenafil Macitentan 3 mg Macitentan 10 mg placebo
at baseline 147 (58.8) 140 (57.9) 139 (55.8)
at endpoint 154 (61.1) 150 (62) 154 (61.8)
No. of patients adding 7 10 15
drug during study

The use of furosemide, spironolactone and iloprost also increased both in the macitentan and
placebo groups as did antibacterials for systemic use (56.0% and 52.9% of patients in the
macitentan 3 mg and 10 mg groups, compared to 43.4% of patients in the placebo group).

7.2.2  Explorations for Dose Response

Drug effect on liver function tests (LFT)

Study AC-055-102 was a single center, double blind, placebo-controlled, randomized, ascending
dose study in healthy male subjects. The subjects received 1, 3, 10 or 30 mg dose of macitentan
or placebo for 10 days. The study raised the question of macitentan’s adverse effect on LFT.

There was a trend for increased mean levels of the liver aminotransferases ASAT and ALAT
compared to baseline in the groups treated with 10 and 30 mg ACT-064992, mainly caused by
four subjects. In the group treated with 10 mg ACT-064992, three cases of single elevated liver
enzymes occurred.

-Subject 301 (10 mg) presented with an isolated increase of ALAT values of 1.1 times the upper
limit of normal (ULN) (2.3-fold increase from baseline) the day after the last drug intake.
-Subject 307 (10 mg) presented with an isolated increase in ALAT of 1.2 x. ULN (a 1.4-fold
increase from baseline) 10 days after the last drug intake.

-Subject 304 (30 mg) had an increase in ASAT of 1.8 x ULN (2.6-fold increase from baseline)
and ALAT levels just above the ULN (1.3-fold increase from baseline) 10 days after the last
drug intake.

-Subject 401 (30 mg) experienced increases in ASAT of about 2 x ULN and in ALAT of about
2.5 x ULN on day 10.

-Subject 308 (placebo) reported on Day 4 of treatment with ASAT levels just above the ULN
(1.3 fold-increase from baseline) and an increase in ALAT of 1.1 x ULN (1.4-fold increase from
baseline).

The results of ASAT and ALAT levels of these subjects during the study are shown in the table
below.
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Table 7 ASAT and ALAT levels for subjects in the 10-mg, 30-mg, and
placebo group with observed values outside the normal range
i . ASAT ALAT
Subject number Visit Date (/L) (U/L)
10 mg ACT-064992
301 Screening 02 Mar.05 20 16
Day -1 21.Mar.05 21 22
Day 4 25 Mar.05 26 20
Day 11 01.Apr.05 34 50H
End of Study 10.Apr.05 31 36
304 Screening 02.Mar.05 28 31
Day —1 21 Mar.05 24 36
Day 4 25.Mar.05 23 31
Day 11 01.Apr.05 21 30
End of Study 10.Apr.05 62 H 46 H
Re-check 18.Apr.05 42 H 36
Re-check 22 Apr.05 22 30
307 Screening 15.Mar.05 21 37
Day -1 21 . Mar.05 21 38
Day 4 25 Mar.05 22 38
Day 11 01.Apr.05 27 36
End of Study 10.Apr.05 24 53H
Re-check 18.Apr.05 21 38
30 mg ACT-064992
401 Screening 24 Mar.05 38H 51H
Re-check 30.Mar.05 25 45
Day —1 04.Apr.05 26 40
Day 4 08.Apr.05 34 46 H
Day 11 15.Apr.05 71H 115H
Re-check 18.Apr.05 59H 141 H
Re-check 20.Apr.05 56 H 140 H
End of Study 24 Apr.05 28 32 H
Re-check 29.Apr.05 25 47H
Placebo
308 Screening 15.Mar.05 24 30
Day -1 21.Mar.05 27 35
Day 4 25.Mar.05 36 H 48 H
Day 11 01.Apr.05 25 36
End of Study 10.Apr.05 23 35
H and L denote values above or below the normal range. Normal range AST: 0-35 U/L. Normal range ALT: 0-
45 U/L
41

Reterence 1D: 3529555



Clinical Review
Maryann Gordon, M.D.
NDA 204410, Opsumit® (macitentan)

All cases of elevated liver aminotransferases were asymptomatic, resolved within 2 weeks and had
no concurrent changes in serum bile salts, bilirubin, or alkaline phosphatase.

Abnormally low hemoglobin/reports of anemia

There was a higher incidence rate of reporting anemia and/or hemoglobin decrease as an adverse
event with patients receiving macitentan 10 mg compared to lower doses of macitentan and placebo.
The table below shows the results for the Pool 1 studies.

Table 58 Anemia’ hemoglobin decrease SAFEs and AEs leading to
discontinuation in the pooled double-blind safety set (Pool 1)
Total
<3 mg 2 mg 10 mg Hacitentan Placehbo
(E=128) (H=31l} (=223} (H=8&2) (H=270)
] n (& ] n [&=) n (=
Humbexr of tients with any
Aneria/hemoglobin decreas=s= AE 2 {2.3) 2B {9.0) 52 {1Z.5 B2 (2.7) 14 {3.8
SEE= a 6 (1.5} B (1.9 12 [1.6 £ (0.5
AE= leading to discontimuation
of treatment 1 {0.8) 1 {0.3) 1 {0.2) 3 [(0.3) 1L (0.3

AE = adverse event, SAE = senious adverse event
Studies AC-055-201, AC-055B201, AC-055-302
Sowrce: Dermved from Appendix 5, Listing 14 and Listing 15

Deaths and serious adverse events
Compared to placebo, there is no obvious effect of the dose of macitentan (3 mg and 10 mg) on
the incidence rates of reported deaths or serious adverse events (study AC-055-302).

Table 34 Deaths up to 18 davs after end of treatment in the double-blind PAH
population by preferred term

Table 35 SAEs up to 28 dayvs after end of treatment in the pooled double-blind
safety set (Pool 1) by preferred term (= 2 patients in the total
macitentan column)

Total
[T =T E-CN = N e
n (%) o (%) n (%) n (%) n (%]
Murber of patients with SAEs 4 (3.1) 132 (42.4) 148 (35.0) 284 (32.9 158 (42.7)
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7.2.3  Special Animal and/or In Vitro Testing

The in vitro data showed that macitentan is a CYP3A4 substrate and, therefore, there is a
potential of either macitentan or its active metabolite (ACT-132577) to elicit drug-drug
interactions with concomitantly administered substrates.

There were no adverse liver findings in long-term studies conducted in mice, rats, and dogs at
exposures of 12- to 116-fold the human exposure.

7.2.4 Routine Clinical Testing

Central laboratories were used for the completed Phase 2 and Phase 3 clinical studies, with
each study using a different central laboratory. In addition, abnormal liver test data (AST and/or
ALT > 3 x ULN) from local laboratory investigations not reported via the central laboratories
but brought to the attention of the sponsor were entered into a separate database and are used in
the analysis. All laboratory variables reported in different units by the central and local
laboratories were converted to the standard international (SI) units defined in the ‘Actelion
Laboratory Ranges’. Both central and local laboratory data are included in the pooled safety
analyses.

In the ongoing open-label extension study (AC-055-303), laboratory data are designated as

‘abnormal’ based on local laboratory ranges. Laboratory values were neither collected nor
recorded in the study database and, therefore, no laboratory data are provided for Pool 2.

7.2.5 Metabolic, Clearance, and Interaction Workup
The in vitro data showed that macitentan is a CYP3A4 substrate and, therefore, there is a

potential of either macitentan or its active metabolite (ACT-132577) to elicit drug-drug
interactions with concomitantly administered substrates.

7.2.6  Evaluation for Potential Adverse Events for Similar Drugs in Drug Class

Adverse events associated with other endothelin receptor antagonists include liver function test
abnormalities, anemia, hypotension and edema.

7.3 Major Safety Results
7.3.1 Deaths

Pool 1

The table below shows the deaths reported in the studies making up Pool 1, by treatment group.
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Table 33 Deaths up to 28 days after end of treatment in the pooled double-blind
safety set (Pool 1) by preferred term

Total
<3 mg 3 mg 10 mg Macitentan Placebo
(H=129) (N=311) (H=423) (M=8&3) [H=370)
n n %) no(%) no(%)

Humber of patients who died 0 22 (7.1)

i)
tn

tn
o

47 (5.4) 25 (6.8)

{1.2)
{0.9]

BIGHT VENTRICULMAE FATILURE

PULMONERY ARTERTAL HYPERTENSION

BESPIFATORY FAILURE

SUDLCEN LDEATH

LCUTE RESFIRATORY FATLURE

HYPOXIA

IDICPATHIC PULMOMAREY FIBROSIS

PULMONARY FMBOLISM

SUDCEN CRAPDIAZ DEATH

ACUTE MYOCARDIAL INFARCTION

ACUTE BESPIRATORY DISTRESS SYNDROME

ANGIOSARCOMA

ARRHYTHMIA

BLCTERTAT, SEPSIS

CRRDIAC RFREST

CARRDTC-BESPIRATORY REEEST

LEATH

DIAFRHOER INEECTIOUS

GRSTROINTESTINAL HAEMOBRRHEAGE

HAFMATEMESIS

HERD RND NECE CRMNCER

HYPOVOLREMTC SHOCE

MALIGNENT MEDIASTINAL NEOPLASM

METRBOLIC RCIDOSIS

METASTATIC NEOPLASM

MULTI-ORGARN DISCEDER

MULTI-ORGAN FAILURE

CESCOPHRGERT, VRARICES HRFMOREHAGE

FNETMONIA

FNEUMONIZ INFLUEMZRL

ROAD TRAFFIC ACCIDENT

SEFTIC SHOCE

SYSTEMIC SCLERQSIS

ACUTE LEFT VENTRICULRR FATLUEE

CARDIAC FRILURE CONGESTIVE

CRROTOGENIC SHOCK

CARRDIOPULMONMARY FARILURE

LEFT VENIRICULAR FAILURE

PRNCERERTIC MASS

BENAL FAILURE

SEPSIS 0

SYSTEMIC LUPUS ERYTHEMRTOSUIS 0 0 0

Note: Denominators for percentages are based on number of patients in Safety Population for each treatment group.

Preferred terms are sorted in descending order of the Total Macitentan frequency count. Cause of Death is from the
Disposition CRF. where coded

Preferred terms may have more than one cause of death for any 1 patient.

A patient 1s counted once if one or more events in that category.

Studies AC-055-201, AC-055B201, AC-055-302

[}
1=y
[}

il.
(0.
(0.

[5
[}
S Rl Sl N S R B B T e e e N e ) S e e e e N 8 O Y SR B R BN R

LS T I B e  a a Ta E B Bl R i R e e L S s s S B e Sl e S e R e R S B S R VY
i
LS a0 Y a R a a  E e R R S R N S B S L S Rl S Sl R B B B N S S R R S LR S I 1)

[ B8]

L B R R e R R e R R e e R R R el B S Sl B Sl Bl B B S S I S S S S RV B SR
i
[ B8]

There were 47 deaths (5%) in patients treated with any dose of macitentan and 25 deaths (7%) in
patients treated with placebo in the double blind controlled studies grouped into Pool 1.
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SERAPHIN
Most of the deaths in the Pool 1 group were reported in the AC-055-302 SERAPHIN study.
These deaths are shown in the table below.

Table 34 Deaths up to 28 days after end of treatment in the double-blind PAH
population by preferred term

Total
3 mg 10 mg Macitentan Placebo
(M=250) (M=242) (H=452) (H=24%9)
n (%) n n (%) n (%)

Number of patients who died 22 (8.8) 1 (6.8) 38 (7.7) 21 (8.4)

RIGHT VENTRICULAR FAILURE

PULMONARY ARTERTATL, HYFERTEMNSIOHN

SUDDCEN DEATH

RESPIRATORY FAILURE

SUDDEN CARDIAC DEATH

RCUTE MYOCZRRDIAL INFARCTION

LCUTE RESPIRATCRY FAILURE

ENGIOSRRCOMA

ERBEHYTHMIZ

BACTERIAL SEPSIS

CREDIRZ REREST

CARDIC-RESPIRRTCRY REREST

DEATH

DIZRRHOEA INFECTIOUS

GRSTROINTESTINAL HAEMORRHAGE

HREMRTEMESIS

HYPOVOLAEMIC SHOCK

METRBOLIC ACIDOSIS

METASTATIC NEOPLASM

MULTI-CRGEN DISCORLER

MULTI-ORGRN FAILURE

QESOPHRGERT, VARICES HREMOREHAGE

ENEUMONIZ INFLUENZAL

PULMONERY EMBOLISM

BORD TRAFEFIC RCCIDENT

SEFTIC SHOCK

SYSTEMIC SCLEROSIS

RCUTE LEFT VENTRICULAE FAILURE

CARDIAC FRILURE COMGESTIVE

CARDIOGENIC SHOCK

CARDIOPULMONARY FAILURE

LEFT VENTRICULAR FAILURE

PRNCREATIC MRSS

RENAL FAILURE

SEPSIS

SYSTEMIC LUFUS ERYTHEMATOSUS 0 (0.4)

Note: Denomunators for percentages are based on number of patients in Safety Population for each treatment group.

Preferred terms are sorted in descending order of the Total Macitentan frequency count.

Cause of Death 15 from the Disposition CEF. where coded

Preferred terms may have more than one cause of death for any 1 patient. A patient 1s counted once 1f the patient had one
of more events in that category.

Study AC-055-302

& (2.4)

3 (1.2)

1 (0.4)
2 (0.8)

0.2) 1 (D.4)

(2.5) 10

=
L e e el el Bl Bl B S B e E S B o N B B B E B B N o ) RS VA o]

OO DO OO O D b b (0 b ok 0 ok b b ok O b b (T3 ek €D DD b b (D b [ b Ty s

T T T
=

[ T e O T e e Y R e O R e e O S B Y N SR R S B I I S SR O O B Y
=

[l R S Rl El B B Y Bl S R |

There was a slightly higher incidence of reported deaths in the placebo group (8%) compared to
the macitentan 10 mg group (7%). The incidence rate was slightly higher for the macitentan 3
mg (9%).

Right heart failure and PAH were the two most frequently cited causes of death.

Open label study AC-055-303 OL
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A total of 15 patients died during the 120 Day safety update period. These deaths are shown in
the table below.

Table 16 Deaths up to 28 days after end of treatment by preferred term
reported during the 120 Day safety update period in Pool 2

Treatment Patient Ho. Age/=e=x CL Cau=e of Death
OE oL Cay
Placeboy 10 mg 1415-10348 73/F 748
L3 1059
B11-13596 2€/ 6§31 BRcube right ventricular failure,
38 9 €/F 3 ! right cula e
Folmomary smbolism
5501-13737 28/ 107 rentricular failuare
SE01-15615 5€ T3 underlying dissass
({Reported as PT "death”™)
2 mg/ 10 mg 1001-10%8& a5/ 1118 srrence of a rectosigmoid tumor with multipls
a=tames
ed a= FTs of "decrea=ed appetite,
ypertens=ion
ient developed acute
k onscious and died
10 =g/ 10 mg
982 PULMOMEARY RARTERY AMETRYIM
5502-11222 45/T 1144 PULMONERY RATERTAL HYPZATEMSICH

DB = double-blind, OL = open-label, M = male, F = female
The patient’s age, 1= that reported at bazelina.
Studies AC-055-302, AC-055-303

The causes of deaths are not unexpected in this PAH patient population.

Other studies

There were no deaths in the essential hypertension population. In the double-blind IPF
population (Study AC-055B201), a total of 9 (8%) patients in the macitentan group and 4 (7%)
patients in the placebo group died. There were no deaths reported in the completed or ongoing
clinical pharmacology studies or the ongoing digital ulcer studies.

7.3.2 Nonfatal Serious Adverse Events

Pool 1
The serious adverse events reported by patients in pool 1 are shown below by treatment group.

46

Reterence 1D: 3529555



Clinical Review
Maryann Gordon, M.D.
NDA 204410, Opsumit® (macitentan)

Table 35 SAEs up to 28 days after end of treatment in the pooled double-blind

safety set (Pool 1) by preferred term (= 2 patients in the total
macitentan column)

Total
<3 Macitentan Placsbo
{ {H=563) [(¥=370}
n (%) n {%)
Humber of patients with SRAEs 4 4} 284 (32.9) 158 {(42.7)
PULMCHARY RRTERTIRT -]'_"ERT_N.: L] 0 8 .4} 2 80 57 {15_4})
BIGAT VENTRICULAR FRILI 1] 1 B) 23 44 40 {10.8}
PIIE-'t’Gl{:P. a 7 3] a 7 10 {2.7)
TR 1} 5 6} 8 11 1 {
a T 3) 4 I € {1
IC F“‘-‘C:H::R" FIBRCSIS a 0 0 10 6 {1
ORY FAT a 3 -0} i 14 4 {1
CHEST FAIN 1 4 3} 4 5 1 {0
ETRIRTL, FLUTTER a 2 6} 5 T 2 {0
EREMOCETYSIS 1] 4 3} 3 & 5 {1
EEMNAL FAILURE ACUTE a 4 3] 2 g o
CASTRCOENTERITIS a 3 -0} 2 5 2
PEEGIANCY ] 5 - &) a 5 2
ACUTE BESPIRATORY FAILURE 1] 2 6) 2 4 2
CERCMIC CBSTRUCIIVE PULMOHMARY DISERSE 1] 4 3] 0 4 0
DY SEMOED. a 2 &} 2 4 1
EYPCHTA a 0 4 4 2
P.AN' QEF-_'ITIH ECUTE a 3 0} 1 4 [}
_E 0 i 3] 3 4 3
1] 1 =33 2 3 1
1] 2 &) 1 3 £y
a 3 0} Q 3 2
a 1 3} 2 3 1
H SION a 1 3] 2z 3 3
LIVER FUNCTION TEST ABKORMAL 0 il 3] 2z 3 1
LOWER RESPIBATORY TRACT IMFECTION 0 2 -i&} E 3 3
“EHC?RJ—Z-.;-IA a 2 (0.6} T 3 0
a 2 6} X 3 o
1] 2 6} ol 3 o
DIEN L] 1 3] 2 3 o]
SUERE WHCL:;LR TRCHYCERTTA a 1 {0.3) 2z 3 o
TERCMBOCYTOPE. 0 0 3 3 1 {0.3)
JPPER RE:nkI%“ORI TRACT INFECTION a 3 {1.0} a 3 1 {0.3)
RELANINE BEMIMOTBRINSFERASE INCRERSELD ] 0 Z 2 1 {0.3)
ANEINA PECTCRIS a 1 {0_3} 1 2 2 {0.5)
LEELDY BMIKOTRENSFERASE INCRELSED L] ¥ 2 2 1 {0D.3}
ATRIAT, TACHYCARDIE 1] L (0.3} s 2 o]
BRADYCRROTIR 1} 1 {0_3) T 2 o
CREDIC-EESPIBATIRY REREST 1] 1. {0:-3) 1 2 0
CHOLECYSTITIS ] 1. (0.3} I 2 0
COLON CRNCER a 2 (0.8} a 2 0
CORCHARY ARTERY DISERSE 1] 1 (9_3} 1 2 1 {9_3)
DEVICE MALFUNCTION a ¥ 2 2 [}
DIEE EA a 0 r 2 1 {0.3)
DYSFUNCTICMAL UTERINE BLEEDTNG 0 2 6} a 2 o
EPISTRMIS L] 1 3} 1 2 0
ERYSIPELAS a 2 -6} a 2 0
GASTRIC ULCER HAFMORRHAGE 1] 1 3} I 2 o
GENERAL PHYSICAL HERLTH DETERIOBRATICH a 1 3] 1 2 o
ERFMATEMESTS a 1 3] E z [}
T o I 2 o
EN7Q‘I. IHNCRERSED a 1 (0.3} 1 2 0
1] 1 {0_3} 1 2 o
a 1 =3} 1 2 0
o a 1 3] 1 2 o
a 1 3] i o
CRY 'E'R_'.CT INFECTION 0 o 2 2 2
{REMAT! ] 1 3} 1 2 2 2
CRROTAC :EILI_-]' 1] 1 =3} T 2 2 2
SYSTEMIC LUEUS ERYTHEMATOSUS a i i -3} 15 2 2} 1
SYSTER SCLEROSIS a o 2 2 2 o]
UPEER STROINTESTINAL HEREMCRRHRGE a 2 (0_8) ] z 2z 2 {0_5)
UPPER LIME FRACTURE 1 (0-8) 1 {0.3) o 2 Z 0
URINARY TRACT INFECTICH 0 o 2- 0.5} 2 3 (0.8
UTERINE LEICMYOMR [1] 1 {0.3)} I (0.2) 2 0

SAE = serious adverse event

Note: For each preferred term. a patient is counted once if the patient had one or more events in that category.
Denominators for percentages are based on mumber of patients in Safety Population for each treatment group.
Preferred terms are sorted in descending order of the Total Macitentan frequency count.

Studies AC-055-201, AC-055B201, AC-055-302

There were higher incidence rates of reporting these serious events in the macitentan 3 mg (42%)
and placebo (43%) groups compared to macitentan 10 mg (33%).
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Serious anemia was more often reported by macitentan 3 mg (2%), macitentan 10 mg (1%)
compared to placebo (<1%) as was acute renal failure (macitentan 3 mg (1%), macitentan 10
mg (1%) compared to placebo (<1%)).

Serious adverse events PAH and right ventricular failure were most often reported by placebo
patients (15% and 11%) compared to macitentan 10 mg (8% and 5%).

SERAPHIN
The serious adverse events reported in the Seraphin trial are shown below by treatment group.
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Table 36 SAEs up to 28 days after the end of treatment in the double-blind
PAH population (= 2 patients in the total macitentan column)
Total
3 oy 10 mg Macitentan Placekao
0} =242} (H=452) (H=240)
n (%] n_ {%) n_ %)
Mumber of patients with SREs 130 {52.0) 109 (45.0) 239 (48.€} 37 (&E.D

PULMCHARRY RRTERTRL HYPERTENSIOHN

32 56 (Z2.5)
EIGHT VENTEICULAE FRILUEE z 40 (le.1)
BNREMIA (0.4}
DHNEMMORIL (2.2}
SYNCOEE (2.4}
CHEEST FRIN (0.4}
EREMOETYSIS (1.8}
ATRIRL FLUTIER (0.8}
EESPIRATORY FAILURE (0.8}
GASTROENTERITIS (0.8}
FEEGARCY (0.8}
EEMAL FRILURE RCUTE
DYSENOER (0.4}
PRNCRERTITIS ACUIE
ERJMCHITIS (0.4}
CARDIRC REREST (0.4}
CHRCNIC OBSTRUCTIVE PULMOMARY DISERSE
MEMCERHREIR
PULMCHRREY EMBOLISH (0.4}
SKIN ULCER

SUDDEN DERTH

SUPRAVENTRICULARR TRCHYCARDIR

UPPER BESPIRATORY TRACT INFECTION

ACUTE MYOQCRRDIAL INFARCTION

LCUTE BESPIRATCRY FRILUEE

ALANMINE RMIMOTRANSFERASE INCRERSED

":-P}‘:R_':-_'E BMIROTRENSFERARSE INCRERSED

ATRIARL TRCHYCRRDIR

BR:DfL..ﬂLIA

CLEDIQ-RESPIBATORY RBREST
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=
[LERT S St St &

COLCN CRNCER
DIRRRHCER
DYSFUNCTIONAL UTERTNE BLEEDING

EI(.YSIF‘E_AAE
GASTRIC ULCER HREMCRRHRGE
GENERRL PHYSICARL HERLTH DETERIORATION
EREMBRTEMESTS
EEPATIC ENZYME INCRERSED
EYPOTERSION
LIVER FUNCTICHN TEST RERCRMAL
LOWER BESPIRATORY TRACT INFECTION
OVERIRN CYST
OVRERIEN NECELASHM
PULMCHREY FIBROSIS
DYREXIR
REQEIR_:-_'SR:C TERCT INFECTICH
SUBDURAL EREMATOME
SUDDENR CRRTCTARC DELTH

E LUFUS ERYTHEMRTOSUS
SCLER{QEIS

=
s b T3

=
s OO0 00 oo

[
HEOMEPHREBPR OHFEHEOMEPRFHBHORSGROHERFRFFBERIBDGE O RIR R O D R O B bl 08 G s s ony 3 1
P T BT T S R P PR e e e B S S PR e B e O O e B e O SR B e B e A B S SN S SN S B e B B S B e S S el S el U BT LY SUR S S SR S
=
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UPPER GASTROINTESTIMAL HREMCRRHRGE (0.8}
URIMARY TRACT INFECTICH (0.8) (1.2}
UTERIKE LEICMECHMR (0.4)

PAH = pulmoenary arterial hypertension, SAE = serious ad're-rse event
Note: For each preferred term, a patient is counted once if the patient had one or more events in that category.
Denominators for percentages are based on number of patients in Safety Population for each treatment group.
Preferred terms are sorted in descending order of the Total Macitentan frequency count.

Study AC-055-302

More patients in the placebo (55%) and macitentan 3 mg (52%) groups reported a serious
adverse event compared to macitentan 10 mg (45%).
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Serious anemia was reported more frequently in the macitentan 3 mg (2%) and macitentan 10 mg
(3%) groups compared to placebo (<1%). Chest pain, but not acute M1, was also reported more
frequently in the macitentan 3 mg (2%) and macitentan 10 mg (1%) than placebo (<1%).

Worsening PAH and right ventricular failure were the most frequently reported serious adverse
events and both were reported at lower frequencies in the macitentan groups than in the placebo

group.

Completed clinical pharmacology studies
No serious adverse events were reported during macitentan treatment in any of the clinical
pharmacology studies.

Ongoing Phase 3 digital ulcer studies
No serious adverse events were reported in the ongoing digital ulcer studies

Other ongoing studies
In the glioblastoma study (AC-055-115) 1 patient reported a convulsion. In the Japanese (AC-
055-116) and Korean (AC-055-117) studies, no serious adverse events were reported.

7.3.3  Dropouts and/or Discontinuations

Pool 1
The adverse events leading to discontinuation of treatment are shown below by treatment group.
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Table 37

double-blind safety set (Pool 1)

AFEs leading to discontinuation of study treatment in the pooled

3 mg

M=311)

n

(%)

10 mg
H=423})

n (%)

Total
Macitentan Flacebo
(B=563) W=370}
n (%) n (%)

Humber of patients permanently
Discontimued from study treatmsnt
Due to REs

—
I
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< 3mg 3 mg 10 mg
(H=129) {(B=311) (H=423)
n (%) n (%} n (%)

Placeho
(M=370}
n (%)

CARDIAC FAILUBE CONMGESTIVE
CARDIOPULMCMARY FATLUBE
CEREEROVASCULAR LCCIDENT
COCCIDIOIDCMYCOSIS
DISTUBERNCE IN ATTENTION
GASTROENTERITIS
ELEMOPTYSIS
HEYPERTEHSIVE CRISIS
INCCHERENT
IEFT VENTRICULRER FRILURE

] CLASTIC VASCULITIS
5 CELL CERCINCMAR STAGE

[ e T O
ST

(= =R =T =R ]

el el el e e el e el el

S s e == =TT

[l el o

SR ===
00 O

AE = adverse event
Note: For each preferred term a patient is counted once if the patient had one or more events in that category.
Denominators for percentages are based on mumber of patients in Safety Population for each treatment group.
Preferred terms are sorted in descending order of the Total Macitentan frequency counnt.
Smdies AC-053-201. AC-055B201, AC-055-302
Source: Appendix 3, Table 157
A higher frequency of placebo subjects dropped out because of an adverse event (12%) than

patients in the macitentan 10 mg group (10%).

A higher frequency of macitentan 10 mg patients dropped out for elevated ALT (1%) and/or
AST (1%) compared to none in the placebo group.

SERAPHIN

The table below shows the patients who dropped out of the Seraphin study because of an adverse
event.
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Table 38 AEs leading to discontinuation of study treatment in the double-blind
PAH safety population

3 mg 10
N=ZE0] (K=
n (%) n

Mumber of patients withdrawn from treatment

i
it
8
=
in
[
b
=
[
I
[
i
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ACUTE RIGHT VENIRICULAR FRILURE
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CARDIAC LRREST

CARDIOCENIC SHOCK

CHEST FRIN

COLITIS ISCHAEMIC

DIRRRHOER INFECTIOUS

DIZZIKESS

DREUG INTOLERBNCE

D SENCER

ECZEMR

GASTRIC ULCER HREMCREHRGE
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EEE.
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3
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CTERSTON
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JEINDICE
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PHEUMONILR INFLUENZAL

SEPTIC SEOCE

SUBDURAL HREMETOME

STNCOFE

TRANSAMINESES INCRERSED
TRERTMENT FAILURE

VOMITIRG

LMREMIE MEGRLOBLASTIC
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HEEMORTYSIS

LEFT VENTRICULAR FRILUERE
LEUECCYTOCLASTIC VASCULITIS
JEDEMAR PERIFHERRL
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RESPIRATORY FAILURE

SEPSIS

THRCMEOCYTCPENIR 0

AE = adverse event, PAH = pulmenary arterial hypertension
Note: For each preferred term, a patient is connted once if the patient had one or more events in that category.
Denominators for percentages are based on mumber of patients in Safety Population for each treatment group.

Preferred terms are sorted in descending order of the Total Macitentan frequency count.
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The drop outs rates in the macitentan 3 mg, macitentan 10 mg and placebo groups were 14%,
11% and 12 % respectively.

Adverse events associated with liver abnormalities that led to discontinuation of treatment
included increased ALT and AST, abnormal liver function test, increased transaminases,
hepatitis, hyperbilirubinemia and increased hepatic enzyme, and jaundice. On the basis of a
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grouping of liver abnormality adverse events, 4% and 4% of patients in the macitentan 3 mg and
10 mg groups discontinued study treatment due to such events and 2% of placebo-treated
patients discontinued treatment.

Anemia was rarely reported as a reason for dropping out of treatment (one patient in each of the
macitentan 3 mg and 10 mg groups reported anemia and in one patient in the placebo group
reported megaloblastic anemia).

Completed clinical pharmacology studies

In a drug interaction study with ketoconazole, one subject discontinued study treatment because
of increased AST, ALT, and GGT during treatment with ketoconazole (18 days) and 13 days
after a single dose of macitentan 10 mg.

Ongoing Phase 3 digital ulcer studies
One patient discontinued because of disease progression (worsening of digital ulcer). The
patient’s treatment allocation remains blinded.

Other ongoing studies
In the glioblastoma study, one patient discontinued treatment because of a convulsion at a
macitentan 30 mg dose.

In the Japanese and Korean studies, there were no adverse events that resulted in discontinuation
of study treatment.

7.3.4  Significant Adverse Events
Significant adverse events of concern include:

1) Decrease in hemoglobin/anemia

7.3.5 Submission Specific Primary Safety Concerns
Primary safety concerns include

1) Fetal toxicity (class effect)

2) Decrease in hemoglobin/anemia

3) Pulmonary veno-occlusive disease with pulmonary edema (class effect)
4) Liver function abnormalities

5) Decreased sperm count (class effect)
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7.4 Supportive Safety Results

7.4.1 Common Adverse Events

Adverse events reported in Pool 1 studies (the completed double-blind, placebo-controlled Phase 2/3
studies AC-055-201, AC-055B201, and AC-055-302) are shown below by dose.

Table 29 Adverse events in the pooled double-blind safety set (Pool 1) by
preferred term (at least 3.0%b in the total macitentan group)

Total

<3 mg 3 mg 10 mg Macirentan Placebo

(¥=129) (H=311) (H=423) (¥=883) (M=370)

n (%) n (&) n (%) n (%) n (%)
Number of patients with AEs 42 (32.8) 253 (B81.4) 363 (B5.8) 658 (76.2 317 (85.7)
PULMONERY ARTERTAL. HYPFERTENSION 0 75 (24.1) 128 (14.8) B8
UPFER BRESPIRATORY TRARLCT INFECTICON 1 (0.8) 50 (1l&.1) 109 (12.§) 48
HEADACHE 1% (14.7) 35 (11.3) 99 ({11.5) 38
CEDEMZ FERIPHERAL 0 40 (12.%9) 85 (11.4) 45
NASCPHARYNGITIS 1 (0.8) 40 (12.%9) g0 {9.3) 27
AMAEMTR 3 (2.3) 22 (7.1) 71 {B8.2) 9
DYSPHOER 2 (l.g) 26 (B.4) 70 (B.1) 31
RIGHT VENTIRICULZR FRILURE 0 37 (11.9 69 (B.0) 5E
DIZZINESS 4 (3.1} 24 (7.7) g6 (7.8) 34
BRONCHITIS 0 20 (6.4) 64 (7.4) 23
COUGH 1 (0.8) 20 (6.4) €4 (7.4) 51
CHEST PAIN 3 (2.3) 20 (B.4) & 51 {5.9) 23
DIARRHOER 0 14 (4.5) 1 44 (5.1) 22
INSCMNIR 1 (0.8) 17 (5.5) 9 43 (5.0) 13
URINARY TERCT INFECTION 0 18 (5.1) 7 40 {4.q) 1
HYPOTENSION 0 14 (4.5) a 35 (4.1) 13
NEISER 1 (0.8) 13 [4.2) a 35 {4.1) 15
SYNCOFE 1 (0.8) 21 (g8.8) 3 34 {3.9) 21
ARTHEALGIR 0 1 (5.1) 33 {3.8) 12
INFLUENZA 1 (0.8) 11 {3.5) 31 (3.q) 7
PHEUMONIA 0 10 {3.2) 31 (3.€) 17
FATIGUE 3 (2.3) 11 {3.5) 29 {3.4) 18
BACK PRTN 0 16 (5.1) 2B {3.2) 28
PHRRYNGITIS 0 11 (3.5) 28 {3.2) B
HYPOERLAEMTR 0 13 (4.2) 27 {3.1) 14
SINUSITIS 0 11 {3.5) 27 (3.1) B
HYPERTENSICH & (4£.7) 10 (3.2) 26 (3.0) 12
PALPITATIONS 0 14 {4.5) 26 {3.0) 13 |

AFE = adverse event

Mote: For each preferred fterm, a patient is counted once if the patient had one or more events in that category.
Denominators for percentages are based on number of patients in Safety Population for each treatment group.
Preferred terms are sorted in descending order of the Total Macitentan frequency count.

Studies AC-055-201. AC-055B201, AC-055-302

Hematology
-anemia: 2%, 7%, 11%, 2% macitentan < 3 mg, macitentan 3 mg, macitentan 10 mg and

placebo, respectively

Infection
(All) Respiratory infections®: 2%, 46%, 45%, 39% for macitentan < 3 mg, macitentan 3 mg,
macitentan 10 mg and placebo, respectively;

? Pool 1 studies AC-055-201, AC-055B201, AC-055-302
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-upper respiratory tract infection: 1%,16%, 14%, 12% for macitentan < 3 mg, macitentan 3
mg, macitentan 10 mg and placebo, respectively;

-nasopharyngitis: 1%, 13%, 9%, 7% macitentan < 3 mg, macitentan 3 mg, macitentan 10 mg
and placebo, respectively;

-bronchitis: 0%, 6% 10%, 6% macitentan < 3 mg, macitentan 3 mg, macitentan 10 mg and
placebo, respectively;

-influenza: 1%, 4%, 5%, 2% macitentan < 3 mg, macitentan 3 mg, macitentan 10 mg and
placebo, respectively;

-pharyngitis: 0%, 4%, 4%, 2% macitentan < 3 mg, macitentan 3 mg, macitentan 10 mg and
placebo, respectively;

-sinusitis: 0%, 4%, 4%, 2% macitentan < 3 mg, macitentan 3 mg, macitentan 10 mg and placebo,
respectively.

Other

-dyspnea: 2%, 8%, 10%, 8% macitentan < 3 mg, macitentan 3 mg, macitentan 10 mg and
placebo, respectively;

-hypotension: 0%, 5%, 5%, 4% macitentan < 3 mg, macitentan 3 mg, macitentan 10 mg and
placebo, respectively.

The following table shows the adverse events that were reported by at least 3% of patients in the
macitentan 10 mg group and reported more than those in the placebo group.

Number and (percent) of subjects

Adverse event Macitentan 10 mg Placebo Placebo subtracted

N=423 N=370 %
Any event 363 (81) 317 (86) -5
Anemia 46 (11) 9(2) 9
Bronchitis 44 (10) 23 (6) 4
Influenza 19 (5) 7(2) 3
URTI 58 (14) 46 (12) 2
headache 45 (11) 38 (10) 1
Peripheral edema 58 (14) 49 (13) 1
Nasopharyngitis 39 (9) 27 (7) 2
Dyspnea 42 (10) 31 (8) 2
Chest pain 28 (7) 23 (6) 1
Diarrhea 30 (7) 22 (6) 1
Insomnia 25 (6) 13 (4) 2
URI 24 (6) 16 (4) 2
Hypotension 21 (5) 13 (4) 1
Nausea 21 (5) 154) 1
Pharyngitis 17 (4) 8(2) 2
Sinusitis 16 (4) 8(2) 2
From table 29
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7.4.2  Laboratory Findings
Hematology

Anemia/decreased hemoglobin

Pool 1

There were decreases in hemoglobin and reports of anemia as well as decreases in platelets and
leukocyte counts in the pool 1 studies. The reports of these abnormalities in the pool 1 studies are
shown below.

Table 57 Anemia/ hemoglobin decrease AEs in the pooled double-blind safety
set (Pool 1)
Total
<2 mo 3 m 10 mg Macitentan Plac=hbo
(M=125 (M=211] 22) (H=263) (M=270]
n (& n (& n &) n {&)
Mumbexr of patients with any 2 (2.2 2B (9.0} 23 {1Z2.5 gz (2.7 13 [2.8
SH0 Engemia/Hb decrea=m= AE
Mnamiz AFEs= per 100 patisnt—pwars 15.9 5.8 B.S 7.5 2.5
Mumber of AEs 2 36 TE 118 17
Crude incidence
BMREMIRA 23 (2.3} 7.1} 46 T1 B (z.4
EARMATOCRIT DECRERIED 1] L (0.3} 6 7 ¥
HAFMDGLOBEIN DECRERIED 1] 1 (0.3} € 7 1 (0.2
IRCH DEFICTENCY AMREMIR 1] 5 (1.€) 2 7 2 (0.5
CELL COUNT DECRERIED 1] 1] 2 {0 2 0
ENI& o L {0.3) o 1 o
BFRAFMIA o o 1 {0.2) 1 o
STIC IYNIROME o o 1 {0.2) 1 o
1] 1 (0.3} 1 0

[ )

E. T2 MACROCYTIC

ENMEFMTR MEGALOBLASTIC
AE = adverse event, PT = preferred ferm
Mote: For each preferred ferm. a patient 15 counted once if the patent had one or more events m that category.
Denonunators for percentages are based on number of patients in Safety Population for each treatment group.
AFE: per 1({) patient-vears Exposure derved as (%) = 100{meidence/Ttotal treatment duration days/363].
Preferred terms that were not reported (incidence = 0%¢) for any freatment are not displaved.
PTs are sorted in descending crder of the Total Macitentan frequency count.
Studhes AC-055-201, AC-055B201, AC-055-302
Source: Appendix 3, Table 72 and Table 98

(=R ==
i
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The incidence rates of anemia reported as an adverse event were greater for the macitentan
groups (2%, 7%, and 11% for macitentan < 3mg, macitentan 3 mg, and macitentan 10 mg,
respectively) compared to placebo (2%) and there is a dose response.

The table below shows the reports of anemia that were considered serious and/or led to
withdrawal.
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Table 58 Anemia’ hemoglobin decrease SAFEs and AEs leading to
discontinuation in the pooled double-blind safety set (Pool 1)
Total
<3 mg 2 mq 10 mg Hacitentan Placebho
(H=128) =311} (H=423) (H=B€2) H=370}
n (8] n (%] n (&) n (&) n (%]
Humbexr of patients with any
Anewria/hemoglobdn decreas=s= AR 2 {(2.3) 2B (9.0} 52 {12.5) Bz (B.7) 14 (2.8}
SEEs i} g (1.8 1.9 14 (1.6 Z (0.5
AE= leading to discontimuation
of Sreatment 1 {2.8) 1 {0.3} 1 {0.2) 2 (0.3) 1 {0.3

AE = adverse event, SAE = senious adverse event
Studies AC-055-201, AC-055B201, AC-055-302
Sowrce: Derrved from Appendix 5, Listing 14 and Lizting 15

The incidence rates of anemia reported as a serious adverse event were greater for the macitentan
groups (0%, 2%, and 2% for macitentan < 3mg, macitentan 3 mg, and macitentan 10 mg,
respectively) compared to placebo (1%) and there is a dose response. The incidence rates for

drop outs because of anemia were similar across treatment groups (<1%). Transfusions, in some
cases, were required.

The figure below shows mean hemoglobin and hematocrit data for the double-blind PAH
population (Studies AC-055-201, AC-055B201, AC-055-302).

Figure 1 Change from baseline in hemoglobin and hematocrit over time in the
double-blind PAH population

Hemoglobin (g/dL)

——

;
15 =
e ol
e
||-||_‘._'I*

Decreases were generally reported within the first 3 months of the start of study treatment and
then leveled off. In the macitentan 3 mg and 10 mg groups, hemoglobin at month 3 had median
decreases of 0.75 g/dL and 1.0 g/dL from baseline, respectively, but only 0.06 g/dL in the
placebo group. Other decreases in the macitentan groups included erythrocyte count.
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Leukocyte counts
In Seraphin, there were small decreases from baseline in leukocyte counts for the macitentan
groups compared to no change for placebo. These data are shown in the table below.

Table 94 Change from baseline in leukocyte counts and proportion of patients
with markedly low leukocyte counts in the double-blind PAH
population up to 28 days after treatment discontinuation (combined
central and local laboratory data), All-treated set

HEMATOLOGY : ILeukocyies (1029/1)

Macitentan Macitentan Placebo

3 mg 10 m

W=250 =242 =245

Baszelins

n (missing) 221 (29 218 (24) 220 (29
Mean 7.9 7.5 7.5
Standard deviation 3.06 2.41 2.44
Median 7.3 7.2 7.2
Ql , Q3 £.0, 8.2 5.7, 8.9 5.8, 8.9
Min , Max 2.7, 27.86 3.1, 1.5 2.8, 18.5

Last up to 28 days after treatment discontinumaticn

n (missing) 221 (29) 218 (24) 220 (2%

Mean 6.9 6.7 7.5

Standard deviation 2.43 2.42 2.56

Median 6.6 6.4 7.1

Ql , Q3 5.4, B.O 4.8, B.2 5.8, 8.8

Min , Max 2.6, 21.3 2.4, 15.0 2.4, 23.1
Change from bassline

n (missing) 221 (29) 218 (24) 220 (2%

Mean —0.9 -0.7 0.0

Standard deviation 2.78 2.27 2.57

Median —0.& -0.8 -0.2

gl , @3 -2.2, 0.5 —Z.I;, ( Eﬁ —}..‘_5, 1 Zﬂ

Min , Max -11.5, 11.4 -6.6, 10.2 -8.1, 14.2
Patients with markedly low counts® 0 /221 2 /218 0.9% a /220

CTC = common toxicity criteria, PAH = pulmonary artenial hypertension

* Patients with worsening of CTC grade from 0 or 1 at baseline to = grade 3 (= 2.0 x 10%/L) at any time during the study
Study AC-055-302

Source: D-12.425, Table 171; Appendix 5, Table 164

A shift analysis showed that 19.6% of macitentan-treated PAH patients had a deterioration in
common toxicity criteria grade from baseline at some time during the study, compared to 10.5%
of placebo-treated patients. In the macitentan 3 mg and 10 mg groups, the proportions were
14.9% and 24.3%, respectively. Two patients in the macitentan 10 mg group had shifts to CTC
grade 3 (1.0 to < 2.0 x 109/L), one (5601- 10727) from grade 0 (within the normal range) and the
other (5202-13720) from grade 1 (3.0 x 109/L to < LLN) at baseline.

Platelets
In the double-blind PAH population, there were similar small decreases in mean platelet count
from baseline across treatment groups (Table 95).

Clinical Chemistry
Laboratory values indicating abnormalities include liver function tests (LFT) and creatinine.

Liver function tests
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Pool 1
The incidence of liver abnormality AEs was 8.5% in the total macitentan pool and 11.9% in the
placebo pool.

The table below shows the numbers and percentages of patients reporting liver associated serious
and all adverse events.

Table 43 Liver abnormality SAEs and AEs leading to discontinuation in the
pooled double-blind safety set (Pool 1)
Total
<3 mg 3 my 10 mg Macitentan  Placsbo
(N=129) (=311) (1=433) (=863 (5=370)
n (%) n (%) n (%) n (%) n (%)
Mumker of patients with any
SMQ Liver abnommality AE 2 (2.3) 32 (10.3) 38 (9.0) 73 (B.3) 44 (11.9)
SAEs 0 € (1.9) € (L.4) 12 (1.3) 4 (1.1)
AFs leading to discontinuation
of treatment 1 (0.8) 7 (2.3) 11 (2.§) 18 (2.2) 4 (1.1)

AE = adverse event, SAE = serious adverse event, SMQ = standardized MedDRA query
Studies AC-055-201, AC-055B201, AC-055-302
Source: Derved from Appendix 3, Listing 14 and Listing 15

The data show little effect of macitentan on serious liver abnormalities. However, doses of
macitentan are limited to 10 mg or less.

The table below shows the number and percentage of reports of abnormal LFTs in the Seraphin
trial.
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Table 47 Incidence of liver function abnormalities oceurring from treatment
start up to 28 days after EOT in the double-blind PAH safety
population

Total
10 m Macitentan Placebao
242) (1=452) (r1=2485)
(%) n (%) n (%)

21T or AST > 3 x ULN

n 247 23g 483 244

n (%) 10 (4.0) g (3.4) 18 (3.7) 11 (4.3)
AIT or AST > 5 x ULN

n 247 23e 483 244

n (%) 4 (1.%) & (2.5) 10 (2.1) 5 (2.0
ALT or AST > & x ULN

n 247 236 483 244

n (%) 4 (1.8) 3 (2.1) g (1.9 1 (0.4)
1T or AST > 3 x ULN and
TBIL > 2 x UIN at any time

n 241 230 471 237

n (%) 4 {1.7) 4 (1.7) g8 (1.7) 5 (2.1)

ALT = alanine aminotransferase, AST = aspartate aminotransferase, EOT = end of treatment, TBIL = total bilirubin,
ULN = upper limit of the normal range

Note: Denominator for percentages based on number of non-missing observations for each treatment group and total.

Incidence based on the number of patients with at least one post-baseline abnormality for each category.

Patient 1406/11104 (placebo) was not included mn source table since TBIL = 2 « ULN as reported by a local laboratory
was not mncluded 1n the climical database. Patient 9103/12093 (macitentan 3 mg) was mcorrectly mcluded 1n source
table, despite TBIL = 2 x ULN.

Study AC-055-302

Source: Appendix 5. Table 168. and D-12 559, Annex 1: narratives

Only the ALT or AST > 8 x ULN listings show the macitentan groups worse than placebo. The
numbers of subjects reporting this event are small in all groups. However, the upper dose of

macitentan is limited to 10 mg.

Ongoing PAH study (AC-055-303, continuation of Seraphin)
All patients who enrolled into this study receive macitentan 10 mg.

There were an additional 9 cases of aminotransferase elevations > 3 x ULN were reported up to
the cut-off date of 26 April 26, 2012.

- 3 cases with ALT/AST > 3 x ULN and total bilirubin > 2 x ULN,
- 3 cases with ALT/AST > 8 x ULN (total bilirubin >2 x ULN) and
- 3 cases with ALT/AST > 3 x ULN (total bilirubin >2 x ULN).

After the cut-off date of 26 April 26, 2012, three additional cases of ALT/AST >3 x ULN with
total bilirubin <2 x ULN were reported up to 31 July 31, 2012 (2 of the 3 cases normalized
while treatment was continued or restarted).

Studies in other indications
In the ongoing AC-055-115 study, 13 patients with glioblastoma received doses up to 120 mg
with no obviously detrimental effect on LFTs for up to 147 days.
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Creatinine and renal adverse events

Laboratory data for the double-blind PAH population showed no mean or median increases in

serum creatinine over the period of the study. There were eight patients reporting marked
creatinine elevations, defined as > 154 mol/L and 75% increase from baseline. These eight

patients were four in the macitentan 3 mg group, three in the macitentan 10 mg group, and one in

the placebo group and are shown below.

Table 69 Overview of patients with marked elevations in creatinine (i.e.,

= 154 pmol/L and 75% increase from baseline) in the double-blind

PAH population

Treatment group Patient No.

Likelv/ possible cause of renal failure

Recovery™

Macitentan 3 mg  1413-10464

3405-15477
3806-13467
9105-12105

Macitentan 10 mg  5304-13115
8009-12087
3406-12601

Placebo 8401-11588

Medical history of renal failure — creatinine > 154 pmol/L at baseline NA

— induced by confrast media
Low blood pressure
Secondary to PAH progression
No confounding factors

Single dose — EHF — ischemic hepatitis — death
Secondary to right ventricular failure

Creatinine = 154 pmol/L at baseline

Secondary to low cardiac output (hemodialysis and ultrafiltration)

Yes
NA
NA

NA
NA

Yes

NA

PAH = pulmonary arterial hypertension. WA not available, RHF = right heart failure
* Recovery for creatinine increase was defined as a refurn to the normal range or baseline value.

Source: D-12. 425, Table 53

Pool 1

In the pooled double-blind safety set, the incidences of renal impairment adverse events were
3.5% in the total macitentan pool and 2.2% in the placebo pool. The incidences in the macitentan
3 mg group and 10 mg group were 4.8% and 3.3%, respectively. The figure below shows the
relative risk and 95% CL for adverse events indicative of renal abnormalities for macitentan 10

mg vs. placebo.
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Figure 1.2.2.5.1
Graphical presentation for Special Interest AEs: SM2 Renal Impairment - relative risk and 25% CL
Safety Populatiocn (Pool 1)

Macitentan 3 mg vs Placebo Na Ea Np Ep EF. 55 % CL Felative Risk and 5% CL
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: 1
EENAL FAILURE ACUTE 311 5 aTa 1 5.94% . s
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AZOTAEMIA 311 1 370 1 1.180 s
PROTEINURIA 1t 2 3ta 2 1.180 L ——
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i
i
i
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0.0L1 0.1 1 10 100
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Ha=Humber of Patients in Ac
Np=Numker of Patients in P

ve; Ea=Number of Patients with Events in Active
i Ep=NHumber <f Fatients with Events in Placebo

The table below shows the renal serious adverse events and renal adverse events leading to
discontinuation by treatment group.

Table 64 Renal impairment SAEs and AEs leading to discontinuation in the
pooled double-blind safety set (Pool 1)
Total
<3 mg 3 mg 10 mg Macitentan Placsbo
(N=129) (M=311) (=423 (M=863) (H=370)
n (%) n (%) n (%) n (%) n (%)
Menber of patients with any
Benal impairment AE 1 (0.B) 15 (4.8) 14 (3.3) 30 (3.5) 3 (2.2)
SLEs 0 5 (1.8) 2 (0.5) 7 (0.8 2 (0.5)
2Fs leading to discontimmation
of Treatment o] o o] ] 1 (0.3)

AE = adverse event, SAE = serious adverse event
Studies AC-055-201, AC-055B201. AC-055-302
Source: Derived from Appendix 5, Listing 14 and Listing 15

The incidence rates for patients who report a serious renal adverse event were 0, 1.6%, 0.5%, and
0.5% for macitentan < 3mg, 3 mg and 10 mg, and placebo respectively. Only one patient
(placebo) discontinued treatment because of a renal adverse event.

7.4.3  Vital Signs

Blood pressure
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In the double-blind PAH safety population, the incidence of hypotension adverse events are
shown below.

Table 70 Hypotension AFEs in the double-blind PAH safety population
Macitentan Total
3 mg 10 mg Macitentan Placsbho
M=250) (H=242) (=492) (=249}
n (%) n (%) n (%) n (%)
Murber of patients with any 15 (€.0) 17 (7.0) 32 (6.5) 11 (4.4)
M0 Hypotensicn AE
Hypotension AEs per 100 patient—years 3.1 3.5 3.3 2.7
Mumber of AEs 1 19 35 12
Crude incidence
HYPOTENSION 14 (5.€) 15 (6.2) 29 (5.9) 11 (4.4)
ORTHOSTATIC HYPOTENSIOH ] 2 (0.8) Z (0.4) 0
BLOCD PBESSURE SYSTCOLIC DECEELSED 1 (0.4) 0 1 {0.2) 0

AF = adverse event, PAH = pulmonary arterial hypertension, PT = preferred term, SMQ) = standardized MedDEA query
Mote: For each preferred term. a patient is counted once if the patient had one or more events in that category.
Denominators for percentages are based on number of patients in Safety Population for each treatment group.

AFs per 100 patient-years Exposure derived as (%) = 100(incidence/[total treatment duration days/365].

Preferred terms that were not reported (mncidence = 0%) for any treatment are not displayed.

PTs are sorted 1n descending order of the Total Macitentan frequency count.

Study AC-055-302

Source: Appendix 5, Table 75 and Table 101

The incidences in the macitentan 3 mg group and 10 mg group were 6.0% and 7.0%, compared
to 4.4% for placebo. Macitentan is a known vasodilator.

The incidence rates for reported serious adverse events related to hypotension are shown below
by treatment group.

Table 71 Hypotension SAEs and AEs leading to discontinuation in the double-
blind PAH safety population
Macitentan Total
3 mg 10 mg Macitentan Placsbo
(M=250) (N=24Z) (M=492) (M=249)
n (%) n (%) n (%) n (%)
Number of patiencs with any
hypotension LE 15 (&.0) 17 (7.0) 32 (€.5) 11 (4.4)
SLEs 1 (0.4) Z (0.8) 3 (0.6) 3 (1.2)
EEs leading to discontinuation
of Treatment 0 1 {(0.4) 1 (0.2) ]

AF = adverse event, PAH = pulmonary arterial hypertension, SAE = serious adverse event
Study AC-055-302
Source: Derived from Appendix 5, Listing 14 and Listing 15

Heart rate
There is no evidence that macitentan has an effect on heart rate.
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Table 96 Change from baseline in heart rate in the pooled double-blind safety
set (Pool 1)
Total
<3 mg 3 mg 0 mg Macitentan Placebo
(H=129) (=311} (1I=423) (l=8&3) (N=370)
Heart Rate (BERTS/MIN) =
Baseline
n 125 305 838 3e0
M=an (SD) 72.4 (9.9€) 78.4 (11.98) £1) 76.4 (12.17) 77.5 (12.04)
Median 71.0 78.0 76.0 78.0
Min, Max 50, 110 43, 120 47, 130 50, 124
Last Visit
n 125 303 B3B8 3e0
Mzan (SD) 72.0 {9.97) LE4) 76.6 (13.2B) 73.9 (13.4%)
Median 70.0 76.0 78.0
Min, Max 50, 104 43, 125 43, 150
Change from Baselins?®
n 125 305 408 B38 360
Mzan (SD) -0.4 (7.41) -0.5 (13.52) 1.1 (12.60) 0.3 (12.34) 1.4 (14.84)
Median (] -2Z.0 0.0 0.0 1.0
Min, Max 20, 20 &0, 46 -40, 51 -£0, 51 -38, 77

! Change from baseline to last visit up to 28 davs post treatment discontinuation; where multiple assessments fell on the
same day due to repeated assessments, the highest value was used.
*For study AC-055-302, heart rate was based on assessment of pulse rate.

Data are presented for patients who had both a baseline and post-baseline value.

Studies AC-055-201, AC-055B201. AC-055-302
Source: Appendix 5, Table 182

Body weight

There is no evidence that macitentan has an effect on body weight.

Table 98 Change from baseline in body weight up to last visit in the pooled
double-blind safety set (Pool 1)
Total
<3 mg 3Img 10 mg Macitentan Placebo
(N=129) 1#=311) 1=423) (M=863) (M=370)

Baseline

n 125 305 408 B38 358

M=an (SD) 85.8 (15.37) 70.5 (17.70) 75.3 (19.33) 75.1 (18.85) 73.6 (18.23)

Median 86.5 69.3 T4.0 74.0 70.5

Min, Max 55, 138 37, 132 8, 134 37, 13f 37, 126
Last Visit

n 125 305 408 g38 358

M=an (SD) 85.7 (15.63) 70.8 (17.17) 75.3 (18.97) 75.2 (18.49) 73.7 (18.48)

Median g87.0 68.2 T4.4 74.3 70.9

Min, Max 5&, 136 35, 130 37, 1&7 37, 187 38, 132
Changs from Baseline?

n 125 305 408 B38 358

Msan (5D) -0.1 (2.04) 0.3 (4.7€) 0.1 (5.43) 0.1 (£.82) 0.1 (4.89)

Median 0.0 0.4 0.0 0.0 0.0

Min, Max -G, 8 -24, 18 -28, 51 -28, 51 -19, 43

* Change from baseline fo last visit up to 28 days post treatment discontinuation; where multiple assessments fell on the
same day due to repeated assessments, the highest value was used.

Data are presented for patients who had both a baseline and post-baseline value.

Studies AC-055-201, AC-055B201, AC-055-302

Source: Appendix 5, Table

182
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7.4.4  Electrocardiograms (ECGs)

Pool 1
The overall incidence of treatment-emergent ECG findings was similar in the
patients who were treated with macitentan and with placebo.

Table 102 Summary of treatment-emergent ECG abnormal findings by
frequency in the pooled double-blind safety set (Pool 1)
Total

<3 mg 3 mgy 10 m Macitentan Placsho

(H=129) (N=311) (1=423) (F=E&3) [1=370)

n (%) n (%) n (%) n (%) n (%)
Number of patients with
treatment-emergent ECG findings 17 (13.2) 145 [(46.€) 153 (36.2) 315 [3£.5) 160 (43.2)
Mumber of EOG Findings 19 Z65 249 533 281

Evaluation of ECG variables showed no clinically relevant differences in HR, PR, QRS or
QTcF between the worst/highest value obtained and baseline for any of the macitentan doses
compared to baseline. There is no evidence that macitentan has pro arrhythmic potential.

7.4.5 Special Safety Studies/Clinical Trials
Effect on sperm
The testicular safety study (AC-055-113) conducted in healthy male subjects was poorly

conducted and, therefore, uninformative. This agent will get a statement in the label that reflects
the bosentan experience.

7.4.6 Immunogenicity

Immune system disorders were reported at a higher incidence rate in the macitentan groups than
in the placebo group (2.3%, 20/863) for all macitentan doses in Pool 1 compared to placebo
(0.8%, 3/370).

7.5 Other Safety Explorations

7.5.1 Dose Dependency for Adverse Events

The adverse events possibly linked to dose include anemia and liver function test abnormalities.
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7.5.2 Time Dependency for Adverse Events
The table below shows the number of reported adverse event by months of macitentan treatment.
Table 41 Proportion of patients with AEs, SAEs and AEs of special interest and

who died over time from treatment start up to 28 days after EOT in
the pooled DB and OL PAH safetyv set (Pool 2)

Oemrall 0—of =2l
[E=ETS] [HFETS (B=252)
n (%) n (%) n (%]
¥arber of patients
with amy BE S6L (E2.1) <27 (83.3) 283 (75.2) 250 (72.Z) 342 (76.%) A0E (76.0} 245 (B5.3)
Ho. of patiznts with amy
Afm of sp=cial _".:e"\e:.-:
Liver Abmormalities 74 (11.0) )
O 134 [(1s.9) 21
Engmrt o Hh Decreagssd g0 [(11.93) 21
E i 40 (5.5] 5
23 (4.5 E
A= 23z [45.2) al
b 12 (1.8 2
MECE 13 (1.%) 4 0
HT 6 (0.5 z o
Cersbrorascolar T (1.0) Z 5)
Hmber of patients
with amy 35E 20E (45.6) 128 (15.0) 107 {21.0) 58 {20.5) B3 (9_E) a9 (17 35 (1E.8)

Yazher :-' patients

wno died! EZ (12.1) 23 2.5}

AE = adverse event, MACE = major adverse cardiovascular events, E'DT end lthI.‘EztI:I:I.EI:l.I: ‘\-ﬂ m'l.ro:ardld infarction

Mate: Denonuinator for percentages 15 based on number of patients m the Safety Population for total macitentan that wers
present at the start of each interval (stll on treatment penied from day of treatment start to the day of treatment end
plus 28 days, mehisive).

Months are defined a5 days elapsed since start of treatment 30,4375, An event is considered present in an mterval by
taking imfo account the relationship between the event onset and resoluton date and the miterval extremes. If a patient
expenences one of mulhple events of special imterest across tme miervals, then the patient 15 counted once for each
of these intervals.

! Inchudes death= duning study up to 28 davs after end of treatment.

Studies AC-055-302 and AC-035-303

2.4) 13 {2.6) 8 {1.9) 18 (4.0 10 = 8 (3.1]

It is difficult to draw conclusions from such data because most adverse events are reported more often the
longer the patients are in the trials. That said, nothing seems to occur only after the patients had been on
drug for more than a certain amount of time.

7.5.3  Drug-Demographic Interactions

Age

Patients > 65 years with PAH reported more dyspnea in the macitentan 3 mg group (18%) and 10
mg group (15%) compared to placebo (11%). In the 18—64 age range, the incidences were
similar across treatment groups.

Edema adverse events were also reported at a higher incidence in elderly PAH patients treated

with macitentan compared to placebo. The incidence rates were 30%, 26% and 18% in the
macitentan 10 mg, 3 mg and placebo groups, respectively.

Sex
There is no indication that adverse events are different for males and females.
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Race
There is no indication that adverse events are different for different races. Study AC-055-109)
showed exposure in white subjects to be approximately 18% higher than in Japanese subjects.

7.5.4  Drug-Disease Interactions

There were no obvious indications that there are differences in safety based on WHO functional
class, PAH etiology, signs/symptoms of right heart failure, renal impairment, or hepatic
impairment.

7.5.5 Drug-Drug Interactions

The in vitro data showed that macitentan is a CYP3A4 substrate.

Ketoconazole (AC-055-107)

In the presence of ketoconazole, exposure to macitentan was increased approximately 2-fold
compared to when macitentan was administered alone. The geometric mean ratios (macitentan +
ketoconazole: macitentan) for Cmax and AUC were 1.28 and 2.32, with 90% CL of 1.21-1.35
and 2.15-2.50, respectively.

Rifampicin (AC-055-111)

Coadministration of rifampicin decreased exposure to macitentan. The geometric mean ratio
(macitentan + rifampicin: macitentan) for AUC was 0.21 with 90% CL of 0.17-0.26. Reduced
efficacy of macitentan in the presence of rifampicin is a possibility.

7.6 Additional Safety Evaluations

7.6.1  Human Carcinogenicity
Pool 1

The table below shows the adverse events related to malignancies that were reported during the studies
classified as pool 1.
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Table 82 Malignancy AEs in the pooled double-blind safety set (Pool 1)
Total
< 3 mg I mg 10 mg Macitentan Dlacshbo
(M = 12%) (H=311) (MH=423) (H=BE3) (¥=370)
n (%) n (%) n (%) n (%) n (%)
MNumber of patients with any 0 g8 (2.¢€) 11 (2.€) 19 (2.2) 7 (1.9)
Malignancy RE
Malignancy REs per 100 patient-years ] 1.7 1.8 1.7 1.4
MNumbe=r of REs 0 11 15 26 10

Cruds incidence

COLOW CRNCER

2 (0.6) 0 2 (0 0
MELIGENT TUMOUR EXCISION L {0.3) 1 (0.2) 2 (0 0
OVARIEM NEOPLLSM L {0.3) 1 (0.2) 2 (0 0
SQUEMOUS CELL CRRCINCMA 0 2 (0.5) 2 (0 1 (0.3)
IDENDCZRCTHOME 1 {0.3) 0 1 (0 0
ENGIOSERCOME 1 (0.3) 0 1 (0 0
BASAL CELL CRRCINOME 0 1 {0.2) 1 {0 1 (0.3
BREAST CRNCER 1 (0.3) 0 1 (0 1 (0.3)
CRRBOHYDRATE ANTIGEN 125 INCEEASED 0 1 {0.2) 1 (0 0
CRRBOHYDEATE ANTIGEN 19-9 INCEERASED 0 1 {0.2) 1 (0 0

HEAD AND NECE CANCER 0 1 {0.2) 1 (0 0

LUNG NEOPLRSM 1 {0.3) 0 1 (0 1 (0.3)
MALIGNENT MEDIASTINAL NMEOPLASM 0 1 ({0.2) 1 (0 0
METASTATIC NECELASM 1 {0.3) 0 1 (0 0
PITUITARY TUMOUR 0 1 (0.2) 1 (0 0
EROSTATE CRNCER 0 1 (0.2) 1 (0 0
PROSTATECTOMY 0 1 (0.2) 1 (0 0
RECTAL CRNCER 0 1 {0.2) 1 (0 1 (0.3)
RECTOSIGMOID CANCER 1 {0.3) 0 1 (0 0
SUPERICR. VENRE CAVA SYNDROME 0 1 {0.2) 1 {0 0
LIVER SCEN RBNORMAL 0 0 0 0 1 (0.3)
LUNG SCQUEMOUS CELL CRERCINOME 0

STAGE UNSPECIFIED 0 0 0 0 1 (0.3)
RENAL SCAN ABNCRMAL 0 0 0 0 1 (0.3)
THYROID NEOPLASM 0 0 0 0 1 (0.3

AFE = adverse event. PT = preferred term

Note: For each preferred term, a patient is counted once if the patient had one or more events in that category.
Denominators for percentages are based on number of patients in Safety Population for each treatment group.
AFs per 100 patient-vears Exposure derived as (%) = 100{incidence/[total treatment duration days/365].
Preferred terms that were not reported (incidence = 0%) for any treatment are not displayed.

PTs are sorted in descending order of the Total Macitentan frequency count.

Studies AC-055-201, AC-055B201, AC-055-302. Source: Appendix 5. Table 80 and Table 107

There was a slightly higher incidence rate of patients reporting a malignancy in the 10 mg
macitentan group (3%) compared to placebo (2%).

7.6.2  Human Reproduction and Pregnancy Data

There were 7 pregnancies (5 on macitentan 3 mg and 2 on placebo) reported in the clinical
development program. Of the 5 patients in the macitentan 3 mg group, one had a therapeutic
abortion and one had a spontaneous abortion. Both patients restarted macitentan treatment. One
patient had an abortion scheduled, but died due to worsening of PAH before the scheduled date.
For the other 2 macitentan-treated patients, both permanently discontinued treatment and
continued the pregnancy. Both women gave birth prematurely. In one case the baby had hyaline
membrane disease complicated by sepsis, a grade 4 intracranial hemorrhage and poor skin
condition. Three days after birth, the baby died from persistent hypotension, due to extreme
prematurity. No obvious abnormality was noted and the prenatal screening at Week 18 had
shown no anomaly. In the second case, the baby had no neonatal abnormalities and survived.
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7.6.3  Pediatrics and Assessment of Effects on Growth

Data are not available at this time.

7.6.4  Overdose, Drug Abuse Potential, Withdrawal and Rebound

Overdose
The highest single dose administered was 600 mg in study van Giersbergen 2005a. The reported

adverse events are shown below.

Table 5. Summary of post-treatment AEs (including unrelated) by frequency
Group: All Subjects ACT-064992 (mg)

0.2 1 5 25 100 300 600 Placebo Al
All system organ classes N=6 N=6 N=6 N=6 N=6 N=6 N=6 N=14 N=56
Total subjects with at least one AE - - - 2 3 2 5 4 16
Total number of AEs - - - 3 3 3 14 5 28
Headache NOS - - - 2 I 2 5 3 13
Back pain - - - - - 1 - 1 2
Hepatic function abnormal NOS - - - - - - 1 1 2
Nausea - - - - - - 2 - 2
Rhinitis NOS - - - - - - 2 - 2
Vomiting NOS - - - - - - 2 - 2
Abdominal pain NOS - - - - - - 1 - l
Flushing - - - - - - 1 - 1
Leucocytosis NOS - - - - 1 - - - 1
Nasopharyngitis - - - 1 - - - - 1
Neck pain - - - - 1 - - - 1

Note: only AEs with onset after start of treatment are included.
NOS: Not otherwise specified

In the ongoing study in glioblastoma (AC-055-115), no cases of dose-limiting toxicity have been
reported up to a dose of 90 mg/day.

Drug abuse
There is no indication of any potential for abuse from clinical studies or from current knowledge

of ERAs in general.
Withdrawal and rebound
There were no studies evaluating the withdrawal and rebound potential of macitentan. was not

specifically studied in patients with PAH.

7.7 Additional Submissions / Safety Issues

Safety Update
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The cut-off date for the ISS was April 26, 2012 for the safety update it was August 26, 2012,
and for ongoing studies in non-PAH indications it was July 31, 2012. Narratives for patients who had
aminotransferase elevations >3 X ULN are provided for events that were reported to the sponsor up

to December 31, 2012.

Additional data were submitted for the Seraphin trial (AC-055-302) and additional 4 months of
safety data from the Seraphin open-label extension study (AC-055-303. This includes a further
156 patient—-years, bringing the total to 1477 patient—-years exposure.

Table 2 Ongoing Phase 3 clinical trials in PAH
Study Smdy objectives Patdents in Median Treamment/dose Type of controlblinding
safery treatment (mg
population duration
{(Weeks)
AC-053-303 Long-term safetyof 330 Placebo/10 mg: Macitentan 10 mg o.d. Single-arm, open-label
(SERAPHIN macitentan in patiemts 280 treatment, extension study
159.0
10 mg/10 mg:
163.6

o.d. = once daily, OL = open-label, PAH = pulmonary arterial hypertension.
* duration of exposure up to cut-off date of 26 August 2012, Treatment groups show DB/OL treatment allocation.

There is also information from the ongoing blinded digital ulcer studies (AC—
055C301 and AC-055C302) shown below and the glioblastoma study AC-055-115.
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Table 3 Ongoing Phase 3 clinical trials in other indications
Study Study objectives Patients in  Planned — Treatment/dose Type of controlblinding’
All- treatment (mg) Design
b

randomized’ duration
safety

population®

AC-055C301 Efficacy and safety of 112 pattents Treatment Treatment peried 1: Placebo-controlled, parallel-
macitentan in patients period 11 3 facitentan 3 me. 10 me. Sroup. randomized. double-
with ischemic DUs 16 weeks - " blind treatment
associated with 5S¢

or placebo

Treatment Fixed 16-week duration

Treatment period 2:
pl?r'iod 2: Continnation of folllowecl by a.long-te-rm
Week 16 to . variable duration period
EOS macitentan 3 mg, 10 mg

ot placebo for variable
duration up to 2.5 years

AC-055C302 Efficacy and safety of 48 patients  Treatment Treatment period 1: Placebo-controlled, parallel-

macitentan in patients period 11 pficitentan 3 me 10 me SroUP. randomized, double-

with ischemic DUs 16 weeks placebo b " blind treatment

associated with SSc Treatment peooment period 2: Fixed 16-week duration
period 2: followed by a long-term

i Continuation of . . ;
Week 16 to . variable duration period
EOS macitentan 3 mg, 10 mg

or placebo for variable
duration up to 2.5 years

DU = digital wlcer, EOS = end of study, 55c = systemic sclerosis.

* Preliminary evaluation of ongeing study (treatment allocation remains blinded)

bup te 31 July 2012, median duration of exposure was 10.6 and 9.9 weeks in Studies AC-055C301 and AC-055C302,
respectively.

Informationis also included from two completed Phase 1 studies conducted in Japan (AC-
055-116) and South Korea (AC-055-117) shown below.

Table 4 Completed clinical pharmacology studies
Study Study objectives Subjects evaluable Treatment Treatment/dose Design/type of
[Document No.J for safety duration control/blinding
AC-053-116 Investigation of the PE. 16 healthy subjects Once daily oral Macitentan Multiple-
[D-12.181] PD, safety and dose for 10 days (6 subjects/group):  ascending dose,
tolerability of 3. 10mg placebo-
macitentan in male Placeba controlled,
Japanese subjects (2 subjects/group) double-blind
AC-053-117 Investigation of the PE. 30 healthy subjects Once daily oral Macitentan Multiple-
[D-12.439] PD, safety and dose for 10 days (8 subjects/group):  ascending dose,
tolerability of 3.10,30mg placebo-
macitentan in male Placebo controlled,

Korean subjects double-blind

PD = pharmacodynamic, PK = pharmacokinetic.

(2 subjects/group)
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Since no patient in either study reported a serious adverse event, an adverse event that led to study
discontinuation, or markedly abnormal laboratory finding associated with liver enzyme elevation
(ALT or AST > 3 X ULN) there is no further discussion of them in this review.

Duration of exposure (pool 2)

The number of subjects who took part in study AC-055-302 and the long term extension AC-
055-303 was 675 (unchanged from the ISS). The comparison of the duration of exposure in the
ISS and safety update are shown below.

Table 9 Comparison of the duration of exposure in Pool 2 at the cut-off dates
of the ISS and the 120 Day safety update

Total Total
Macitentan Macitentan
(H=5675) (H=575)
26 Mpril 2012 26 Magust 2012
Exposure Duration (weslks)?®
T 75 75
Mean (SD) 102.15 (62.11%) 114.21 (65.279)
Median 126.57 142.71
Min, Max 0.3, 202.3 0.3, 219.7
Exposure Distributicn, n (%)
bt £75 €75
< & months (<24 wks) 166 (24.86) EE (10.1)
24 31 (4.g) 125 (18.5)
hs (48 33 (4.9) 33 (4.9)
c 24T hs (72 40 (5.59) 38 (5.6)
24 < 30 months (%6 113 (16.7) 36 (5.3)
>=30 months (=120 w 282 (43.3) 375 (55.q)
Patient Years Exposurs®
n 75 675
Exposure (vears) 1321 1477

Note: Denominator for percentages based on number of patients in Safety Population.

! Duration of exposure is defined as the time (days/7) elapsed between the start and the end of Macitentan treatment.
meclusive. Time on placebo treatment 15 not counted

? Patient years is based on total days on Macitentan/363.25 for patients who have taken study drog for at least one day.

Stodies AC-055-302. AC-035-303

The mean exposure duration increased from 102 to 114 weeks. The number of subjects with at
least 12 months of exposure increased from 478 to 482.

Deaths
There were 15 deaths reported during the 120 Day safety update period.

73

Reterence 1D: 3529555



Clinical Review
Maryann Gordon, M.D.
NDA 204410, Opsumit® (macitentan)

Table 16 Deaths up to 28 days after end of treatment by preferred term

reported during the 120 Day safety update period in Pool 2
Treatment  Patient No. Age/sex OL Cause of Death
DB/CL Day

3805-13594 3&/F 108% Pulmonary arterial hypertension

3811-1359& Z2&/F 631 ZAcute right ventricular failure,
Pulmonary embolism

5501-13737 28/F 1070 PRight wventricular failure

Se01-15el5 5&/F 73 Worsening of the underlying disease

(Beported as FLT "death™)
3 mg/ 10 mg 1001-10%60 e9/M 1118 PERecurrence of a rectosigmoid tumor with multiple
metastases
(Reported as FIs of “"'":-—:3:u:; appetite,
Diarrhea, vomiting™)

3805-14853 B52/F 1082 Pulmonary arterial hypertension

3901-12857 1/F 1380 Pulmonary hypertension

4102-13344 1&/F 1232 During the night, patient developed acute
shortness of breath, became unconscious and died
[Reported as PT "sudden death™)

4102-13348 S4/F 1335 RIGHT VENTRICULZAR FATLURE

5107-15853 35/F 916 PULMIMARY ARTERTAL HYPERTENSION

3402-1184& 43/F 1145 RIGHT VENTRICULLAR FATLUEE

10 mg/ 10 mg 3805-13350 42/F 1240 PULMCMARY ARTERTAL HYPERTENSION
3805-14852 42/F 32 PULMCMARY ARTERY ANEURYSM

3502-11222 45/F 1144 PULMCMARY ARTERTAT. HYFERTENSION

DE = double-blind, OL = open-label, M = male, F = female
The patient’s age. is that reperted at baseline.
Studies AC-055-302, AC-055-303

The causes of the 15 deaths such as resulting from PAH and right ventricular
failure are not unexpected considering the patient population. None of these
deaths seems unexpected.

Deaths in other studies include one death from respiratory failure in the digital ulcer study AC-
055C302 in a patient with a background of scleroderma and her course included anemia and
aspiration pneumonia. There were no deaths reported in the glioblastoma study although there
was one that occurred greater than 30 days after treatment was stopped.

Serious adverse events

Pool 2

A total of 326 (48%) of the 675 macitentan—treated patients reported, similar
to the percentage reported in the ISS. The events reported by at least 3
patients are shown in the table below.
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Table 17 SAEs reported from treatment start up to 28 days after end of
treatment in the pooled PAH safety set (Pool 2) by preferred term
(= 3 patients)
Total
Macitentan
(N=€75)
n (%)
Humber of patients with SAEs 326 (43.3)
PULMONERY RRTERIAL HYPERTENSION 08 (16.0)
RIGHT VENTRICULAR FAILURE 70 (10.4)
PNETMONTA 18 (2.7)
ANAEMTA 16 (2.4)
SYNCOPE 14 (2.1)

ATETAL FLUTTER

CHEST FAIN

RESFIRATORY FAILURE

DY SENOER

GASTEQENTERITIS

HAFMOPTYSIS

REMAL FRAILUBE ACUTE

SUDCEN DELTH

PULMCHERY FMBOLISM

UPEEE. BESPTRATORY TRACT TNFECTICH
CARDTAC ARBEST

ACUTE BIGHT VENWIRICULZR. FAILURE
BROMCHITIS

HYPOTENSION

PRNCEERTITIS ACUIE

FEERRNCY

UPEER. GASTROINTESTINAIL. HAFMOBRHAGE
ATRTAL FIERITIATTION

LOWEE. FESPTRRTORY TRACT INFECTICH
ACUTE MYOCRARDTAL INFARCTICON
BRADYCARDTR

CARDTO-BESPIFATCEY AREEST

CHOLECYSTITIS 4]
CHOLELITHIASTS 4]
CHROWIC OBSTEUCIIVE PULMONAEY DISELSE 4]
EPISTRA¥IS 4}
ERYSTPEIAS 4}
HAFMRTEMESTS 4}

LEFT VENTRICULAR FATLURE
LIVER FURCTION TEST ABNCRMAL
MENCERHAGTRA

CNVZRTAN CYST

PLEURAL, EFFUSION

PUILMOHZRY CECEMR 4]
EYREXIR 4)
SEE3IS 4)
SEIN ULCER 4}

SUDCEN CARDIAC DEATH
SUERAVENTRICULAR. TACHYCARDIL
SYSTEMIC LUPUS ERYTHEMATCOSUS
URIMARY TRACT INFECTICH
UTERIHE LETCMYOMA

VOMITING

e T e e e e e e e e e e e e e e e e e = e Sy S S S S T R N R
()]

Lol Cad Ll LoD Lad Lo D L0 a0 ad Gl Ll LD Lad e Gl a0 L0 L G Ll LD ad Gl o o 0 L1V R L0 L0 0 0y ] -ad 0 0 GO S0 S0 WD D LD

SAE = serious adverse event
Note: For each preferred term. a patient is counted once if the patient had one or more events in that category.
Dencominators for percentages are based on mumber of patients in Safety Population.

Preferred terms are sorted in descending order of frequency.
Studies AC-055-307 AC-055-303

For comparison with a placebo group, the table below shows the reporting rates of the five most
commonly reported serious adverse events in the base study Seraphin.
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Table 169 Summary of serious adverse events during treatment period and up to
28 days after treatment discontinuation by frequency, All-treated set

Surmrary us ach nts during treatment period and up to 28 days after treatment
discontinuation by £ et
Analysis set: All treated
System Organ Class /f Flacebho Macitentan Macitentan
Preferred Tem 3mg 10 mg
N=245 H=250 H=242
Ho. % Ho. i Ho. %

ATIL 3YSTEM ORGEN CLASSES

Total patients with at least one SAE 137 55.0% 130 52.0% 109 45.0%
Total mumber of SRAEs 248 24e 189

FULMONRERY ARTERTRT. HYPERTENSICH 56 2Z.5% 48 19.2% 32 13.2%
RIGHT VENTRICULAR FATLURE 40 1&6.1% ZL B.4% 23 9.5%
PNETMOHTR 3 3.2% 7 2.8% 4 1.7%
SYNCOPE & Z.4% 7 2.8% 4 1.7%
LIRFMIR 1 0.4% 5 2.0% 6 2.5%

Regarding the serious events reported by at least 2% of the patients in the uncontrolled trial:

- pulmonary arterial hypertension, the reporting rate for placebo was 23% and the uncontrolled
study macitentan rate was 16%;

-right ventricular failure, the reporting rate for placebo was 16% and the uncontrolled study
macitentan rate was 10%.

-pneumonia, the reporting rate for placebo was 3% and the uncontrolled study macitentan rate
was also 3%;

-syncope, the reporting rate for placebo was 2% and the uncontrolled study macitentan rate was
2%; and

-anemia, the reporting rates of all anemia in the placebo controlled base study (Seraphin) were
8.8% macitentan 3 mg, 13.2% macitentan 10 mg, 3.2% placebo. The reporting of serious
anemia” in the base study was 2% and 3% on macitentan 3 mg and 10 mg, respectively, versus
0.4% on placebo. In the open label long term study the reporting rate was 2%.

Other studies

Digital ulcer studies

During the 120 Day safety update period, serious adverse events were reported in 4 patients (3%)
in Study AC-055C301. These included events related to disease progression (infected skin ulcer,
skin ulcer, and skin pain), and reports of pneumonia, hysterectomy and bilateral avascular
Necrosis.

In Study AC-055C302, serious adverse events of renal failure and pulmonary alveolar
hemorrhage leading to death were reported in one patient.

Clinical pharmacology studies
In the glioblastoma study (AC-055-115) 2 patients reported serious convulsions.

Adverse events leading to discontinuation
Pool 2

4 anemia led to discontinuation of treatment for 1 patient in each of the macitentan 3 mg and 10 mg groups, and megaloblastic
anemia led to discontinuation of treatment for 1 patient in the placebo group in the Seraphin study.
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The incidence rate for discontinuations from adverse events was 13%. The numbers and

percentages of patients who withdrew by reported event (only those events reported by at least
two patients) are shown below.

Table 19 AEs leading to discontinuation of study treatment in Pool 2

Humber of patients withdrawn from B9 (13.2)
treatment dus to AEs

PULMCHRRY ARTERTAT, HYPERTEMSTCN
RIGHT VENIRICULAE FAILURE
ASPRRTATE AMTHMOTEANSFERASE INCEEASED
ATINTHE AMTHOTEANSFERLSE THCRELSET
LIVER. FUNCTICH TEST ABNORMAL
HEATRCHE

FEERERNCY

ACTITE PIGHT VENTRICULAR FATIURE
AMRFMTR

BLOOD BILIRUBIN IHWCEEASED

CARDTAC ARBEST

COLCH CRANCER

DYSEHCER

HYPOTERSION

PULMOHRRY OETEMR

[ e B I e A Y A R R e U VI

The table below shows discontinuations because of adverse events (limited to events reported by
at least 3 macitentan 10 mg patients) in the placebo controlled Seraphin trial.

Table 45 Summary of adverse events (including unrelated) leading to
permanent discontinuation of study drug, by frequency, All-treated
set

33 / Placehx Macitentan

10 mg

=245 H=242
Ho ] Ho. ]

ATT. SYSTEM ORGAEN CLRSSES

Total patients with at least one AE 31 12.4% 34 13.6% 26 10.7

Total number of AEs 37 40 32
PULMCMARY ARTERTRT, HYFERTENSION 10 4.0% 6 2.4% 4 1.7%
RIGHT VENTEICULAE FATLIUEE g Z.4% 3 L.Z% 4 1.7%
RIANTNE RAMTNOTRANSFERASE INCRERSED - 3 1.2% Z 0.B%
LSPRARTATE AMINOTRRMSFERRSE IMCREASED - 3 1.2% 2 0.B%
LIVEE. FINCTION TEST ABNCEMREI 2 0.8% - 3 1.2%

EREGNEMCY 1 0.4% 3 1.2% -

HEADZCHE - - 3 1.2%

Between 11 and 14% of patients dropped out because of an adverse event in the Seraphin trial,
similar to the drop outs rates for the Pool 2 patients.

Ongoing digital ulcer studies
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In Study AC-055C301, five patients (4%) discontinued study treatment because of adverse
events. Two patients discontinued due to disease progression (worsening of digital ulcer). Two
patients discontinued because of increased ALT and AST. One patient discontinued because of
nasal dryness. In study AC-055C302, one patient with pulmonary fibrosis related scleroderma
discontinued because of pulmonary alveolar hemorrhage which resulted in death.

Ongoing clinical pharmacology studies

In the glioblastoma study (AC-055-115) 2 patients discontinued treatment because of convulsion
(1) and aphasia (1) at a macitentan dose of 30 mg.

Liver abnormalities
Pool 2

The incidence of liver abnormality adverse events was 12% in the total macitentan pool, similar
to 11% reported in the ISS. The incidence rate for the 375 patients who received at least 30
months of treatment and up to a maximum duration of approximately 50 months was 5%. In the
safety update, there were 11 subjects who reported an abnormal liver adverse event and one
patient dropping out of the study because of it.

Pt ID Macitentan Highest LFTs comments
dose
Seraphin open label
9001-11105 10 mg AST 5.5x ULN, ALT Hx travel to Cuba. Dx
8xULN. TBIL value cholecystitis and
unknown. cholelithiasis
3603-11727 10 mg ALT 7.2xULN, AST Cholelithiasis. Study
5.2xULN, Tbil 3.4xULN, drug discontinued.
AP 5.2xULN Tests normalized after
stone removal
5601-12097 10 mg ALT 8.5xULN, AST Gout with allopurinol
5.5xULN, AP 4.8x ULN, Rx. Study drug
TBIL 1.9xULN discontinued
5306-11856 10 mg AST 3.4 ULN, TBIL 2.0x Worsening PAH.
ULN Study drug
discontinued
3812-11969 10 mg ALT 5.1xULN, AST 7.0x Reported atrial fib Rx
ULN, AP 1.2xULN, TBIL amiodarone. Study
1.6xULN. drug discontinued
4101-12083 10 mg ALT 2.5xULN, AST 3.6x Resolved without
ULN, AP 0.5xULN, and drug discontinuation
TBIL 0.8xULN.
5307-13097 10 mg ALT 7.2 x ULN, AST Reported TB.
7.3x ULN, AP 1.2x ULN, Resolved without
TBIL 1.5x ULN. drug discontinuation
6001-10968 10 mg ALT 4.1xULN, AST 4.7x Worsening PAH.

ULN, AP 0.6xULN, and

Resolved while
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TBIL 2.6xULN

remaining on drug.

6001-12963 10 mg ALT 4.4xULN, AST 3.7x Increased alcohol
ULN, AP 0.9xULN, intake. Drug
TBIL 0.5xULN discontinued and lab
tests improved.

Digital ulcers

3201-41015 Blinded ALT 4.5xULN, AST 3.7x ALT above normal at
(macitentan ULN, AP 1.3xULN baseline, history of
3mg, 10 mg, gallstones
placebo)

3400-41243 Blinded ALT 6.2xULN, AST 3.5x Enzymes improved
(macitentan ULN after discontinuation
3mg, 10 mg, of study medication
placebo) and methotrexate

9006-42521 Blinded ALT 4.6 xULN, AST 2.5x Values fell after temp
(macitentan ULN, AP 2.4xULN. TBIL dc. Re-challenge was
3mg, 10 mg, UNL negative
placebo)

2100-80643 10 mg ALT 44.4xULN, AST 32.5x | Discontinued

ULN, AP 1.3xULN, TBIL acetaminophen,
1.5xULN mycophenolate
mofetil, macitentan

3801-81322 Blinded ALT 8.4xULN, AST 4.4x Permanently
(macitentan ULN. APx1.6 ULN, TBIL discontinued. Dx
3mg, 10 mg, UNL chronic cholecystitis
placebo)

5002-41883 placebo ALT 4.5xULN, AST Permanently

unknown APx1.1 ULN, discontinued placebo.
TBIL UNL Concomitant
acetaminophen

8405-82687 Blinded ALT 5.6xULN, AST Permanently
(macitentan 1.6xUNL, AP and TBIL discontinued. Taking
3mg, 10 mg, UNL methotrexate
placebo)

Anemia

Pool 2

The incidence rate of adverse events indicative of anemia/ hemoglobin decrease was 12%,
similar to the rate reported in the ISS.
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Table 32 Anemia/ hemoglobin decrease AEs occurring from treatment start up
to 28 days after end of treatment by preferred term in the overall
safety population (Pool 2)

Total
Macitentan
(H=€73)
n (%)
Humber of patients with any AREs of 82 (12.1)
special interest: SMD Anaemia/Hb
decreased
Humber of REs? 121
LIEFMIL &7 (9.9)
IROH DEFICIENCY AMAEMIA 12 {1.8)
HAFMOGLOBIN [ECEERSED B (1.2)
HAEMATOCRIT [ECEERSED 4 (0.%)
EED BLOCD CELL COUNI [ECEEASED 2 (0.3)
ERYTHROPENTR 1 (0.1)
HAEMOLYTIC RMREMIR 1 (0.1)
PRNCYTOPENIR 1 (0.1)

AE = adverse event, SM() = standardized MedDEA query

Note: For each preferred term. a patient 15 counted once 1f the patient had one or more events in that category.

Denominaters for percentages are based on anmber of patients in Safety Pepulation for overall macitentan treatment
group.

Prefersed terms that were not reported (incidence = 0%) for any treatment are not displayed.

PT is sorted in descending order of frequency.

! Number of AEs represents the total number of reported AEs.

Studies AC-055-302, AC-055-303

Overall, there were 40 patients (6%) with decreases to > 8 and < 10 g/dL and 18 patients (3%)
with hemoglobin decreases to < 8 g/dL (the incidence rates were the same in ISS).

Other studies

There was one subject who reported decreased hemoglobin in the two digital ulcer studies. No
reports of anemia were received in the glioblastoma study (AC-055-115).

8 Postmarket Experience

Macitentan is not currently available in any country.
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9 Appendices

See attached list of clinical trials and complete review of study AC-055-302.

9.1 Literature Review/References

See NDA section 2.7.5

9.2 Labeling Recommendations

See draft label

9.3 Advisory Committee Meeting

Not recommended.
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ATTACHMENTS

Appears this way on original
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Attachment A

Phase I studies, terminated studies, PK studies, studies in indications other than PAH

Study number/title number of Number of comments
subjects/dose/study deaths/serious
design adverse
events
AC-055-101 56 healthy subjects 0/0 MTD deemed to be 300
Investigation of the Single oral dose mg. Headache was the
flf’ P‘t]? i.iafe‘;‘y and ?gaCl;?ntill/ ) most often reported
olerability o subjects/group): d t OT
macitentan in male 0.2, 1,5, 25,100, ? verse event. QTe d with
subjects. 300, 600 mg 1gcrease was reported wit
Placebo higher doses.
(2 subjects/group)
Single ascending
dose, placebo
controlled,
double-blind
AC-055-102 32 healthy subjects 0/0 Headache was the most
Investigation of the Once daily oral often reported adverse
PK, PD.,.safety and dose'for 10 days event.
tolerability of Macitentan
mac.itentan in male (6 subjects/group): A trend for increased levels
subjects. 1,3,10,30 mg of ASAT and ALAT was
Placebo observed in the groups treated
(2 subjects/group) with 10 and 30 mg ACT-
Multiple 064992, which was mainly
ascending dose, caused by four subjects.
placebo controlled, Whel.l compared to .
. baseline, three subjects in the
double-blind
10-mg dose group had an
increase in either ASAT or
ALAT level that varied
between 1.4 and 2.6-fold.
However, these findings only
marginally exceeded the
ULN (varied between 1.1 and
1.8-fold) and were isolated
cases (i.e., no effects on other
liver enzymes such as AP and
bilirubin were observed).
In the 30-mg dose group a
more prominent elevation in
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ASAT and ALAT was
observed in one subject. The
morning after the last drug
intake, increases in ASAT of
about 2 . ULN and ALAT of
about 2.5 . ULN were
observed, the latter increasing
to approximately 3 . ULN, at
the first follow-up
measurement 3 days later. In
the placebo group also one
subject was identified with
increased ASAT and ALAT
levels that only marginally
exceeded the ULN (1.1-fold).
All cases of elevated liver
aminotransferases were
asymptomatic, resolved
within 2 weeks, and were
considered as not clinically
relevant by the investigator.
No change in serum bile salts,
bilirubin,or AP was noted.

AC-055-103 10 healthy subjects 0/0
Investigation of the Single oral dose
effect of food on the on two occasions
PK of macitentan in Macitentan 10 mg
male subjects. Safety | Single dose (once
and tolerability. in fed state and
once in fasted state),
2-way Cross-over,
uncontrolled,
open-label
AC-055-104 6 healthy subjects 0/0
Investigation of the Single oral dose 14C-
mass balance, Macitentan 10 mg
pharmacokinetics, Open-label,
metabolism and safety | uncontrolled
in healthy male
subjects.
AC-055-105 Treatment A: 0/0
Investigation of the Once daily oral
effect of macitentan macitentan for
on 8 days.
the PK and PD of Single dose of
warfarin in healthy oral warfarin.
male subjects. Safety | Treatment B:
and tolerability. Single oral
14 healthy subjects warfarin dose.
Treatment A:
Macitentan 30 mg
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(Day 1), 10 mg
(Days 2-8).
Warfarin 25 mg
(Day 4).
Treatment B:
Warfarin 25 mg
(Day 1)
Open-label,
2-way crossover

AC-055-106
Evaluation of PK
interactions between
macitentan and
sildenafil in healthy
male subjects. Safety
and tolerability.

12 healthy subjects

Treatment A:

Once daily oral
macitentan for

4 days.

Treatment B:

Oral sildenafil

t.i.d. for 3 days

with a single

oral dose on

Day 4.

Treatment C:

Once daily oral
macitentan for

4 days. Oral
sildenafil t.i.d.

for 3 days with

a single oral

dose on Day 4.
Treatment A:
Macitentan 30 mg
(Day 1), 10 mg
(Days 2-4).
Treatment B:
Sildenafil 20 mg t.i.d.
(Days 1-3). Single
20 mg dose (Day 4).
Treatment C:
Macitentan 30 mg
(Day 1), 10 mg
Days 2—4.
Concomitant
sildenafil 20 mg t.i.d.
(Days 1-3). Single
20 mg dose (Day 4).
Open-label,
2-period

crossover

0/0

AC-055-107
Investigation of the

Treatment A:
Single oral

0/1 serious/

Subject 10 experienced
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effect of ketoconazole | macitentan Idropout on the morning of Day 3
on the PK of dose. of ketoconazole
macitentan Treatment B: treatment abdominal
in healthy male Once daily oral pain of moderate
subj ect.s.' Safety and ketoconazole intensity which was
tolerability. for 24 days. diagnosed as
11 healthy subjects Concomitant ..
single oral appendicitis.
macitentan.
Treatment A: Subject 12 discontinued
Macitentan 10 mg. study drug treatment due
Treatment B: to a clinically significant
Ketoconazole increase in AST, ALT,
400 mg (Days 1-24). and GGT. The subject
Macitentan 10 mg received 400 mg
(Day 5). ketoconazole daily for
Open-label, 18 days and received
2-period .
CrOSSOVer cpncomltantly a
single dose of 10 mg
ACT-064992 on Day 5
of Treatment Period B
before he was
withdrawn on Day 19.
The increases in AST,
ALT, and GGT reached
1.6,4.0, and 2.7
times the upper limit of
normal (ULN),
respectively. Alkaline
phosphatase remained
within normal ranges.
The increases in liver
enzymes were
asymptomatic, not
associated with any AE,
and resolved without
sequelae.
AC-055-108 Treatment A: 0/0
Biocomparison of Single oral
tabletand @@ macitentan
formulations of dose.
macitentan in healthy | Treatment B:
male subjects. Safety | Single oral
and tolerability. macitentan
12 healthy subjects dose.
Treatment A:
Macitentan 10 mg
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tablet.
Treatment B:
Macitentan 10 mg

® @

Open-label,

2-way crossover
AC-055-109 10 healthy 0/0
Investigation of the Caucasian subjects
PK, safety and (5 male, 5 female).
tolerability of Single oral
macitentan in healthy | macitentan dose
Japanese and Macitentan 10 mg
Caucasian subjects Open-label,
10 healthy Japanese parallel group
subjects (5 male, 5
female).
AC-055-110 32 subjects 0/0
Investigation of the (20 male,
PK, safety and 12 female)
tolerability 8 patients with mild
of macitentan in hepatic impairment,
subjects with mild, 8 patients with
moderate, or severe moderate hepatic
hepatic impairment impairment,
due to liver cirrhosis. | 8 patients with

severe hepatic

impairment,

8 healthy subjects

Single oral

macitentan dose

Macitentan 10 mg

Open-label,

parallel group
AC-055-111 20 healthy subjects 0/0
Investigation of the (10 subjects in
effects of Part A, 10 subjects
cyclosporine in Part B).
and rifampicin on the | Part A:
PK of macitentan in Once daily oral
healthy male subjects. | macitentan for
Safety and tolerability | 17 days.

Cyclosporine

b.i.d. for

11 days

(Days 6-17)

Part B:

Once daily oral
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macitentan for

12 days. Once
daily rifampicin
for 7 days

(Days 6-12)

Part A:
Macitentan 30 mg
(Day 1), 10 mg
(Days 2—17).
Concomitant
cyclosporine 100 mg
b.i.d. (Days 6-17).
Part B:
Macitentan 30 mg
(Day 1), 10 mg
(Days 2—-12).
Concomitant
rifampicin 600 mg
(Days 6-12).
Open-label,
2-part,

I-sequence
crossover

AC-055-112
[D-10.538]
Investigation of the
PK

in patients with
impaired renal

8 patients with
severe renal
impairment, 8
healthy subjects
Single oral
macitentan dose

0/0

function. Macitentan 10 mg

Safety and Open-label,

tolerability.

AC-055-113 84 healthy subjects 0/1 (upper limb | There was an error in

Investigation of the
effect of macitentan
on
spermatogenesis,

Once daily oral
macitentan or placebo
for 12 weeks.
Macitentan 10 mg

fracture/
clavicle fracture
in 1 placebo

treatment allocation so
the number of subjects
who received macitentan

. subject) 10 mg or placebo for 12
sperm quality and tablet. K h ller
serum hormone Double-blind, Wweeks was fuch smalle
concentrations of the | Placebo controlled, thal_l planned (14, and 11
hypothalamus parallel group subjects, respectively,
pituitary-adrenal and rather than 42 per group
gonadal axes. PK, as planned), and the
safety and tolerability. study no longer had any

reasonable power for
testing the null
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hypothesis.
AC-055-114 64 healthy subjects 0/0
Investigation of the (26 male and 38
effect of repeated female)
daily doses of 10 mg | Once daily oral
and 30 mg macitentan | macitentan or
on the QT/QTc placebo for
interval in healthy 8 days.
male and female Treatment A:
subjects Placebo with single
(open-label)
moxifloxacin 400 mg
dose (Day 8)
Treatment B:
Macitentan 10 mg
Treatment C:
Macitentan 30 mg
Treatment D:
Placebo
Double-blind,
double-dummy,
placebocontrolled,
4-way
CrOSSOVer.
AC-055-115a,b Safety | Up to 48 patients ongoing
and tolerability planned.
of macitentan in 28 days
combination with (Period 1) +
dose-dense 11 months
temozolomide in (Period 2).
patients with recurrent | Macitentan
glioblastoma. Efficacy | (3—6 subjects/group):
and PK. 30, 60, 90 mg or
higher in 30 mg dose
increment (up to
5 levels anticipated).
Open-label,
uncontrolled.
AC-055-116a 16 healthy subjects. ongoing
Investigation of the Once daily oral
PK, dose for 10 days.
PD, safety and Macitentan
tolerability of (6 subjects/group):
macitentan in male 3, 10 mg Placebo
Japanese subjects. (2 subjects/group).
Multiple ascending
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dose, placebo
controlled,
double-blind.

AC-055-117a
Investigation of the
PK,

PD, safety and
tolerability of
macitentan in male
Korean subjects.

30 healthy subjects
planned.

Once daily oral
dose for

10 days.
Macitentan

(8 subjects/group):
3,10,30 mg
Placebo

(2 subjects/group).
Multiple ascending
dose, placebo
controlled,
double-blind.

ongoing
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Attachment B

Study Report

Study ID: AC-055-302 SERAPHIN

Title Study with Endothelin Receptor Antagonist in Pulmonary

arterial Hypertension to improve cliNical outcome: A multicenter, double-blind, randomized,
placebo-controlled, parallel-group, event-driven, phase 3 study to assess the effects of macitentan
on morbidity and mortality in patients with symptomatic pulmonary arterial hypertension

Reviewer’s efficacy summary

A total of 742 patients from 151 centers in 39 countries were randomized in a 1:1:1 ratio to the
macitentan 3 mg (n = 250), macitentan 10 mg (n = 242) and placebo groups (n = 250). The
subjects were predominantly female, white, living outside the US (mostly in Europe or Asia),
and had a mean age of 45.6 years (3% of subjects were less than 18 years of age). The mean
time from PAH diagnosis to randomization in the study population was 2.7 years and idiopathic
PAH was the most common etiology (55%) followed by collagen vascular disease (30%),
congenital shunts (8%), drugs and toxins (3%), and HIV infection (1%). The baseline mean
6MWD was approximately 360 m, the mean Borg dyspnea index was approximately 3.5 across
the groups, and most patients were WHO FC II (52%) or WHO FC III (46%).

Around one third of subjects had at least one sign of heart failure with peripheral edema being
the most common. The majority (approximately 64%) of patients were receiving concomitant
PAH therapy with sildenafil being the most common (58%). The percentages of patients taking
sildenafil were similar across treatment groups. The most frequently reported concomitant
diseases were ventricular failure, hypertension, and scleroderma.

The treatment groups are fairly well balanced. The mean baseline walk distance was a little
shorter for the placebo group. However, there is no other indication that the placebo group was
sicker than the active treatment groups.

Regarding the primary endpoint, the incidence rate of patients with CEC confirmed events was
lower for the macitentan 10 mg group (31%) compared to macitentan 3 mg (38%) and placebo
(46%) groups. The reporting of death was slightly more frequent for macitentan 3 mg (8%)
compared to placebo (7%) and macitentan 10 mg (7%). There were more IV/SC prostanoids
initiations in the placebo group (2%) compared to the macitentan groups (0.4% each). The
largest cause of a CEC confirmed endpoint for all groups was worsening of PAH. There was a
higher incidence rate of placebo patients (37%) reporting this portion of the primary endpoint
compared to macitentan 3 mg (29%) and macitentan 10 mg (24%).

Regarding subgroups, there are few differences in effect regarding gender and race (the “other”
category was small). Those patients with no PAH therapies at baseline had a greater effect
compared to the patients who were taking background therapy. Patients with idiopathic PAH
etiology had a greater effect than those with an etiology of collagen vascular disease or
congenital shunts (small sample size). It is of concern that there is no indication that macitentan
10 mg is better than placebo in the sites located in North America (although there is an effect in
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Western Europe/Israel where medical care should be similar to care in the US). This could be a
result of small sample size in North America.

The placebo-corrected mean change (= SD) from baseline at endpoint in 6 MWD was 16.8 m (+
96.95) in the macitentan 3 mg group and 22.0 m (£ 92.58) in the macitentan 10 mg group. These
changes were statistically significant.

A higher percentage of patients in macitentan groups improved their WHO functional class
compared to the placebo patients. There was some improvement in the Borg dyspnea index for
the macitentan dose groups (-0.7 for 3 mg and -0.5 for 10 mg). The placebo group grew a little
worse.

Background

Primary objective

The primary objective of the study was to demonstrate that either dose (3 mg or 10 mg) of
macitentan reduces the risk of morbidity and mortality in patients with symptomatic PAH.

Secondary objective
To evaluate the effect of ACT-293987 on exercise capacity and other secondary and exploratory
efficacy endpoints in patients with PAH.

Study design
This was a multicenter, double-blind, placebo-controlled, parallel-group, event-driven,

Phase 3 study in which patients were randomized in a 1:1:1 ratio to three treatment groups (3 mg
or 10 mg macitentan, or placebo). The study included a screening period (up to 28 days)
followed by a treatment period from randomization to the end of treatment (EOT) visit. End of
study (EOS) occurred when the target of 285 events confirmed by the Clinical Event Committee
(CEC) was expected to have been achieved.

The EOT visit either coincided with the EOS visit for patients who were still on study treatment
or occurred earlier in case of premature discontinuation of study drug.

Patients who prematurely discontinued study treatment (double-blind) due to clinical worsening
of PAH and obtained written approval from Actelion, and patients who completed the study as
scheduled, could enter the open-label extension study, SERAPHIN OL. Patients who had opted
not to participate or who were not eligible to participate in the open-label extension study,
SERAPHIN OL, were given a 28-day safety follow-up visit.

Number of subjects
A total of 699 subjects were planned and 742 subjects were actually randomized (1:1:1 ratio) to
macitentan 3 mg (250 subjects), macitentan 10 mg (242 subjects) or placebo (250 subjects).

Study duration/centers
Study Dates: First patient, first visit: May 25, 2008
Last patient, last visit: March 15, 2012
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A total of 158 centers in approximately 39 countries participated in the study. The demographic
regions included North America (11% of patients), Asia (30%), Latin America (17%), Western
Europe and Israel (19%), Eastern Europe and Turkey (25%).

Inclusion criteria
Eligible patients were required to have met all of the following Inclusion criteria before
treatment Initiation:

« Signed informed consent prior to any study-mandated procedure
« Symptomatic PAH in modified WHO FC [T to IV
= PAH belonging to Groups 1.1 to 1.3 of the Venice classification:
— Idiopathic
— Familial
— Related to:
o Collagen vascular disease
o Simple (atrlal septal defect, ventricular septal defect, patent ductus arteriosus)
congenital systemic-to-pulmonary shunts at least 1 year post-surgical repair
o HIV Infection
o Drugs and toxins
+« PAH diagnosis confirmed by hemodynamic evaluation performed prior to
randomization and showing all of the following:
— Mean pulmonary artery pressure (mPAF) = 25 mmHg
— Pulmonary capillary wedge pressure (PCWP) or left ventricular end diastolic
pressure (LVEDF) < 15 mmHg
- PVR at rest = 320 dyn x sec/cm’

For patients who were to participate in the pharmacokinetic/pharmacodynamic
(PK/PD) sub-study [Section 9.5.1.7.1], hemodynamic evaluation was required to have
been performed within 3 months prior to randomization [Section 8.5.4]. For all other
patients, hemodynamic evaluation was required to have been performed within 1 year
prior to randomization.

Following Protocol Amendment 2, the inclusion criteria for mPAP, PCWP and PVR
were modified from =25 mmHg, <15 mmHg, and =240 dyn = sec/cn’, respectively,
to <25 mmHg, <15 mmHg, and =320 dyn * sec/em’, respectively, as presented above

Appears this way on original
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« GMWD = 50 m at screening and randomization

Following Protocol Amendment 2, the upper limit of the 6MWD (475 m) was taken out
aof the protocol [Appendix 16.1.1.2 4]

The 6MWTs performed at screening and randomization were required to satisfy the
following criteria:

- 6MWD was required to be = 50 m or the patient was not to be included in the study

—  The second 6MWD (6MWD+#2 at randomization) was required to be = 50 m and
within 10% of 6MWD#1 (at screening) or a third test was required (6MWD#3).

- 6MWD#3 (at randomization) was required to be = 50 m and within 10% of
6MWD+#2 or the patient was not to be included in the study.

« Men or women = 12 years of age:
Women of childbearing potential* were allowed to participate In the study if they had a
negative serum pre-treatment pregnancy test and consistently and correctly used (from
screening and up to 28 days after discontinuation of study treatment) a reliable method
of contraception with a Pearl Index of less than 1% (oral hormonal contraceptive,
implant, vaginal hormone ring, intrauterine system, or tubal ligation only in
combination with condom), were sexually abstinent, or had a vasectomized partner.

Following Protocol Amendment 3, the requirements for tubal ligation were clarified to
include tubal ligation only in combination with a condom [Appendix 16.1.1.2.6] as
presented above.

*A woman was considered to have childbearing potential unless she met at least one of
the following criteria:

— previous bilateral salpingo-cophorectomy or hysterectomy

— premature ovarian failure confirmed by a specialist gynecologist

— pre-pubescence, XY genotype, Turner syndrome, uterine agenesis

— age > 30 years and not treated with any kind of hormone replacement therapy for at
least 2 years prior to screening, with amenorrhea for at least 24 consecutive months
prior to screening, and a serum follicle stimulating hormone level of = 40 IU/L if
the investigator had Insufficient evidence that the woman was postmenopausal

Following Protocol Amendment 2, a clarification of the requirements for the
measurement of serum follicle stimulating hormone was added (as presented above),
which stated that the measurement was to be performed if the investigator had
insufficient evidence fo establish the postmenopausal status of a woman
[Appendix 16.1.1.2.4].

Exclusion criteria
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Eligible patients were required to have met none of the following exclusion criteria at
treatment Initiation:

PAH associated with portal hypertension thyroid disorders, glycogen storage disease,
Gaucher’s disease, hereditary hemorrhagic telangiectasia, hemoglobinopathies,
myeloproliferative disorders or splenectomy

PAH associated with non-corrected simple congenital systemic-to-pulmonary shunts
and, combined and complex systemic-to-pulmonary shunts, corrected or non-corrected
PAH associated with significant venous or capillary involvement (FCWP

= 15 mmHg), known pulmonary veno-occlusive disease and pulmonary capillary
hemanglomatosis

Persistent pulmonary hypertension of the newborn

Pulmonary hypertension belonging to Groups 2 to 5 of the Venice classification
Moderate to severe obstructive lung disease: forced expiratory volume in

1 second/forced vital capacity (FEV(/FVC) < 70% and FEV, < 65% of predicted value
after bronchodilatator administration

Moderate to severe restrictive lung disease: total lung capacity (TLC) < 60% of normal
predicted value

Moderate to severe hepatic impairment, e.g., Child-Pugh Class B or C

Estimated creatinine clearance < 30 mL/min (this criterion was added following
Protocol Amendment 1, see Appendix 16.1.1.2.2

Serum aspartate aminotransferase (AST) and/or alanine aminotransferase (ALT)

= 1.5 times the upper limit of normal

Hemoglobin < 75% of the lower limit of the normal range

Systolic blood pressure < 100 mmHg

Acute or chronic impairment (other than dyspnea), limiting the ability to comply with
the study requirements

Pregnant or breast-feeding

Known concomitant life-threatening disease with a life expectancy < 12 months

Body welght < 40 kg

Any condltion that prevented compliance with the protocol or adherence to therapy
Recently started (< 8 weeks prior to randomization) or planned cardio-pulmonary
rehabilitation program based on exercise

Treatment with ERAs within 3 months prior to randomization

Systemic treatment within 4 weeks prior to randomization with iImmunosuppressants:
calcineurin or mTOR inhibitors (e.g., cyclosporine A and tacrolimus, everolimus,
sirolimus)

Treatment with CYP3A inducers within 4 weeks prior to randomization (this criterion
added following Protocol Amendment I, see Appendix 16.1.1.2.2)

Known hypersensitivity to drugs of the same class as the study drug, or any of their
excipients

Planned treatment or treatment with another investigational drug within 1 month prior
to randomization

Assigning treatment groups
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Patients who satisfied the eligibility criteria were randomized in a 1:1:1 ratio to receive
macitentan (3 mg or 10 mg) or placebo using a centralized randomization system via
Interactive Voice Response (IVR) or Interactive Web Response (IWR). An independent
service provider, ®® was responsible for the central randomization
services. The dose of study drug assigned at randomization was fixed.

Concomitant medications
Allowed
Treatment with oral diuretics was allowed if it had been ongoing at a stable dose for at
least 1 month before randomization. Optimization of the dose of oral diuretics was allowed
during the treatment period.
Following Protocol Amendment 2, the requirement for duration of the stable dose of oral
diuretics was reduced from 3 months to 1 month. Optimization of the dose of oral diuretics
was allowed during the treatment period.
Data on the dose of oral diuretics were not reported in the CRF and were not analyzed.
The following treatments for PAH were allowed if they had been taken by the patients at a
stable dose for at least 3 months prior to randomization:

-Oral or inhaled prostanoids (e.g., beraprost, iloprost)

-Oral phosphodiesterase inhibitors (e.g., sildenafil)

-Calcium channel blockers

-L-arginine
Any introduction of a new treatment for PAH without documented worsening of PAH was
strongly discouraged during the study period. If an additional PAH-specific therapy was
started without a protocol-defined morbidity event, study drug was not to be discontinued
(unless the additional therapy was an ERA), and patients were followed up to EOS
according to the visit and assessment schedule.

Prohibited concomitant medications

- ERAs (e.g., bosentan and ambrisentan) unless they were initiated for clinical
worsening of PAH and after study drug discontinuation

- Intravenous or subcutaneous prostanoids (e.g., epoprostenol, treprostinil) unless they
were initiated for a morbidity event

- Specific immunosuppressants: calcineurin or mTOR inhibitors (e.g., cyclosporine A
and tacrolimus, everolimus, sirolimus)

- CYP3A inducers (carbamazepine, rifampin, rifabutin and St John’s wort)

-Any investigational drug other than the study drug

SERAPHIN open label (OL)

The following patients were given the option to continue into SERAPHIN OL and receive
open-label macitentan 10 mg once daily treatment (if the SERAPHIN OL protocol was

approved at the respective investigational center):

- Patients who prematurely discontinued study treatment (double-blind) due to a morbidity event
and obtained written approval from Actelion.

- Patients who completed the SERAPHIN study (AC-055-302) as scheduled. Patients who
permanently discontinued study treatment for reasons other than clinical worsening of PAH (e.g.,
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AEs other than PAH worsening, withdrawal of consent, administrative reasons) were not allowed
to enter the SERAPHIN OL extension study.

Advisory committees
1) Steering committee
2) Data safety and monitoring board
3) Liver safety board

Primary efficacy endpoint

Pre-IND communication / Response to proposed composite endpoint dated October 3, 2007: In
response to a 27 August 2007 Pre-IND submission containing a description of the proposed
composite endpoint for study AC-055-302, the Division, upon consultation and review with Dr
Robert Temple, agreed that the proposed composite endpoint appeared to be acceptable.

The primary objective was assessed as the time from start of study treatment to the first
morbidity or mortality event (primary endpoint) up to end of treatment plus 7 days and was a
composite including the following components:

- death, or onset of a treatment-emergent AE with a fatal outcome occurring within 4 weeks of
study treatment discontinuation, or,

- atrial septostomy or hospitalization for atrial septostomy, or,

- lung transplantation or hospitalization for lung transplantation, or,

- initiation of i.v. or s.c. prostanoids (e.g., epoprostenol, treprostinil) or hospitalizationfor
initiation of i.v. or s.c. prostanoids, or,

- other worsening of PAH.

Other worsening of PAH was defined by the combined occurrence in a patient of all the
following three events:

- at least 15% decrease in the 6 MWD from baseline, confirmed by two 6MWTs,
performed on separate days, within 2 weeks of each other.

AND,

[1 worsening of PAH symptoms that included at least one of the following:
0 increase in WHO FC, or no change in patients in WHO FC IV at baseline,
O appearance or worsening of signs/symptoms of right heart failure that did not
respond to optimized oral diuretic therapy,

AND,

[] need for new treatment(s) for PAH that included the following:

O oral or inhaled prostanoids (e.g., iloprost),

0 oral phosphodiesterase inhibitors (e.g., sildenafil),

0 ERAs (e.g., bosentan, ambrisentan) only after discontinuation of the study
treatment,

O intravenous diuretics.

Adjudication of all events by the independent Clinical Endpoints Committee (CEC) was done in
a blinded manner. The CEC adjudicated the type of primary endpoint event and confirmed
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whether a primary event of mortality up to EOT + 7 days was due to PAH. The CEC had the
right to override strict protocol definitions to adjudicate an event.

Regarding the 6MWT (from minutes dated 12/01/2007):

3. Anindependemt Clinical Event Commitiee (CEC) will review and contirm all mortality and morbidity
events in a blinded fashion, In the situation where, despite all efforts to ensure protocol compliance
having been undertaken, a second 6-MWT could not be performed as confirmation of clinical
worsening of PAH, the CEC will adjudicate on the clinical worsening. If adjudicated as clinical
worsening of PAH by the CEC, these events will be included in the primary analysis.

The primary objective of reduction in the risk of a morbidity or mortality event was
assessed as the time from start of study treatment to the first morbidity or mortality event
up to end of treatment (EOT), defined as follows:
- Death, or onset of a treatment-emergent AE with a fatal outcome occurring within 4 weeks of
study treatment discontinuation, or
-Atrial septostomy or hospitalization for atrial septostomy, or
-Lung transplantation or hospitalization for lung transplantation, or
-Initiation of intravenous (i.v.) or subcutaneous (s.c.) prostanoids (e.g., epoprostenol,
treprostinil) or hospitalization for initiation of i.v. or s.c. prostanoids, or
-Other worsening of PAH
Other worsening of PAH was defined by the combined occurrence in a patient of all
the following three events:
- At least 15% decrease in the 6 MWD from baseline, confirmed by two 6MWTs, performed on
separate days, within 2 weeks of each other. AND
-Worsening of PAH symptoms that included at least one of the following:
o Increase in WHO FC, or no change in patients in WHO Class IV at baseline
o Appearance or worsening of signs/symptoms of right heart failure that did not
respond to optimized oral diuretic therapy
AND
- Need for new treatment(s) for PAH that included the following:
o Oral or inhaled prostanoids (e.g., iloprost)
o Oral phosphodiesterase inhibitors (e.g., sildenafil)
o ERAs (e.g., bosentan, ambrisentan) only after discontinuation of the study treatment
o Intravenous diuretics

Clinical worsening events were adjudicated in a blinded fashion by an independent clinical event
committee (CEC). If the investigator determined that a subject had experienced an endpoint, the
information was submitted to the CEC for either the committee’s rejection that an event occurred
or concurrence that an event occurred.

Secondary efficacy endpoints

- Change in 6 MWD from baseline to Month 6

-Proportion of patients with improvement in modified WHO FC from baseline to Month 6
-Time to death due to PAH or hospitalization for PAH up to EOT that included1:

- Death due to PAH (as adjudicated by the CEC) up to EOT + 7 days, or onset of a
treatment-emergent AE with a fatal outcome due to PAH occurring up to 4 weeks after EOT, or
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-Hospitalization for PAH up to EOT + 7 days

- Time to death of all causes up to EOT + 7 days or occurrence of onset of a treatment emergent
AE with a fatal outcome up to EOT + 4 weeks.

-Time to death of all causes up to EOS2

The protocol-defined endpoint was (clarified in the SAP).

This protocol-defined exploratory endpoint was changed to a secondary endpoint in the SAP

Exploratory efficacy endpoint(s)

-Change in 6 MWD from baseline to all assessed time-points

-Change in modified WHO FC from baseline to all assessed time-points

- Change in Borg dyspnea index from baseline to all assessed time-points
-Achievement and/or maintenance of a 6 MWD > 380 m at all assessed time-points

- Change in N-terminal pro-B type natriuretic peptide (NT-pro-BNP) from baseline to
Month 6

-Change from baseline to all visits in the Quality of Life (QoL) assessed by the SF-36
questionnaire for patients >14 years of age at randomizationl

- Time to death due to PAH up to EOS2

1 The time-points specified in the protocol were changed to include all visits.
2This endpoint was not described in the protocol, but was introduced in the SAP.

Imputation

Primary endpoint: no imputation method was used for the primary efficacy endpoint. If an
assessment for the confirmation of the clinical worsening of PAH was missing (mostly there
were missing confirmatory second 6MWT), the qualification of the event for inclusion in the
analysis of the primary endpoint was left to the clinical judgment of the CEC.

Secondary endpoint: if 6MWT data were missing, the following imputation rules were applied:
The last available post-baseline value obtained up to the last day of the Month 6 window

(i.e., the earliest day between Study Day 270 and EOT + 7 days) was carried forward to
impute the missing value unless one of the following was valid:

[ If the patient had died before or on the last day of the Month 6 window, a distance of
‘0 m” was imputed for the missing values.
L1 If the patient had experienced a CEC-confirmed event and had been alive up to the last

day of Month 6 window and had no 6 MWD value between the occurrence of the event
and the last day of the Month 6 window (inclusive), the worst case imputation was
applied. The value to be imputed was the 25t percentile of the ordered distribution of
available 6 MWD values in the same analysis set. The available values were taken from
Month 6 for the patients with 6 MWD data in the Month 6 window.

Missing data of patients for whom no post-baseline values were available after applying
the above imputation rules were imputed by carrying forward the baseline value.

Results
Disposition
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A total of 742 patients from 151 centers in 39 countries were randomized in a 1:1:1 ratio to the
macitentan 3 mg (n = 250), macitentan 10 mg (n = 242) and placebo groups (n = 250). One
subject randomized to placebo (6001/11099) never received treatment so the all treated group
included 741 patients.

Premature discontinuation of study

A total of 368 patients (49.7%) completed the study and 373 patients (50.3%) discontinued
treatment prematurely. The breakdown of discontinuations by treatment groups was 47.2% in the
macitentan 3 mg group, 44.2% in the macitentan 10 mg group, and 59.4% in the placebo group.

The reasons for discontinuation are shown below by treatment group.

Table 11 Summary of reasons for discontinuation of treatment, All-treated set

ACT-064992, Protocol: AC-055-302
Summary of reasons for discontinuation from the treatment
Znalysis set: 21l treated

Placebo Macitentan Macitentan
3 mg 10 mg
Preferred term * N=249 N=250 N=242
No. % No. % No. %
Total patients with at least one reason 148 59.4% 118 47.2% 107 44.2%
DISEASE PROGRESSION LEADING TO OL* 80 32.1% 57 22.8% 50 20.7%
ADVERSE EVENT . 31 12.4% 34 13.6% 26 10.7%
DISEASE PROGRESSION NOT LEZDING TO OL**~ 20 8.0% 17 €.8% 9 3.7%
DEATH 12 4.8% 10 4.0% 10 4.1%
WITHDRAWAL FROM TREATMENT 11 4.4% 7 2.8% 12 5.0%
ADMINISTRATIVE/OTHER 5 2.0% 2 0.8% 5 2.1%
WITHDRAWAL OF CONSENT 1 0.4% 3 1.2% 4 1.7%
LOST TO FOLLOW-UP 3 1.2% 2 ).B8% -
TREATMENT FAILURE 3 1.2% 2 ).B% -
ADMINISTRATION OF FORBIDDEN DRUG 2 0.8% 1 ). 4% -

* Enrolment into the Open Label study following a morbidity eve

*4patients who terminated the treatment due to a mortality/morbidity event

1 Disease progression not leading to OL is a component of adverse events leading to discontinuation
Tabls PWTS T - Produced by () (4) on 26RPR12 - Data dump of 26APRIZ

(Page 1/1)"

A morbidity event followed by enrollment in the SERAPHIN open label was the most frequent
reason for discontinuation of study treatment in all three groups (22.8% macitentan 3 mg, 20.7%
macitentan 10 mg, 32.1% placebo). Placebo subjects were more likely and macitentan 10 mg
subjects were less likely to discontinue the main study and go into the open label trial.

An adverse event leading to discontinuation of study treatment occurred in 13.6% macitentan 3
mg, 10.7% macitentan 10 mg, and 12.4% placebo. These events included morbidity events
(without subsequent enrollment into the SERAPHIN open label study) in 6.8% of patients in the
macitentan 3 mg group, 3.7% of patients in the macitentan 10 mg group, and 8.0% of patients in
the placebo group. Again, placebo subjects were more likely and macitentan 10 mg subjects were
less likely to discontinue the study (and not continue in the open label trial).
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Death was reported nearly equally across treatment group (4.8% placebo, 4.0% macitentan 3 mg
and 4.1% macitentan 10 mg) as were the drop outs for other reasons. This indicates that
macitentan is well tolerated and patients are more likely to stay on the medication (they could be
feeling better) compared to patients randomized to placebo.

Demographics
The demographic characteristics of the randomized subjects are shown below by treatment

group.
Table 13 Summary of patient demographics, All-randomized set
Placsho Macitentan Macitentan L1l patients
3 mg 10 mg
N=250 N=250 N=Z24Z2 N=T4Z2
SEX [n (%)
n 249 248 242 738
Malss 65 ZE.1% £l 24.6% 45 159.8% 174 22.5%
Femalss 184 73.59% 187 75.4% 194 B80.2% 565 TE.5%
AGE (years)
n 249 242 738
Mean 46.7 43.5 45.&
3tandard dewiation 17.03 14.55 1l6.13
3tandard error 1.08 0.96 0.59
Median 46.0 45.0 45.0
ol , Q3 3z.0 , 61.0 .0 34.0 , 56.0 33.0 , 58.0
Min , Max 13.0 , B3.0 .0 13.0 , T6.0 1z.0 , B3.0
AGE [n (%)]
n 749 248 242 735
< 18 7 2.8% 7 2.8% € 2.5% 20 2.7%
18 - &4 159 75.9% 208 B83.5% 209 BG.4% Ele B83.4%
= &3 43 17.3% 33 13.3% 27 11.2% 103 12.5%%
EMI (kg/m"2)
n 248 242 7358
Mean 25. 25.8 25.¢6 25.5
3tandard deviation £.36 .06 5.86
3tandard error 0.40 0.39 0.22
Median 2 24.8 24 .4 24 ¢
ol , Q2 21.6 , 28.1 21.2, 29.6 21.7 , 28.2 21.6 , 28.7
Min , Max 14.9 , 45.0 15.z2 , €l.9 15.4 52,1 14.9 , 21.9
BACE [n (%)]
n 249 248 24 735
Caucasian/white 131 52.6 137 55.2% 13 403 54.5%
Black 5 2.0% 13 2.6
Lsian &9 27.8% & 05 27.7%
Hispanic 37 14.9% 37 14.5% 3 108 14.7%
Other 2 0.8% - 3 0.4%
LOCATION [ (%)]
n 249 248 242 738
us 23 5.2% 25 10.1% 13 7.9% ] 95.1%
Non-173 226 90.8% 223 85.9% 223 5Z2.1% €72 50.9%
REGION [n (%)]
n 248 7358
North Emsrica 30 12.1% 83 11.2%
Western Eurcpe/Israsl 41 1&6.5% 135 18.8%
Eastern Eurcope/Turkey 59 23.7% 63 25.4% 184 24.9%
L=ia 68 27.3% 70 28.2% Z20& 27.9%
Latin Bmerica 42 16.9% 44 17.7% 127 17.2%

Overall, the subjects were predominantly female, white, living outside the US (mostly in Europe
or Asia), and had a mean age of 45.6 years (3% of subjects were less than 18 years of age).
Differences between treatment groups were small indicating that randomization was successful
in patient distribution.
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Disease characteristics at baseline

The disease characteristics of the randomized patients are shown below by treatment group.

Table 14

Time from PRH diagnosis (days

n 247
Mean 942
3tandard deviation 362.
Standard error ge.
Median 480
al , Q3 180 ,
Min , Max €,
Eticlogy of PRH [n (%)]
n 247
Idicpathic 126
Familial 3
Collagen wvascular dissase 81
Congenital shunts 26
HIV infsction 3
Drugs and toxins g8
gmn Walk Teszt (m) (absolute)
n 249
Mean 352.4
Standard deviation 110.62
3tandard error 7.01
M=dian 360.0
Q1 , Q3 284.0 ,
Min , Max 5.0 ,
Signs of right heart failure [n (%)]
n 249
Patients with at least one sign 78
Hepatomegaly 25
Lscites g
Peripheral edema 34
33 gallop 1z
Hepato-jugular reflux 1z
Central venous pressure >8 mmHg 23
Other g
WHO functicnal class [n (%)]
n 249
I -
II 125
III 11e
IV 4
Concomitant PAH therapy [n (%)1]
n 249
No S5
Yes 154
Sildenafil 140
Tadalafil 2
Vardenafil B
Iloprost 3
Beraprost 4

Treprostinil

4

[ )

o Sy = m

51.8
€.¢

[}

0%

2%
. 5%
.8%
2%

-

Summary of baseline characteristics, All-randomized set

Macitentan Macitentan 211 patients
3 mg 10 mg
N=2350 N=242 N=T742
247 241 733
1079 951 991
£59.1 1325.1 145&.59
103.¢ 85.4 23.7
425 47¢ 462
178 , 1230 174 , 1050 178 , 1225
1, 11957 2, 1lolgs 1, 132e7
247 241 735
144 58.3% 134 55.6% 404 55.0%
B 3.2% 2 0.8% 13 1.8%
70 28.3% 73 30.3% 224 30.5%
15 €.1% 21 8.7% 62 B.4%
1 0.4% & 2.5% 10 1.4%
% 3.6% 53 2.1% 22 3.0%
248 13%
3e4.1 359.¢
95.52 100.1
€.07 3.6
378.0 372.0
311.0 , 425.0 434.0 300.0 , 430.0
80.0 , &10.0 578.0 85.0 , &50.0
248 242 735

76 30.6% & 31.4% 230 31.1%
29 11.7% 26 10.7% 80 10.8%

2 0.8% 3 1.2% 11 1.5%
43 17.3% 43 17.8% 120 16.2%

7 2.8% 8 3.3% 27 3.7%

16 €.5% 15 6.2% 43 5.8%
27 10.5% 23 9.5% T3 5.9%

14 5.6% 14 5.8% 44 6.0%
248 242 738

- 1 0.4% 1 0.1%
138 55.6% 120 4%9.&% 387 52.4%
103 42.3% 11e 47.%% 337 45.¢

5 2.0% 5 2.1% 14 1.9%
248 242 13%

85 34.3% 88 36.4% 268 36.3%
163 €5.7% 154 €3.6% 471 63.7%
146 58.5% 140 57.9% 426 57.6

3 1.2% 2 0.8% T 0.9%
5 2.0% 8 3.3% 21 2.8%
13 5.2% 10 4.1% 26 3.5%
3 Z2.0% € 2.5% 15 2.0%
1 0.4% - 1 0.1%

- mean time from PAH diagnosis to randomization in the study population was 2.7 years,

-idiopathic PAH was the most common etiology (55%) followed by collagen vascular disease

(30%), congenital shunts (8%), drugs and toxins (3%), and HIV infection (1%)

-baseline mean 6MWD was approximately 360 m
-mean Borg dyspnea index was approximately 3.5 across the groups,
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-most patients were WHO FC 11 (52%) or WHO FC 111 (46%).

Around one third of subjects had at least one sign of heart failure with peripheral edema being
the most common.

The majority (approximately 64%) of patients were receiving concomitant PAH therapy with
sildenafil being the most common (58%)°. The percentages of patients taking sildenafil were
similar across treatment groups. Other commonly used drugs included furosemide and
spironolactone.

The most frequently reported concomitant diseases were ventricular failure, hypertension, and
scleroderma. The treatment groups were balanced.

The treatment groups are fairly well balanced. The mean baseline walk distance was a little
shorter for the placebo group. However, there is no other indication that the placebo group was

sicker than the active treatment groups.

Summary of baseline hemodynamics is shown below.

> Endothelin receptor antagonists were prohibited as were IV or SQ prostanoids.

103

Reterence 1D: 3529555



Clinical Review
Maryann Gordon, M.D.
NDA 204410, Opsumit® (macitentan)

Table 15 Summary of hemodynamic baseline characteristics, All-randomize
set
Placebo Macitentan Macitentan
3 10 mg
N=250 N=250 N=24Z2
Mean Right Rtrial Pressure (mmHg)
n (missing) 242 (8) 247 (3) 238 (4)
Mean 8.8 5.2 9.2
3tandard deviation 5.5%9 5.32 6.03
Median 8.0 8.3 8.0
ol , Q3 5.0, 11.0 5.0, 12.0 5.0 , 12.0
Min , Max 0.0, 36.0 0.0, 26.0 0.0, 34.0
Mean Pulmonary Arterial Pressure (mmig)
n (miszsing) 248 (2) 248 (2) 242 (0)
Mean 53.1 55.1 53.5
Standard deviation 18.13 16.74 17.63
Median 51.5 4.5 52.0
ol , Q3 40.0 , 62.5 43.0 , 65.5 41.6 , 63.0
Min , Max 25.0 , 128.0 25.0 ., 104.3 20.0 , 129.0
Pulmonary capillary wedgs pressure (mmHg)
1 (missing) 242 (g) 243 (7) 235 (7)
Mean 5.5 9.8 9.5
Standard deviation 3.38 3.30 3.44
Median 10.0 10.0 10.0
ol , Q3 7.0, 12.0 7.0, 12.0 7.0, 12.0
Min , Max 1.0, 15.0 3.0, 23.0 0.0, 1.0
Cardiac Index (1/min/m"2
n (missing) 248 (2) 248 (2) 240 (2)
Mean 2.44 2.36 2.36
3tandard deviation 0.799 0.788 0.777
Median 2.42 2.21 2.38
ol , Q3 1.87 , 2.91 1.84 , 2.73 1.832, 2.75
Min , Max 0.79 , 5.60 0.74 5.81 a.80 , 6.24
Pulmcnary Vascular Resistance (dyn*sec/cm”5)
n (missing) 244 (6) 243 (7) 233 (9)
Mean 9596 1044 1040
Standard deviation 784.3 £24.2 672.5
Median B31 5914 863
ol , Q3 511 , 1253 533 , 1371 520 , 1351
Min , Max 184 , 8436 200 , 3244 85 , 4€15
Total Pulmonary Resistance (dyn*sec/cm”3)
1 (missing) 248 (2) 248 (2) 240 (2)
Mean 1204 1265 1242
3tandard deviation 853.0 690.5 731.2
Median 1046 1149 1054
ol , Q3 €74 , 1429 708 , 1600 711, 1600
Min , Max 28¢e , 9305 338, 3511 188 , 5231

Mixed wenous oxygen saturation (Sw0Z2) (%)

n (missing) 223 (27) 221 (29) 222 (20)
Mean c4.9 e4.0 64.5
Standard deviation g8.81 10.52 9.71
Median £5.0 &5.0 66.0
ol , Q2 S50, 71.0 0.0 , 71.0 5.0, 71.0
Min , Mawx 40.0 , 93.0 26.0 , 87.0 250, B5.0

The groups were fairly well balanced regarding hemodynamics.

Disposition of patients
The figure below shows the disposition of patients.
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Figure 2 Disposition of patients
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A total of 742 patients from 151 centers in 39 countries were randomized in a 1:1:1 ratio to the
macitentan 3 mg (n = 250), macitentan 10 mg (n = 242) and placebo groups (n = 250).

A total of 590 patients (80%) completed the study as planned and 22%, 17% and 22% of patients
withdrew prematurely for macitentan 3 mg, macitentan 10 mg, and placebo groups, respectively.
The reasons for withdrawal are shown below by treatment group.

Table 60 Summary of reasons for premature discontinuation from the study,
All-randomized set

ACT-0€49%2, Protocol: AC-0S5-302
Summary of reascns for premature discontinuation fram the study
Analy=is set: A1l randomiced

Placebo Macitentan Macitentan

32 mg 10 mg

Reason for discontinuation N=2S0 ¥=250 W=242

- 2 No. @ ¥o. L]

Total patients with at least one reascn 55 22.0% S€ 22.4% 3l 16.5%
Death 44 17.6% 47 18.8% 34 14.0%
ithdrawal of subject’s consent 3 1.2% € 2.4% 4 1.7%
Lost to foll 7 2.E% 3 1.2% 2 0.8%
Administrative reason 1 0.4% - 1 0.4%

\Fage L)

Table SWDS A - Produced by | O)@)on 044BY12 - Data cump of 26AZRIZ2
o, 1/1y"

A total of three patients (two in the macitentan 2 mg group —35702/15102, 1801/10606,1 patient in the

placebo group~ €002/11080) who did not follow appropriate ICE procedure are not included in this
T .These patients discontinued study due to administrative reasons (placebo) and loss—to follow—up

(macitentan 2 =mg) .

Death was the main reason for patient withdrawal (19% macitentan 3 mg, 14% macitentan 10
mg, 18% placebo). Other reasons for premature discontinuation from the study included
withdrawal of consent (2% macitentan 3 mg, 2% macitentan 10 mg, 1% placebo) and loss to
follow up (1% macitentan 3 mg, 1% macitentan 10 mg, 3% placebo).
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EFFICACY RESULTS

The primary objective of reduction in the risk of a morbidity or mortality event was assessed as
the time from start of treatment to the first morbidity or mortality event up to end of treatment
(EOT), defined as follows:

L1 Death or onset of a treatment-emergent adverse event with a fatal outcome occurring within
4 weeks of study treatment discontinuation, or

L1 Atrial septostomy or hospitalization for atrial septostomy, or
L] Lung transplantation or hospitalization for lung transplantation, or

] Initiation of intravenous or subcutaneous prostanoids (e.g., epoprostenol, treprostinil) or
hospitalization for initiation of intravenous or subcutaneous prostanoids, or

L1 Other worsening of PAH

Other worsening of PAH was defined by the combined occurrence in a patient of all the
following three events:

L1 At least 15% decrease in the 6 MWD from baseline, confirmed by two 6-minute walk tests,

performed on separate days, within 2 weeks of each other.
AND

L1 Worsening of PAH symptoms that included at least one of the following:

e Increase in WHO FC, or no change in patients in WHO FC 1V at baseline

e Appearance or worsening of signs/symptoms of right heart failure that did not respond to
optimized oral diuretic therapy
AND
O Need for new treatment(s) for PAH that included the following:

e Oral or inhaled prostanoids (e.g., iloprost)

e Oral phosphodiesterase inhibitors (e.g., sildenafil)

e Endothelin receptor antagonists (e.g., bosentan, ambrisentan) only after discontinuation
of the study treatment

e Intravenous diuretics

The function of the clinical endpoints committee (CEC) was to review all mortality and
morbidity events in a blinded fashion and to qualify or disqualify events. The table below shows
the number and percent of patients by treatment group with at least one CEC confirmed event®.

® The numbers of unconfirmed events were 20 for placebo, 16 for macitentan 3 mg and 9 for macitentan 10 mg.

106

Reterence 1D: 3529555



Clinical Review
Maryann Gordon, M.D.
NDA 204410, Opsumit® (macitentan)

Table 20 Summary of causes of primary endpoint events (CE C-confirmed),
All-randomized set

Total EATIENTS with at le=a=t on= confirmed svents 116 26.4% 85 38.0% TE 3d1l.2%
First confirmed svent
e MING OF DPRES o3 37.2% 72 28.8% 52 24 4%
D 17 E.8% 21 5.4% 16 E.6%
T FROSTANOID IMNITIRTION £ Z.4% 1 0.4% 1 4w

LONG TRENSPIAMTRTION - 1 0.4% -

* Corresponds to "Other worsening of PRH’

CET = Clinical Event Committes=, EOT = End of treatment.
Event= confimed by Independent CEC.

Souzce: Takles 92

Overall, the incidence rate of patients with CEC confirmed events was lower for the macitentan
10 mg group (31%) compared to macitentan 3 mg (38%) and placebo (46%) groups.

The reporting of death was slightly more frequent for macitentan 3 mg (8%) compared to
placebo (7%) and macitentan 10 mg (7%). There were more IV/SC prostanoids initiations in the
placebo group (2%) compared to the macitentan groups (0.4% each).

The largest cause of a CEC confirmed endpoint for all groups was worsening of PAH. There was
a higher incidence rate of placebo patients (37%) reporting this portion of the primary endpoint
compared to macitentan 3 mg (29%) and macitentan 10 mg (24%).

NB: CEC review and adjudication

In all, there were 341 morbidity/mortality events in 313 patients reviewed by the CEC:
-48 events had to be resubmitted to the committee at least once;

-102 received inconsistent adjudication and were discussed;

-69 of the 102 events had disagreements related to the presence of a valid event.

Many of the conflicts resulted from the lack or inappropriately timed confirmatory walk test in ill
patients.
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2. The table below provides the requested information for the 67 patients who

experienced the 69 events that required consensus for a valid primary endpoint event.

Macitentan

Macitentan

events

Placebo Total
3mg 10 mg
(N=250) IN=250) (N=242) (N=T742)
Number of patients with adjudicated 130 104 -9 313

Number (%)™ of patients with

disagreement® 30 (23.1%) 23 (22.1%) 14 (17.7%) 67 (21 4%)
Number of adjudicated events 141 113 87 341
Number of events with disagreement™ 30 25 14 69
EVENT=YES 20 18 11 49
Consensus
EVENT=NO 10 7 3 20

(a) percentages based on the total number of patients with at least one adjudicated event
(b) disagreement with regards to the presence of a valid primary endpoint event

Two patients (12474 and 10960) in the Macitentan 3mg group had both two adjudicated events and for each of these
patients, a confirmed event was recorded following an unconfirmed one.
Source: cecdbrev.xpt (raw data) and cec xpt (nonCDISC analysis dataset)

Overall, there were fewer events (14) in the macitentan 10 mg group that caused disagreement

compared to macitentan 3 mg (25) and placebo (30). The committee eventually reached
consensus for most of the disputed events.

The table below shows the Kaplan-Meier estimate of the first confirmed event up to end of
treatment plus 7 days. This is for all randomized patients.
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Table 19 Kaplan-Meier estimate of the first confirmed morbidity or mortality
event up to EOT + 7 days (CEC). All-randomized set
ACT-0€4582, Protocol: AC-055-302

ime to first confirmed morbidity/mortality event up to EOT + 7 days (CEC) (Kaplan—Meier estimate)
Analysis sets: All randomiced

K-M estimate of Placebo Macitentan Macitentan
event—£free (%) 3 mg 10 =g
N=250 N=250 N=242
Month €
Patients at risk 188 213 208
Patients censored 14 11 17
Patients with event 1 26 17
E-M estimate (&) 0.1 £8.3 £2.7
Month 12
Patients at risk 160 1e8 187
Patients censored 22 18 22
Patients with event €t 44 33
K-M estimate (&) 71l.2 1.6 5.5
Month 18
Patients at risk 135 1€€ 171
Patients censored 25 15 2¢€
Patients with event S0 €5 43
EK-M estimate (%) €1.5 72.5 78.9
Month 24
Patients at risk 122 147 155
Patients censored 29 22 30
Patients with event g9 8l 57
E-M estimate (&) 57.3 65.5 74.2
Month 30
Patients at risk €4 80 9l
Patients censored 74 82 g€
Patients with event 112 8 €5
K-M estimate (&) 50.2 61.9 70.0
Month 26
Patients at risk 22 32 21
Patients censored 112 122 128
Patients with event 115 S4 72
E-M estimate (&) 47.0 55.0 €3.2
Month 42
Patients at risk 1 4 1
Patients censored 133 151 1635
Patients with event 116 s 7€
K-M estimate (&) 43.9 52.4 48.1
reatment difference
Hazard ratie 0.704 0.547
87.5% CL of haszard ratio 0.51€ , 0.9€0 0.392 , 0.762
Logrank p—value 0.0108 <.0001

K-¥= Kaplan—Meier, (L= 2-sided confidence limits.

CEC = Clinical Event Camittee, EOT = End of treatment.

Events confirmed by Independent CEC.

Table MMTS & - Froduced by (B)(4) o, 262PR12 - Data chmp of 26APRIZ
(Page 1/1

The hazard ratio versus placebo for the occurrence of a morbidity or mortality event in the
macitentan 3 mg group was 0.704 (97.5% CLs 0.516, 0.960, log rank p = 0.0108). In the
macitentan 10 mg dose group, the effect versus placebo was highly statistically significant as
measured by the hazard ratio of 0.547 (97.5% CLs 0.392, 0.762, log rank p < 0.0001).

The Kaplan-Meier curves are shown below. The placebo separates from the macitentan groups

about 12 months and all groups are separated from one another at 24 months. At 36 months the
macitentan 10 mg is still distinct from placebo.
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Figure 3 Kaplan-Meier curves of the first confirmed morbidity or mortality
event up to EOT + 7 days. All-randomized set (Kaplan-Meier
estimate)

ACT-064992, Protocok AC-055-302

Time to first confirmed morbidity/mortality event up to EOT+7 days (CEC) (Kapln-Meier estimate
with standard error bars)

Analysts set: All-randomized

100 -
’-T Placebo
e ——-—— Macitentan 3mg Logrank p-value: 0.0108
90 4 “--. — — Macitentan 10mg Logrank p-value: <.0001

E
5
E b=
: 60 4 “M‘—\_.._
-
=
3 507
Z
2 404
g-
T 30
®
20
10 4
9 . g p i & b months from
0 6 12 18 24 30 36
Patients at risk treatment start
250 188 160 135 122 64 23 Placebo
250 213 188 166 147 80 32 Mackentan 3mg
242 208 187 171 155 91 41 Mackentan 10 mg

CEC = Chinical Event Committee, EOT = End of treatment. Events confirmed by Independent CEC.

Survival plots are presented up to 36 months, time at which more than 10% of the patients are still in follow-up.
Statsstical tests ard performed ncluding all data available during the follow-u FEPQ

Figure MMTBC_A l‘roducod by ®) @on 20MAYI12 - Data dump of 26A

A total of 94 (26 macitentan 3 mg, 34 macitentan 10 mg and 34 placebo) patients discontinued
study treatment without experiencing events for the pnmary endpomt Of these, 29 (7 macitentan
3 mg, 9 macitentan 10 mg and 13 placebo) did not experience a primary endpoint event even
though they showed signs of PAH worsening.

The groups of patients discontinuing treatment showing or not showing signs of PAH worsening
are displayed below.
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Table 22 Summary of reasons for discontinuation from the treatment for
patients without a primary endpoint event by signs of PAH worsening
at the time of study drug discontinuation, All-randomized set

ACT-0€4592, Protocol: AC-055-302

Swmmary of reasons for discontinuation from the treatment for patients without a primary endpoint

event by signs of PAH worsening at the time of study drug discomtinuation
Analysis ses: All randomised

Placebo Macitentan Macitentan All patients
32 mg 10 =g
Preferred term N=134 N=155 N=16¢€ N=455
No. L No. 2 No. 2 No. @
Patients discontinuing treatment showing 13 9.7% T 4.5% & 5.4% 29 €.4%

signs of FPAH worsening

ADVERSE EVENT € 4.5% 2 1.3% 8 4.8% 1€ 3.8
DISEASE PROGRESSION NOT ILEADING TO OL** 4 3.0% - 1 0.¢% S 1.1%
WITHDRARAL FROM TREATMENT 3 2.2% 4 Z.6% - 7 1.5%
TREATMENT FAILURE 2 1l.5% 1 0.¢c2 - 3 0.7%
WITHDRAWAL OF CONSENT 1 0.7% - 1 0.¢2 2 0.4%
ADMINISTRATION OF FORBIDIEN DRUG 1 0.7% - - 1 0.2%
Patients discontinuing treatment showing 21 15.7% 16 12.3% 25 15.1% 65 14.3%
NC =ign of FAH worsening
WITHDRAFAL FROM TREATMENT 7 S5.2% 3 1.5% 12 7.2% 22 4.%%
ADVERSE EVENT € 4.5% S S5.g8% € 3.¢€% 21 4.¢%
ADMINISTRATIVE/OTHER 5 3.7% 2 1.3% 4 2Z.4% 11 2.4%
WITHDRAWAL OF CONSENT - 3 1.5% 3 l.c® € 1.3%
10OST TO FOLLOW-UP 3 2.2% 2 1.3% - S 1l.1%

‘+*Patients who terminated the treatment due to a mortality/morbidity event
Table FWIEWS_A - Produced by (B)(#) o 22JRI1Z - Data cump of ZEAFR1Z
(Page 1/1)

The results are consistent with the primary analysis when the patients showing signs of PAH
worsening are considered to have reached an endpoint and are included in the analysis.

Table 21 Results of sensitivity analyses on the primary endpoint,
All-randomized set

Sensitivity analyses Treatment difference vs placebo

Hazard ratios (97.5% CLs, logrank p-value)

Macitentan 3 mg Macitentan 10 mg
Analysis including events for 0.686 (0.509, 0.924, logrank 0.559 (0.408, 0.766, logrank
patients who showed signs of p =0.0044) p < 0.0001)

worsening of PAH prior to premature
discontinuation of study treatment

Subgroups
Subgroups examined for treatment effect (macitentan 10 mg vs. placebo) included sex, race,

PAH therapies, PAH etiology and geographic regions. The figure below is a forest plot for time
to first morbidity/mortality (hazard and 95% confidence limits).
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ACT-064992, Protocol: AC-055-302
Forest plot for time to first morbidity/mortality event (HR and 95% CL) - exploratory subgroup analysis
Analysis set: All-randomized

n,e, noe Hzard g5 01 02 05 1 2 5 10
Macitentan 10 mg vs placebo
All patients 242 76 250 118 0547 0409 , 0.731 ——
Sex (interaction pvalue=07274) T
Males 48 18 85 35 0400 0270, 0.887 I —
Females 194 60 185 81 0574 0410, 0803 ——
Race (interaction p-value= 0.8229)
Caucasian/white 135 43 131 58 0558 0375, 0831 I E—
Asian 85 10 71 38 0480 0275, 0836 S T —
Other 42 14 43 22 0636 0325, 1245 —
E’;)_-i_v:e_r_a;i_es_a_tgaseline (interaction p-value= 0.2554_) ___________________________________________________
Yes 154 50 154 68 0617 0427 , 0801 ——
No 88 26 96 43 0447 0277 ,0722 —_
PAH etiology (interaction p-value=0.8448)
Collagen vascular disease 73 20 82 31 0581 0330, 1.022 L —
Congenital shunts 21 4 26 10 0410 0128, 131
ldiopathic/Other" 147 52 140 75 0534 0374, 0763 i
_Geographical region (interaction p-value=0.2232) T
North Amenca 23 4 30 5 1068 0287, 3882 I t {
Westem Europe/israel 48 12 51 21 0452 0222 , 0821 P —
Eastern Europe/Turkey 62 24 50 33 0527 0310, 0806 [ U—
Asia 88 21 88 33 0544 0314, 0841 —_—
Latin America 41 15 42 24 0532 0279, 1018 ——p—|
0.1 02 05 1 2 5 10
FAVORS ACTVE FAVORS ALACEB0

n= number of patients in active; e.= number of events in active
np= number of patients in placebo; ep= number of events in placebo

*Other etiology consists of idiopathic or familial PAH, or PAH related to HIV infection or drugs and toxins.
Figure MMT_HR_SG_A - Produced by @ ®)on 26APR12 - Data dump of 26APR12

There 1s no difference in effect regarding gender and race (the “other” category was small).
Those patients with no PAH therapies at baseline had a greater effect compared to the patients
who were taking background therapy.

Patients with idiopathic PAH etiology had a greater effect than those with an etiology of collagen
vascular disease or congenital shunts (small sample size).

It 1s of concemn that there is no indication that macitentan 10 mg is better than placebo in the sites
located in North America (although there is an effect in Western Europe/Israel where medical
care should be similar to care in the US). This could be a result of small sample size in North
America.

Concomitant PAH use
The table below shows the use of concomitant PAH at baseline.
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Table 14 Summary of baseline characteristics, All-randomized set
Pl aceine MAC L D ey Mol Ten tan AlLL paslante
3 =g 13 =g
0 NIl -4 T A
Coscxmitant PAH therapy (e (8]
n 4 739
o 88 36,40 268 36.3%
Yo 4 63.6% 471 €3.7%
2ildenafil 40 57.9% 426 57.8
Tadalafil 2 0.8% 7 0.8
Vardenafil & 3.3% 21 2.8%
! &.1% 26 3
& 2.5% 15 2
c

Sixty four percent of subjects (64%) were receiving PAH therapy at baseline and the incidence
rates across treatment groups were similar. The most frequently used drug was sildenafil (58% of
all randomized subjects were receiving sildenafil at baseline).

The figures below shows the Kaplan-Meier curves of the mortality or morbidity events for
patients (figure 8) on concomitant PAH therapies followed by those not on concomitant PAH
therapies (figure 7), for all treatment groups.

Figure 8 Kaplan-Meier curves of the CEC-confirmed morbidity or mortality
events for patients with concomitant PAH therapy at baseline,
All-randomized set

ACT-064992, Protocol: AC-035-302

Time to first confirmed morbidity/mortality event up to EOT+7 days(CEC) by concomitant PAH therapy at baseline
EKaplanMebr estimate with standard error bars)

“oncomitant PAH therapy at baseline: Yes

100 +
Phcebo
——=—=— Macitentan 3 mg
90 1 — — Macitentan 10 mg

80 4

2 704 | = W
2 - S
S 60 e S
=2 -
3 501
P
£ 401
g-
T 30+
=
20 4
10 4
. - p y ; ; - months from
Palk‘msﬂ St ohb 6 12 18 24 30 36 treatment start
154 122 106 90 80 40 10 Phcebo
164 139 125 107 91 51 19 Macientan Img
154 134 119 107 97 53 24 Macientan 10 mg

CEC = Clinical Event Committee, FOT = End of treatment. Events confirmed by Independent CEC.

Survival plots are presented up to 36 months. time at which more than 10% of the gallcnts are still in follow-up.
Figure MMT_PAHBC_A - Prdduced byl ®@on 20MAY1Z - Data dump of 26APR12
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Figure 7 Kaplan-Meier curves of the CEC-confirmed morbidity or mortality
events for patients without concomitant PAH therapy at baseline,
All-randomized set

ACT-064992, Protocok AC-055-302

Time to first confirmed morbidry/mortalty event up to EOT +7 days(CEC) by concomitant PAH therapy at baseline
(Kapln-Meler estimate wih standard error bars)
Concomiiant PAH therapy at baseline: No

100 4
o P
1 ———— MacZentan
90 4 -"EIL‘ — — MacRentan lérgg
L h——
80 4 L
= -‘____'1. H_'I
2 701 Fecs s "__I.___-'__ A
£
= 60
2
s
= J
E
% 40 4
a
s 30
£
20 4
10
o T A T T T
0 6 12 18 24 30 36
Patients at risk
96 66 2 | 45 42 24 13
86 74 63 59 56 29 13
83 74 68 64 58 8 17

CHC - Clinical Fvent Commattes, HOT - End of treatment. Events confirmed by Independent CHC.

Survival plots are ented up 1o 36 months, Hme & which mone than 10% of the
MR/IT PMgms A Hcp‘duced by (©)@)on 29MA Y12 - Data dump of 26APR

Figure

months from
treatment start

Falllzanls are still in follow-up.

The primary endpoint for macitentan 10 mg compared to placebo by disease characteristics
(WHO functional class, walk distance, age and randomization date vs. sample size increase) at

baseline are shown below.
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Figure 10 Primary endpoint (hazard ratio and 95% CLs) by baseline disease
and demographic characteristics — robustness analysis, macitentan
10 mg vs placebo, All-randomized set

ACT-D64992, Protocol: AC-055-302

Graphical display for time to first confimmed morbidity/morntality event up to EOT+7 days (CEC)HR and 95% CL)
by baseline dizease and demographic characteristics - Robustness of primary endpoint

Analysis set: All-randomized

n e n_e HEZED goy g i 02 05 1 2 5 1
a a 1] 1] - I t t T t 1
Macitentan 10 mg v placsbo
Al patients 242 76 250 116 0547 0408 , DT ——
WHO FC at baseline
1l 121 25 130 41 0576 0350 , D945 —_—
I 121 51 120 75 0493 0345, 0TS —t—
Walk test at baseline
=380 m 117 21 i 30 0578 0.330 | 1.006 —_
<= 380 m 125 55 150 86 O0.548 0.390 , D772 ——
Age atbaseline
< 168 years 5 3 7 4 074 D156 , 3.355 I }
18-64 years 209 61 199 91 053 0383, 0735 ——
= G4 years 27 12 44 21 [De3d D340 1415 —
Randomization date vs sample size increase
Before or on 03 July 2009 133 50 141 74 0492 0342 0705 —t—
After 03 July 2009 104 26 109 42 OE3 0387, 1029 ——
a| 0.2 0.5 1 2 5 10

. . . FAVORS ACTVE FAVORS PLACEBO
n,= number of patients in actie; e,= number of events in active

n = number of patients in placebo; &= number of events in placebo
CEC = Clinical Event Committee, EOT = End of reatment. Events confirned by Independent CEC.

Overall, the treatment effect was similar regardless of WHO FC, baseline walk distance, age (the
group less than 18 years had few patients), and when the patients enrolled into the study.

Secondary endpoints

Secondary endpoints included change in 6MWD from baseline to Month 6, proportion of
patients with improvement in modified WHO FC from baseline to Month 6, time to death due to
PAH or hospitalization for PAH up to end of treatment (death due to PAH as identified by CEC
up to end of treatment plus 7 days, or onset of a treatment-emergent adverse event with a fatal
outcome due to PAH occurring up to 4 weeks after end of treatment, or hospitalization for PAH
up to end of treatment plus 7 days), time to death of all causes up to end of treatment (death
from all causes up to end of treatment plus 7 days, or onset of a treatment-emergent adverse
event with a fatal outcome occurring up to 4 weeks after end of treatment, and time to death from
of all causes up to end of study.

Change in 6MWD from baseline to Month 6
The 6MWT was performed at screening, randomization (Day 1), Month 3, Month 6, and every 6
months thereafter, and at EOT/event visit.

The mean baseline walk distances were 352 m for placebo, 354 m for macitentan 3 mg, and 363
m for macitentan 10 mg. After 6 months of treatment, the placebo group had a mean decrease of
9.4 m compared to a mean increase of 7.4 m for the macitentan 3 mg group and 12.5 m for the
macitentan 10 mg group in walk distance.
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The placebo-corrected mean change (+ SD) from baseline in 6MWD was
16.8 m (£ 96.95) in the macitentan 3 mg group and
22.0 m (+ 92.58) in the macitentan 10 mg group.

The placebo-corrected median change from baseline in 6 MWD was
14.0 m (97.5% CLs 2.0, 27.0, Wilcoxon rank sum p = 0.0122) in the macitentan 3 mg

group and
15.0 m (97.5% CLs 2.0, 28.0, Wilcoxon rank sum p = 0.0078) in the macitentan 10 mg

group.
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Table 27 Change from baseline in walk distance to Month 6, All-randomized se

ACT_NEAG

s 1—

1: AC-055-302
in walk distance to month €
randomized

Macitentan
3 mg
H=250
Use of supplemental oxygen
during baseline walk test
n z4g 248 242
Tes 3 7.2% 21 38.5% B 3.3%
Ho 231 52.3% 227 91.5% 234 95.7%
Baseline
n 249 248 242
Mzan 352 3g4 363
Standard deviation 110.& 95.5 93.2
Median 380 378 378
QL , Q3 aed , 42 3111 , 425 300 , 434
Min , Max 65 , &50 a0, 6l0 a0 , 578
Month &
n 249 248 242
Mean 343 371 375
Standard deviation 14&.5 124.1 114.7
M=dian 365 394 390
QL o, Q3 268 , 447 17 , a0 333, 445
Min , Max o, E57 o, 615 o,
Imputations for missing values
n 248 248 242
uted at Month 6 52 20.9% 32 12.9% 30 12.4%
(not death)
5 Z2.0% 2 0.8% -
23 9.2 12 4.32% 10 4.1%
9 3.6% £ Z2.4% 4 1.7%
7 Z2.8% 2 0.3% 10 4.1%
3 3.2% 10 4.0% £ Z.E%
Change from baseline
n 248 248 242
M=an -3.4 7.4
Standard deviation 100.59 93.15
M=dian 1.0 17.0
Q1L , Q3 -42.0 , 44,0 -15.0 , 50.0
Min , Max -380.0 , 292.0 -485.0 , 25B.0
TREATMENT EFFECT
Mean 16.8 22.0
Ztandard deviation Qg.o5 92.58
lard 3.70 B.36
-2.7 , 36.4 3.2, 40,8
14.0 15.0
of median 2.0, 27.0 2.0, 2B.0
p—-value WilcoXon rank sum 0.0122 0.0078

Most study subjects did not use supplemental oxygen (>90%). However, supplemental oxygen
was used less by macitentan 10 mg (3.3%) compared to placebo (7.2%) and macitentan (8.5%),
indicating that subjects in the macitentan group were, perhaps, a little less sick.

Missing walk data

There were 52 (20.9%) placebo subjects, 32 (12.9%) macitentan 3 mg subjects and 30 (12.4%)
macitentan 10 mg subjects who did not have 6 month walk data. Table 27 (above) shows how
many subjects were assigned worst rank and how many were carried forward.
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Overall, the mean change from baseline for 6 MWD at month 6 was the longest for macitentan 10
mg group (12.5 m) compared to macitentan 3 mg (7.4 m) and placebo (-9.4 m). The mean
treatment effect, therefore, was 16.8 m for macitentan 3 mg and 22.0 m for macitentan 10 mg.
These increases in walk are statistically significant (0.0122 and 0.0078, respectively) but not
clinically impressive.

6MWD at all assessed time points
The figure below shows the change from baseline in the walk distance at months 3, 6 and 12.

Figure 17 Change from baseline in 6 VWD at all visits up to Month 12,
All-randomized set

ACT-064992, Protocol: AC-055-302
Plot of adjusted mean (95% CL) changes from baseline in Walk Distance values (meters) by visit up to Month 12
Analysis set: All-randomized

359 [® Placebo a Macitentan 3 mg ® Macitentan 10 mg |
30 -
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. | |
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40 4
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=25

Adjusted mean change in Walk Distance (meters)

T T T T
Baseline Nlomith3 Nonthe Monthl2

Wiaits

95% confidence limits of adjusted mean are displaved

While the walk distance tended to drop below or stay near baseline level for the placebo group,
both macitentan groups improved by month 3 and remained above baseline level at month 6 and
month 12 as well.

Improvements in WHO functional class
At baseline, most patients were WHO class II or III. The table below shows the change in class
at month 6 by treatment group.

118

Reterence 1D: 3529555



Clinical Review
Maryann Gordon, M.D.
NDA 204410, Opsumit® (macitentan)

Table 28 Improvements in WHO functional class: change from baseline to
Month 6, All-randomized set
ACT-0€4%92, Protocol: AC-055-302

Improvements in WHO functional class: change from baseline to month €
Analysis set: All randomized

Month 6
n Baseline n I II III IV
No. % No. 3 No &3 No 3
Placebo 248 I - - - - -
II 129 € 2.4% 101 40.6% 1S ¢€.0% 7 2.8%
III 1186 1 0.4% 24 9.6% €0 24.1% 31 12.4%
v - 1 0.4% - 3 1.2
Macitentan 3 mg 248 I - - - - -
II 138 13 5.2% 106 42.7% 11 4.4% g8 3.2%
III 105 2 2% 3 12.1% €l 24.6% 12 4.8%
v 5 - - 1.6% 1 0.4%
Macitentan 10 mg 242 I 1 1 0.4% - - -
II 120 18 7.4% 93 38.4% = 3.3% 1 0.4%
III 116 - 33 3.6% 75 31.0% 8 3.3%
v 5 - - 3 1.2% 2 g%
Placebo Macitentan 3 mg Macitentan 10 mg
n 249 248 242
Improved 32 12.9% 49 19.6% 54 22,
Exact 97.5% CLs* 3.5%, 16.4% 14.4%, 26.1% l6.6%, 2B6.9%
TREATMENT EFFECT:
Risk Ratio 1.54
87.5% CLs 0.%¢, 2.4¢ .74
p-value Fisher’s exact test 0.0385
* Clopper-Pearson formula )@
Table WHOS A - Produced by on 26APR12 - Data dump of 2€APR12
(Page 1/1)

At month 6, most patients did not change class. However, for those patients who improved in
class, they were more likely to have been randomized to macitentan 3 mg and 10 mg (20% and
22%, respectively) compared to placebo (13%).

Regarding those patients that became worse by month,

-Placebo: 3% changed from class II at baseline to IV and 12% from class III at baseline to IV.
-Macitentan 3 mg: 3% changed from class II at baseline to IV and 5% from class III at baseline
to IV.

-Macitentan 10 mg <1% changed from class II at baseline to IV and 3% from class III at baseline
to IV.

Deaths caused by PAH or hospitalizations caused by PAH (end of treatment)
The table below shows the numbers and percentages of subjects whose CEC confirmed death or
hospitalization was linked to PAH, by treatment group.
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Table 116 Summary of all death due to PAH or hospitalization for PAH
occurring up to EOT + 7 days, All-randomized set
ACT-064992, Protocol: AC-055-302

Summary of all death due to PAH or hospitalization for PAH occurring up to ECT + 7 days
Analysis set: All randomized

Placebo Macitentan Macitentan
3 mg 10 m
N=250 N=250 N=242
No. % No. % No. =
Total patients with at least one cause of g4 33.¢% €5 26.0% S50 20.7%
death due to PAH or hospitalization for
PRH
Total patients with at least one cause of 14 5.6% 14 5.6% 7 2.9%
death due to PAH / Preferred term*
RIGHT VENTIRICULAR FAILURE g 2.4 5 2.0% S 2.1%
PULMONARY ARTERTAL HYPERTENSION 3 1l.2% € Z.4% 2 0.8%
SUDDEN (CARDIAC DEATH 2 0.8% L 0.4% -
RESPIRATORY FAILURE - 2 0.8 -
ACUTE RESPIRATORY FAILURE 1 0.4 - -
CARDIOPULMONARY FATILURE 1 0.4 - -
DEATH 1 0.4 - -
RENAL FAILURE 1 0.4% - -
PULMONARY EMBOLISM - - 1 0.4%
SUDDEN DEATH - LI 0.4% -
Total patients with at least one 82 32.8% 58 23.2% 49 20.2%
hospitalization for PRH
Patients with confirmed worsening of PAH 1 0.4% 2 0.8% -
with a fatal outcome within 4 weeks of
EOT (a)

EOT = End of treatment.

* Death due to PAH within EOT +7 confirmed by Clinical Event Committee (CEC). (a)Includes
deaths within 4 weeks of EOT following a confirmed (CEC) worsening of PAH with a fatal
ocutcome. Preferred terms from case report form (CRF) using MedDRA v.14.0, a patient may have
more than one cause of death.

Table DPHCS A - Producsd by (0)#)-n 26AFR1Z - Data dump of 26APRIZ

(pags 1/1)

There was a lower incidence rate of subjects with a cause of death linked to PAH in the
macitentan 10 mg group (3%) compared to macitentan 3 mg (6%) and placebo (6%).

There was a lower incidence rate of subjects with at least one hospitalization for PAH in the
macitentan 10 mg group (20%) compared to macitentan 3 mg (23%) and placebo (33%).

The Kaplan-Meier curves of death or hospitalization because of PAH are shown below.
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Figure 13 Kaplan-Meier curves of death due to PAH or hospitalization for PAH
up to EOT + 7 days, All-randomized set

ACT-064992, Protocol: AC-055-302

Time to death due to PAH or hospitalization for PAH up to EOT + 7 days (Kaplan-Meier estimate)
with standard error bars)

Analysis set: All-randomized

100 4
W R i i i RO
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90 - -‘——__‘_':—{-.__k = Macitentan léﬁg ngmnI?p-valuE?: <.0001
-._1_“_ ey

80 -

60 9 L\_\—{
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% of patients without the event
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30 -
20 -
10 -
0 : ; : : ' ' hs fi
0 6 12 18 24 30 e SR
Patients at risk
250 188 155 132 119 62 22 Phcebo
250 208 181 159 144 77 31 Macitentan 3 mg
242 203 183 166 152 86 39 Macitentan 10 mg

EOT = End of treatment. Death due to PAH confirmed by Clinical Event Committee (CEC). includes

deaths within 4 weeks of EOT following a confirmed (CEC) worsening of PAH with a fatal outcome.

Survival plots are presented u? to 36 months, time at which more than 10% of the E)auents are still in follow-up.
Statistical tests are performed including all data available during the follow-tlx)%)gr d.

Figure DHPHBG_A - Produced by ®®hn 20MA Y12 - Data dump of 26A

Hospitalizations
The table below shows the number per year of all-cause hospitalizations and number per year of

in-patient hospital days by treatment group.
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Table 151 Number per year of all-cause hospitalizations and number per year of
in-patient hospital days for all causes from baseline up to
EOT + 28 days, All treated set

ACT-064992, Protocol: AC-055-302

Number per ysar of all-cause hospitalizations and number per yesar of in-patient hospital days
for all causes from baseline up to EOT + 28 days

Analysis set: All treated

Placebo Macitentan Macitentan
3 mg 10 mg
N=249 N=250 N=242
Number per year of all-cause
hospitalizations
n 249 250 242
Msan 1.0 0.6 0.5
Standard deviation 2.27 1.22 1.81
Standard error 0.14 0.08 0.12
Median 0.0 0.0 0.0
QL , Q3 0.0, 1.0 0.0, 0.8 0.0, 0.4
Min , Max 0.0, 24.4 0.0, 10.0 0.0, 24.4

Number per year of in-patient
hospital days for all causes

n 249 250 242
Mzan 12.2 7.5 5.7
Standard deviation 37.57 21.12 19.38
Standard error 2.38 1.34 1.25
Msdian 0.0 0.0 0.0
QL , Q3 0.0, 9.0 0.0, 4.2 0.0, 3.3
Min , Max 0.0, 340.9 0.0, 172.7 0.0, 182.6

Table HOSAS T - Produced by ®)@ on 06JUNL2 - Data cump of 26APRL2

(Page 1/1)

The numbers per year of all-cause hospitalizations were similar for all treatment groups.

The number of in-patient hospital days for all causes was lower for macitentan 10 mg (5.7 days)
compared to macitentan 3 mg (7.5 days) and placebo (12.2 days).

Deaths from all causes (end of treatment)
All deaths are shown in the table below by treatment group.
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Table 121 Summary of all death cases occurring up to EOT + 7 days (CRF)

ACT-064992, Protocol: AC-055-302
Summary of all death cases occurring up to EOT + 7 days (CRF)
Analysis set: All randomized

Placebo Macitentan Macitentan
3 mg 10m
Cause of death (preferred term) N=250 N=250 N=242
No % No. % No %
Total patients with at least one cause 19 7.6% 21 B.4% 14 5.8%
RIGHT VENTRICULAR FAILURE € 2.4 4 1.6% 6 2.5%
PULMONARY ARTERTIAL HYPERTENSION 4 1.6% € Z.4% 2 0.8
SUDDEN DEATH - 1 0.4% 2 0.8
RESPIRATORY FAILURE 1 0.4% 2 0.8% -
SUDDEN CARDIAC DEATH 2 0.8% 1 0.4% -
ACUTE RESPIRATORY FAILURE 1 0.4% 1 0.4% -
DERTH 1 0.4% - 1 0.4%
ACUTE MYOCARDIAL INFARCTION - - 1 0.4%
ANGIOSARCOMAE - 1 0.4% -
ARRHYTHMIA - - 1 0.4%
BACTERIAL SEPSIS - - 1 0.4%
CARDIAC ARREST - 1 0.4% -
CARDIO-RESPIRATORY ARREST - - 1 0.4%
DIARRHOEA INFECTIOUS - 1 0.4% -
HYPOVOLAEMIC SHOCK - 1 0.4% -
METASTATIC NEOPLASM - 1 0.4% -
MULTI-ORGAN DISORDER - 1 0.4% -
MULTI-ORGAN FAILURE - - 1 0.4%
OESOPHAGEAL VARICES HAEMORRHAGE - 1 0.4% -
PNEUMONIZ INFLUENZAL - 1 0.4% -
ROARD TRAFFIC ACCIDENT - 1 0.4% -
SEPTIC SHOCK - 1 0.4% -
SYSTEMIC SCLEROSIS - - 1 0.4%
CARDIOGENIC SHOCK 2 0.8% - -
ACUTE LEFT VENTRICULAR FAILURE 1 0.4% - -
CARDIAC FAILURE CONGESTIVE 1 0.4% - -
CARDIOPULMONARY FAILURE 1 0.4% - -
LEFT VENIRICULZR FAILURE 1 0.4% - -
PANCREATIC MARSS 1 0.4% - -
RENAL FAILURE 1 0.4% - -
SEPSIS 1 0.4% - -

CRF = Case report fom , EOT = End of treatment: deaths reported on CRF up to EOT+7 days or
occurring within four weeks of EOT following an adverse event with a fatal outcome that
started up to EOT+7 days.

Patients may have more than 1 cause of death. Preferred terms coded using MedDRA version 14.0.
Table DCS_A - Produced by B)@)on 26APR12 - Data dump of 26RPRI1Z

(Pags 1/1)

There was a lower incidence rate of death resulting from any cause in the macitentan 10 mg
group (6%) compared to macitentan 3 mg (8%) and placebo (8%).

Deaths from all causes (end of study)
The table below shows the number and percentages for deaths from all causes up to the end of
study by treatment group.
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Table 126 Summary of all death cases occurring up to EOS (CRF),
All-randomized set

ACT-0€4992, Protocol: AC-055-302
Summary of all death cases occurring up to EOS (CRF), Analysis set: All randomized

Placebo Macitentan Macitentan
3 mg 10 mg
Cause of death (preferred term) N=250 N=250 N=242
No. 3 No. % No. %
Total patients with at least one cause 44 17.6% 47 18.8% 34 14.0%
RIGHT VENIRICULAR FAILURE 12 4.3% 10 4.0% 11 4.35%
PULMONARY ARTERIAL HYPERTENSION 8 3.2% 11 4.4% 7 2.9%
SUDDEN DEATH - 2 0.8% 5 Z2.1%
CARDIAC ARREST 1 0.4% 2 0.8% 2 0.8%
SUDDEN CARDIAC DEATH 2 0.8% 2 0.8% 1 0.4%
DEATH 1 0.4% 2 0.8% 1 0.4%
RESPIRATORY FAILURE 1 0.4% 3 1.2% -
MULTI-ORGAN FAILURE - 2 0.8% 1 0.4%
CARDIOGENIC SHOCK 3 1.2% 1 0.4% 1 0.4%
PULMONARY EMBOCLISM 2 0.8% 1 0.4% 1 0.4%
ACUTE MYOCARDIAL INFARCTION - 1 0.4% 1 0.4%
CARDIOPULMONARY FAILURE 2 0.8% - 1 0.4%
LEFT VENTRICULAR FAILURE 2 0.8% - 1 0.4%
ACUTE RESPIRATORY FAILURE 1 0.4% 1 0.4% -
CARDIO-RESPIRATORY ARREST 1 0.4% - 1 0.4%
SEPTIC SHOCK 1 0.4% 1 0.4% -
ACUTE RIGHT VENTRICULAR FAILURE - - 1 0.4%
ADVERSE DRUG REACTION - 1 0.4% -
ANGIOSARCOMA - 1 0.4% -
ARRHYTHMIA - - 1 0.4%
BACTERIAL SEPSIS - - 1 0.4%
CARDIAC FAILURE - - 1 0.4%
CARDIAC FAILURE CHRONIC - 1 0.4% -
CHRONIC RESPIRATORY FAILURE - 1 0.4% -
CIRCULATORY COLLAPSE - - 1 0.4%
COLON CANCER - 1 0.4% -
DIARRHOEA INFECTIOUS - 1 0.4% -
ENTEROCOCCAL SEPSIS - 1 0.4% -
GASTROINTESTINAL HAEMORRHAGE - 1 0.4% -
HAEMATEMESIS - - 1 0.4%
HYPONATRAEMIZ - 1 0.4% -
HYPOTENSION - - 1 0.4%
HYPOVOLAEMIC SHOCK - 1 0.4% -
LIVER INJURY - 1 0.4% -
METABOLIC ACIDOSIS - 1 0.4% -
METASTATIC NECPLASM - 1 0.4% -
MULTI-ORGAN DISORDER - 1 0.4% -
OESOPHAGEARL VARICES HAEMORRHAGE - 1 0.4% -
PNEUMONIA INFLUENZAL - 1 0.4% -
PULMONARY HYPERTENSION - - 1 0.4%
ROAD TRAFFIC ACCIDENT - 1 0.4% -
SYSTEMIC SCLEROSIS - - 1 0.4%
TOXICITY TO VARIOQUS AGENIS - - 1 0.4%
RENAL FAILURE 2 0.8% - -
ACUTE LEFT VENTRICULAR FAILURE 1 0.4% - -
AQRTIC ANEURYSM RUPTURE 1 0.4% - -
BRAIN CONTUSICN 1 0.4% - -
BRAIN OEDEMA 1 0.4% - -
CARDIAC FAILURE CONGESTIVE 1 0.4% - -
CEREBROVASCULAR ACCIDENT 1 0.4% - -
PANCREATIC MRSS 1 0.4% - -
PULMONARY OEDEMA 1 0.4% - -

CRF = Case report formm, EOS = End of study: deaths reported on CRF. Preferred terms coded using
MedDRA wversion 14.0. Patients mas& have more than one cause of death.
Table DCEOS_A - Produced by )@ on 26APR12 - Data dump of 26APR12, (Pags 1/2)
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There was a lower incidence rate of death resulting from any cause in the macitentan 10 mg
group (14%) compared to macitentan 3 mg (19%) and placebo (18%). The Kaplan-Meier curves
are shown below.

Figure 16 Kaplan-Meier curves of death of all causes up to EOS, All-randomized
set

ACT-064992, Protocol: AC-055-302
Time to death of all causes up to EOS (CRF) (Kaplan-Meier estimate with standard error bars)

Analysis set: All-randomized
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250 231 219 214 208 124 51 Placebo
250 237 228 222 208 124 57 Macientan 3 mg
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CRF = Case report form, EOS = End of s[udhf: deaths reported on CRF.

Includes one patient who died after EOS following a confirmed (CEC) adverse event with a fatal outcome.
Survival plots are presented up to 36 months. time at which more than 10% oflhe&alienls are still in follow-up.
Statistical tests are performed cludmg all data available during the follow- p%)e d.

Figure DTEOBG_A - Produced by = ®®)on 20MA Y12 - Data dump of 26APR12
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Borg dyspnea index
The table below shows the change from baseline at month 6 in the index by treatment group.

Table 35 Change from baseline in Borg dvspnea index to Month 6,
All-randomized set

ACT-0649852, Protocol: AC-055-302

Change from baseline in Borg dyspnea index to month €

Analysis set: A1l randomized

Borg dyspnea index (Borg scale 0-10)

Placebo Macitentan Macitentan
3 mg 10 mg
N=2350 N=250 N=242
Baselines
n 249 247 242
M=an 3.5 3.€ 3.5
Standard deviation 2.11 2.27 2.27
Standard error 0.13 0.14 0.15
Median 3.0 3.0 3.0
Ql , Q3 2.0, 5.0 2.0, 5.0 2.0, 5.0
Min , Max 0.0, 10.0 0.0, 10.0 0.0, 10.0
Month €
n 249 247 242
M=an 3.9 3.3 3.4
Standard deviation 2.76 2.43 2.47
Standard error 0.17 0.15 0.1¢
Median 3.0 3.0 3.0
Ql , Q3 2.0, 5.0 2.0, 4.0 2.0, 5.0
Min , Max 0.0, 10.0 0.0, 10.0 0.0, 10.0
Imputations for missing values
n 249 247 242
Total imputed at Month © 52 20.%% 32 13.0% 30 12.4%
With an event
Worst value 17 ¢€.8% & 3.¢6% 4 1.7%
Carry-forward 20 8.0% 11 4.5% 10 4.1%
Without an svent
Carry-forward (baseline) 7 2.8% 2 0.8 10 4.1%
Carry-forward (not baseline) 8 3.2% 10 4.0% e 2.5%
Change from baseline
n 246 247 242
Msan 0.4 -0.3 -0.1
Standard deviation 2.10 2.40 2.02
Standard srrox 0.13 0.15 0.13
Median 0.0 0.0 0.0
QL , Q3 -1.0, 1.0 -2.0, 1.0 -1.0, 0.0
Min , Max -5.0 , 8.0 -8.0 , g.0 -€.0 , c.0
TREATMENT EFFECT
Msan -0.7 -0.5
Standard deviation 2.25 2.06
Standard erroxr 0.20 0.19
87.5% CL of m=an -1.2, -0.3 -1.0, -0.1
M=dian -0.5 -0.5
07.5% CL of median -1.0, 0.0 -1.0, 0.0
(b) (4)

Table BORGS 2 - Produced by

» on 09MRY12 - Data dump of 26APRI2
Page (1/1)

There was some improvement in the index for the macitentan dose groups (-0.7 for 3 mg and
-0.5 for 10 mg). The placebo group grew a little worse. These changes for the treatment groups
were consistent at all clinic visits as shown in the table below.
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Table 138 Repeated measures analysis of the change from baseline in Borg
dvspnea index (Borg scale 0—-10), All-randomized set

ACT-0645%9Z, Protocol: RAC-055-302
Bepeated Measures Znalysis of the Change from Baseline in Borg Dyspnea Index (Borg scale 0-10)
Analysis set: 211 randomized

Test on Interaction p—valus Flacebo Macitentan Macitentan

term Interacticn 3 mg 10 mg
Treatment by Visit 0.3212 K=250 N=250 N=242

Adjusted Mean at Month 3 (93% CL) 0.13 (-0.09,0.34) -0.32 (-0.53,-0.11) -0.30 (-0.51,-0.09)
Difference to Placebo (95% CL) —0.44 (-0.74,-0.14) —-0.43 (-0.73,-0.12)
—value* 0.0038 0.0057

Adjusted Mean at Month 6 (95% CL) —0.02 (-0.24,0.20) -0.57 (-0.78,-0.3€) -0.2% (-0.51,-0.07)
Difference to Placebo (95% CL) -0.35 (-0.86,-0.25) -0.27 (-0.58,0.04)

p—valus* 0.0004 0.0834

Adjusted Mean at Month 12(%53% CL) 0.04 (-0.21,0.29) -0.37 (-0.el1,-0.12
Difference to Placebo (55% CL) -0.41 (-0.7e,-0.05)

p—valus* 0.0236

Adjusted# Treatment effect(95% CL) 0.05 (-0.13,0.23) -0.33 (-0.51,-0.15
Difference to Placeho(%5% CL) -0.38 (-0.63,-0.13)
—value* 0.0028

# Adjusted on wisit and baseline walue.

Quality of life questionnaire
The SF-36 questionnaire was used to assess quality of life. A higher score for the individual
domains and summary component scores indicated a better condition of the patient.
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Figure 18 Change from baseline to Month 6 in SF-36 health domains and
component summary scores, All-randomized set (normalized)

ACT-064992, Protocol: AC-055-302
Standardized mean (+/-SEM) change from Baseline to Month € in SF-36v2 Health Domain Scale
and Component Summary Measure Scores (Iimputing for missing data)

Set: All-randomized
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BF: bodily pain, GH general health, VT. vitality. SF. social functioning, RE: role-emational, MH. mental heaith
SF36M6BG_A - Procuced by, © @ op 034UG12 - Data dump of 26APR12

The above figure indicates that the patients in the macitentan groups showed improvement
compared to the patients in placebo.

Hemodynamic variables
A subgroup of subjects underwent hemodynamic measurements. The results are shown below.
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Table 37

Treatment effect of macitentan (median changes vs placebo) on

hemodynamic variables from baseline to Month 6, All-randomized set,
patients participating in the PK/PD sub-study

Placebo Macitentan 3 mg Macitentan 10 mg

PVR (dyn * sec/em™)  n=67 n=62 n=57

Change from baseline ~ Mean: 504 (919) Mean: -122 (+308) Mean: —-25 (+688)

(Mean [+ SD]) Median: 58 (=279, Median: -61 (-1223, 587) Median: -168 (-1690,

Median [Range] 3623) 2668)

Treatment effect Mean percent change*: Mean percent change*:

(macitentan vs placebo 62.2 (52.8, 73.3) 61.8 (49.9, 76.5)

[97.5% CLs]) Median percent change: Median percent change:
70.0 (56.0, 82.1) 63.5 (50.8, 78.3)

mRAP (mmHg) n=67 n=62 n=57

Change from baseline
(Mean [+ SD])
Median [Range]

Treatment effect

(macitentan vs placebo
[97.5% CLs])

Mean: 7.4 (+18.68)
Median: 0 (-8, 75)

Mean: 11.1 (+38.53)
Median: 0 (-16, 182)

Mean: 3.7 (-8.3, 15.6)
Median: -0.6 (-3.0, 1.0)

Mean: 7.8 (+27.62)
Median: 0 (-11, 119)

Mean: 0.4 (-9.1,9.9)
Median: -1.0 (=3.0, 1.0)

mPAP (mmHg)

Change from baseline
(Mean [+ SD])
Median [Range]

Treatment effect
(macitentan vs placebo
[97.5% CLs])

n=67

Mean: 6.6 (+14.37)
Median: 2.0 (-15, 57)

n=62

Mean: 0.4 (+10.17)
Median: 0 (-19.3, 2802)

Mean: -6.9 (-12.0, -1.9)
Median: -5.0 (-9.0, -1.0)

n=57

Mean: 3.9 (£28.39)
Median: -2.0 (-33.0,
116.1)

Mean: -2.7 (-11.7,6.3)
Median: -7.0 (-12.0,-2.0)

CI (L/min/m")

Change from baseline
(Mean [+ SD])
Median [Range]

Treatment effect
(macitentan vs placebo
[97.5% CLs])

n=67

Mean: -0.48 (=0.701)
Median: -0.21 (-2.53,
0.44)

n=62

Mean: 0.20 (£0.598)
Median: 0.10 (-0.89, 1.76)

Mean: 0.68 (0.41, 0.94)
Median: 0.53 (0.27, 0.86)

n=57

Mean: 0.13 (£0.887)
Median: 0.23 (-2.97, 1.99)

Mean: 0.61 (0.28, 0.93)
Median: 0.58 (0.28, 0.93)

* Mean percent change over placebo = ratio of geometric means x 100
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SAFETY REVIEW
Reviewer’s safety summary

The mean durations of exposure in both macitentan groups (99.5 weeks and 103.9 weeks in the
macitentan 3 mg group and 10 mg groups, respectively) were much longer than the exposure in
the placebo group (85.3 weeks).

The maximum treatment duration was 188.0 weeks in both the macitentan 3 mg and 10 mg
groups, and 184.9 weeks in the placebo group. This suggests that patients can tolerate the
macitentan and, perhaps, believe that their disease is stable or has improved.

A somewhat higher percentage of macitentan patients (86% macitentan 3 mg and 88%
macitentan 10 mg) added at least one concomitant medication during the study compared to
placebo patients (84.8%). This may be the result of reported anemia in the macitentan groups and
the prescribing of iron (10.8% macitentan 3 mg, 11.2% macitentan 10 mg and 3.6% placebo) as a
result.

The use of antibiotics including amoxicillin/amoxicillin with clavulanate potassium,
azithromycin, and ciprofloxacin were also higher in the macitentan groups compared to placebo.

This raises the question of whether there is a greater chance of infection with use of macitentan.

Adverse events reported at higher rates in the 10 mg macitentan group compared to the placebo
group (for events reported by at least 10% of macitentan 10 mg) are shown in the table below.

Percent of subjects (%)

Adverse events Placebo Macitentan10 mg Macitentan minus
N=249 N=242 placebo

Anemia 3.2 13.2 10

Bronchitis 5.6 11.6 6

Headache 8.8 13.6 4.8

Nasopharyngitis 10.4 14.0 3.6

URTI 13.3 15.3 2

Anemia, headache, and respiratory tract infections were reported by more macitentan subjects
than placebo subjects.

The observed risk of occurrences of adverse events associated with liver disorders and abnormal
liver function were lower in the macitentan groups (for doses of 10 mg and less) compared to the
placebo group. This could mean less liver congestion (i.e., less heart failure) with macitentan
use.

The percentages of all reported deaths up to the end of study (EOS) werel7.6% for placebo,

18.8% macitentan 3 mg, and 14.0% macitentan 10 mg. There is no indication that macitentan up
to 10 mg alters long term survival in subjects with PAH.
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Reports of serious anemia were more frequent in the macitentan groups (2.0% macitentan 3 mg
and 2.5% macitentan 10 mg) compared to placebo (0.4%). There were two discontinuations
because of anemia (one each macitentan 3 mg and 10 mg) and one report of megaloblastic
anemia (placebo). By month 3, there was a mean drop of about 1 g/dL in hemoglobin level from
baseline in the macitentan 10 mg group which remained constant through month 16. No such
decrease was seen in the placebo group. Drops in hemoglobin that were considered to be
clinically relevant by the sponsor were more frequent in the macitentan 10 mg group (13.9%)
compared to macitentan 3 mg (7.9%) and placebo (3.8%). There were 30 subjects (5 placebo, 9
macitentan 3 mg, 16 macitentan 10 mg) with reports of severe anemia and/or had a need for
transfusion.

Markedly lower platelet counts were greatest in the macitentan 10 mg group (8.3%) compared to
macitentan 3 mg (2.5%) and placebo (3.4%). Reports of serious thrombocytopenia included 1
each for macitentan 10 mg and placebo groups.

The percentages of drop out for the placebo and the macitentan 10 mg groups were similar (12%
and 11%, respectively).

There were slightly higher incidence rates of reports of marked laboratory abnormalities for
serum creatinine in the macitentan 10 mg (1.3%) and macitentan 3 mg (1.7%) compared to
placebo (0.4%). There is no convincing evidence that the use of macitentan 10 mg or less has a
harmful effect on the renal system.

Background

Extent of exposure
The table below shows the mean number of weeks that subjects were treated as well as
the number (and percent) of subjects treated by selected months, by treatment group.
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Table 38 Summary of treatment duration, All-treated set

ACT-064992, Protocol: AC-055-302
Summary of treatment duration
Analysis set: All treated

Placebo Macitentan Macitentan
3mg 10 mg
N=249 N=250 N=242
Duration (weeks)
n 249 250 242
M=an 85.3 9%.5 103.¢
Standard deviation 53.€5 50.82 52.44
Standard error 3.40 3.21 3.37
M=dian 101.3 115.¢ 113.4
QL , @3 30.0 , 128.9 2.6, 136.3 e0.0 , 144.0
Min , Max 0.3, 184.9 0.7 , 188.0 0.3, 188.0
Patients treated [n (%)]
n 248 250 242
At least 32 months 223 B89.6% 237 94.8% 226 93.4%
At le=ast € months 197 79.1% 217 86.8% 208 86.0%
At least 12 months 163 €5.5% 191 7¢.4% 188 77.7%
At least 13 months 139 55.8% leG €7.2% 171 70.7%
At least 24 months 24 49.8% 148 59.2% 157 €4.9%
At least 30 months 67 26.9% 30 32.0% 91 37.¢6%
At least 3€ months 24 9.6% 33 13.2% 41 16.9%
At least 42 months 1 0.4% 3 1.2% 2 0.8%
'Igble zig»zpos_r - Produced by ®® on, 26APR12 - Data dump of 2€APR1Z
(Pags 1/1)

The mean durations of exposure in both macitentan groups (99.5 weeks and 103.9 weeks in the
macitentan 3 mg group and 10 mg groups, respectively) were much longer than the exposure in
the placebo group (85.3 weeks).

The maximum treatment duration was 188.0 weeks in both the macitentan 3 mg and 10 mg
groups, and 184.9 weeks in the placebo group. This suggests that patients can tolerate the
macitentan and, perhaps, believe that their disease is stable or has improved.

Concomitant medication

The table below shows the concomitant drugs taken after the start of the study by at least 10% of
the patients in any treatment group.
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Table 154 Summary of concomitant treatments that started on treatment, by
frequency, All-randomized set

RCT-08495%2, Protocol: ARC-055-302

Summary of concomitant treatments that startsd on treatment, by frequency

Enalysis set: All randomized

Class / Flacebo Macitentan Macitentan
Freferred Term 3 mg 10 mg
H=250 H=250 N=Z4Z

No. % No. % Ho. ]

ATL. TREATMENT CLASSES

Total patients with at least one 212 B4.8% 215 86.0% 213 88.0%
Cconcomitant treatment

Total number of concomitant treatments 1524 2040 1e30

FUROSEMIDE 77 30.8% 81 32.4% 7L 29.3%
PARLCETAMOL 52 20.8% 6 % 65 Zg.9%
SEIRONOLACTONE 28 11.2% 2% Z8 11.6%
AMOXTCILLIN 24 49.g% 43 26 12.0%
MMOEICILLIN W/CLAVULANATE POTASSIUM l6 6.4% 0% 30 12.4%
IRCH 9 3.6% 0.9% 27 11.2%
HEPLRTH 33 13.2% 0.9% 26 10.7%
RITTHROMYCIN 22 8.8% 0.0% 25 10.3%
OMEFEAZOLE 23 9.2% 0.4% 21 B.7%
CIPROFLOKACTN 12 4.8% 21 B.4% Z2 9.1%
POTLSSIUM 25 10.0% 20 B.0% 20 B.3%

A somewhat higher percentage of macitentan patients (86% macitentan 3 mg and 88%
macitentan 10 mg) added at least one concomitant medication during the study compared to
placebo patients (84.8%). This may be the result of reported anemia in the macitentan groups and
the prescribing of iron (10.8% macitentan 3 mg, 11.2% macitentan 10 mg and 3.6% placebo).

The use of antibiotics including amoxicillin/amoxicillin with clavulanate potassium,
azithromycin, and ciprofloxacin were also higher in the macitentan groups compared to placebo.
This raises the question of whether there is a greater chance of infection with use of macitentan.

Treatment emergent adverse events
The table below shows the number and percent of adverse events reported by at least 3% in any
treatment group in order of frequency.
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Table 40 Summary of adverse events during treatment period and up to
28 days after treatment discontinuation with incidence of at least 3%
in any macitentan group, displayed by frequency, All-treated set

System Organ Class / Placebo Macitentan Macitentan
Freferraed Tem 3 mg 10 mg
N=249 N=250 N=242

No. z No. % No. %

ALL SYSTEM ORGAN CLASSES

Total patients with at least one LE 240 96.4% 240 56.0% 229 94 6%
Total nmumber of AES 1365 lel4 144¢e

PULMONARY ARTERTAT, HYPERTENSION B7 34.9% 75 30.0% 53 21.9%
UPPER RESPIRATORY TRACT INFECTICN 33 13.3% 50 20.0% 37 15.3%
OEDEMA PERIPHERAL 45 18.1% 40 16.0% 44 18.2%
NASOPHRARYNGITIS Ze 10.4% 37 14.8% 34 14.0%
RIGHT VENTRICULAR FATILURE 56 22.5% 37 14.8% 32 13.2%
HEADACHE 22 8.8% 33 13.2% 33 13.6%
ENREMTZ g 3.2% 22 B.8% 32 13.2%
DIZZINESS 27 10.8% 24 9.6% 26 10.7%
BRONCHITIS 14 5.6% 20 B8.0% 28 11.6%
DYSPNCEA 22 B8.8% 26 10.4% 15 7.4%
CCOUGH 30 12.0% 20 8.0% 21 B.7%
CHEST PAIN 20 8.0% 20 B8.0% 19 7.9%
URINARY TRACT INFECTION 14 5.6% le ©.4% 21 8.7%
DIARRHOER 17 6.8% 14 5.6% 22 9.1%
INSOMNIZ 10 4.0% 17 6.8% 17 7.0%
SYNCOPE 21 8.4% 2L B.4% 11 4.5%
HYPOTENSION 11 4.4% 14 5.6% 15 6.2%
HYPCKALAFMIR 14 5.6% 13 5.2% 14 5.8%
PATPITATIONS 13 5.2% 14 5.8% 12 5.0%
ZRTHRAIGIR 10 4.0% 15 6.0% 11 4.5%
PHARYNGITIS 7 2.8% 11 4.4% 15 6.2%
BACE PRIN 21 8.4% 1e 6.4% 9 3.7%
NRUSER 13 5.2% 13 5.2% 12 5.0%
INFLUENZE 4 1.6% 11 4.4% 14 5.8%
RESPIRATORY TRACT INFECTION VIERAL 9 3.6% 9 3.6% 15 6.2%
SINUSITIS e 2.4% 11 4.4% 11 4.5%
FATIGUE 15 6.0% 11 4.4% 5 3.7%
ENEUMONTIZE 13 5.2% 10 4.0% 10 4.1%
GASTROENTERITIS 3 1.2% 12 4.8% g 3.3%
EPISTRXIS 5 3.6% 11 4.4% g 3.3%
VOMITING 17 6.8% B 3.2% 10 4.1%
RESPIRATORY TRACT INFECTION 10 4.0% 9 3.6% 9 3.7%
EYREXIZA 9 3.6% 9 3.6% 9 3.7%
THROMBOCYTOPENTA 7 2.8% 6 2.4% 12 5.0%
FAIN IN EXTREMITY 15 6.0% 10 4.0% T2.9%
DYSPEPSIR 14 5.6% 10 4.0% T2.9%
ZBDOMINAL, PAIN UPPER 11 4.4% 5 2.0% 11 4.5%
GASTRITIS 7 2.8% 10 4.0% 6 2.5%
CCNSTIPATION 6 2.4% 9 3.8% T2.9%
ZBDOMINAL, PAIN 4 1.6% B 3.2% 702.9%
MYRTGIE 4 1.6% 7 2.8% 2 3.3%
SKIN ULCER 3 1.2% T 2.8% g 3.3%
RESH 7 2.8% g 3.2% 6 2.5%
ASPARTATE AMINCTRANSFERASE INCREASED 10 4.0% 9 2.6% 4 1.7%
GASTROCESOPHAGEAL, REFLUX DISEASE 10 4.0% B 2.2% 5 2.1%
DEFEESSION 2 3.2% 5 2.0% g 3.3%
HYPERTENSION 4 1.6% B 3.2% 3 1.2%
RHINITIS 2 0.8% 3 1.2% 2 3.3%
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Events reported at higher rates in the macitentan groups compared to the placebo group (for
events reported by at least 10% of any treatment group) are shown in the table below.

Percent of subjects (%)

Adverse events Placebo Macitentan 3mg Macitentan10 mg
N=249 N=250 N=242
URTI 13.3 20.0 15.3
Nasopharyngitis 10.4 14.8 14.0
Headache 8.8 13.2 13.6
Anemia 3.2 8.8 13.2
Bronchitis 5.6 8.0 11.6
UTI 5.6 6.4 8.7
Hypotension 4.4 5.6 6.2
Pharyngitis 2.8 4.4 6.2
Influenza 1.6 4.4 5.8
Viral respiratory tract 3.6 3.6 6.2
infection
Sinusitis 2.4 4.4 4.5
Gastroenteritis 1.2 4.8 3.3
Thrombocytopenia 2.8 2.4 5.0
Rhinitis 0.8 1.2 3.3

Symptoms associated with infections were reported by more by macitentan subjects than placebo
subjects. Also, anemia, headache and thrombocytopenia reportings were higher in the macitentan
groups compared to placebo.

On the other hand, adverse events including PAH, right heart failure, and cough were reported by
more placebo subjects compared to macitentan subjects.

Percent of subjects (%)

Adverse events Placebo Macitentan 3mg Macitentan10 mg
N=249 N=250 N=242

PAH 34.9 30.0 21.9

Right ventricular 22.5 14.8 13.2

failure

Cough 12.0 8.0 8.7

The figure below shows the relative risk of occurrence of the sponsor-selected adverse events of
special interest.
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Figure 56 Graphical display for incidence of AEs of special interest — relative
risk and 95% CLs, All-treated set
ACT-064992, Protocol: AC-055-302

Graphical display for incidence of AEs of special interest — Relative Risk and 95% CL
Analysis set: All-treated

n e n e Redve gy p13 025 05 1 2 4 8
s "a e Tp ris!
Macitentan 3 mg vs placebo
All classes 250 97 249 91 1.062 0.847 , 1.331 L
Hemoglobin decrease 250 28 240 12 2324 1.209 , 4465 —_—
Hypotension 250 15 249 1 1.358 D636 , 2.898 —_
Oedema 250 47 249 50 0936 0655, 1.33%9 —t—
Abnormmal liver function 250 23 249 38 0.636 0.389 , 1.042 _—
013 02 05 1 2 4 8

FAVORS ACTNVE FAVORS PLACEBO
n_=number of patients in active; = number of patients with an eventin active

n_= number of patients in placebo; e,= number of patients with an eventin placebo

Of these events, the results for hemoglobin decrease is the most likely to be related to macitentan
use. On the other hand, hypotension, edema, and, especially, abnormal liver function are
probably unrelated. See the figure below showing the Kaplan-Meier curves of liver disorders and
abnormal liver function related adverse events.
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Figure 19 Kaplan-Meier curves of liver disorders and abnormal liver
function-related adverse events up to 28 days after treatment
discontinuation, All-treated set

ACT-064992, Protocol: AC-055-302
Time to first abnormal liver function related adverse event up to 28 days after treatment discontinuation
Analysis set: All-treated

409 — Placebo
———— Macitentan 3 mg
----------- Macitentan 10 mg

30 1

20 -

% of patients with event

10 -

0 -

0 6 12 18 24 30 36 42  months from
treatment start
Patients at risk

249 196 162 131 112 71 25 1 Phcebo
250 215 187 164 141 82 38 6 Macitentan 3 mg
242 210 186 171 155 101 46 4 Macientan 10 mg

The observed risk of occurrence of adverse events associated with liver disorders and abnormal
liver function was lower in the macitentan groups compared to the placebo group. This could
mean less liver congestion (i.e., less heart failure) with macitentan use.

Serious Safety

Deaths

The numbers (and percentages) of patients who died after the start of study treatment up to end
of treatment (EOT) plus 28 days were 22 (8.8%) in the macitentan 3 mg group, 16 (6.6%) in the
macitentan 10 mg group, and 21 (8.4%) in the placebo group.

The table below is a summary of all reported deaths within the above stated time frame.
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Table 42 Summanry of all death cases occurring during treatment period and up
to 28 days after treatment discontinuation, All-treated set

BCT-064532, Protocol: AC-055-302

Summary of all death cases occurring during treatment period and wp to 28 days after treatment
discontinuation

Analysis set: All treated

Flacebo Macicentan Macitentan
Cause of death 3 ng 10 =g
N=2496 ¥=250 N=242
No. 3 No. s No. 3
Total patients with at least one cause 21 B4 22 B.B% lé 6.€%
RIGHT VENTRICULER FAILURE 6 2.4% 4 l.€s 6 2.5%
E"'.HJW\R; ARTERIAL HYPERTENSICN 2 1.2% 6 Z.4% 2 0.8%
- 1 0.4% 2 0.8%
5---EN CARDIAC DEATH 2 0.8% 1 0.4% 1 0.4%
RESPIRATORY FAILURE 1 0.4 2 0.8% -
ACUTE RESPIRATORY FAILURE 1 :3: 1 0.4% I - s
PULMCIARY EMBOLISM 1 0.4% - 1l 0.8%
ACUTE MYOCARDIAL INFARCTION - - L 0.8%
ANGICSARCOMAE - 1 0.4 -
ARREYTEMIA - - 1 0.3%
EACTERIAL SEP3IS - - 1 0.8
CERDIAC ARREST - 1 0.4% -
CERDIC-RESPIRATORY ARREST - - 1 0.4%
DIARRECEA INFECTICUS - 1 0.4% -
GASTROINTESTINAL HAEMORREAGE - 1 0.4% -
HAEMARTEMESIS - - 1l 0.4%
HYPCVCLAEMIC SHOCK - 1 0.4% -
METABCLIC ACIDOSIS - 1 0.4% -
METASTATIC NEOPLASM - 1 0.a% -
MULII-CRGAN DISORDER - 1 0.4% -
MUILII-CRGAN FAILURE - - 1 0.4
QESOPEAGEAL VARICES EARMORRIAGE - 1 0.4% -
PNEUMCNTIA INFLUZNZAL - 1 0.4% -
ROAD TRAFFIC ACCIDENT - 1 0.4% -
SEPTIC SEOXX - 1 0.4% -
SYSTEMIC SCLEROSIS - - 1 0.8%
CERDIOGENIC SHOCK 2 0.8% - -
ACUTE 1EFT VENTRICULAR FAILURE 1 0.4 - -
CARDIAC FAILURE CONGESTIVE 1 0.4% - -
CARDICFULMONARY FAILURE 1 0.4% - -
LEFT VENTRICUL2R FRILURE 1 0.4 - -
PANCREATIC MASS 1 0.4% - -
R2GAL FAILTRE 1 0.4% - -
328813 1 0.4% - -
SYSTEMIC LUPUS IRYTHEMATOSUS 1 0.4% - -
Table DEAS T - Produced by | O)@)on on@yiz - dump of 26APRI2

(Page 1/1)
The most common causes of death were reported as right ventricular failure and PAH.

During the period of EOT plus 28 days and end of study (EO)S, there were a total of 25, 18 and
23 patients in the macitentan 3 mg, macitentan 10 mg and placebo groups, respectively.

The table below shows all reported deaths up to EOS.
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Table 126 Summary of all death cases occurring up to EOS (CRE),
All-randomized set

ACT-064932, Protocol: AC-055-302
Summary of all death cases occurring up to EOS (CRF), Analysis set: All randomized

Placebo Macitentan Macitentan

3 =7 10 mz

Cause of death (preferred termm) =250 =230 =242
No. 3 No. 3 No. 3

Total patients with at least one cause 44 17.¢€% 47 16.8% 34 14.0%
RIGHT VENTRICULER FAILURE 12 4.8% 10 4.0% 11 4.5%
PULMCNARY ARTERIAL HYPERTENSION 3.2% 1 4. 2.5%

SUDDEN DEATH
CERDIAC ARREST
E'.—.';EE'.N CARDIAC DEATH

‘
ke
e

RESPIRATORY F‘_IIIJR.E

[STSES TS
o i
e

2 1
3 <>
- H
1 2 -
SILTI-CRGAN FAILURE - 2 1 0.4%
SECIoGmi SO 2 1 0.4% 1 0.4%
DULMONZRY BMEOLI 2 1 0.4% 1 0.4%
T acmera mascrion - 1 0.4t 1 0.4t
CARDIOFULMONERY FAILURE 2 - 1 0.4%
LEFT VENTRICULAR FAILURE 2 - 1 0.4%
ACUTE FESPIRATORY FAILURE 1 1 0.4% -
CERDIC-RESPIRATORY ARREST 1 - 1 0.4t
SEETIC SEOK 1 1 0.4t -
3CE BIOE VRTRIOEAR IR - - 1 0.4%
ATVERSE DRUG RTACTT - 1 0.4% -
ENGICSERCOME - 1 0.4t -
ARRHYTEMIA - - 1 0.4t
BACTERTAL SEPSIS - - 1 0.4%
CERDIAC FAILURE - - L os
CAERDIAC FAILURE CHRONIC - 1 0.4t -
CHRONIC RESPIRATORY FAILURE - 1 0.4% -
CIRCULATORY COLIAPSE - - 1 0.4%
COLON CANCER - 1 0.4% -
DIARRHCEA DNFECTIOUS - 1 0.4% -
ENTEROCOCCAL SEPSIS - 1 0.4% -
GASTROINTESTINAL HAEMORRERGE - 1 0.4% -
HARMATEMESIS - - 1 0.4%
HYFCNATRAEMIA - 1 0.4% -
HYSOTENSION - - 1 0.4%
HYSOUOLAEMIC SHOCK - 1 0.4% -
LIVER INJURY - 1 0.4% -
METAECLIC ACIDOSIS - 1 0.4% -
METASTATIC NEOPLASM - 1 0.4% -
MILTI-CRGAN DISORDER - 1 0.4% -
CESOFHAGEAL VARICES HARMORRERGE - 1 0.4% -
DMETMONTA INFLUZNZAL - 1 0.4% -
DUIMONRRY EYPERTENSION - - 1 0.4%
2080 TRAFFIC ACCTDENT - 1 0.4% -
SYSTEMIC SCLEROSIS - - 1 0.4%
TORICITY TO VARICUS AGENTS - - 1 0.4t
ROGL FAILTRE 2 0.5% - -
ACUTE LEET VENTRICULAR FAILURE I 0.4t - -
AORTIC ANEURYSM RUSTURE 1 0.4% - -
ERATN CONTUSION 1 0.4t - -
ERATN CEDDVA 1 0.4t - -
CARDIAC FAILURE CONGESTIVE 1 0.4% - -
CEREEROVASCULAR ACCIDENT 1 0.4t - -
EENCREATIC MRSS 1 0.4% - -
PULMOIZRY CETDMA 1 0.4% - -

CRF = Case report form, EO0S = End of study: deaths reported on CRF. Preferred temms coded using
MedIR2A version 14.0. Fatients mav have more than one cause of death.
Table DCEOS_A - Produced by JR®MA) or. 26ATRI2 - Data dump of 26APR12, (Page 1/2)

The numbers and (percentages) of all reported deaths were 44 (17.6%) for placebo, 47 (18.8%)
macitentan 3 mg, and 34 (14.0%) macitentan 10 mg. Even with the added deaths, the two main
reasons for death remain unchanged (right ventricular failure and PAH).

There 1s no indication that macitentan up to 10 mg alters survival in subjects with PAH.
Other serious adverse events

The percentages of patients who reported serious adverse events were 55% for placebo, 52% for
macitentan 3 mg and 45% macitentan 10 mg.
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The table below shows the reported serious adverse events (EOT plus 28 days after treatment
discontinuation) by frequency.

Table 43 Summary of serious adverse events during ireatment period and up to
18 days after treatment discontinuation (art least 2 patients in any
macitentan group), displaved by frequency, All-treated set

-085-302

e

rents during treatment period and up to 28 days after treatment

System Organ Class / Flacebo Haciten
Preferred Term 2
=240 H=2

TICH TE3T ARMORMAEL
IRATORY TRACT INFECIION

CRNTER
IMRL UIERINE ELEEDING

LIRS

137 55.0% 130 52.0% i0S 45.0%
246 248 1E
56 22.5% 4E 22 %
16.1% 2 22 %
g 2.2% 4 %
& o 4!. T 4 L8
& 2.4% 1.7%
1 D.4% 5 & Z2.5%
4 L1.E% 4 2 2%
1 4% 4 2 2%
2 8% 2 4 7%
2 8% 2 2 l.2%
2 8% 2 2 D.8%
= . =
2 8% 5 -
- 4 1 0.4%
1 % 2 2 0D.8%
2 1 0.4%
4% 2 1 0.4%
4% 2 -
4% 1 2 B3
2% ] -
z -
1.2% -
=7 -
im =

L R I B B R R e e L N S CU (e D I N B N N B B
x
-

[T T T T T T ST SC S Y R B Y S S SO S S

.B%

As with cause of death, the reasons, PAH and right ventricular failure, were reported most
frequently (both events had higher incidence rates in the placebo group compared to the
macitentan groups).

Reports of serious anemia were more frequent in the macitentan groups (2.0% macitentan 3 mg
and 2.5% macitentan 10 mg) compared to placebo (0.4%).

There were 6 patients with reports of serious acute renal failure/renal failure: 4 macitentan 3 mg,
1 macitentan 10 mg, 1 placebo.

There were 4 patients with reports of acute pancreatitis/ relapsing pancreatitis: 3 macitentan 3
mg, 1 macitentan 10 mg).
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Other events including respiratory disorders, malignant neoplasms, and elevations of AST/ALT
were similar across treatment groups.

Adverse events resulting in discontinuation of study treatment

The table below shows the adverse events leading to study drug discontinuation by frequency
and treatment group.

Table 45 Summary of adverse events (including unrelated) leading to
permanent discontinuation of study drug, by frequency. All-treated
set

BCT-0€84%92Z, Protocol: RC-055-302

HAEMOPTYSIS
LEFT VENTRICULAR FAILURE
LEUKQCYTOCLASTIC WVASCULITIS

System Organ Class / Placebo Macitentan Macitentan
Preferred Term 3 mg 10 mg
H=24% =250 N=242
No. E No. % No. E
RIL SYSTEM ORGREN CLASSES
Total patients with at least one AE 31 12.4% 34 13.5% 2G
Total number of REs 37 40
PULMOMARY ARTERIAL HYFERTENSION 10 4.0% & Z2.4% 4
RIGHT VENTRICULAR FATILURE & 2.4% 3 1.2% 4
AIENTNE AMTHNOTERNSFERMASE INCRELSE - 3 1.2% 2
RASPRRTATE AMINOTRRNSFERASE INCRERSED - 3 1.Z% 2
LIVER FUNCTICHM TEST ABMORMAL 2 0.8% - 3
PREGHANCY 1 0.4% 3 1.Z% -
HERDRCHE - - 3 1.2%
RENREFMIE - 1 0.4% 1 0.4%
COLON CRNCE! - 2 0.8% -
CARDIOGENIC SHOCE 1 0.4% - 1 0.4%
HEPATITIS 1 0.4% - 1 0.4%
JAUNDICE 1 0.4% 1 0.4% -
SYNCOPE 1 0.4% - 1 0.4%
RCUTE RIGHT VENTRICULRE FAILURE - 1 0.4% -
RLCOROLISM - 1 0.4% -
RANGIOSRERCOME - 1 0.4% -
CARDIAC REREST - 1 0.4% -
CHEST PAIN - - 1 0.4%
CCLITIS ISCHREMIC - 1 0.4% -
DIARRHCER INFECTIOUS - 1 0.4% -
DIZZINESS - 1 0.4% -
DRUG INTOLERRNCE - - 1 0.4%
DYSEHOER - - 1 0.4%
ECZEMA - 1 0.4% -
GASTRIC ULCER HAFEMCORRHALGE - - 1 0.4%
HERRT AEND LUNG TRRNSELANT - 1 0.4% -
HEPATIC ENZYME IMCEERSED - - 1 0.4%
HYPERBILIRUBINAFMIR - - 1 0.4%
HYPOTENSION - - 1 0.4
HYPOVOLREMIC SHOCE - 1 0.4% -
INTERSTITIAL LUNG DISELSE - 1 0.4% -
METASTATIC MEOQPLASM - 1 0.4%
MULTI-CRGRN DISCRDER - 1 0.4% -
QESCOPHARGERL VARICES HREMCREHAGE - 1 0.4% -
PHEUMONIA - 1 0.4%
PNEUMONIZ INFLUEMZAL - 1 0.4% -
SEPTIC SHOCK 1 0.4% -
SUBDURAL HAFMATCOMER - - 1 0.4%
TEANSAMINASES INCRERSED - 1 0.4% -
TREATMENT FATILURE - 1 0.4%
VCMITING - - 1 0.4%
RANRFMTE MEGAT.OBLASTIC 1 0.4% - -
RSCITES 1 0.4% -
CARDIAC FATLURE CONGESTIVE 1 0.4% -
Ch MARY FAILURE 1 0.4% -
CEREERCVASCULRE. ACCIDENT 1 0.4% - -
GASTROENTERITIS 1 0.4 - -
1 4
1 4
1 4

o0 o o0 a0 ol
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There were 34 (13.6%) patients in the macitentan 3 mg group, 26 (10.7%) patients in the
macitentan 10 mg group, and 31 (12.4%) of patients in the placebo group who reported at least
one adverse event that resulted in the permanent discontinuation of study treatment.

The most frequently reported events that led to discontinuation of study treatment across the
three groups were PAH (2.4% macitentan 3 mg, 1.7% macitentan 10 mg, 4.0% placebo) and
right ventricular failure (1.2% macitentan 3 mg, 1.7% macitentan 10 mg, 2.4% placebo).

Adverse events associated with liver abnormalities were uncommon (<2% in any treatment
group).

There were two discontinuations because of anemia (one each macitentan 3 mg and 10 mg) and
one report of megaloblastic anemia (placebo).

There were few discontinuations for pneumonia/influenza, interstitial lung disease or headache.

There were 4 reported pregnancies:

-5 patients in the macitentan 3 mg group, 1 therapeutic abortion, 1 spontaneous abortion, 1
death from PAH prior to a scheduled abortion, 2 continued pregnancy after stopping study drug
with both resulting in premature births:

e one case the baby had hyaline membrane disease complicated by sepsis, a grade 4
intracranial hemorrhage, and poor skin condition and death occurred 3 days after birth
with persistent hypotension because of extreme prematurity. No obvious dysmorphism
was noted and the prenatal screening at Week 18 had shown no anomaly.

e the other case the baby had no neonatal abnormalities.

Both placebo patients had therapeutic abortions.

Clinical laboratory

Hematology

The incidence rates of anemia reported as an adverse event were higher in the macitentan groups
compared to placebo: 8.8%, 13.2%, and 3.2% for macitentan 3 mg, macitentan 10 mg, and
placebo, respectively. Incidence rates of reports of serious anemia were 2.0%, 2.5% and 0.4% for
macitentan 3 mg, macitentan 10 mg and placebo, respectively. Treatment drop outs because of
anemia were rare.

The mean change in hemoglobin values from baseline by visit is shown below.
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Figure 20
All-treated set

ACT-064992, Protocel: AC-055.302

Mean change in hemoglobin from baseline by visit (ohserved data),

Flot of mean changes firom baseline in Hemoglobin values (g'dL) by visit {ohserved data)

Amnalysis set: Alltreated
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The majority of the decreases occurred early in the study (month 3) and then seemed to stabilize

(no data after month 18).

The mean decreases (+ SD) in hemoglobin (g/dl) were 0.7 + 2.02 g/dL macitentan 3 mg, 1.1 +

2.21 g/dL macitentan 10 mg, and placebo
similar).

0.1 £1.67 g/dL. (baseline hemoglobin values were
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Table 46 Incidence of marked hematology abnormalities up to 28 davs after
treatment discontinuation. All-treated set

Placebo Mo bt Haci tentam
2 mg 10 mg
H=Z48 M=25 H=zaz
Laboratory Ebmormality Ho. & Ko. & Mo, L
HEMRTOLOGY
Hemoglobin HEL 2 1.3% 2 f24l D.p% o
LL ] 3.6% 19 /241 7.9%
Hematocris HE 2 0.6% 1 D.g% 0. 4%
LL 5 2.1% L3 1 6.2% 15 §.5%
Leukocytes HE Z 0.B% 1 1 D.4% 1 0.4%
LL 0 2 1 D.o% 12 5.2%
Flatelets HE o/ 0 fzan o
LL B f235 2.4% € f24a0 Z. 5% 15 B.2%

Incidence of pre-dafinsd treatment-smsrgent laboratory asbnormalitiss up to 25 days after treatment
discontinuation

dl F237 D.4% 4 /241 L1.7% 10 /220 4.3%
» B gfdl and <= 10 g/dl F237 2.0% 11 /241 <.6% 10 /220 4.3%

Values given are the mumber of patients with at least one abnormality/mamber of patients ().
HH and LL denote values= zhove or below the Actelion marked refersnce range and hawing a
clinically relsvant change in the same direction.

Source: Table 174 and Table 177

Drops in hemoglobin that were considered to be clinically relevant by the sponsor (labeled as LL
in the table above) were more frequent in the macitentan 10 mg group (13.9%) compared to
macitentan 3 mg (7.9%) and placebo (3.8%).

Transfusions
There were 30 subjects (5 placebo, 9 macitentan 3 mg, 16 macitentan 10 mg) with reports of
severe anemia and/or need for transfusion.

Other hematology parameters

There were small decreases in mean leukocyte amounts (10e9/L) in the macitentan groups (-0.9
+ 2.78 macitentan 3 mg and -0.7 +£2.27 macitentan 10 mg) compared to placebo 0 (£2.57).
There is evidence of increased non-serious infections in subjects who received macitentan (see
adverse events).

The table below shows the incidence of markedly abnormal hematology values by treatment
group.
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Table 174 Incidence of marked laboratory abnormalities during treatment
period and up to 28 days after treatment discontinuation (comhbined
central and local laboratory data), All-treated set

ACT-06€45592, Protocol: AC-055-202

Incidence of markesd laboratory abnormal == during treatment pericd and up to 2B days after
treatment discontinuation (Combined central and local laboratory data)

BAnalys=is set: ALl treated

Plac=bo Macitantan Marci tentan
3 mg 10 mg
H=249 H=250 H=24Z
Laboratory Abmormality Ho L Ho B Ho L
HEMATOLOGEY
Hemoglobimn HH 1.3% 0.5%
LL 2.8% 12 .5&%
Hematocrit HEH 0.5% 0.4%
LL Z.1% 6.5
Leunkocytes HH 0.5% 0.4%
LL 5.28%
Flatelets HH
LL 2.4% g.3%

Compared to no reports for the placebo groups, the incidence rates of markedly lower leukocyte
count in the macitentan group (0.8% macitentan 3 mg and 5.2% macitentan 10 mg) are
somewhat disconcerting.

Platelets
There are mild decreases in platelet counts in all treatment groups.
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o —

ACT-064992, Protocol: AC-055-302
Change in laboratory parameters from baseline up to 23 days after treatment discontinuation
Analysis set: All treated

HEMATOLOGY : Platelets (l0e9/L)

Placebo Macitentan Macitentan
3 mg 10 mgy
N=249 N=250 N=242
Baseline
n (missing) 220 (29) 226 (24) 217 (29)
Mean 205 210 21
Standard deviation 74.2 €5.5 72.1
Median 192 202 203
QL , Q3 15¢ , 24¢ 165 , 243 5¢ , 260
Min , Max 41, 52 54, 415 g , 422
Last up to 238 days after treatment discontinuaticn
n (missing) 220 (29) 226 (24) 217 (29)
Mezan 194 194 196
Standard deviaticon 69.8% €0.4 €8.9
Median 180 181 192
QL , Q3 144 , 231 150 , 225 l4e , 243
Min , Max 41 , 499 62 , 389 32, 48]
Change from baselins
n (missing) 220 (29) 228 (24) 217 (25)
Mean -11 -1¢€ -17
Standard deviation 52.2 50.7 7.4
Median =< -14 -le
QL , Q3 -36 , 1lé -45 , 13 -41 , 11
Min , Max -420 , 142 -194 , 178 -285 , lel

Table LABS T - Produced by B8 o1, 23AUG12 - Data dump of 26APRI2
(Page S5/1¢€)

Markedly lower platelet counts (see table 174) were greatest in the macitentan 10 mg group
(8.3%) compared to macitentan 3 mg (2.5%) and placebo (3.4%). Reports of serious
thrombocytopenia included 1 each for macitentan 10 mg and placebo groups.

The table below shows the subjects whose thrombocytopenia was deemed to be severe by the

ivestigator.
Table 48 Overview of patients with severe® thrombocytopenia
Patient Dose Likely/ possible cause of Platelets values / Resolved
number group thrombocytopenia Treatment

5304/13115 10 mg Single dose — acute renal failure — Platelets 69 x 10L/No NA
RHF — ischemic hepatitis — death  specific treatment

5502/13739 10 mg Lung infection and sepsis, Platelets 45 x 10%/L / Yes
recurrent thrombocytopenia Platelets transfusion
1201/14612 Placebo Rectal hemorrhage Platelets 10 x 10*/L/ Yes
blood transfusion and
thrombocytes
3104/13471 Placebo Death due to PAH progression NA / No specific NA
and cardiopulmonary failure treatment

* Intensity as assessed by the investigator
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Chemistry
Liver tests

The table below shows the incidence rates of markedly abnormal liver function tests.

Table 49 Incidence of marked abnormalities in liver function test variables up
to 28 davs after treatment discontinuation (combined central and local
laboratory data), All-treated set

Flace=bo Macitentan Macitentan
3 mg 10 mg
H=249 "=2350 H=242
Laboratory Rbmormality No | Ko L Ho |

CLINICAL CHEMI3TRY

ALT HH 5.7% 4.58 14 /236 5.B%
AST HH T.0% 2._5% 12 /236 5._1%
Bilirubin HH 25 /237 10_5% T /241 2_5R o Jzao 2.5%
Alkaline Fhosphat. HE B f237 2.4% 2 fz41 l1.2% 4 fzao 1.7%

Valus= given ars the mmber of patisnts with at l=ast one abnormality/numbsr of patients (&) .
HH and LL denote= wvalu=s abowre or below the Act=lion marked refersnce range and hawving a
clinically relsvant change in the same directiom.

Source: Table 174

There is no evidence that abnormal liver function tests become elevated in subjects taking
macitentan 10 mg or less.

The table below shows the incidence of pre-defined treatment emergent laboratory abnormalities.

Tahle 51 Incidence of pre-defined treatment-emergent laboratory
abnormalities up to 28 davs after treatment discontinuation
(combined central and local laboratory data), All-treated set

Macitentan Macitentan
3 mg 10 =g
¥=250 =242
Laboratory abnormality Nao. L] Ho. &

2.2% 8 /226 3.4%
2. 6% 8 /226 3.4%

ALT > I*upper =td
ALT or A3T > 2*upper s=td
ALT or A3T > 2*upper std and

wom

Bilizubin > 2*upper atd(l) 4 f237 1.7% 5 fzal1 Z.1% 4 /230 1.7%
ALT > B*upper =td 1 /a4 0.4% 4 /247 1l.E€% 5 f22€ 2Z2.1%
ALT or A3T > Btupper std 1 /244 0.4% 4 /247 1l.6€% 5 Ff226€ 2.1%
BEilirubin > Z*upper std a5 f237 14.8% 17 /241 T.1% 19 f230 B.3%

2%upper =td anytims
ven ar= the number of patisnts
(2} nt 1406/11104 (placebo] =not
laboratory was not included in the cli
Patient 3103/120
law range
Jource: Table 178

ith at l=ast one abnormality/mumber of patisnts (&) .

ded hers, =ince TBIL > 2 % ULN reported from a local

L databa=e

53 (macitentan 3 mg) included in this table did nmot have bilirubin values in the Hy's
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There were higher incidence rates of reports of elevated ALT >8 times upper limit of normal in
the macitentan patients (1.6 % macitentan 3 mg and 2.1% macitentan 10 g) compared to placebo
(0.4%).

There is no evidence, however, that macitentan 10 mg and lower doses provoke liver
impairment.

Tahle 168 Summary of serious adverse events during treatment period and up to
28 days after treatment discontinuation by class, All-treated set

BCT-0€4592, Protocol: RC-055-202
Summary of ssrious adrerse svents doring tre=atment pericd and up to 28 days after treatment
ii mcontinuation by class

set: ALl treated
Sy=tem Organ Cla=s / Flacebo
Preferred Term
H=z48
Ho. L
INVESTIGATIONS
Total patients with at least on= 3AE 2 0.8% 4 1.6% a 2.1%
Total number of SRE=s 4 4 G
AIBNINE RMINOTRAMN3EFERRSE INCRERIED 1 0.4% - i
A3PRRTATE RMINOTRA ERARSE INCEREASED 1 0.4% - i
LIVER FUNCTI JORMAL 1 0.4% - 2
HEPATIC ENZ} 1 - 1 0.4% 1
HAFMOGL = 0._4%
HEPE TE3T PO3ITIVE = - 1l 0.4%
HIV TEST PO3ITIVE - - 1 0.4%
INTEFHATTOHAL FMALISED RATIO LDECRER3IED = 1 0.4% =
TRENIRHTHASEI INCREAIED = 1 0.4% =
GEMME-CLUTAMILTRANSIERAIE INCREAR3IED 1 0.4% - -

Again, there is no convincing evidence that macitentan 10 mg or less has a deleterious effect on
the liver.

The table below shows the summary of adverse events leading to permanent study drug
discontinuations.
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Tahle 170 Summaryv of adverse events (including unrelated) leading to
permanent discontinuation of study drug by class, All-treated set

ACT-0&£455%2, Protocol: AC-055-302

Sumrary of adwerse svents {including unr=lated) l=ading to permanent discontimsation of study drug
by cla=s

Enaly=is set: Al]l treatsd

Sy=tem Organ Cla=s | Flaceho Macitentan Macitentan
Preferrad Term 3 mg 10 me
H=Z49 B=Z50 H=z42
Mo, L] Mo, L] Mo, &

INVESTIGATICONS

nts with at l=ast one RE 2 0O.8% 4 1.6% € 2_5%

Total number of AEs 2 7 3
AIRNTHE AMTHOTREMIFERASE INCREASFED - 3 1.2% 2 0

E AMINOIRL ERASE INCREASED - 3 1.2% 2 0

AT 2 0.8% - 32 1
- 1 0.4% -
HEPATOEILIARY DISORDOERS

Total patie=nts with at l=a=t on= REE 2 0.8% 1 0.4% 2 0O.B%
Total number of AEs= 2 1 -
HEPATITIZ 1 0.4% - 1 O.4%
JEITHND 1 0.4% 1 0.4% -
HYPERBILIRUGINAEMTA - - 1 O.4%

In summary, macitentan effect on the liver appears to be neglible.

Renal parameters

There were slightly higher incidence rates of reports of marked laboratory abnormalities for
serum creatinine in the macitentan 10 mg (1.3%) and macitentan 3 mg (1.7%) compared to
placebo (0.4%).

The table below shows the reports of serious adverse events for renal and urinary disorders.
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Tahle 168 Summary of serious adverse events during treatment period and up to
28 davs after treatment discontinuation by class, All-treated set

ECT-0€45%592, Protocol: AC-055-202

Sumrary of sarions adrerss atents during treatment pericd and up to 28 days after treatment
discontinuation by class

Bnaly=is set: Al]l treatsd

Sy=stem Organ Cla=s / Placebao Macitentan
Preferred Term 3
H=z48
Mo B Mo L
PEMAL ENMD URINARY DI3CRDERS
Total patients with at l=ast on= 3& 4 1.6% € 2.4% 2 0O.B%
Total number of SRAE=s 4 7 3
BEMAL FAILUBE RCUTE - 4 1.6% 1 .48
GLOMERTLONEE! - - 1 4%
E - - 1 4%
- 1 0.48 -
- 1 0.48 -
- 1 0.4 -
1 .48 - -
1 .48 - -
1 0.4 - -
1 048 - -

There is no convincing evidence that the use of macitentan 10 mg or less has a harmful effect on
the renal system.

Vital signs
The table below shows the mean changes at endpoint to systolic/diastolic blood pressure, pulse

rate, and weight.

Blood pressure, pulse, weight
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Table 54 Systolic and diastolic blood pressures, pulse rate and body weight:
change from baseline up to 28 days after treatment discontinuation,
condensed version, All-treated set

ACT-0€4592, Protocol: AC-055-302

Systolic and diastolic blood pressures, pulse rate and body weight: change f£from baseline
up to 2% days after treatment discontinuation. Condensed version

Analysis set: All treated

Placebo Macitentan Macitentan
32 mg 10 m
N=249 N=2S50 N=242
Systolic BP (mmig)
n (missing) 242 (7) 245 (5) 238 (7)
Baseline .3 £ 13.32 115.4 = 13.42 116.4 = 14.2¢
Last up to end of cbservation period .6 £ 16.00 113.5 £ 15.87 114.0 = 16.47
Change from baseline -2.7 £ 14.851 -1.9 = 14.35 -2.4 = 14.28
Diastolic BP (mmig)
n (missing) 242 (7) 245 (S5) 235 (7)
Baseline 73.9 £ 9.39 73.7 = 10.50 74.5 = 9.19%
Last up to end of cbservation period 71.1 £ 10.€1 71.2 10.51 70.32 £ 10.38
Change from baseline -2.8 £ 12.21 -2.5 £ 11.24 -4.2 £ 10.16€
Pulse Rate (bpm)
n (missing) 242 (7) 245 (5) 235 (7)
Baseline 79.2 £ 11.8¢€ 80.1 = 11.97 77.8 £ 12.0¢€
Last up to end of cbservation periocd 81.2 = 13.42 79.6 = 13.81 79.2 £ 13.7%
Chaxn from baseline 2.0 £ 15.84 -0.5 = 14.57 1.4 £ 13.10
Weight (Kg)
n (missing) 240 (%) 245 (5 235 (7)
Baseline €7.1 £ 15.31 67.6 = 17.32 €7.8 = 1
Last up to end of cbservation period €7.5 = 16.20 €2.0 . €8.9 =
Change from baseline 0.4 £ 5.15 0.4 1.1 =
Note: reported values are mean = standard deviation.
Table VITFS_T - Produced by O)#) on 07M2Y12 - Dasa dump of 26RFR12

(Page 1/1)
There 1s no obvious effect of macitentan 10 mg or below on these parameters.

ECG
The table below shows the mean changes from baseline at endpoint for 12-lead ECG parameters.
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Table 55 ECG variables: change from baseline up to 28 days after treatment
discontinuation, All-treated set.
ACT-0€4592, Protocol: AC-055-302

ECG parameters: change from baseline up to 2Zf days after treatment discontinuation. Condensed vers:ion
Analysis set: All treated

Placebo Macitentan Macitentan
2 mg 10 mg
N=249 N=250 N=242
Heart Rate (bpm)

n (missing) 231 (18) € (1€)
Baseline 76.2 £ 12.59 £ 12.93
Last up to end of cbservation period 79.€ £ 13.€0 .8 £ 16.97
Change from baseline 2.4 £ 16.42 1.6 £ 15.47

PQ (PR) Interval (ms=)

n (missing) 226 ) 13
Baseline - 9 165.8 = 4 71.9 %
Last up to end of cbservation period 167.€ £ 31.8 172.7 = .€6 J S
Change from baseline 0.7 27.423 2.9 £ 25.58 0.5 =
QT Interval (ms)
n (missing) 231 235 (1%5) 224
Baseline 395.8 = 3E7.9 = 46.30 385.6 =
Last up to end of cbservation period 391.4 = 385.1 = 43.97 389.¢€ =
Change from baseline -4.3 % 1.2 £ 50.€8 -€.0 £
QIC Interval (ms)
n (missing) 231 (18) 235 (15) 224 (18)
Baseline 425.5 £ 42.2 421.6 = 44.13 425.€ £ 40.95
Last up to end of cbservation period 426.€ £ 37.16 423.9 = 3B.43 420.7 = 45.11
Change from baseline 1.2 £ 44.06 2.3 £ 47.76 -4.% £ 50.38
QRS Interval (ms)
n (missing) 231 224
Baseline 97.9 x 2 5.1 =
Last up to end of cbservation period 100.3 = 2 87.€ =
Change from baseline 2.4 22 2.5 %

QTc Interval Fridericia formula (ms).

Note: reported values are mean = standard deviation.

Table ECGPS_T - Produced by (0)(@) on. 07TMAY1Z2 - Data dump of 2EAFRIZ
(Page 1/1)

There 1s no obvious effect of macitentan 10 mg or below on these parameters.

The most common treatment emergent ECG abnormalities are shown in the table below.
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Table 57 Summary of treatment-emergent ECG abnormalities by frequency,
All-treated set

ACT-0€4592, Protocol: AC-055-302, Summary of treatment—emergent ECG abnormalities by freguency
Analysis set: All treated

ECG finding Placebo Macitentan Macitentan
3 mg 10 mg
N=249 N=230 N=242
No. L No. 2 No. 2
Total patients with at least one ECG 134 53.g% 138 55.2% 109 45.0%
£inding
Total number of ECG findings 236 258 183
NON SPECIFIC ST-T CHANGES 24 ©oS.¢R 27 10. 20 8.3%
INCOMPLETE RIGHT EUNDLE BRANCH BLOCK 21 8.4% 26 10 21 8.7%
3INUS TACHYCARDIA 13 5.2% 22 8. 17 7.0%
RIGHT VENIRICULAR HYPERTROPHY 24 S.¢€% 2 5.2 13 S.4%
RIGHT AXIS DEVIATION 22 8.8% 17 € 12 S.0%
RIGHT ATRIAL ENLARGEMENT 23 5.2% 20 @ T 2.9%
ST SEQMENT DEPRESSION 21 8.4% 15 ¢ 11 4.5%
VENTRICULAR EXTRASYSTOLES & 3.6% 14 S & 3.7+
ATRICVENTRICULAR BLOCK FIRST DEGREE g 3.2% € 2 13 S.4%
3INUS BRADYCARDIA g 3.2% 7 2.8 10 4.1=
BUNDIE BRAENCH ELCCK RIGHT 14 5.¢% 7 2 g 3.3%
LEFT ATRIAL ENLARGEMENT € 2.4% 10 4.0 5 2.1%
SUPRAVENTRICULAR EXTRASYSTOLES 3 1.2% € 2.4% 5 2.1%
ATRIAL FLUTTER AND / CR FIERILLATION S 2.0% 7 2.8% 2 1.2
SINUS ARRHYTHMIA & 3.6% € 2.4% 2 1l.2%
ST-T CHANGES 2 0.8% 4 1l.6% 2 1l.2%
LEFT VENTRICULAR HYPERTROPHY 1 0.4% $ 2.0 2 0.8%
OTHER FINDINGS 3 1.2% 3 1.2% 2 0.B%
LEFT AXIS DEVIATION - 3 1.2% 2 0.8%
QT PROLONGED - 4 1l.¢% 1 0.4%
INTRA-VENTRICULAR CONDUCTION DEFECT 2 0.8% 3 1.2% 1 0.4%
T WAVE AENCRMAL 2 0.8% 3 1.2% 1 0.4%
T WAVE INVERSION 2 0.8% 1 0.4% 3 1l.2%
BILATERAL ATRIAL ENLARGEMENT 1 0.4% 4 1l.€= -
BUNDLE BRANCH BLOCK LEIT 3 1.2% 2 0.8% -
LEFT POSTERIOR HEMI-BLOCK 1 0.4% 1 0.4% 1 0.4%
LOW VOLTAGE 1 0.3% 1 0.3% 1 0.4%
PULMONARY DISEASE PATTERN 1 0.3% 1 0.4% 1 0.4%
LEFT ANTERIOR HEMI-BLOCK - 2 0.8% -
MYOCZRDIAL INFARCTION - 2 0.8% -
POOR R WAVE PROGRESSICN - 1 0.3% 1 0.4%
ST SEGMENT ELEVATION - 1 0.4% 1 0.4%
PACEMARER REHYTHM 1 0.4% - 1 0.4%
PERSISTENT PRECORDIAL S WAVES 1 0.4% 1 0.4% -
ATRICVENTRICULAR BLOCK COMFLEIE - 1 0.4% -
ATRICVENTRICULAR BLOCK SECOND DEGREE - - 1 0.4%
MOBITZ I
JUNCTIONAL TACHYCARDIA - - 1 0.4%
LATE R/3 TRANSITION - - 1 0.4%
NODAL RHYTHM - 1 0.4% -
NON SPECIFIC T WAVE ABNORMALITIES - 1 0.4% -
SINOATRIAL BLOCK - - 1 0.4%
SUPRAVENTRICULAR TACHYCARDIA - - 1 0.4%
EARLY R/S TRANSITION 2 0.8% - -
DIGITALIS EFFECT 1 0.4% - -
HIGH VOLTAGE 1 0.4% - -
INCOMPLETE LEFT BUNDLE BRANCH BLOCK 1 0.4% - -

Note: only new ECG findings cbserved up to 2% calendar days after study treatment end are included.
Table ECES_T - Produced by (b)) on OTMAY12 - Data dump of 2€APR12

(Page 1/1)

The incidence rates of these reported events are similar regardless of treatment groups.
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