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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 I 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-III; 60% on background PDE5 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 PDE5 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       

PDE5 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 PDE5 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 

PDE5 inhibitor N Mean STD Median N Mean STD Median 

None 95 -12.2 122.4 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 17.5 

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 PDE5 inhibitor. 

In addition, there are at least favorable trends on functional class and hospitalization. 

Deaths were similar across groups1. 

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 I 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. 

                                                 
1 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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-#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. I 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 6MWD, 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 I) 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: 
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MODE OF ACTION 
 
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. 

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 
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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.  
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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 symptoms.   

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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Patients aged 12 years or over were enrolled if diagnosed with WHO FC II–IV 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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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 6MWD 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 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), 
o oral phosphodiesterase inhibitors (e.g., sildenafil), 
o 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 event2.   
 

 
 
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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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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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 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) 
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 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. 
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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 
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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. 

 
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. 
 

 
 
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 × 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 × ULN) 
and ALT (1.6 × ULN) 11 days after EOT, with a macitentan 30 mg loading dose followed by 10 
mg o.d. for 3 days.  
c) In study AC-055-107, one subject had increases in AST (1.6 × ULN), ALT (4.0 × ULN) and 
GGT (2.7 × 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 × ULN), AST (7.3 × ULN) and GGT (3.3 × ULN) at EOS from 
baseline elevated levels of 4.1 × ULN, 3.9 × ULN and 1.9 × 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.  

 

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

 

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

 

The table below shows the exposure of the Pool 1 group. 
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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. 

 

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. 
 

 

The table below shows the demographic data for the large, placebo controlled study AC-055-302. 
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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. 
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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/III; 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 
drug during study 

7 10 15 

 
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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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. 
  

 

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). 
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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 × 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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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. 
 

 
 
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. 
 

  
 
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. 
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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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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 MI, 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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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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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. 

 

 
Hematology 
-anemia: 2%, 7%, 11%, 2% macitentan < 3 mg, macitentan 3 mg, macitentan 10 mg and 
placebo, respectively 
 
Infection 
(All) Respiratory infections3: 2%, 46%, 45%, 39% for macitentan < 3 mg, macitentan 3 mg, 
macitentan 10 mg and placebo, respectively; 

                                                           
3 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 

N=423 
Placebo 
N=370 

Placebo subtracted 
% 

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) 15 (4) 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. 
 

 
 

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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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).  
 

 

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. 
 

 
 
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 × 109/L), one (5601- 10727) from grade 0 (within the normal range) and the 
other (5202-13720) from grade 1 (3.0 × 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. 
 

  
 
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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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 × ULN were reported up to 
the cut-off date of 26 April 26, 2012.  
 
- 3 cases with ALT/AST > 3 × ULN and total bilirubin > 2 × ULN,  
- 3 cases with ALT/AST > 8 × ULN (total bilirubin >2 × ULN) and 
- 3 cases with ALT/AST > 3 × ULN (total bilirubin >2 × ULN). 
 
After the cut-off date of 26 April 26, 2012, three additional cases of ALT/AST > 3 × ULN with 
total bilirubin < 2 × 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. 
 

Reference ID: 3329555



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

62 
 

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. 
 

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

 
 
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. 
 

  
 
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. 
 

 
 
Heart rate 
There is no evidence that macitentan has an effect on heart rate. 
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Body weight 
There is no evidence that macitentan has an effect on body weight. 
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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.  
 

 
 
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.  

 

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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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. 
 

  
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. 

 

 
 

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

 
 

Reference ID: 3329555



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

73 
 

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. 
 

 
 
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. 
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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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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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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 
anemia4 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. 
 

 
 
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. 
 

 
 
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 

dose 
Highest LFTs comments 

Seraphin open label    
9001-11105 10 mg AST 5.5x ULN, ALT 

8xULN. TBIL value 
unknown. 

Hx travel to Cuba. Dx 
cholecystitis and 
cholelithiasis 

3603-11727 10 mg ALT 7.2xULN, AST 
5.2xULN, Tbil 3.4xULN, 
AP 5.2xULN 

Cholelithiasis. Study 
drug discontinued. 
Tests normalized after 
stone removal 

5601-12097 10 mg ALT 8.5xULN, AST 
5.5xULN, AP 4.8x ULN, 
TBIL 1.9xULN 

Gout with allopurinol 
Rx. Study drug 
discontinued 

5306-11856 10 mg AST 3.4 ULN, TBIL 2.0x 
ULN 

Worsening PAH. 
Study drug 
discontinued 

3812-11969 10 mg ALT 5.1xULN, AST 7.0x 
ULN, AP 1.2xULN, TBIL 
1.6xULN. 

Reported atrial fib Rx 
amiodarone. Study 
drug discontinued 

4101-12083 10 mg ALT 2.5xULN, AST 3.6x 
ULN, AP 0.5xULN, and 
TBIL 0.8xULN. 

Resolved without 
drug discontinuation 

5307-13097 10 mg ALT 7.2 × ULN, AST 
7.3x ULN, AP 1.2x ULN, 
TBIL 1.5x ULN. 

Reported TB. 
Resolved without 
drug discontinuation 

6001-10968 10 mg ALT 4.1xULN, AST 4.7x 
ULN, AP 0.6xULN, and 

Worsening PAH. 
Resolved while 
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TBIL 2.6xULN remaining on drug. 
6001-12963 10 mg ALT 4.4xULN, AST 3.7x 

ULN, AP 0.9xULN,  
TBIL 0.5xULN 

Increased alcohol 
intake. Drug 
discontinued and lab 
tests improved. 

Digital ulcers    
3201-41015 Blinded 

(macitentan 
3mg, 10 mg, 
placebo) 

ALT 4.5xULN,  AST 3.7x 
ULN, AP 1.3xULN 

ALT above normal at 
baseline, history of 
gallstones 

3400-41243 Blinded 
(macitentan 
3mg, 10 mg, 
placebo) 

ALT 6.2xULN, AST 3.5x 
ULN 

Enzymes improved 
after discontinuation 
of study medication 
and methotrexate 

9006-42521 Blinded 
(macitentan 
3mg, 10 mg, 
placebo) 

ALT 4.6 xULN, AST 2.5x 
ULN, AP 2.4xULN. TBIL 
UNL 

Values fell after temp 
dc. Re-challenge was 
negative 

2100-80643 10 mg ALT 44.4xULN, AST 32.5x 
ULN, AP 1.3xULN, TBIL 
1.5xULN 

Discontinued 
acetaminophen, 
mycophenolate 
mofetil, macitentan 

3801-81322 Blinded 
(macitentan 
3mg, 10 mg, 
placebo) 

ALT 8.4xULN, AST 4.4x 
ULN. APx1.6 ULN, TBIL 
UNL 
 

Permanently 
discontinued. Dx 
chronic cholecystitis 

5002-41883 placebo ALT 4.5xULN, AST 
unknown APx1.1 ULN, 
TBIL UNL 
 

Permanently 
discontinued placebo. 
Concomitant 
acetaminophen  

8405-82687 Blinded 
(macitentan 
3mg, 10 mg, 
placebo) 

ALT 5.6xULN, AST 
1.6xUNL, AP and TBIL 
UNL 
 

Permanently 
discontinued. Taking 
methotrexate 

 

 
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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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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Attachment A 

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

 

Study number/title number of 
subjects/dose/study 
design 

Number of 
deaths/serious 

adverse 
events 

comments 

AC-055-101 
Investigation of the 
PK, PD, safety and 
tolerability of 
macitentan in male 
subjects. 
 

56 healthy subjects 
Single oral dose 
Macitentan 
(6 subjects/group): 
0.2, 1, 5, 25, 100, 
300, 600 mg 
Placebo 
(2 subjects/group) 
Single ascending 
dose, placebo 
controlled, 
double-blind 

0/0 MTD deemed to be 300 
mg. Headache was the 
most often reported 
adverse event. QTc 
increase was reported with 
higher doses. 

AC-055-102 
Investigation of the 
PK, PD, safety and 
tolerability of 
macitentan in male 
subjects. 
 

32 healthy subjects 
Once daily oral 
dose for 10 days 
Macitentan 
(6 subjects/group): 
1, 3, 10, 30 mg 
Placebo 
(2 subjects/group) 
Multiple 
ascending dose, 
placebo controlled, 
double-blind 

0/0 Headache was the most 
often reported adverse 
event. 

A trend for increased levels 
of  ASAT and ALAT was 
observed in the groups treated 
with 10 and 30 mg ACT-
064992, which was mainly 
caused by four subjects. 
When compared to 
baseline, three subjects in the 
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 
Investigation of the 
effect of food on the 
PK of macitentan in 
male subjects. Safety 
and tolerability. 
 

10 healthy subjects 
Single oral dose 
on two occasions 
Macitentan 10 mg 
Single dose (once 
in fed state and 
once in fasted state), 
2-way cross-over, 
uncontrolled, 
open-label 

0/0  

AC-055-104 
Investigation of the 
mass balance, 
pharmacokinetics, 
metabolism and safety 
in healthy male 
subjects. 
 

6 healthy subjects 
Single oral dose 14C-
Macitentan 10 mg 
Open-label, 
uncontrolled 

0/0  

AC-055-105 
Investigation of the 
effect of macitentan 
on 
the PK and PD of 
warfarin in healthy 
male subjects. Safety 
and tolerability. 
14 healthy subjects  
 

Treatment A: 
Once daily oral 
macitentan for 
8 days. 
Single dose of 
oral warfarin. 
Treatment B: 
Single oral 
warfarin dose. 
Treatment A: 
Macitentan 30 mg 

0/0  
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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 

Reference ID: 3329555



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

86 
 

effect of ketoconazole 
on the PK of 
macitentan 
in healthy male 
subjects. Safety and 
tolerability. 
11 healthy subjects  
 

macitentan 
dose. 
Treatment B: 
Once daily oral 
ketoconazole 
for 24 days. 
Concomitant 
single oral 
macitentan. 
Treatment A: 
Macitentan 10 mg. 
Treatment B: 
Ketoconazole 
400 mg (Days 1–24). 
Macitentan 10 mg 
(Day 5). 
Open-label, 
2-period 
crossover 

1dropout on the morning of Day 3 
of ketoconazole 
treatment abdominal 
pain of moderate 
intensity which was  
diagnosed as 
appendicitis. 
 
Subject 12 discontinued 
study drug treatment due 
to a clinically significant 
increase in AST, ALT, 
and GGT.  The subject 
received 400 mg 
ketoconazole daily for 
18 days and received 
concomitantly 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 
Biocomparison of 
tablet and  
formulations of 
macitentan in healthy 
male subjects. Safety 
and tolerability. 
12 healthy subjects  
 

Treatment A: 
Single oral 
macitentan 
dose. 
Treatment B: 
Single oral 
macitentan 
dose. 
Treatment A: 
Macitentan 10 mg 

0/0  
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tablet. 
Treatment B: 
Macitentan 10 mg 

. 
Open-label, 
2-way crossover 

AC-055-109 
Investigation of the 
PK, safety and 
tolerability of 
macitentan in healthy 
Japanese and 
Caucasian subjects 
10 healthy Japanese 
subjects (5 male, 5 
female). 
 

10 healthy 
Caucasian subjects 
(5 male, 5 female). 
Single oral 
macitentan dose 
Macitentan 10 mg 
Open-label, 
parallel group 

0/0  

AC-055-110 
Investigation of the 
PK, safety and 
tolerability 
of macitentan in 
subjects with mild, 
moderate, or severe 
hepatic impairment 
due to liver cirrhosis. 
 

32 subjects 
(20 male, 
12 female) 
8 patients with mild 
hepatic impairment, 
8 patients with 
moderate hepatic 
impairment, 
8 patients with 
severe hepatic 
impairment, 
8 healthy subjects 
Single oral 
macitentan dose 
Macitentan 10 mg 
Open-label, 
parallel group 

0/0  

AC-055-111 
Investigation of the 
effects of  
cyclosporine 
and rifampicin on the 
PK of macitentan in 
healthy male subjects. 
Safety and tolerability 
 

20 healthy subjects 
(10 subjects in 
Part A, 10 subjects 
in Part B). 
Part A: 
Once daily oral 
macitentan for 
17 days. 
Cyclosporine 
b.i.d. for 
11 days 
(Days 6–17) 
Part B: 
Once daily oral 

0/0  
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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, 
1-sequence 
crossover 
 

AC-055-112 
[D-10.538] 
Investigation of the 
PK 
in patients with 
impaired renal 
function. 
Safety and 
tolerability. 
 

8 patients with 
severe renal 
impairment, 8 
healthy subjects 
Single oral 
macitentan dose 
Macitentan 10 mg 
Open-label, 

0/0  

AC-055-113 
Investigation of the 
effect of macitentan 
on 
spermatogenesis, 
sperm quality and 
serum hormone 
concentrations of the 
hypothalamus 
pituitary-adrenal and 
gonadal axes. PK, 
safety and tolerability. 
 

84 healthy subjects 
Once daily oral 
macitentan or placebo 
for 12 weeks. 
Macitentan 10 mg 
tablet.  
Double-blind, 
Placebo controlled, 
parallel group 

0/1 (upper limb 
fracture/ 
clavicle fracture 
in 1 placebo 
subject)  
 

There was an error in 
treatment allocation so 
the number of subjects 
who received macitentan 
10 mg or placebo for 12 
weeks was much smaller 
than planned (14 and 11 
subjects, respectively, 
rather than 42 per group 
as planned), and the 
study no longer had any 
reasonable power for 
testing the null 

Reference ID: 3329555



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

89 
 

hypothesis. 

AC-055-114 
Investigation of the 
effect of repeated 
daily doses of 10 mg 
and 30 mg macitentan 
on the QT/QTc 
interval in healthy 
male and female 
subjects 
 

64 healthy subjects 
(26 male and 38 
female) 
Once daily oral 
macitentan or 
placebo for 
8 days. 
Treatment A: 
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. 
 

0/0  

AC-055-115a,b Safety 
and tolerability 
of macitentan in 
combination with 
dose-dense 
temozolomide in 
patients with recurrent 
glioblastoma. Efficacy 
and PK. 
 

Up to 48 patients 
planned. 
28 days 
(Period 1) + 
11 months 
(Period 2). 
Macitentan 
(3–6 subjects/group): 
30, 60, 90 mg or 
higher in 30 mg dose 
increment (up to 
5 levels anticipated). 
Open-label, 
uncontrolled. 

 ongoing 

AC-055-116a 
Investigation of the 
PK, 
PD, safety and 
tolerability of 
macitentan in male 
Japanese subjects. 
 

16 healthy subjects. 
Once daily oral 
dose for 10 days. 
Macitentan 
(6 subjects/group): 
3, 10 mg Placebo 
(2 subjects/group). 
Multiple ascending 

 ongoing 
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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 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. 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 
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Exclusion criteria 
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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 6MWD 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 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), 
o oral phosphodiesterase inhibitors (e.g., sildenafil), 
o 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): 

 
 
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 6MWD 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 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 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 6MWD 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 6MWD > 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 randomization1 
- 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. 
 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 6MWD 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 25th percentile of the ordered distribution of 
available 6MWD values in the same analysis set. The available values were taken from 
Month 6 for the patients with 6MWD 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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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. 
 

  
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. 
 

 
 
- 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 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%)5. 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. 

                                                           
5 Endothelin receptor antagonists were prohibited as were IV or SQ prostanoids. 
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The groups were fairly well balanced regarding hemodynamics.   
 
 
Disposition of patients 
The figure below shows the disposition of patients. 
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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: 
 Death or onset of a treatment-emergent adverse event 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 or subcutaneous prostanoids (e.g., epoprostenol, treprostinil) or 
hospitalization for initiation of intravenous or subcutaneous 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 6MWD from baseline, confirmed by two 6-minute walk tests, 
performed on separate days, within 2 weeks of each other. 
AND 
 Worsening of PAH symptoms that included at least one of the following: 

• Increase in WHO FC, or no change in patients in WHO FC IV at baseline 
• 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: 

• Oral or inhaled prostanoids (e.g., iloprost) 
• Oral phosphodiesterase inhibitors (e.g., sildenafil) 
• Endothelin receptor antagonists (e.g., bosentan, ambrisentan) only after discontinuation 

of the study treatment 
• 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 event6.   

                                                           
6 The numbers of unconfirmed events were 20 for placebo, 16 for macitentan 3 mg and 9 for macitentan 10 mg. 
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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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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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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 6MWD 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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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 6MWD 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. 
 

 
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. 
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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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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 

N=249 
Macitentan10 mg 

N=242 
Macitentan minus 

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) were17.6% 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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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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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 

N=249 
Macitentan 3mg 

N=250 
Macitentan10 mg 

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 
infection  

3.6 3.6 6.2 

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 

N=249 
Macitentan 3mg 

N=250 
Macitentan10 mg 

N=242 
PAH 34.9 30.0 21.9 
Right ventricular 
failure 

22.5 14.8 13.2 

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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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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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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The table below shows the reported serious adverse events (EOT plus 28 days after treatment 
discontinuation) by frequency.  
 

 
 
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. 
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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: 

• 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.  

• 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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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 0.1 ± 1.67 g/dL. (baseline hemoglobin values were 
similar). 
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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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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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Chemistry 
 
Liver tests 
 
The table below shows the incidence rates of markedly abnormal liver function tests. 

 
 
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. 
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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. 
 

 
 
 

  
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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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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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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