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Pulmonary hypertension (PH) in sickle cell disease (SCD) is associated with a mortality rate of eprocuctiontintanyimedinmpreyicediuielonizing

37%. There is an upregulation of adhesion molecules which leads to the expression of endothelin-1,
a potent vasoconstrictor. A prospective, descriptive study was done to determine the safety and
efficacy of macitentan in patients with SCD and PH. Continuous variables were reported as mean *
SEM or percentage where appropriate. We screened 13 patients and recruited five. All five patients
were adults. Data were analyzed as appropriate by student ¢t - test. Statistical significance was
assumed at p < 0.05. Baseline pulmonary hemodynamics obtained by right heart catheterization
and systemic hemodynamics were (+ SEM): mean pulmonary artery pressure (MPAP) 32 + 8 mmHg,
right atrial pressure (RAP) 9 + 4 mmHg, pulmonary vascular resistance (PVR) 257 dynes-sec/cm®
and CI 3-7 + 0.39 1/m? Of all parameters, only PVR and 6-min walk distance changed significantly.
For the group, MPAP decreased by 15.6%, PVR by 22.5% and RAP by 25.5%. The 6-minute walk
distance increased over sixteen weeks except in Patient 4 who had a 3% decrease. The mean walk
distance increased in the total distance, from 464 + 158 meters to 477 + 190 meters (p .123). In four
patients, the adverse events were mild to moderate and did not lead to study drug discontinuation.
Significant improvement in pulmonary hemodynamics and exercise capacity in patients with SCD-
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related pulmonary arterial hypertension. We found that macitentan was safe and well tolerated.

Introduction

Sickle cell disease (SCD) occurs due to a point mutation at
the sixth position of the beta-globin chain of the hemoglobin
resulting in the substitution of valine for glutamic acid and
synthesis of a structurally abnormal hemoglobin (HbS); this
change allows HbS to polymerize when deoxygenated and
is responsible for the clinical presentation of SCD including
vasoocclusive events and hemolysis [1].

Pulmonary hypertension (PH) is present in approximately
30% of patients with SCD and is associated with a 37%
higher mortality in patients with SCD without PH [2]. There
is a relationship between hemolysis markers and PH whereby
plasma hemoglobin (Hb) scavenges nitric oxide (NO)
leading to acute and chronic pulmonary vasoconstriction
[3]- In addition, this results in the upregulation of adhesion
molecules which leads to the expression of endothelin-1, a
potent vasoconstrictor [3].

Clinically, PH is classified into five groups by the World
Health Organization (WHO). PH associated with chronic
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hemolytic anemia including SCD is included in group 5 [4].
Typical findings in SCD-associated PH are elevated cardiac
output (CO), left heart disease (LHD), thromboembolic
disease, altered blood viscosity, and endothelial dysfunction,
with the latter mainly due to NO depletion by free hemoglobin

[5].

Clinical trials of pulmonary vasodilator medications
in PH of SCD have been problematic. Three randomized
placebo-controlled trials have been undertaken previously.
Two compared treatment with bosentan to placebo in SCD
patients with right heart catheterization (RHC)-defined
elevated pulmonary vascular resistance (PVR) with a normal
pulmonary capillary wedge pressure (PCWP) (the ASSET-1
trial) or pulmonary venous hypertension (PVH) with a PVR 2
100 dynessec/cm® (the ASSET-2 trial) [6].

After the randomization of only 14 subjects in ASSET-1
and 12 patients in ASSET-2, the trials were prematurely
terminated due to slow patient enrollment. Although very few
patients were enrolled, there were no apparent toxicity issues.
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The third trial, Walk-PHaSST (Pulmonary Hypertension and
Sickle Cell Disease with Sildenafil Therapy) [7], compared the
safety and efficacy of sildenafil to placebo in SCD patients with
a TRV = 2:7m/s. After 74 (of a targeted 132) subjects were
enrolled, the study was prematurely discontinued due to an
increase in serious adverse events in the sildenafil group,
primarily hospitalization for pain.

Currently, there is no specific treatment for PH in SCD.
Clinical practice guidelines published by the American
Thoracic Society for the management of PH in SCD suggest
a trial with a prostacyclin agonist or an endothelin receptor
antagonist (ERA) in patients with SCD who have a right heart
catheterization (RHC)-confirmed elevation of pulmonary
vascular resistance (PVR), normal pulmonary artery wedge
pressure (PAWP), and have symptoms attributable to PH [8].
However, the recommendations are weak due to the low level
of evidence [8].

Macitentan is a dual endothelin receptor antagonist (ERA)
that has been approved for the long-term treatment of PH.
Supportive evidence for this has been provided by studies
showing improved pulmonary hemodynamics parameters
after six months of treatment irrespective of WHO functional
class, with a reduction in morbidity and mortality [9]. Those
trials did not include patients with SCD-related PH. Our
prospective study aimed to assess the efficacy and safety
of a 4-month treatment with macitentan in SCD patients
with PH. Relevant outcomes were pulmonary and systemic
hemodynamics, exercise capacity, functional class, and quality
of life.

Objectives

We aim to describe the effect of endothelin receptor
antagonist (macitentan) in patients with pre-capillary
pulmonary hypertension due to underlying SCD.

Methods
Study design

Approval for this study was obtained from the Institutional
Review Board of the University of Miami, number 20170114.
A prospective, descriptive study was done to determine the
safety and efficacy of macitentan in patients with SCD and
PH followed at the University of Miami Hospital and Jackson
Memorial Hospital from March 1, 2018, to February 28, 2020.
Subjects were screened with echocardiographic determination
of tricuspid regurgitant jet velocity (TRV) > 3 m/sec or right
ventricular systolic pressure (RVSP) > 40 mmHg. Before
initiating therapy and follow-up at weeks 4, 8, 12, and 16 were
completed, datacollectedincluded echocardiographicimaging,
hemodynamics obtained at right heart catheterization, 6-min
walk test (6MWT), laboratory analysis, physical examination,
Borg dyspnea scores, World Health Organization (WHO)
Functional Class (FC), and Short Form 36 Health Survey
Questionnaire (SF-36). Baseline laboratory analysis included
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complete blood count, chemistries, lactate dehydrogenase
(LDH), NT-proBNP (N-terminal pro-brain natriuretic peptide),
and pregnancy tests for female patients. Additionally, right
heart catheterization was repeated at week 16 to determine
the change in pulmonary hemodynamics.

Study patients

We screened 13 patients and recruited five. All
five patients were adults. Their baseline demographic,
echocardiographic, and blood test data are shown in Table
1. Their hemoglobinopathy type was determined by Hb
electrophoresis. All were in a stable phase of their disease
at the time of evaluation. They provided written informed
consent. They were selected based on a suspicion of PH by
echocardiography within the last six months and WHO FC
Class II or III symptoms. The diagnosis of PH was established
by RHC; inclusion criteria were a mean pulmonary artery
mean pressure mPAP) > 25 mmHg, pulmonary arterial wedge
pressure (PAWP) < 15 mmHg, and PVR > 160 dynes-sec/cm°®
or 2 wood units.

Exclusion criteria

Criteria for exclusion from this study included: 1)
pregnancy; 2) stroke within six weeks; 3) pulmonary
embolism (PE) within the last three months; 4) a positive
Human Immunodeficiency Virus (HIV) test; 5) serum alanine
aminotransferase (ALT) level greater than or equal to 2 x
upper normal limit; 6) positive Hepatitis B surface antigen or
Hepatitis C antibody; 7) serum creatinine greater than or equal
to 2-5 mg/dL (or calculated creatinine clearance less than or
equal to 30mL/min); 8) hospitalization within the prior four
weeks for a vasoocclusive crisis or acute chest syndrome;
9) evidence of left ventricular dysfunction (left ventricular
ejection fraction < 50% or significant diastolic dysfunction);
10) significantischemic, valvular or constrictive heart disease.

Follow-up

We performed prospective follow-up evaluations with
scheduled appointments at weeks 4,8, 12, and 16 with an
assessment of laboratory analysis, 6MWT, Borg Dyspnea
scale, SF-36 questionnaire, and functional class.

The intensity of adverse events was graded on a mild,
moderate, and severe three-pointscale. Mild may be noticeable
to the subject but does not influence daily activities and
usually does not require intervention. Moderate may make
the subject uncomfortable, the performance of daily activity
may be influenced, and intervention may be needed. Severe
may cause noticeable discomfort and usually interfere with
daily activities, and the subject may not be able to continue
in the study, and treatment or intervention is usually needed.

Statistical analyses

All statistical analyses were performed using SPSS v26-0
(SPSS, Inc., Chicago, IL). Continuous variables were reported
as mean * SEM or percentage where appropriate. Data
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were analyzed as appropriate by student t-test. Statistical
significance was assumed at p <0.05.

Results

Baseline characteristics

The baseline characteristics of all five patients are shown
in Table 1. Baseline pulmonary hemodynamics obtained
by right heart catheterization and systemic hemodynamics
are shown in Table 2. The mean (* SEM) right heart
catheterization values were mean pulmonary artery pressure
(MPAP) 32 + 8 mmHg, right atrial pressure (RAP) 9 + 4 mmHg,
pulmonary vascular resistance (PVR) 257 dynes-sec/cm® and
CI 3.7 £ 0.39 1/m? The sickle cell phenotype was hemoglobin
SS disease (HbSS) in four patients, and sickle hemoglobin C
disease (HbSC) in one. Sixty percent of the patients were male,
and forty percent were female. The average age was 42.6 yr.
Four patients were vasodilatory therapy naive. Patient 3 was
receiving sildenafil before starting the study. Four patients
were receiving hydroxyurea as SCD-specific therapy. The
mean baseline serum creatinine was 1.01 mg/dl (* 0.29). The
mean RVSP by echocardiography was 51 mmHg (* 6).

Effects of macitentan

These are shown in Table 3 and Figure 1. Of all parameters,
only PVR and 6-min walk distance changed significantly. For

5,

the group, MPAP decreased by 15.6%, PVR by 22.5% and RAP
by 25.5%. The 6-minute walk distance increased over sixteen
weeks except in Patient 4 who had a 3% decrease. The mean
walk distance increased in the total distance, from 464 + 158
meters to 477 + 190 meters (p =-123). The effect of macitentan
on functional class classification and Borg Dyspnea scale was
variable, details are in Table 3.

Change in hemodynamics and exercise capacity

W Pre-therapy

500.00 M Post-therapy

400.00

300.00

Mean

200.00
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0.00

PVR MPAP 6MWD
Change after 16 weeks of therapy

Figure 1: Hemodynamic changes measured by right heart catheterizations after
completing 16 weeks of treatment. Pulmonary Vascular Resistance (PVR) decreased
by 22.5%, mean pulmonary after pressure (MPAP) decreased by 15.6%, and exercise
capacity measured by six-minute walk distance (6MWD) increased by 2.8%.

Table 1: Characteristics of patients at baseline.

Patient N°
Characteristics 2 3 4
Gender Female Male Female
Age (years) 38 42 50 54 29
BMI (kg/m? 222 30.3 15.7 20.1 19.4
SCD type HbSS HbSC HbSS HbSS HbSS
RVSP (mmHg) 30 48.2 54 59 64
6 MWT (m) 362.2 271.2 173.7 304.7 1210
Functional class 11 11 111 11 I
White cell count (103/mm?) 6.9 11.3 6.7 9.9 5.6
Platelet count (10%/mm?) 319 292 215 462 649
Blood urea nitrogen (mg/dl) 9 4 46 25 5
Creatinine (mg/dl) 0.86 0.51 0.94 2.16 0.6
Bilirubin (mg/dl) Total Direct 23 31 21 08 38
0.4 1.2 11 0.2 0.5
Alanine aminotransferase (U/liter) 25 68 121 36 21
Aspartate aminotransferase (U/liter) 16 29 75 21 18
Lactate dehydrogenase (U/liter) 494 1085 744 624 342
NT-proBNP (pg/ml) 38 132.2 646.7 403.9 10.3
Hemoglobin (mg/dl) 11 7.4 9.8 6.1 11
Concomitant therapy Hydroxyurea |Hydroxyurea, furosemide  Deferasirox, Sildenafil, bumetanide Epoetin Hydroxyurea, apixaban

Disease: HbSS: Homozygous Sickle Cell Disease; HbSC: Sickle Hemoglobin C Disease

BMI: Body Mass Index; TRV: Tricuspid Regurgitant Velocity; 6 MWT: Six-Minute Walk Test; NT-proBNP: N-Terminal Prohormone of Brain Natriuretic Peptide; SCD: Sickle Cell

Table 2: Baseline hemodynamic parameters.

Patient MPAP (mmHg) sPAP (mmHg) RAP (mmHg) PVR (dynes-sec/cm®) CO (I/min)  CI (I/m?) PCWP (mmHg) SVR (dynes-sec/cm°®)
1 26 35 7 145 6.59 3.61 14 1080.4
2 38 56 15 304 592 3.2 17 1013.5
3 40 67 11 262 7.59 3.44 15 853
4 28 41 7 170 6.57 4.02 12 1156.8
5 28 49 5 407 412 4.3 11 1629

Capillary Wedge Pressure; SVR: Systemic Vascular Resistance

sPAP: systolic Pulmonary Artery Pressure; MPAP: Mean Pulmonary Artery Pressure; PVR: Pulmonary Vascular Resistance; CO: Cardiac Output; CI: Cardiac Index; PCWP: Pulmonary
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Table 3: Effect of macitentan on hemodynamics, exercise capacity, and functional class.

MPAP (mmHg) RAP (mmHg) PVR (dynes-sec/cm®) CI (1/m?) 6 MWD (m)
N° Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
1 26 14 7 1 145 75 3.61 3.49 362.6 393.1 Il II
2 38 31 15 13 304 158 3.2 3.41 271.2 278.9 II II
3 40 27 11 13 262 219 3.44 4.18 173.7 188.9 111 II
4 28 22 7 22 170 153 4.02 2.55 304.7 295.7 11 II
5 28 41 5 8 407 391 43 4.3 1210 1230 111 11
Mean (SEM) | 32 (+2.8) 27 (+4.5) 9(*x4) 11 (x7.7) | 257 (x47) 199 (+ 53) 3.7(+0.19) 3.5(+x0.31) 464 (+188) @ 477 (+190)
p - value .347 .534 .072 744 123 272
MPAP: Mean Pulmonary Artery Pressure; RAP: Right Atrial Pressure; PVR: Pulmonary Vascular Resistance; CI: Cardiac Index; 6MWD: Six-Minute Walk Distance; FC: Functional
Class; SEM: Standard Error of the Mean; N°: Patient Number

Furthermore, we found improvement in the median NT-
proBNP by 71.3%, with specific improvement in patients
1, 3, and 4. Serum LDH level decreased by 7.1%. There was
no significant increase in aspartate aminotransferase from
baseline 59.25 U/L (+ 18.63) to 61.25 U/L (+ 9.6) and alanine
aminotransferase from 32.5 U/L (+ 10.5) to 28 U/L ( 8.6).

Adverse events while on therapy with 10 mg of macitentan
occurred in all five patients (Table 4). In four patients, the
adverse events were mild to moderate and did not lead to
study drug discontinuation. Therapy was discontinued in one
patient due to worsening anemia (serious event), although it
was uncertain whether this was attributable to the study dug.

Disease progression

During the 16-week study period; during this period,
none of the patients required hospitalization for PAH or the
addition of a prostanoid (Table 5). No patient underwent lung
transplantation and there were no deaths. In the one patient
who was already on chronic oxygen therapy when entering
the study, oxygen requirements did not increase.

Discussion

In this prospective study, 4-month monotherapy with
macitentan, an ERA receptor blocker, significantly improved
pulmonary hemodynamics and exercise capacity in patients
with SCD-related pulmonary arterial hypertension. We found
that macitentan was safe and well tolerated. Four patients
developed mild to moderate adverse events that did not lead
to withdrawal of macitentan. Only one patient had a severe
adverse event that required discontinuation of therapy due
to worsening anemia. The pattern of adverse events in our
patients with SCD was similar to what was reported in the
SERAPHIN study involving patients with PH due to a variety
of other causes [10]

Previous studies have demonstrated that patients with
SCD in steady state have elevated levels of ET-1 when
compared to healthy individuals [11], although it remains
unspecified what percentage of these patients have PH. ET-1
induces vasoconstriction, inflammation, fibrosis, and cellular
proliferation when it binds to its receptors ET-A and ET-B.

https://doi.org/10.29328/journal.jprr.1001055

Table 4: Adverse events per patient.

Patient N° Adverse event
1 Headache and skin rash
2 Lower extremity edema, skin rash, dyspnea and nasopharyngitis
3 Headache, dyspnea, and epistaxis
4 Lower extremity edema, dyspnea, nasopharyngitis, and decreased
Hemoglobin
5 Dyspnea
Adverse event from week 0 to week 16 of follow-up

Table 5: Adverse events on therapy and disease progression.

Adverse events Disease progression

Number of patients Number of
(%) patients
Headache 2 (40%) Need for lung 0
Nasopharyngitis 2 (40%) transplantation
Decrease Hb 1(20% Hospitalization for PH 0
Epistaxis 1 (20%) Initiation of IV/SC 0
Dyspnea 3 (60%) prostanoids
Lowel;g);:;mities 2 (40%) Chronic oxygen therapy 1(20%)
Skin rash 2 (40%) Death 0
PH: Pulmonary Hypertension; IV: Intravenous; SC: Subcutaneous; SOB: Shortness of Breath

Blood levels of ET-1 are elevated in patients with SCD suffering
from a vasoocclusive crisis and PH [11]. Several cytokines
can activate the Gardos channel in human erythrocytes;
when ET-1 binds to ET-B, it activates the membrane Gardos
channels, which causes dehydration of the RBCs and increases
hemolysis [12]. Our data suggest that macitentan may benefit
from reducing vasoocclusive crisis, considering that none of
the patients had events during the study period.

The prevalence of PH in hemolytic anemia is variable; in
SCD (HbSS), 30% - 40% of patients have evidence of elevated
pulmonary artery pressures, being PH recognized as a major
source of morbidity and mortality [13]. In the PUSH study,
elevated tricuspid regurgitant jet velocity values of =2 2.7 m/
second, or more than two standard deviations (SD) above the
mean, were significantly associated with death, observed in
20% of patients who died and 4.6% of those who survived
[14]. However, other studies found the cutoff higher tricuspid
regurgitant jet velocity > 3 m/second [15] in concordance
with our study cutoff for screening.

The results of our prospective study are similar to those of a
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retrospective case series that showed the safety and efficacy of
ET receptor blockade in SCD-associated PH, with a significant
improvement in the 6-minute walk distance and a decrease in
MPAP in the three patients that underwent repeat RHC [14].
While those authors observed a trend toward decreasing NT-
proBNP and LDH serum levels during macitentan therapy, we
failed to show consistent changes in these parameters.

Although our study population was small, the findings are
meaningful as improvements in pulmonary hemodynamics
and exercise capacity were seen in all patients. Changes in the
6-minute walk test are considered independent predictors
of mortality [16]. Another strength of our study was the
use of repeat RHC in all patients for a reliable assessment
of pulmonary hemodynamics. Similarly, one of our patients
(20%) was on dual PAH therapy with phosphodiesterase five
inhibitors compared to 43% of their population.

There are no previous data on the use of macitentan in
SCD-associated PH. The study by Minniti, et al. [17] used either
bosentan or ambrisentan. The ASSET trial, the largest trial to
the date of ERA use in SCD-associated PH, used bosentan but
had to be stopped early due to withdrawal of support by the
sponsor. Compared to bosentan and ambrisentan, macitentan
exhibits higher antagonistic potency and longer duration of
action, due to the longer half-life of its active metabolite and
slower receptor dissociation kinetics [18].

Conclusion

Our study was not randomized and placebo-controlled.
However, improved pulmonary hemodynamics and exercise
capacity were consistently seen in all patients. In addition,
macitentan had a good safety profile in this population. Our
observation could serve as the basis for a larger placebo-
controlled study.
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