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Background: Pulmonary hypertension patients experienced a high financial burden due to 
the high cost of drug therapy, high incidence of comorbidities and hospitalizations. 
Endothelin receptor antagonists (ERAs) in PAH treatment showed a high cost. While 
ambrisentan has been covered by medical insurance of a local government of China, there 
has been a drug transition from bosentan to ambrisentan in treating PAH patients. We 
evaluated the safety, efficacy and tolerability of ambrisentan after drug transition.
Methods: Liver and renal functions were inspected at baseline, month 1, 3 and 6. NT- 
proBNP, echocardiographic variables, WHO functional class (WHO-FC), 6-minute walking 
distance (6MWD) were measured in the baseline and month 6 to evaluate the safety and 
efficacy. Quality of life (QOL) scale was used in the baseline and month 6 to investigate the 
tolerability and quality of life of PAH patients.
Results: Among 224 PAH patients, 49 stable PAH patients meet the inclusion criteria were 
enrolled, among which three patients discontinued during the study. Our results showed no 
difference in 6-minute walking distance (6MWD) of PAH patients from baseline and month 
6. The liver and renal function, N-terminal pro-brain natriuretic peptide (NT-proBNP), WHO 
functional class (WHO-FC) showed no difference either. For echocardiography parameters, 
the left ventricular end-diastolic dimension (LVEDD) of month 6 decreased. Other para-
meters were no significant difference from the baseline. There was no difference in the QOL 
scale between baseline and month 6.
Conclusion: Our results suggested that it is safe and tolerable for stable PAH patients to 
transition from bosentan to ambrisentan without influencing hematologic parameters or heart 
function.
Keywords: pulmonary arterial hypertension, ambrisentan, bosentan, endothelin receptor 
antagonist, drug transition

Introduction
Pulmonary arterial hypertension (PAH) is a chronic and devastating disease char-
acterized by progressively increasing pulmonary artery pressure and vascular resis-
tance that results in right heart failure and death. Despite multiple treatment options, 
the prognosis of pulmonary arterial hypertension (PAH) remains poor.1–3

Transition to pulmonary arterial hypertension (PAH)-specific drugs is consid-
ered in patients with PAH who do not respond to a therapeutic pathway or who 
experience side effects to the combination of drugs. Several studies have compared 
the transition of medicines from one pathway to another. However, little is known 
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about the transition between the same category, especially 
in the endothelin receptor antagonists (ERAs).4

Due to the high cost of drug therapy, high incidence of 
comorbidities, hospitalizations, PAH patients experience 
a high financial burden.5 In western countries, most med-
ication therapies were covered by medical insurance. 
However, for the full treatment of PAH, like initial com-
bination therapy and additional optimized therapy for 
patients, whether or not covered by medical insurance, 
are still under debate.

In China, although treatment decisions followed by the 
guidelines, they are also influenced largely by the patients’ 
financial situation.6,7 Although guidelines recommended 
initial combination therapies and there were lots of effective 
drugs such as macitentan and selexipag, most Chinese PAH 
patients tend to continue their monotherapy of ERAs or phos-
phodiesterase type 5 inhibitors (PDE5-i) because of financial 
reason.

Compared with other cardiovascular diseases, PAH 
patients have a lower onset age, heavier financial burden 
and higher mortality. With the development of medical and 
health care organizations in China, people have paid more 
attention to the disease and some local governments are 
now including it in medical insurance coverage.

Bosentan and ambrisentan are ERAs both expensive in 
China. On August 1, 2018, only ambrisentan has been 
added to the list of medical insurance in Hunan province. 
After being reimbursed for about 60–70% by medical 
insurance, monthly out-of-pocket expenses of ambrisentan 
is about US$123-152, while that of bosentan is US$576. 
As a result, there is a need for patients who were taking 
bosentan to transit to ambrisentan. There have been few 
studies on the transition between ERAs, and most of them 
were from bosentan or ambrisentan to macitentan.8–10 

However, the effect of transition from bosentan to ambri-
sentan needs to be investigated, and the present study 
aimed to address this question.

Methods
Trial Design
This prospective, single-center, open-label study was con-
ducted at Second Xiangya Hospital of Central South 
University, Changsha, Hunan Province, China, to assess 
the effects of the transition from bosentan to ambrisentan 
therapy on efficacy, safety and tolerability, and quality of 
life, for 6 months after the transition in patients 
with PAH.

All patients in this study received ambrisentan orally, 
5 mg once daily in the first 4 weeks. After measurements 
of liver and renal function, drug dose was adjusted to 
10 mg, once daily after 4 weeks basing on the physicians’ 
advice and patients’ choice. Concomitant treatment with 
PDE5i and/or prostanoids was permitted. Dose reduction 
was permitted at any time for ambrisentan intolerance. 
Discontinuation was allowed at any point based on the 
physicians’ judgment.

The primary endpoint for efficacy is 6-min walk test. 
Secondary endpoints include WHO-FC, echocardiography 
measurements, aminotransferase level, N-terminal pro- 
brain natriuretic peptide (NT-proBNP), echocardiography, 
electrocardiograph (ECG), and quality of life (QOL) scale.

The study’s protocol and ethics were approved by the 
ethics committee of the Second Xiangya Hospital of 
Central South University and was conducted in accordance 
with the Declaration of Helsinki. All patients who partici-
pated in this program agreed with the protocol and signed 
informed consent before study entry. The trial was regis-
tered at Chinese Clinical Trial Registry, www.chictr.org.cn 
(No. ChiCTR1900025197).

Patients
Patients older than 18 years with idiopathic PAH (IPAH), 
PAH associated with congenital heart disease (CHD-PAH) 
or connective tissue disease (CTD-PAH), and chronic 
thromboembolic pulmonary hypertension (CTEPH) were 
enrolled. Eligibility criteria were defined to enroll stable 
patients whose disease was reasonably well controlled and 
at a mild to moderate risk stratification; World Health 
Organization (WHO) cardiac function class was from II 
to III. All patients must have been receiving bosentan and 
on a stable dose for at least 6 months before study entry. 
Concomitant PAH-specific therapies, including prosta-
noids, sildenafil, tadalafil and riociguat, were allowed if 
patients were already receiving these therapies for more 
than 6 months and were on a stable dose. There were no 
patients with liver or renal dysfunction above 3 times the 
upper limit of normal. The exclusion criteria included the 
following: acute heart failure, need for emergency care, 
high-risk stratification of disease, left heart disease- 
associated pulmonary hypertension, acute or chronic 
infection, any factor that might interfere with treatment 
compliance, or any known concomitant life-threatening 
disease with a life expectancy of below 6 months. 
Patients were screened for eligibility up to 14 days before 
study entry.
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Patient Assessments
Patients were followed up at month 1, 3 and 6. For safety 
measurement, intolerance symptoms and side effects could 
be reported at any time. All patients had blood drawn for 
liver and renal function tests and myocardial enzymes at 
month 1, 3 and 6. If liver or function tests were greater 
than 3 times the upper limit of normal or abnormal myo-
cardial enzyme results, patients would quit the study. 
Efficacy assessments were conducted at baseline and 
month 6, including 6-minute walk distance (6MWD), 
WHO function class, NT-proBNP levels, and echocardio-
graphy. Echocardiographic parameters included the dia-
meter of the atrium, ventricle, pulmonary artery and 
tricuspid annular plane systolic excursion (TAPSE). QOL 
and clinical status were assessed at baseline and month 6 
to obtain the patient’s perception of treatment effective-
ness and convenience and global satisfaction.11

Statistical Analysis
Continuous variables (6MWD and echocardiography para-
meters) were summarized using mean and standard devia-
tion (normal distribution) or quartile (non-normal 
distribution). Normally distributed data were compared 
using the paired Student t-test and non-normal distribution 
variables were compared by the Mann–Whitney U-test. 
Categorical variables (WHO functional class, response to 
QOL, and disease classification) were summarized using 
the number and percentage of patients in each category 
were compared using the chi-square test.

Results
Patient Characteristics
Among 224 PAH who wished to transition, 15 were less 
than 18 years old, 54 were not in a mild to moderate risk 
stratification, 21 had abnormal renal or liver dysfunction. 
In the remaining 134 patients, only 49 patients were 
received and stable on their target therapy plan for more 
than 6 months (Figure 1). These 49 patients were prospec-
tively enrolled from October 2018 to August 2019. 
Patients who met the study entry criteria were switched 
from bosentan to ambrisentan. The demographic and base-
line disease characteristics of the patients are summarized 
in Table 1. The majority of patients (58.7%) were CHD- 
PAH, followed by IPAH and CTD-PAH, at 28.3% and 
10.9%, respectively. All of these patients were in a stable 
state with WHO function classes II and III and a mild to 
moderate risk stratification. Most of these patients were 

receiving combination therapy, in which 63% were receiv-
ing bosentan and sildenafil, 21.7% were receiving bosen-
tan and tadalafil, 4.3% were receiving bosentan and 

224 PAH patients

15 less than 18 years old
54 high risk stratification
21 renal or liver dysfunction

134 PAH patients

85 not on a stable therapy
for more than 6 months

49 patients started the transition

3 quit during transition

46 patients succeed

Figure 1 Flow chart of patient selection.

Table 1 Patient Demographics and Characteristics

Baseline Characteristics

Age (y) 34.4±9.5

Gender, n (%)
Female 33 (71.7)

Male 13 (28.3)

Etiology, n (%)

IPAH 13 (28.3)

CHD-PAH 27 (58.7)
CTD-PAH 5 (10.9)

CTEPH 1 (2.2)

WHO function class, n (%)

II 26 (56.5)

III 20 (43.5)

BMI (kg/m2) 20.31±2.84

Drug therapy, n (%)

Bosentan monotherapy 5 (10.9)
Bosentan and sildenafil 29 (63.0)

Bosentan and tadalafil 10 (21.7)

Bosentan and riociguat 2 (4.3)

Time to take bosentan before transition (months) 12 (10–27)

Abbreviations: IPAH, idiopathic pulmonary artery hypertension; CHD-PAH, con-
genital heart disease-related pulmonary artery hypertension; CTD-PAH, connective 
tissue disease-related pulmonary artery hypertension; CTEPH, chronic throm-
boembolic pulmonary hypertension; BMI, body mass index.
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riociguat. Baseline 6MWD was 416±50 m. Before transi-
tion, all patients were taking bosentan for more than 6 
months. The median duration for taking bosentan of these 
patients was 12 months (from 6 to 83 months).

Failure and Success of Drug Transition
In the first 4 weeks of transition from bosentan, no patient 
had abnormal liver function (indicated by parameters more 
than 3 times of the upper limit of normal). There was also 
no significant dysfunction of myocardial enzymes and 
renal function.

In the following 5 months, three patients failed drug 
transition. One of them was because of side effects; 
another was because of the representation of symptoms. 
The last one was due to clinical deterioration and requiring 
in-hospital initiation of intravenous treprostinil.

For side effect, irregular and prolonged menstruation 
occurred in one female patient despite improvements in 
6MWD, NT-proBNP and echocardiographic parameters of 
RV function. Menstruation irregularities improved after tran-
sitioning back to bosentan. Another patient had chest pain, 
dyspnea and sleeplessness after switching to ambrisentan for 
2 months and felt these symptoms were influencing his daily 
life. Although not changed in 6MWD, NT-proBNP, ECG and 
not showing a worsening in echocardiography parameters, 
this patient decided to quit transition.

Safety and Efficacy
Forty-six out of 49 patients went through the drug transi-
tion. Large amounts of patients had side effects after tak-
ing ERAs. Before conversion to ambrisentan, 60.9% of 
patients taking bosentan had side effects. And, 67.9% of 
them had one to two side effects. The most common 
adverse effects of bosentan were dizziness, headache and 
flushing, accounting for 42.9%, 35.7% and 35.7%, respec-
tively. After the transition, 58.7% of patients had side 
effects. Dizziness (44.4%), headache (37.0%), and palpita-
tion (33.3%) were the most common. Despite a high inci-
dence, most side effects were mild to moderate. Most 
patients assumed those side effects were well tolerated 
and would not influence their work or daily lives. We did 
not observe any substantial differences in the side effects 
profile before or after transition.

There were no significant differences in the function 
class, exercise capacity or echocardiography characteristics 
before and after transition (Table 2). For the assessment of 
exercise capacity, from baseline and month 6, the 6MWD 
remained unchanged, from 416±50 m to 427 

±48 m (Figure 2). For echocardiography parameters, the 
area of right atrium (RA), right ventricle (RV), left atrium 
(LA) and pulmonary artery (PA) width, as well as TAPSE, 
which for the evaluation of RV function, showed no signifi-
cant differences. Left ventricular end-diastolic dimension 
(LVEDD) was increased from 37.65±4.58 to 40.26±5.07 
(P=0.011).

In parameters of heart function, NT-proBNP showed 
no difference between baseline and month 6 after the 

Table 2 Baseline and Follow-Up Data of Exercise Capacity, 
Heart Function and Quality of Life

Baseline Month 6 P

Echocardiography

RA (mm) 40.00 (36.00–46.00) 39.00 (35.00–46.00) 0.592

RV (mm) 42.39±9.78 41.26±9.84 0.582

LA (mm) 30.50 (28.00–33.25) 32.00 (29.00–35.00) 0.207

LVEDD (mm)* 37.65±4.58 40.26±5.07 0.011

PA (mm) 30.00 (27.00–35.00) 29.00 (27.00–33.00) 0.641

TAPSE (mm) 15±3 16±3 0.175

6MWD (m) 416±50 427±48 0.270

NT-proBNP (pg/mL) 427.50 (131.57–953.46) 301.13 (112.21–683.63) 0.223

WHO function 

class, n (%)

0.454

I 0 1 (2.17)

II 26 (56.5) 28 (60.87)

III 20 (43.5) 17 (36.96)

Quality of life scale 83±6 84±7 0.208

Note: *P<0.05. 
Abbreviations: RA, right atrium; RV, right ventricle; LA, left atrium; LVEDD, left 
ventricular end-diastolic dimension; PA, pulmonary artery; TAPSE, tricuspid annular 
plane systolic excursion; 6MWD, 6 minutes walking distance; NT-proBNP, 
N-terminal pro-brain natriuretic peptide.

6M
W
D
(m
)

200

300

400

500

600

Figure 2 6MWD change from baseline to month 6 (n=46). Left of each line was 
6MWD in baseline and the right of each line was 6MWD of the same person in 
month 6. 6MWD: 6-minute walking distance.
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transition, from 427.50 (131.57–953.46) to 301.13 (112.-
21–683.63) (P = 0.223). Besides, for the WHO cardiac 
function class, there was no significance observed between 
baseline (no class I, 56.50% of class II, and 43.50% of 
class III) and month 6 (class I 2.17%, class II 60.87% and 
class III 36.96%) (P = 0.454) (Table 2 and Figure 3).

Satisfaction and Quality of Life
Treatment satisfaction data were collected for 46 patients 
by using the QOL scale and were not available for 3 
patients as they quit in the month 6. QOL questionnaire 
is composed of 6 contents, which are treatment effective-
ness, convenience of use, impact on daily living/activities, 
global satisfaction and side effects.11 The mean ± SD for 
the QOL scale was 83±6 at baseline and 84±7 at month 6 
after the transition of ambrisentan and were no significant 
differences. There were also no differences between the 
items of treatment effectiveness, impact on daily living/ 
activities global satisfaction and side effects. However, 

most of the patients thought it was more convenient for 
taking once daily of ambrisentan (P < 0.001).

Discussion
Several clinical trials have been conducted to optimize 
drug therapies in PAH. Along with the progress in inves-
tigating PAH targeted therapies, the guidelines recom-
mended initial combination therapy and sequential 
combination therapy. However, drug combination and 
transition have generated some issues.12,13 There are sev-
eral underlying reasons for drug transition, such as side 
effects, using convenience, using level of evidence, finan-
cial burden and so on.4 In the drug transition researches to 
date, the majority studied the transition in prostaglandins, 
for the reason of different methods of administration and 
frequency.14–18 For ERAs, it showed sitaxsentan may 
represent a safe and efficacious alternative ERA for 
patients discontinuing bosentan because of liver function 
abnormalities.19 Meanwhile, the evidence found in 
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Figure 3 The number of patients in different WHO function class (WHO-FC) in baseline and month 6.
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patients with liver abnormalities due to bosentan or sitax-
entan, the transition to ambrisentan appears to be safe and 
can result in clinical improvement.20 The other two stu-
dies, as measured by NT-proBNP, echocardiography, 
hemodynamic parameters, as well as side effects, also 
found that switch from sitaxsentan to bosentan or ambri-
sentan was safe and tolerable.21,22 Another prospective 
study has observed only eight patients who transitioned 
to ambrisentan after taking bosentan for 1 year and there 
are no differences between the transition patients and those 
who are still taking ambrisentan.23 This study was the first 
to investigate the safety, efficacy and satisfaction of PAH 
patients in transition from bosentan to ambrisentan and 
was in patients without liver abnormalities. The main 
reason for drug transition is the financial burden of 
patients. Ambrisentan was covered by medical insurance 
of local government, and out-of-pocket costs of ambrisen-
tan are only a quarter of bosentan.

After the transition from bosentan 125 mg twice daily 
to ambrisentan 5 mg once daily in the first 4 weeks, no 
patients had abnormalities in the liver, renal functions or 
cardiac enzymes. After another 5 months, patients taken 
ambrisentan showed a well adaptation of drug transition. 
There were no differences in side effects between the 
baseline and 6 months after drug transition. Overall, 
there were no significant differences in 6MWD, WHO 
function class and echocardiography parameters except 
for LVEDD in patients who completed the transition. As 
these patients were administered bosentan for more than 6 
months, and all patients have maintained the risk stratifi-
cation of a mild to moderate class. There was a decreased 
tendency of NT-proBNP, and improvement for LVEDD, 
which in accordance with the prior study which reported 
the transition from sitasentan to ambrisentan.20

For the majority of patients, 6MWD and WHO func-
tion class and risk stratification remained the same. 
Although not much, there were still some patients who 
deteriorated from FC II to FC III. We considered it might 
relate to the disease progression and it was in accordance 
with other drug transition experiments.17,20,21

As with the results of efficacy and safety, there were no 
differences in satisfaction before and after the drug transi-
tion. Although in the convenience category, patients iden-
tified the convenience of ambrisentan for reduced pill 
burden and frequency of dosing, there was no significant 
difference in the general satisfaction. The reasons for this 
result might relate to the sample size and the worries of the 
drug transition itself.

As for side effects, although most patients experienced 
some side effects, there were no differences in the occur-
rence rate of the side effects before and after the transition. 
When taking bosentan, most of the side effects were dizzi-
ness, headache and flushing. After the transition, the 
majority of the side effects were dizziness, headache and 
palpitation. All patients considered these side effects were 
mild to moderate and would not influence their daily life.

Limitations of this study included the open-label nature 
of the study and the small sample size. In our study, not all 
patients were adjusted to 10 mg daily of ambrisentan after 
4 weeks, which might influence results of efficacy. 
Awareness of the transition might create bias by generat-
ing a perceived improvement from the transition. 
Compared with other transition studies, the lack of RHC 
parameters in this study was not powerful enough for 
efficacy assessment. Our results showed that the transition 
from bosentan to ambrisentan was safe and tolerable. It 
also demonstrated feasibilities for those who have the need 
to change their specific treatment strategies.

In conclusion, there were no significant differences in 
renal or liver function of ambrisentan treatment and might 
have consistency with the exercise capacity. Our results 
suggested that it is safe and tolerable for stable PAH 
patients to transition from bosentan to ambrisentan without 
influencing hematologic parameters or heart function and 
ambrisentan may be a viable treatment option for patients 
with PAH who had to discontinue bosentan due to differ-
ent reasons.

Human subjects/informed consent statement: The 
study’s protocol and ethics were approved by the ethics 
committee of the Second Xiangya Hospital of Central 
South University (No. ChiCTR1900025197) and was 
conducted in accordance with the Declaration of 
Helsinki. All patients who participated in this program 
agreed with the protocol and signed informed consent 
before study entry.
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