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A b s t r a c t

Introduction: Pulmonary arterial hypertension (PAH) is a progressive condition characterized by elevated blood pressure in the 
pulmonary arteries, leading to significant morbidity and mortality. Treprostinil, a synthetic analogue of prostacyclin, has emerged 
as a potential treatment option. 

Aim: The efficacy and safety of oral treprostinil in PAH patients remain subjects of ongoing research.
Methods: Comprehensive literature searches were performed across multiple databases for studies assessing the efficacy and/

or safety of treprostinil in PAH patients. Quality assessment and statistical analysis were performed using the Cochrane Collabora-
tion’s tool and Comprehensive Meta-Analysis software, respectively.

Results: From 680 records identified, four studies met the inclusion criteria. These studies demonstrated that oral treprostinil 
significantly improved exercise capacity as measured by the 6-minute walk distance (6MWD), with a mean difference of 13.13 m 
in favor of treprostinil, despite high heterogeneity. The analysis also showed an increased risk of adverse events leading to discon-
tinuation in the treprostinil group (OR = 4.39) but a protective effect against clinical worsening (OR = 0.554). No significant impact 
on mortality was observed.

Conclusions: Oral treprostinil offers a significant benefit in improving exercise capacity in PAH patients, with a potential role in 
delaying clinical worsening. However, the increased risk of adverse events necessitates careful patient management. These findings 
support the inclusion of oral treprostinil in the treatment strategy for PAH, underscoring the need for further research to optimize 
its use and understand its long-term impact on patient outcomes.

Level of evidence: I.
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Introduction
Pulmonary arterial hypertension (PAH) is a complex 

and progressive condition characterized by the elevation 
of blood pressure within the pulmonary arteries, leading 
to significant morbidity and mortality [1]. This patholog-
ical state poses a substantial challenge in clinical man-
agement due to its multifactorial nature and the wide 
spectrum of underlying causes [2]. The development of 
effective therapeutic strategies is crucial in mitigating 
the progression of the disease and improving patient 
outcomes [3]. Among the various pharmacological inter-
ventions available, treprostinil, a  synthetic analogue of 
prostacyclin, has emerged as a  promising agent in the 
treatment landscape of pulmonary hypertension [4].

In this systematic review and meta-analysis, we aim 
to comprehensively analyze the available literature to 
evaluate the clinical effectiveness of treprostinil in pa-
tients with pulmonary hypertension. Our focus is on 
assessing the impact of treprostinil on key clinical out-
comes, including exercise capacity, adverse events, func-
tional class, and overall survival.

Methods 
Study design
This systematic review and meta-analysis were con-

ducted following the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines. 
We designed the study to evaluate the efficacy and safety 
of treprostinil in the treatment of pulmonary hypertension.
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Search strategy
A  comprehensive literature search was performed 

across several electronic databases, including PubMed, 
Embase, Web of Science, Scopus, and the Cochrane Li-
brary. The search was conducted without language 
restrictions and covered all available literature up to 
January 2024. Keywords and MeSH terms related to “pul-
monary hypertension”, “treprostinil”, and “clinical trials” 
were used. Reference lists of identified articles were also 
manually searched for additional relevant studies.

Inclusion and exclusion criteria
Studies were included if they were randomized con-

trolled trials (RCTs), cohort studies, or case-control stud-
ies evaluating the efficacy and/or safety of treprostinil in 
patients with pulmonary hypertension. Studies were ex-
cluded if they were non-comparative, had a sample size 
of less than 10 patients, or if full-text articles were not 
accessible. Reviews, editorials, and animal studies were 
also excluded.

Data extraction
Two independent reviewers extracted data from the 

included studies. Discrepancies were resolved through 
discussion or consultation with a third reviewer. Extract-
ed data included study characteristics (author, year of 
publication, study design), participant demographics, 
details of treprostinil treatment (dose, route of admin-
istration), comparator details (if any), and outcomes 
(including hemodynamic parameters, exercise capacity, 
functional class, and adverse events).

Quality assessment
The quality of the included studies was assessed us-

ing the Cochrane Collaboration’s tool for assessing the 
risk of bias in randomized trials. Each study was evalu-
ated for selection bias, performance bias, detection bias, 
attrition bias, reporting bias, and other potential sources 
of bias.

Statistical analysis
Meta-analysis was performed using the software 

Comprehensive Meta-Analysis (CMA). The effect size 
for continuous outcomes was expressed as mean differ-
ences or standardized mean differences with 95% con-
fidence intervals (CIs), while for dichotomous data, risk 
ratios or odds ratios with 95% CIs were used. Heteroge-
neity among studies was assessed using the I² statistic. 
A random-effects model was applied in cases of signifi-
cant heterogeneity (I² > 50%), while a fixed-effects model 
was used otherwise. Sensitivity analysis was conducted 
to explore the influence of individual studies on the over-
all results. Publication bias was assessed using funnel 
plots and Egger’s regression test.

Results
Study selection
Our comprehensive search yielded a total of 680 re-

cords. After the removal of 324 duplicates, 356 records 
were screened for eligibility, leading to the retrieval of 
10 full-text articles for detailed assessment. Ultimately, 
four studies were included in our systematic review and 
meta-analysis [5–8]. The PRISMA flow diagram (Figure 1) 
illustrates the study selection process, highlighting the 
rigorous screening and inclusion criteria applied.

Study characteristics
Three studies compared combined treprostinil thera-

py with the patients’ previous treatment against a com-
bined placebo with their previous treatment [5, 7, 8]. The 
remaining study directly compared treprostinil against 
a placebo alone [6]. The characteristics of these studies, 
including patient demographics, baseline disease status, 
previous treatments, and treprostinil dosing regimens, 
are summarized in Table I.

The included studies were conducted across a wide 
range of centers. The patient cohorts were large, with 
sample sizes ranging from 310 to 690. The mean age of 
participants varied from 41.2 years to 50.9 years, with 
a predominance of female patients, accounting for 75% 

Figure 1. PRISMA flow diagram of study selection 
process

PRISMA 2020 flow diagram for new systematic reviews which 
included searches of databases and registers only
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to 82% of the study populations. This demographic 
spread is reflective of the known epidemiology of pulmo-
nary hypertension, which tends to be more prevalent in 
middle-aged females. A significant proportion of patients 
in these studies had been diagnosed with idiopathic pul-
monary arterial hypertension (IPAH), ranging from 63% 
to 74%. Furthermore, the studies included patients with 
advanced disease, as evidenced by a high percentage of 
individuals with a  functional class (FC) greater than III. 
Regarding treatment history, participants had diverse 
backgrounds of previous therapies, including phospho-
diesterase type 5 (PDE5) inhibitors, endothelin receptor 
antagonists (ERA), or both. The duration from diagnosis 
to the initiation of treprostinil treatment varied across 
the studies, from 1 to 3.9 years, with follow-up periods of 
12 to 60 months. The mean treprostinil dosages admin-
istered in the studies ranged from 0.63 mg twice daily to 
3.5 mg three times daily. 

Risk of bias
The risk of bias among the included studies was com-

prehensively assessed and is detailed in Figure 2. Overall, 
the studies demonstrated a  low risk of bias across key 
domains, including selection, performance, detection, at-
trition, and reporting biases.

Outcomes
Exercise capacity

The primary efficacy outcome, exercise capacity, was 
measured by the 6-minute walk distance (6MWD). The 
meta-analysis revealed a mean difference of 13.13 m in 
favor of treprostinil over the control, indicating a signif-
icant improvement in exercise capacity with treprostinil 

treatment (I² = 99%; Figure 3 A). This high degree of het-
erogeneity suggests variability in the effect size across 
studies. However, during sensitivity analysis, where tre-
prostinil monotherapy was excluded, the mean difference 
in 6MWD remained significant at 8.13 m in favor of tre-
prostinil, with heterogeneity dropping to 0% (Figure 3 B).

Safety and tolerability

In terms of safety, the incidence of adverse events 
leading to discontinuation was higher in the treprostinil 
group, with an odds ratio (OR) of 4.39 (I² = 0%; Figure 3 C). 

Clinical worsening

Analysis of the risk of clinical worsening demonstrat-
ed a protective effect of treprostinil, with an OR of 0.554 
in favor of treprostinil (I² = 0%; Figure 3 D). 

Mortality

The occurrence of death did not differ significant-
ly between the treprostinil and control groups, with an  
I² of 0%, indicating no effect of treprostinil on mortality  
(p = 0.93; Figure 3 E).

Publication bias

The evaluation for publication bias across studies as-
sessing 6MWD and other outcomes revealed no signifi-
cant bias (p > 0.05).

Discussion
This systematic review and meta-analysis rigorously 

evaluated the efficacy and safety of oral treprostinil in 
treating PAH, a condition that significantly challenges pa-

Table I. Characteristics of included studies

Study Centers Number  
of patients 

Mean age 
[years]

Female 
percentage

IPAH 
cases

FC > III 
cases

Previous treatments Time since 
diagnosis 

[years]

Follow-up 
[years]

Dose

PDE5 ERA Both

Tapson, 2012 71 350 50.5 0.82 0.66 0.79 0.25 0.3 0.45 3.9 16 0.63 mg/bid

Jing, 2013 70 349 41.2 0.75 0.74 0.65 0 0 0 1 12 3.2 mg/bid

Tapson, 2013 71 310 50.9 0.78 0.65 0.74 0.43 0.17 0.4 2.9 16 3.1 mg/bid

White, 2020 152 690 45.2 0.78 0.63 0.34 0.72 0.28 0 1.5 60 3.5 md/tds

IPAH – idiopathic pulmonary arterial hypertension, FC – functional class, PDE5 – phosphodiesterase type 5 inhibitors, ERA – endothelin receptor antagonists,  
bid – twice a day, tds – three times a day.

Figure 2. Risk of bias assessment
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Figure 3. A – Forest plot of the effect of treprostinil on exercise capacity (6MWD), B – sensitivity analysis forest 
plot for exercise capacity (6MWD) excluding treprostinil monotherapy, C – forest plot of adverse events leading to 
discontinuation, D – forest plot of the risk of clinical worsening, E – mortality rates in treprostinil vs. control groups

A 
Study name 			  Statistics for each study  				    Difference in means and 95% CI  
	 Difference 	 Standard 	 Variance 	Lower 	 Upper 	 Z-value 	P-value
	 in means	 error		  limit	 limit

Tapson, 2012 	 9.700 	 1.637 	 2.680 	 6.491 	 12.909 	 5.925 	 < 0.001�

Jing, 2013 	 26.000 	 0.801 	 0.641 	 24.431 	 27.569 	 32.478 	 < 0.001�

Tapson, 2013 	 8.700 	 1.758 	 3.090 	 5.255 	 12.145 	 4.949 	 < 0.001�
White, 2020 	 8.000 	 0.419 	 0.176 	 7.178 	 8.822 	 19.082 	 < 0.001�

	 13.133 	 5.345 	 28.571 	 2.657 	 23.610 	 2.457 	 0.014 �

	 –30	 –15	 0	 15	 30
		  Favours treprostinil 		 Favours placebo

B 
Study name 			  Statistics for each study  				    Difference in means and 95% CI  
	 Difference 	 Standard 	 Variance 	Lower 	 Upper 	 Z-value 	P-value
	 in means	 error		  limit	 limit

Tapson, 2012 	 9.700 	 1.637 	 2.680 	 6.491 	 12.909 	 5.925 	 < 0.001�
Tapson, 2013 	 8.700 	 1.758 	 3.090 	 5.255 	 12.145 	 4.949 	 < 0.001�

White, 2020 	 8.000 	 0.419 	 0.176 	 7.178 	 8.822 	 19.082 	 < 0.001�

	 8.135 	 0.396 	 0.157 	 7.359 	 8.910 	 20.557 	 < 0.001�

	 –30	 –15	 0	 15	 30
		  Favours treprostinil 		 Favours placebo

C 
Study name 			  Statistics for each study  		  Difference in means and 95% CI  
	 Odds ratio 	Lower limit 	 Upper limit 	 Z-value 	 P-value

Tapson, 2012 	 3.523 	 1.542 	 8.049 	 2.988 	 0.003�

Tapson, 2013 	 4.125 	 1.212 	 14.039 	 2.268 	 0.023�

White, 2020 	 3.445 	 1.243 	 9.542 	 2.379 	 0.017�

	 5.452 	 2.995 	 9.925 	 5.550 	 < 0.001�

	 4.395 	 2.910 	 6.638 	 7.038 	 < 0.001�

	 0.01	 0.1	 1	 10	 100
	         Favours treprostinil 		 Favours placebo

D 
Study name 			  Statistics for each study  		  Difference in means and 95% CI  
	 Odds ratio 	Lower limit 	 Upper limit 	 Z-value 	 P-value

Tapson, 2012 	 0.659 	 0.262 	 1.653 	 –0.889 	 0.374�

Jing, 2013 	 0.271 	 0.115 	 0.639 	 –2.982 	 0.003 �

Tapson, 2013 	 0.964 	 0.397 	 2.345 	 –0.080 	 0.936 �

White, 2020 	 0.558 	 0.404 	 0.771 	 –3.535 	 < 0.001�

	 0.554 	 0.421 	 0.728 	 –4.229 	 < 0.001�

	 0.01	 0.1	 1	 10	 100
	         Favours treprostinil 		 Favours placebo

E 
Study name 			  Statistics for each study  		  Difference in means and 95% CI  
	 Odds ratio 	Lower limit 	 Upper limit 	 Z-value 	 P-value

Tapson, 2012 	 0.335 	 0.014 	 8.286 	 –0.668 	 0.504�

Jing, 2013 	 0.798 	 0.321 	 1.982 	 –0.487 	 0.627�

Tapson, 2013 	 1.331 	 0.368 	 4.818 	 0.436 	 0.663�

White, 2020 	 1.068 	 0.508 	 2.248 	 0.174 	 0.862�

	 0.977 	 0.581 	 1.641 	 –0.088 	 0.930 �

	 0.01	 0.1	 1	 10	 100
	         Favours treprostinil 		 Favours placeboMeta-analysis
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tient management and outcomes. Our findings suggest 
that treprostinil offers a  promising therapeutic benefit, 
particularly in improving exercise capacity as measured 
by the 6MWD. The mean difference of 13.13 m in favor of 
treprostinil, despite the high heterogeneity among stud-
ies, underscores a consistent benefit in exercise capacity. 
This improvement is critical for PAH patients, for whom 
diminished exercise tolerance is a marker of disease pro-
gression and a determinant of quality of life [9–11].

In the context of evaluating treatments for PAH, the 
minimal clinically important difference (MCID) for the 
6MWD is recognized to be approximately 30  m [12]. 
Our analysis, however, revealed a mean improvement of 
13 m in 6MWD among patients treated with oral trepros-
tinil compared to control groups. Although this improve-
ment falls short of the MCID, it nonetheless indicates en-
hanced exercise capacity in this patient population. The 
discrepancy between the observed improvement and the 
MCID highlights the need for cautious interpretation of 
the results, suggesting that while oral treprostinil may 
beneficially affect exercise capacity, the effect may not 
reach the threshold considered clinically significant by 
current standards.

Our results are in line with the pharmacological pro-
file of treprostinil, which acts as a vasodilator and inhib-
its platelet aggregation, thereby potentially improving 
pulmonary arterial pressure and resistance, which in turn 
could enhance physical endurance [13].

Safety and tolerability are paramount in evaluating 
new or existing treatments, given the chronic nature of 
the disease and the need for long-term therapy [14]. 
Our analysis revealed an increased incidence of adverse 
events leading to discontinuation in the treprostinil 
group. This finding is consistent with the known side 
effect profile of prostacyclin analogues, which includes 
headache, diarrhea, nausea, and jaw pain [15–17]. The 
higher OR of 4.39 for discontinuation due to adverse 
events highlights the necessity for careful patient selec-
tion, dose titration, and management of side effects in 
clinical practice [18, 19].

The protective effect of treprostinil against clinical 
worsening, with an OR of 0.554, is particularly notewor-
thy. This outcome suggests that beyond improving exer-
cise capacity, treprostinil may offer benefits in slowing 
the progression of PAH, a key goal in the management of 
this disease [20]. However, the absence of a significant 
impact on mortality observed in this analysis indicates 
the complexity of PAH management and the need for 
comprehensive treatment strategies that may include 
combination therapy.

Limitations: This review is not without limitations. 
The small number of included studies and the variabili-
ty in their design and reporting limit the generalizability 
of the findings. The lack of significant publication bias 
strengthens the validity of our conclusions, suggesting 

that our findings are representative of the available ev-
idence and not unduly influenced by unpublished nega-
tive studies.

Clinical implications: Our findings support the use of 
oral treprostinil as a valuable option in the therapeutic 
arsenal against PAH, particularly for improving exercise 
capacity. Clinicians should weigh the benefits of trepros-
tinil against its side effect profile and consider it as part 
of a  multidisciplinary approach to managing PAH. The 
potential of treprostinil to reduce clinical worsening fur-
ther emphasizes its role in comprehensive patient care 
strategies.

Conclusions
Oral treprostinil represents a  promising treatment 

for PAH, offering significant benefits in exercise capac-
ity and potentially delaying clinical worsening. Despite 
its challenges, including a higher rate of adverse events 
leading to treatment discontinuation, treprostinil’s role in 
improving patient outcomes warrants its consideration 
in the management of this complex disease. Further re-
search is needed to fully elucidate its impact on long-
term clinical outcomes, including quality of life and mor-
tality, in the PAH patient population. 
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