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      Pulmonary arterial hypertension (PAH) is a rare dis-
ease characterized by increased pulmonary vascular 

resistance leading to right ventricular pressure-volume 
overload and ultimately right-sided heart failure and 
premature death.  1   The goals of medical treatment 
of PAH are to improve patients’ symptoms and slow 
the rate of disease progression. Currently, there are 
three main classes of medications  2   used to treat PAH: 
endothelin receptor antagonists, phosphodiesterase 
type 5 inhibitors, and prostacyclin analogs, each of 
which has been shown to improve dyspnea, 6-min walk 
distance (6MWD), pulmonary hemodynamics, and 

functional class. It is unknown whether combination 
drug therapy (using two or more drugs with differ-
ent mechanisms of action) will improve these clin-
ical indexes or be cost effective, because few studies 
have been powered to detect an effect on mortality or 
have compared the effectiveness or safety of two or 
more medications. The aim of this systematic review 
is to evaluate the intermediate and long-term com-
parative effectiveness and safety of monotherapy 
vs combination therapy for PAH using endothelin 
receptor antagonists, phosphodiesterase inhibitors, or 
prostanoids. 

  Background:    Current treatments for pulmonary arterial hypertension (PAH) have been shown to 
improve dyspnea, 6-min walk distance (6MWD), and pulmonary hemodynamics, but few studies 
were designed to compare treatment regimens or assess the impact of treatment on mortality. 
  Methods:    We conducted a systematic review to evaluate the comparative effectiveness and safety 
of monotherapy or combination therapy for PAH using endothelin receptor antagonists, phos-
phodiesterase inhibitors, or prostanoids. We searched English-language publications of compar-
ative studies that reported intermediate or long-term outcomes associated with drug therapy for 
PAH. Two investigators abstracted data and rated study quality and applicability. 
  Results:    We identifi ed 28 randomized controlled trials involving 3,613 patients. We found no 
studies that randomized treatment-naive patients to monotherapy vs combination therapy. There 
was insuffi cient statistical power to detect a mortality difference associated with treatment. All 
drug classes demonstrated increases in 6MWD when compared with placebo, and combination 
therapy showed improved 6MWD compared with monotherapy. For hospitalization, the OR was 
lower in patients taking endothelin receptor antagonists or phosphodiesterase-5 inhibitors com-
pared with placebo (OR, 0.34 and 0.48, respectively). 
  Conclusions:    Although no studies were powered to detect a mortality reduction, monotherapy 
was associated with improved 6MWD and reduced hospitalization rates. Our fi ndings also suggest 
an improvement in 6MWD when a second drug is added to monotherapy. 
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   Abbreviations:  6MWD  5  6-min walk distance;  df   5  degrees of freedom; PAH  5  pulmonary arterial hypertension; 
RCT  5  randomized con trolled trial 
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models to quantitatively synthesize the available evidence and to 
calculate summary estimates. When meta-analysis was not appro-
priate, studies were summarized and presented in tabular form. 
For analyses that included four or more studies, we used graphical 
displays and test statistics ( Q  and  I  2  statistics) to assess heteroge-
neity, recognizing these may be limited because of the small num-
ber of studies. We present summary estimates and CIs in our data 
synthesis. 

 We use the term “background treatment” when patients were 
taking a preexisting medication prior to randomization to a second 
drug. Thus, the trial of iloprost plus bosentan vs bosentan alone 
(ie, the Combination Therapy of Bosentan and Aerosolised Iloprost 
in Idiopathic Pulmonary Arterial Hypertension [COMBI] trial  5  ) 
would be described as a trial of iloprost with bosentan background 
therapy and would be construed to examine the effi cacy of combi-
nation vs monotherapy; it is also relevant to the effi cacy of iloprost. 
We assumed independent and additive effects of the experimental 
drug relative to any or all of the other background therapies received 
by the patients enrolled in the trial (including other PAH-specifi c 
drugs, supplemental oxygen, vasodilators, and so forth). 

 Results 

 Literature Review 

 Searches of PubMed, the Cochrane Database of 
Systematic Reviews, and EMBASE yielded 28 RCTs 
(represented by 36 articles), involving a total of 
3,613 patients, that evaluated the comparative effec-
tiveness and safety of monotherapy or combination 
therapy for PAH ( Figure 1  ).  5-30   Of the 28 included 
RCTs, 18 (64%) were rated good quality, nine (32%) 
fair quality, and one (4%) was poor quality. Studies 
were conducted in a variety of centers and countries; 
most studies were multicenter trials, three were 
single-center trials, and four did not report the number 
of centers. Mean ages of patients ranged from 28 to 
50 years. Twenty studies enrolled patients with PAH, 
four studies enrolled patients with PAH associated 
with systemic sclerosis (formerly scleroderma),  7,12,21   
and two studies enrolled patients with Eisenmenger 
syndrome.  10,23   Two studies enrolled patients with PAH 
in addition to patients with category III or IV pulmo-
nary hypertension.  17,18   

 Twenty-two studies compared a single drug (mono-
therapy) with either placebo or standard therapy, and 
one was a head-to-head comparison of bosentan and 
sildenafi l. The remaining fi ve studies compared com-
bination therapy with monotherapy. 

 Detailed Analysis of Drug Therapies 

 We report on the outcomes of mortality, 6MWD, 
hospitalization, hemodynamic measures (ie, pulmonary 
vascular resistance, mean pulmonary arterial pressure, 
cardiac index), and commonly reported adverse reac-
tions. The comparative analyses of pharmacotherapies 
are head-to-head comparisons by individual drug; mono-
therapy vs placebo or standard therapy by individual 
drug; monotherapy vs placebo or standard therapy by 

 Materials and Methods 

 This article summarizes key methods and fi ndings from a com-
parative effectiveness review commissioned by the US Agency 
for Healthcare Research and Quality.  3   Further details of the topic 
refi nement, literature search, methods, and conclusions can be 
found in the full report. 

 Literature Search 

 We searched MEDLINE, EMBASE, and the Cochrane Data-
base of Systematic Reviews from 1995 through August 2012. We 
identifi ed English-language clinical studies relating to the com-
parative effectiveness and safety of monotherapy and combination 
therapy in the treatment of PAH  . 

 Study Selection and Data Abstraction 

 Using prespecifi ed inclusion and exclusion criteria, titles and 
abstracts were examined for potential relevance by two indepen-
dent reviewers. Inclusion criteria were patients with PAH; pharma-
cotherapy with calcium channel blockers, prostanoids (epoprostenol, 
treprostinil, iloprost), endothelin antagonists (bosentan, ambrisen-
tan), or phosphodiesterase inhibitors (sildenafi l, tadalafi l); com-
parison of one pharmacotherapy vs another (or vs placebo or 
standard therapy) or monotherapy vs combination therapy; report-
ing of intermediate or long-term outcomes or adverse effects of 
pharmacotherapies; randomized controlled trial (RCT) or observa-
tional study with an appropriate comparator; and English-language, 
peer-reviewed publication. Included articles then underwent full-
text screening by two additional independent reviewers to deter-
mine eligibility. Any disagreements were resolved by discussion 
or by a third-party arbitrator. 

 We collected data on demographics, interventions, outcomes, 
and adverse events. We evaluated the quality of individual studies 
using the general approach described in the US Agency for Health-
care Research and Quality’s “Methods Guide for Effectiveness 
and Comparative Effectiveness Reviews.”  4   Studies were rated as 
good, fair, or poor based on their adherence to well-accepted 
standard methodologies and adequate reporting. 

 Data Synthesis 

 We conducted meta-analyses for comparisons when two or more 
studies reported the same outcome. We used random effects 
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