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Abstract

Background—Nearly all available treatments for pulmonary arterial hypertension have been
approved based on change in 6-minute walk distance (A6MWD) as a clinically important end
point, but its validity as a surrogate end point has never been shown. We aimed to validate the
difference in A6MWD against the probability of a clinical event in pulmonary arterial
hypertension trials.

Methods and Results—First, to determine whether AGBMWD between baseline and 12 weeks
mediated the relationship between treatment assignment and development of clinical events, we
conducted a pooled analysis of patient-level data from the 10 randomized placebo-controlled trials
previously submitted to the US Food and Drug Administration (n=2404 patients). Second, to
identify a threshold effect for the A6MWD that indicated a statistically significant reduction in
clinical events, we conducted a meta-regression among 21 drug/dose-level combinations.
AB6MWD accounted for 22.1% (95% confidence interval, 12.1%- 31.1%) of the treatment effect
(P<0.001). The meta-analysis showed an average difference in A6MWD of 22.4 m (95%
confidence interval, 17.4-27.5 m), favoring active treatment over placebo. Active treatment
decreased the probability of a clinical event (summary odds ratio, 0.44; 95% confidence interval,
0.33-0.57). The meta-regression revealed a significant threshold effect of 41.8 m.

Conclusions—Our results suggest that ABMWD does not explain a large proportion of the
treatment effect, has only modest validity as a surrogate end point for clinical events, and may not
be a sufficient surrogate end point. Further research is necessary to determine whether the
threshold value of 41.8 m is valid for long-term outcomes or whether it differs among trials using
background therapy or lacking placebo controls entirely.
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Methods

Pulmonary arterial hypertension (PAH) is a progressive disease that leads to right-sided
heart failure and death.12 Seven drugs developed in the past 20 years have been shown to
improve 6-minute walk distance (6MWD) in patients with PAH and have been approved for
use in the United States on that basis. Although 6MWD is viewed by regulatory agencies as
a clinically important end point in its own right, several studies have shown that patients
who achieve greater improvements in 6MWD (or reach certain absolute values of 6MWD)
have better clinical outcomes3-5; however, such observational data are insufficient to
determine whether 6MWD is a valid surrogate end point for clinical events.6-2

Determining the validity of 6MWD as a surrogate end point in PAH trials is particularly
timely in light of conflicting results of recent meta-analyses.10-13 Although some of these
contradictions may be related to inadequate sample size or follow-up or to intrinsic
limitations of study-level meta-analyses, these differences also suggest the possibility that
6WMD is a poor surrogate. In the present study, we used 2 complementary approaches to
validate 6MWD.14-17 First, we used patient-level data from all available phase 3
randomized clinical trials submitted for drug approval to assess whether changes in 6MWD
(A6MWD) mediate the relationship between treatment assignment and clinical outcomes.
Second, we quantified how treatment effects on AGMWD predicted treatment effects on
patient-centered outcomes, with the goal of determining whether a threshold A6MWD exists
beyond which investigators could reliably predict that superior clinical outcomes would
follow in future trials.

Study Population

Through a contract with the US Food and Drug Administration (FDA) to one author
(S.D.H.), we obtained deidentified individual patient data for all participants in phase 3
placebo-controlled randomized trials submitted to the FDA through 2008 that tested
prostanoids, endothelin receptor antagonists, or phosphodiesterase inhibitors. Eleven clinical
trials examined 7 agents (ambrisentan, bosentan, sitaxsentan, iloprost, treprostinil, sildenafil,
and tadalafil). We excluded 1 study (BREATHE-2, the Bosentan Randomized trial of
Endothelin Antagonist Therapy for PAH) because it only included 33 participants and was
not a phase 3 trial. Additional trial details are available elsewhere.18-25 We purposely
included trials of treatments that were not approved by the FDA (eg, sitaxsentan), a result of
either unacceptable toxicity of effective dosages or dosages that were determined to be
ineffective. Both the mediator and threshold analyses would be predictably biased if we only
included FDA-approved treatments, and the resulting conclusions would not be useful for
future trial design or regulatory decisions. All included trials reported similar methodology,
including outcome assessment and variable collection at 12-week follow-up.
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Clinical Events

Clinical events included any of the following before the end of the trial: Death, lung
transplantation, atrial septostomy, hospitalization because of worsening PAH, withdrawal
for worsening right-sided heart failure, or addition of other PAH medications. We did not
consider a deterioration in 6BMWD to represent a clinical event because it was the surrogate
we were attempting to validate. Further details are provided in online-only Data Supplement
Table I.

Six-Minute Walk Distance

Change in 6MWD was calculated as the difference, in meters, between the distance walked
at baseline and 12 weeks. Baseline 6MWD was recorded at or within 2 weeks of
randomization. In all analyses, patients who were missing a 12-week 6WMD because they
died during the trial (n=45, 2%) were assigned a value of 0. We chose this value to reflect
the fact that deaths are extremely important clinical events and to be consistent with the
metric used in the majority of the trials included in our analysis. We used multiple
imputation?® to designate values for patients who survived but were nonetheless missing 12-
week 6MWD (n=182, 8%). The imputation model included variables associated with
clinical events: Baseline 6MWD, age, sex, weight, race, height, diagnosis category
(idiopathic, connective tissue disease, HIV infection/anorexigen use, or congenital heart
disease), 6MWD at 4- or 6-week follow-up, New York Heart Association (NYHA)
functional classification, warfarin use, baseline sodium, cardiac output, and mean pulmonary
arterial pressure. Five data sets were imputed. All imputations were completed in SAS
version 9.2.

Mediator Analysis

We used standard methodology to determine whether A6MWD mediates the relationship
between treatment assignment and the development of clinical events at 12-week follow-
up.1516 We defined treatment assignment as either active treatment or placebo. We
conducted regression analyses to evaluate the following 4 hypotheses: (1) Treatment
assignment has a significant effect on ABWMD from baseline to 12 weeks. (2) A6MWD has
a significant effect on the odds of developing a clinical event. (3) Treatment assignment has
a significant effect on the odds of developing a clinical event. (4) The effect of treatment
assignment on the odds of developing a clinical event is attenuated when A6MWD is added
to the model. It was necessary to reject the null for all 4 hypotheses to support A6MWD as a
mediator/surrogate end point.

We used logistic or linear regression for binary or continuous outcomes, respectively. All
regression models adjusted for study to account for study-level differences in treatment
assignment and for baseline walk distance to account for patient-level differences in risk of
clinical events. No other adjustments were made, because patients were randomly assigned
to treatment or placebo.

After rejecting the null for the above 4 hypotheses, we determined the proportion of
variability explained by the A6BMWD in the relationship between treatment assignment and
development of a clinical event.2”28 We used a generalized linear model with a logit link to
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quantify the relationship between treatment assignment and log odds of developing a clinical
event, with adjustment for study and baseline walk (“reduced” model). We then added the
ABMWD to the model (“full” model). The subsequent change in the treatment assignment
coefficient between the reduced and full models provided the proportion of variability
explained by A6MWD. Bootstrap resampling was used to create a confidence interval (Cl)
for the percent change. Estimates of percent change were obtained for each resampled data
set, and the standard deviation of the estimates across 1000 resampled data sets was used as
the standard error.29

In addition, we used a modified Sobel test to assess whether the amount of mediation was
statistically significant; the modified test accounted for the fact that the surrogate
(continuous) and the outcome (binary) were on different scales.16:30 We evaluated the
assumption of no effect modification between treatment and the mediator3C by fitting a
logistic regression model for clinical events with an interaction term between treatment
assignment and A6GMWD.

Threshold Effect Analysis

We then conducted a trial-level meta-analysis and meta-regression to assess the relationship
of the treatment effect on the mediator (A6MWD) with the treatment effect on the odds of
developing a clinical event at 12-week follow-up. This threshold analysis proceeded in 4
steps.

First, we estimated values for the exposure variable, placebo-adjusted study-level A6BMWD,
by conducting linear regressions within each trial. In these trial-specific patient-level
regressions, the exposure variable was treatment (drug and dose), entered as indicator
variables (with placebo as the referent). The outcome variable was A6BMWD, and adjustment
again was made for baseline 6WMD.

Second, we estimated values for the outcome, the placebo-adjusted study-level log odds of
developing a clinical event between baseline and 12-week follow-up, using logistic
regression analyses within each trial. In these trial-specific patient-level regressions,
treatment (drug and dose, entered as indicator variables with placebo as the referent) was the
exposure, clinical event (yes or no) was the outcome, and adjustment was made for baseline
6MWD. Exact logistic regression was used when the number of clinical events in a study
was small.

Third, we used the 21 drug/dose combinations versus placebo across trials in a fixed-effects
meta-regression that related estimated difference in ABMWD to the estimated log odds ratio
(OR) for clinical events. The square of the inverse standard error was used as a weight to
account for uncertainty in the estimated log OR. We determined the threshold effect by
calculating 95% prediction bands around the meta-regression line. The threshold was
calculated as the value of difference in A6MWD where the upper prediction band crossed
the null value of 1.0 for relative odds of a clinical event. Prediction bands quantify the
uncertainty in predicting the difference in clinical worsening in a single trial given a defined
difference in A6MWD. Linearity of the final regression model was assessed via standard
regression diagnostics.
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Finally, we sought to determine whether study-level patient characteristics confounded the
association between ABMWD and relative odds of clinical events. Potential confounders
were chosen a priori on the basis of known differences in treatment response by race and
sex3! and by diagnosis and NYHA functional classification.32 Therefore, covariates in our
regression model were race (percentage black), sex (percentage female), PAH diagnostic
category (percentage connective-tissue related), and NYHA functional classification
(percentage class Il or IV). If a potential confounder altered the coefficient for the treatment
variable by =10%, it was retained in the final model.

We conducted 2 secondary analyses. First, we excluded the PHIRST (Pulmonary Arterial
Hypertension and Response to Tadalafil) study, in which patients were permitted to use
background therapy with other approved PAH-specific agents. Second, we removed patients
who were NYHA class IV at randomization, because it is unlikely that these patients will be
included in future clinical trials. All regressions and meta-regressions were conducted in R
version 2.13 (R Development Core Team, Vienna, Austria).

The present study was determined to be exempt by the Institutional Review Board of the
University of Pennsylvania (approval #814001). All coauthors had access to the study data,
take responsibility for the analysis, and had authority over manuscript preparation and the
decision to submit for publication.

The 10 trials included 2404 patients; 1563 (65%) were allocated to active treatment.
Participants’ median age was 50 years (range, 10-90 years), 22% were male, and 5% were
black (Table 1). A total of 581 patients (24%) had a diagnosis of PAH caused by connective
tissue disease, and 1349 (56%) were categorized as NYHA classification Il or IV. Forty-
five patients (2%) died between baseline and 12-week follow-up. An additional 153 patients
(6%) experienced other clinical events; 83 of these did not have 12-week walk distance.
Mean baseline walk distance was 341 m (SD, 85.7 m). Demographic, anthropometric,
laboratory, and hemodynamic values were similar between groups defined by treatment
allocation.

Characteristics of the 10 trials are presented in Table 2. Study-level percentages of female
patients and patients diagnosed with connective tissue disease-related PAH were consistent
across studies. Percentages for NYHA classification I11/1V and black race showed more
variation across studies.

Does 6MWD Mediate the Relationship Between Treatment Assignment and Clinical

Events?

The 4 criteria necessary to establish AGMWD as a mediator of the relationship between
treatment assignment and development of a clinical event are listed in Table 3. For each, we
found a statistically significant result in the required direction. First, assignment to active
treatment versus placebo led to greater differences in the AGMWD (mean difference in
ABMWD, 22.4 m; 95% ClI, 15.9-28.9 m). Second, greater differences in AGMWD
significantly reduced the odds of clinical events at 12-week follow-up (OR fora 10 m
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increase in ABMWD, 0.89; 95% ClI, 0.87-0.91). Third, assignment to active treatment versus
placebo significantly decreased the relative odds of clinical events at 12 weeks (OR, 0.43;
95% ClI, 0.31-0.59). Finally, the effect of treatment assignment on the development of a
clinical event was attenuated with the addition of A6MWD to the model (OR, 0.52; 95% ClI,
0.37-0.73). The proportion of the effect of treatment on the odds of developing a clinical
event at 12 weeks that was explained by A6MWD was 22.1% (95% Cl, 12.1%-31.1%).
Additionally, the modified Sobel test confirmed the statistical significance of the mediation
(Z=4.77, P<0.001). There was no significant interaction between treatment and A6MWD
(estimate [95% CI], 0.002 [-0.002 to 0.006], P=0.25).

Does a Threshold Effect Exist for AGMWD?

Compared with placebo, nearly all drug/dose combinations resulted in a greater A6MWD at
12-week follow-up (Table 4). The summary results indicate an average difference in
ABMWD of 22.4 m (95% ClI, 17.4-27.5 m) for assignment to active treatment relative to
placebo. The effect on reduction of clinical events was consistent across drug/dose
combinations. Relative to placebo, all 21 drug/dose combinations lowered the odds of
developing a clinical event at 12-week follow-up (summary OR, 0.44; 95% Cl, 0.33-0.57).

The Figure illustrates the results of our meta-regression and threshold analysis. The upper
prediction interval crossed the null value for relative odds of a clinical event at a difference
in ABMWD of 41.8 m. This value indicates the minimal summary difference in AGMWD
that corresponds to a statistically significant reduction in clinical events. Models that
included race, sex, diagnosis category, and NYHA functional classification showed no
evidence of confounding, and these variables were not included in the final meta-regression
model.

In a sensitivity analysis, we removed the 4 drug/dose combinations from the PHIRST study,
because this study was the only one to allow concomitant background therapy. The
exclusion of this study resulted in a smaller threshold value of 25.7 m for the difference in
ABMWD. In an additional analysis, removal of NYHA class IV patients (n= 127) did not
appreciably change results. Further details are provided in the online-only Data Supplement.

Discussion

This study provides the first rigorous examination of the validity of A6WMD from baseline
to 12 weeks as a surrogate end point in trials of PAH therapies. A6MWD met all criteria as a
mediator of the relationship between treatment and development of a clinical event at 12
weeks; however, the proportion of this relationship explained by 6MWD was modest at
22%, which suggests that 6MWD may not be an adequate surrogate. A threshold effect of
41.8 m was also identified, which means that if a drug improved 6MWD over 12 weeks by
41.8 m more than did placebo, investigators could predict, with 95% confidence, that the
drug would reduce the clinical event rate over 12 weeks.

We found that only 4 of the 21 drug-dose combinations produced effects on A6MWD that
could be said, with conventional degrees of certainty, to be associated with clinical
improvements (Figure). If the lower threshold value of 25.7 m is used, then 5 of the

Circulation. Author manuscript; available in PMC 2014 November 19.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Gabler et al.

Page 7

remaining 17 drug-dose combinations would be considered to produce statistically
significant effects on clinical outcomes in the absence of background therapy. Of these 9
total drug-dose combinations that met the lower threshold value, 1 involved a drug that is
not approved by the FDA (sitaxsentan) and 2 involved dosages that are not included in FDA
labeling (sildenafil 40 mg 3 times per day and sildenafil 80 mg 3 times per day). Three drugs
(iloprost, tadalafil, and treprostinil) did not meet either of the threshold values.

It is essential to explore the validity of surrogate end points, because valid surrogates
provide efficient mechanisms for early-phase studies of new interventions. Specifically,
trials that use validated surrogate end points can be conducted more quickly, with smaller
sample sizes, fewer risks to subjects, and reduced research costs, than trials that use true
clinical end points.33:34 However, only if surrogate end points are validated will they clearly
provide these virtues; in the absence of validation, there is considerable risk, as shown
famously in the Cardiac Arrhythmia Suppression Trial (CAST),% of falsely concluding the
effectiveness of a new intervention.

The present data also add to a growing body of literature on the use of 6MWD as an
outcome measure in other settings. Using different methods, 6MWD has been evaluated in
idiopathic pulmonary fibrosis,38 chronic obstructive pulmonary disease,3’ and cardiac
rehabilitation.38 In the present study, we found that the proportion of the effect of treatment
on preventing clinical events explained by the change in 6MWD was 22.1%, which falls
well below the 50% to 75% threshold for a valid surrogate described by Freedman et al 2’
although some consider this an overly stringent criterion.1® Clearly, PAH treatments have
unmeasured effects on the outcome that are not fully captured by the change in 6MWD.3°
Thus, the finding of true but modest mediation by 6MWD suggests that it may not be
sufficient to use on its own. Incorporation in a combination surrogate measure with
hemodynamic or other assessments might improve its performance and warrants further
study.

The threshold value we identified of 41.8 m for the difference in AGMWD may be
considered for use as the level of improvement in AGMWD necessary to reliably conclude
that the intervention will confer clinical benefits in future trials. Using different methods and
patients from a single study (the SUPER study [Sildenafil Use in Pulmonary Arterial
Hypertension), Gilbert et al*? estimated a minimally clinically important difference of 41 m
that correlated with patient-reported improvement. Similarly, in untreated PAH patients,
Paciocco et al*! found that each increase in 50 m walked was associated with an 18%
reduction in mortality. The consistency of findings across these studies using different
methods supports the robustness of this result. However, A6MWD remains an inadequate
surrogate end point given the modest degree of mediation of the treatment effect.

Confidence in the results of the present study stems from the large sample size used and the
fact that the treatment effects on changes in 6MWD and on clinical events were consistent
across all drug doses.#2 Nonetheless, the present study has limitations. First, as with any
meta-analysis, the findings are subject to errors in the conduct, data entry, or analysis of the
primary data. Second, these primary trials included mostly women and whites and used
relatively short follow-up periods. We were unable to evaluate clinical end points that
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occurred after 12 weeks, and our results should not be generalized beyond this time period.
However, the demographics represented are consistent with the broader epidemiology of
PAH, and the included trials all provided similar follow-up, clinical event definitions, and
outcome measurement, which makes them well suited for our meta-analytic approach.

All of the trials that we examined were placebo controlled, which is an additional strength;
however, 1 study allowed concomitant background therapy. Removal of the PHIRST trial
reduced our threshold value, which suggests that future trials using background therapies
may be subject to larger threshold values than those reported here. In other words, in the
presence of an effective PAH therapy, a randomized controlled trial of a new therapy may
need to produce larger differences in the A6GMWD to provide confidence that the results
correspond to differences in clinical outcomes. We were unable to further explore the role of
background therapy because of small sample sizes. Future research, therefore, is needed,
particularly in light of ethical questions surrounding the future conduct of placebo-controlled
trials in PAH.43

Finally, we used statistical techniques to help address a clinical question. Although our
threshold estimate provides a clear idea of what A6MWD would be needed to indicate that
the benefits of a treatment will be greater than zero, the inference of a “clinically important”
difference in outcomes might warrant selection of a different threshold. Individual patients
may show clinical improvement without reaching a certain A6MWD threshold value, and
patients who improve their 6MWD may not necessarily exhibit clinical improvement.
However, the population-level threshold values we have established will be useful in the
design of future clinical trials.

In conclusion, we used 2 complementary approaches to examine the validity of A6MWD as
a surrogate end point in clinical trials of PAH therapies. We were able to identify significant
threshold effects of A6GMWD that can be used to guide future randomized controlled trials,
and we found that A6BMWD is a mediator in the relationship between treatment and clinical
outcome. However, because A6MWD does not explain a large proportion of this treatment
effect, it may not be sufficient to use it as a lone surrogate end point. Further studies are
needed to identify combination surrogate end points that may have superior characteristics
and to determine whether this threshold value we identified applies to trials that use
background therapy or do not use placebo controls at all.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL PERSPECTIVE

This study shows that the change in 6-minute walk distance (6MWD) satisfies the
statistical criteria as a mediator between drug therapy and clinical outcomes in
randomized clinical trials. Thresholds in 6MWD change were identified such that if
future drugs produced such changes, it could be inferred that these drugs would produce
clinical effects as well. Higher thresholds in 6MWD may need to be used when testing
new agents in the presence of background pulmonary arterial hypertension therapies;
however, our results indicate that 6MWD is likely not adequate for use as a surrogate end
point in pulmonary arterial hypertension clinical trials, because only modest proportions
of the effects of drugs on true clinical outcomes are explained by changes in 6MWD.
Further research is needed to identify more robust surrogate end points or combinations.
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Figure.
Results of the meta-regression analysis showing the relationship between changes in 6-

minute walk distance (6MWD) between baseline and 12-week follow-up at the drug/ dose
level by study on the odds of a clinical event at 12 weeks. The circles each represent a drug/
dose combination, with sizes proportionate to study weights (detailed in Table 4 and based
on inverse variance weighting). The shaded gray area corresponds to the bounds of the 95%
prediction intervals. The threshold value is indicated on the horizontal axis at 41.8 m.
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pressure, mm Hg
Mean pulmonary arterial

pressure, mm Hg

52.0 (43.0-62.0)

Table 1
Characteristics of Study Participants
Active Treatment Placebo

Characteristic (n=1563) (n=841)
Age, y 50 (38-61) 49 (37-60)
Male, n (%) 335 (21) 192 (23)
Race, n (%)

White 1244 (80) 678 (81)

Black 86 (6) 39 (5)

Other 221 (14) 118 (14)
Height, cm 163 (157-169) 163 (157-170)
Weight, kg 69.4 (59.0-82.1)  70.1 (60.6-83.9)
BMI, kg/m? 25.5(22.5-30.0)  26.1 (22.9-30.4)
PAH diagnosis, n (%)

Idiopathic 946 (62) 508 (62)

Connective tissue disease 388 (25) 193 (24)

HIV infection/anorexigen use 41 (3) 18 (2)

Congenital heart disease 155 (10) 97 (12)
NYHA functional classification, n (%)

i 628 (41) 389 (47)

v 917 (59) 432 (53)
Baseline hemodynamics

Mean right atrial 8.0 (5.0-12.0) 8.0 (5.0-12.0)

54.0 (45.0-64.5)

Cardiac output, L/min 4.0(3.2-5.1) 3.9 (3.2-4.9)
Cardiac index, L/min/m?2 2.4(1.9-3.1) 2.3(1.9-3.1)
Pulmonary capillary wedge 9.0 (6.0-12.0) 9.0 (6.0-12.0)

pressure, mm Hg
Pulmonary vascular resistance,
Wood units

Baseline laboratory values
Hemoglobin, g/dL
Sodium, mEg/L

10.9 (7.1-16.8)

14.7 (13.4-16.0)

140 (138-142)

11.2 (7.5-16.0)

14.6 (13.3-16.0)
140 (138-142)

Warfarin use, n (%) 860 (59) 470 (64)
Baseline 6MWD, m 356 (287-408) 352 (276-410)
Study, n (%)
ARIES-1 134 (9) 67 (8)
ARIES-2 127 (8) 65 (8)
BREATHE-1 145 (9) 69 (8)
AIR 101 (6) 101 (12)
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Active Treatment Placebo

Characteristic (n=1563) (n=841)
SUPER 204 (13) 65 (8)
STRIDE-1 118 (8) 60 (7)
STRIDE-2 123 (8) 62 (7)
STRIDE-4 64 (4) 34 (4)
PHIRST 314 (20) 81 (10)

Treprostinil 233 (15) 237 (28)

BMI indicates body mass index; PAH, pulmonary arterial hypertension; HIV, human immunodeficiency virus; NYHA, New York Heart

Page 15

Association; BMWD, 6-minute walk distance; ARIES, Ambrisentan in Pulmonary Arterial Hypertension, Randomized, Double-Blind, Placebo-
Controlled, Multicenter, Efficacy Studies; AIR, Aerosolized Iloprost Randomized; BREATHE, Bosentan: Randomized Trial of Endo-thelin
receptor Antagonist Therapy; STRIDE, Sitaxsentan To Relieve Impaired Exercise; SUPER, Sildenafil Use in Pulmonary Hypertension; and
PHIRST, Pulmonary Arterial Hypertension and Response to Tadalafil.

Summaries provided as median (quartile 1-quartile 3) unless otherwise indicated by n (%).
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Table 3

Criteria to Establish Change in 6MWD as a Mediator in Relationship Between Treatment Assignment and
Development of a Clinical Event at 12-Week Follow-Up

Criteria Results”

Treatment assignment has a significant effect on A6MWD from baseline to 12-wk follow-up Mean difference, 22.4 (95% Cl, 15.9-28.9)
ABMWD has a significant effect on the odds of developing a clinical event OR, 0.89 per 10 m (95% C1,0.87-0.91)
Treatment assignment has a significant effect on the odds of developing a clinical event at 12-wk OR, 0.43 (95% CI, 0.31-0.59)
follow-up

Ttr:e ef)fect of treatment assignment on the odds of developing a clinical event (compare with OR, 0.52 (95% Cl, 0.37-0.73)
above

is attenuated with the addition of A6BMWD to the model

6MWD indicates 6-minute walk distance; CI, confidence interval; and OR, odds ratio.

*
All models include adjustment for study and baseline walk; assignment to placebo is the reference for all models that included treatment.
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Table 4

Drug/Dose-Specific Placebo-Adjusted Results

Difference in ABMWD, m  OR for Clinical Events Meta-Regression

yduasnuel Joyny Yd-HIN

1duasnuely Joyny vd-HIN

Study and Drug/Dose (95% CI) (95% CI) Weight
ARIES-1

Ambrisentan 5 mg 24.9 (0.32-49.4) 0.58 (0.13-2.53) 1.8

Ambrisentan 10 mg 41.4 (15.6-67.2) 0.38 (0.07-2.04) 1.4
ARIES-2

Ambrisentan 2.5 mg 37.3 (8.2-66.3) 0.35(0.11-1.12) 2.8

Ambrisentan 5 mg 53.6 (24.4-82.8) 0.22 (0.06-0.88) 2.1
BREATHE-1

Bosentan 125 mg 33.4 (8.6-58.3) 0.58 (0.12-2.80) 15

Bosentan 250 mg 46.3 (21.1-71.6) 0.42 (0.07-2.47) 1.2
AIR

lloprost 245 (-2.4-51.3) 0.47 (0.23-0.96) 73
STRIDE-1

Sitaxsentan 100 mg 33.3(9.1-57.4) 0.20 (0.02-1.99) 0.7

Sitaxsentan 300 mg 24.6 (-0.45-49.7) 0.36 (0.06-2.15) 1.2
STRIDE-2

Sitaxsentan 50 mg -7.1(-27.6-13.5) 0.54 (0.09-3.20) 1.2

Sitaxsentan 100 mg 15.2 (-4.7-35.1) 0.77 (0.13-4.72) 1.2
STRIDE-4

Sitaxsentan 50 mg -19.1(-49.9-11.8) 0.71 (0-4.42)" <0.1

Sitaxsentan 100 mg 6.9 (-23.5-37.5) 0.73 (0-2.07)" <0.1
SUPER

Sildenafil 20 mg 39.3 (15.0-63.6) 0.36 (0.09-1.47) 1.9

Sildenafil 40 mg 45.2 (20.6-69.8) 0.25 (0.05-1.28) 15

Sildenafil 80 mg 42.1 (18.0-66.3) 0.59 (0.17-1.98) 2.6
PHIRST

Tadalafil 2.5 mg -0.3 (-20.7-20.0) 0.49 (0.18-1.34) 3.8

Tadalafil 10 mg 17.1 (-4.3-38.5) 0.30 (0.10-0.90) 3.1

Tadalafil 20 mg 24.6 (5.1-44.1) 0.59 (0.23-1.51) 4.4

Tadalafil 40 mg 18.2 (-2.2-38.6) 0.27 (0.08-0.90) 2.7
Treprostinil

Treprostinil 9.9 (-6.7-26.4) 0.52 (0.27-0.99) 9.2
summary® 22.4 (17.4-27.5) 0.44 (0.33-0.57)

1duasnuely Joyny vd-HIN

6MWD indicates 6-minute walk distance; Cl, confidence interval; OR, odds ratio; ARIES, Ambrisentan in Pulmonary Arterial Hypertension,
Randomized, Double-Blind, Placebo-Controlled, Multicenter, Efficacy Studies; BREATHE, Bosentan: Randomized Trial of Endothelin receptor
Antagonist Therapy; AIR, Aerosolized lloprost Randomized; STRIDE, Sitaxsentan To Relieve Impaired Exercise; SUPER, Sildenafil Use in
Pulmonary Hypertension; and PHIRST, Pulmonary Arterial Hypertension and Response to Tadalafil.

Reference group is the placebo group in each study. All analyses are adjusted for baseline walk distance.

*
Obtained from exact logistic regression.
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TObtained from fixed-effects meta-analysis (P for heterogeneity=0.99).
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