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Abstract Registry) samples were comprised of 2,404 and 537 adult patients
with PAH, respectively. The mean * standard deviation age of

Rationale: The 6-minute-walk distance (6MWD) is an the derivation sample was 50.5 = 15.2 years, and 1,849 (77%)

important clinical and research metric in pulmonary arterial were female, similar to the validation sample. The minimal

hypertension (PAH); however, there is no consensus about clinically important difference in the derivation sample was

what minimal change in 6MWD is clinically significant. 33 meters (95% confidence interval, 27-38), which was almost

identical to that in the validation sample (36 m [95% confidence
interval, 29-43]). The minimal clinically important difference did
not differ by age, sex, race, pulmonary hypertension etiology,
body mass index, use of background therapy, or World Health
Organization functional class.

Objectives: We aimed to determine the minimal clinically
important difference in the 6MWD.

Methods: We performed a meta-analysis using individual
participant data from eight randomized clinical trials of therapy
for PAH submitted to the U.S. Food and Drug Administration to

derive minimal clinically important differences in the 6MWD. important difference of approximately 33 meters for adults with

The estimates were externally validated using the Pulmonary PAH. Our findings can be applied to the design of clinical trials
Hypertension Association Registry. We anchored the change in of therapies for PAH.

6MWD to the change in the Medical Outcomes Survey Short
Form physical component score.

Conclusions: We estimated a 6 MWD minimal clinically

Measurements and Main Results: The derivation (clinical Keywords: PAH; walk test; minimum important difference;
trial) and validation (Pulmonary Hypertension Association individual participant data meta-analysis
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At a Glance Commentary

Scientific Knowledge on the
Subject: The 6-minute-walk
distance (6MWD) is considered
an important clinical endpoint
for clinical trials of therapy for
pulmonary arterial hypertension.
The minimal clinically important
difference in 6MWD is not
established, making planning
and interpretation of trials of
new therapies challenging.

What This Study Adds to the
Field: This study establishes and
validates the minimal clinically
important difference in 6MWD
using randomized clinical trials and
a nationwide prospective registry in
the United States.

Pulmonary arterial hypertension (PAH) is
characterized by the remodeling of the small
muscular pulmonary arteries resulting in
elevated pulmonary vascular resistance,
increased right ventricular afterload, and
right ventricular failure. PAH affects about
15-60 people per million, and the 5-year
survival rate in newly diagnosed patients is
approximately 61% (1). Randomized clinical
trials (RCTs) have led to the regulatory
approval of 15 drugs for PAH. The change
in 6-minute-walk distance (6MWD) was
the primary outcome for most of these
RCTs and the basis for regulatory approval
(2). Regulators consider the 6 MWD an
intermediate clinical endpoint in PAH

(i.e., intrinsically important to the function of
patients, even if not a surrogate for survival)
(3). Although studies in PAH often include
a decrease in the 6MWD of more than

15% from baseline as a component of a
composite time to clinical worsening
endpoint, there is no consensus on the
change in 6MWD that is clinically relevant
in an individual patient or between groups
of patients.

The minimal clinically important
difference (MCID) is the smallest change in
an outcome measure that a patient would
identify as meaningful and would mandate a
change in the patient’s management in the
absence of significant side effects or excessive
cost (4). The MCID often refers to a mean
group difference between patients allocated
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to a new intervention compared with those
allocated to a control arm (placebo) in a
clinical trial. An MCID may also be used
to identify responders to an intervention
(an individual meeting or exceeding a
meaningful threshold), allowing the
comparison of response rates between study
arms. The values of the MCID for each of
these purposes differ, with the responder
threshold being larger because it requires
consideration of measurement precision
and reliability. The MCID is commonly
estimated using an anchor, a measure that
reflects a true change in the status of an
individual. The Medical Outcomes Study
36-item Short Form (SF-36) and 12-item
Short Form (SF-12) are generic measures
that produce a physical component score
(PCS) that has been used previously as a
health-related quality of life anchor (5-7).

Investigators usually determine a single
MCID value for a population of patients with
a disease. However, what constitutes a
meaningful change could vary by the clinical
profile of the patient. For example, the
change in 6 MWD that may be important to
a 25-year-old man may be different from the
change in 6 MWD that may be important to
a 72-year-old woman. Therefore, a strategy
to estimate the MCID:s for specific profiles
of patients with PAH could improve the
patient-centeredness of this endpoint.
Validated 6 MWD MCIDs could guide
treatment decisions in clinical practice, help
with study design and choice of sample size
in PAH RCTs, and highlight the importance
of the individual patient’s perspective and
response in their management.

We aimed to determine the MCID for
the change in 6MWD using individual
participant data from clinical trials in PAH.
We sought to develop a scoring system to
compute personalized MCIDs and to
validate the MCID in a prospective cohort
of patients with PAH from throughout the
United States.

Methods

Search Strategy and Selection Criteria
This study was registered with the Research
Registry (reviewregistry1419). The derivation
sample was drawn from individual
participants in 21 RCTs of pulmonary
hypertension therapies that had been
submitted to the FDA (U.S. Food and Drug
Administration) since 2000 (Table E1 in the
online supplement). RCTs of pulmonary

hypertension therapies that were not
submitted to the FDA were not included (8).
The derivation sample for this study included
adult PAH patients in phase III RCT's that
reported 6SMWD and SF-36 or SF-12 at two
or more time points (Table E2). These trials
generally excluded patients with very mild

or very severe disease and mostly included
patients with a baseline SMWD of between
150 m and 450 m.

The validation sample was drawn
from the study population of the PHAR
(Pulmonary Hypertension Association
Registry), a prospective registry of newly
referred (within 6 months of the first visit)
adult and pediatric patients with PAH or
chronic thromboembolic pulmonary
hypertension (CTEPH) at 67 pulmonary
hypertension care centers (PHCCs) across
the United States (9). The goal of the PHAR
is to assess the quality of care and outcomes
at PHCC:s. The validation sample included
adult patients with PAH in the PHAR with
6MWD and SF-12 PCS values at more than
one time point.

Data Collection and Harmonization
The FDA provided raw datasets with
individual participant data from each trial
as Statistical Analysis System transport files,
data dictionaries, and blank case report
forms, with the goal of improving clinical
trial conduct in PAH. The data
harmonization process has been described
elsewhere (10-12). Briefly, we used the
Study Data Tabulation Model (Version 1.4)
to organize the individual participant data
into relevant domains. Demographic, body
mass index (BMI), PAH diagnosis, WHO
(World Health Organization) functional
class, and right heart catheterization data
were harmonized across the various

trials. The time points at which data

were captured in the individual trials

were maintained, and there was no
interpolation or extrapolation of data
across time points.

The 6-minute-walk test is a self-paced
test of exercise capacity in which patients
are asked to walk as far as possible in
6 minutes. It is considered a submaximal
exercise test (13). This test was performed
several times over the course of the clinical
trials using research methodology (e.g.,
American Thoracic Society guidelines)
(14). The 6BMWD was recorded in the
trials in meters or feet; values in feet were
converted to meters by multiplying by
0.3048 for this analysis.
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The SF-36 was based on a
multidimensional model of health. The
36 items were constructed to capture eight
important domains of health: physical
functioning, role limitations because of
physical health problems, bodily pain, general
health, vitality (energy/fatigue), social
functioning, role limitations because of
emotional problems, and mental health (15).
These eight domains are summarized by the
PCS and mental component score (MCS).
Norm-based scoring of the domain and
summary scores standardize results across
populations. Twelve of the SF-36 items (i.e.,
the SF-12) account for more than 90% of the
variance in SF-36 PCS and MCS in both
general and patient populations (16). ARIES
1 and 2 (17) and SUPER (18) used the SF-36
version 1 (1993 US general population
standard). AMBITION (19), SERAPHIN (20),
STRIDE-1 (21), and PHIRST (22) used the
SF-36 version 2 (1998 U.S. general population
standard). AIR (23) used the SF-12 version 1
(1993 U.S. general population standard).
SF-36 data from ARIES and SUPER were
restandardized on the basis of the 1998 U.S.
general population before harmonization.

We retained the norm-based domain and
component scores of AIR (23) because we
were not able to standardize the SF-12 version
1 to the 1998 U.S. general population.

We reproduced the samples from the
individual studies by computing descriptive
statistics for the baseline data in each trial
and compared them to those in the
published trial manuscripts. The University
of Pennsylvania Institutional Review Board
considered the harmonization and secondary
use of these data as exempt from approval.

The PHAR collected sociodemographic,
anthropometric, right heart catheterization,
medical and social history, symptom burden,
medication, health-related quality of life, and
longitudinal outcome data. The PHAR dataset
(locked 03/29/22) included SMWD in meters
recorded from clinically performed 6-minute-
walk tests and SF-12 version 2 (1998 U.S.
general population standard) data, captured at
entry into the registry and approximately after
every 6 months during follow-up clinical
visits. Informed consent was obtained for
patients in the PHAR, which was approved
by the University of Pennsylvania single
Institutional Review Board.

Data Analysis
See the online supplement for details.

We anchored the change in 6MWD to
the change in PCS to estimate the MCID

1072

after calculating Pearson’s correlation
coefficients between initial, follow-up, and
the change over time in 6MWD and PCS.
A priori, we determined that correlation
coefficients of at least 0.3 suggested that
PCS was a suitable anchor as previously
recommended (24, 25). The predicted
value of the change in 6 MWD associated
with a five-unit change in the PCS from
baseline to follow-up (previously reported
MCID for PCS in pulmonary disease
defining a responder with a significant
change in physical health status) was
considered to be the MCID (5, 7, 26).
Secondary analyses used a 3.4 change in
the PCS on the basis of the assumption of
a baseline to follow-up correlation of 0.10
and an 80% confidence interval (CI) (7).
We repeated the anchor-based analysis
using a PCS cutoftf of two, as recommended
(7), to estimate the 6MWD MCID for
mean group differences.

To determine whether an MCID in
6WMD tailored to a patient’s characteristics
better discriminated patients with a
meaningful change in PCS, we computed
the accuracy of a personal MCID in the
PHAR validation set (i.e., the proportion of
patients with an increase in PCS of 5 [and
3.4] or more who were correctly classified
on the basis of the increase of 6MWD above
their personal MCID). Missing data were
not imputed. We performed all analyses
initially in the clinical trials dataset and
then repeated them in the PHAR dataset.
All data analyses were done using R version
4.1.0 (2021-05-18).

Results

Study Participants

Of the 21 available RCTs, 8 phase III RCT's
included the SF-36 or the SF-12 (Table E2).
Of the 2,810 patients in these studies, we
excluded 23 (0.8%) patients younger than 18
years of age, 57 (2.0%) patients with CTEPH,
and 326 (11.6%) patients with 6 MWD or
SE-36 or SF-12 measured less than twice,
leaving 2,404 patients with PAH in the
derivation set (clinical trials) (Figure 1A).
The characteristics of the study sample for
this analysis were similar to those of adult
patients with PAH in the other phase III
trials that did not collect SF-12 or SF-36 data
(Table E3). The PHAR included 1,995
patients by March 29, 2,022 (Figure 1B).

We excluded 36 (1.8%) patients younger
than 18 years of age and 274 (13.7%) patients

with CTEPH. We excluded 1,148 (57.5%)
patients who had 6MWD or SF-12 measured
less than twice, leaving 537 patients with
PAH in the validation set (PHAR). The
median (interquartile range) duration from
initial to follow-up assessment in the clinical
trials was 16 weeks (12, 24), whereas it was
26 weeks (21, 34) in the PHAR.

The mean = standard deviation age of
the derivation (clinical trial) study sample
was 50.5 * 15.2 years, and 1,849 (77%) were
female, similar to those in the validation
(PHAR) study sample (Table 1). About
three-quarters of the patients were White,
and there were 11% Hispanic or Latino
patients in both samples. Idiopathic PAH
was more common in the derivation
(clinical trial) study sample than in the
validation (PHAR) study sample, and
drug and toxin-related PAH and
portopulmonary hypertension were
slightly more common in the validation
(PHAR) study sample. The baseline
6MWD and PCS scores were similar
between study samples.

The correlations between initial,
follow-up and the change over time in
6MWD and PCS in the clinical trials
sample and the PHAR are shown in
Table E4 and Figure E1. There were
clinically (and statistically) significant
correlations (most r of at least 0.30) for all
studies except the correlation in change
from baseline for AIR (23), supporting the
use of PCS as an anchor for 6MWD.

Population 6MWD MCID
The estimates of the population 6MWD
MCID for responders from primary and
sensitivity analyses in the derivation (clinical
trial) and validation (PHAR) samples are
shown in Figure 2. The responder 6MWD
MCID using PCS of at least five from the
one-step generalized estimating equation
linear regression model in the derivation
(clinical trial) sample was 33 m (95% CI,
27-38) and almost identical in the validation
(PHAR) data set (36 m [95% CI, 29-43]).
The two-step analysis of the derivation
(clinical trial) data set provided a similar MCID
(33 m [95% CI, 26-38]) (Figures 2 and E2).
The primary estimates were robust to
the use of other anchor-based methods in
both the derivation (clinical trials) dataset
and validation (PHAR) dataset (e.g., receiver
operating characteristic curve and change
difference) (Figures 2 and E3). Empirical
cumulative distribution function curves and
probability density function curves for a PCS
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Y

A 4
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e 2,404 PAH patients

Patients excluded (n=406)
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Patients with 6MWD or SF-36 or SF-12 measured

at less than two time points (n=326)

Number of patients included as
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Patients excluded (n=1,458)
Patients < 18 years (n=36)
CTEPH patients (n=274)
Patients with MWD or SF-36 measured at

Study sample
+ 537 PAH patients

less than two time points (n=1,148)

Figure 1. Participant flowchart. (A) Study sample from FDA clinical trials (derivation sample). (B) Study sample from the Pulmonary
Hypertension Association Registry (validation sample). BMWD = 6-minute-walk distance; CTEPH = chronic thromboembolic pulmonary
hypertension; FDA = U.S. Food and Drug Administration; PAH = pulmonary arterial hypertension; SF = Short Form.

cut-off of five are shown in Figure E4.

The anchor-based methods produced
similar point estimates and overlapping

95% ClIs both in the derivation (clinical trial)
and validation (PHAR) data sets.

The secondary distributional methods
showed that the standardized response mean
and standard error of measurement MCIDs
were similar to the anchor-based approach,
whereas the standardized mean difference
produced an MCID much greater than the
other anchor-based and distributional
approaches (Figure 2).

The 6MWD MCID did not significantly
differ by age, sex, race, PAH etiology, BMI,
WHO functional class, and background
PAH therapy in the derivation (clinical trials)
or validation (PHAR) data sets (Figures 3
and 4). However, patients with lower
baseline 6 MWD had larger 6 MWD MCIDs
in the derivation sample (P for interaction
less than 0.001) and possibly in the validation
sample (P for interaction equal to 0.09).
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Analyses using a cutoff of 3.4 for the
PCS anchor in the one-step analysis showed
a similar MCID estimate of 28 m (95% CI,
23-34) in the derivation data set and 33 m
(95% CI, 26-40) in the validation data set
(Figure E5). Other analyses using the PCS
3.4 unit as an anchor are shown in Table E7
and Figures E6-E10.

The MCID for mean group differences
(with a PCS cutoff of two, as recommended
[7]) using one-step linear regression in the
derivation (clinical trial) population was
24 m (95% CI, 18-31) and in the validation
(PHAR) population 31 m (95% CI, 24-37),
as shown in Figures E11-E14. The two-step
estimate from the clinical trial population
was 24 m (95% CI, 17-31).

Personalized 6MWD MCID
See the online supplement for details.

The MCID did not differ significantly on
the basis of other covariates (Figure 3), so the
equation to estimate a personalized 6 MWD

MCID from the derivation set (clinical trials)
only included the baseline 6MWD: 6MWD
MCID =63.70 + 2.69 X PCS(5) —0.12 X
baseline 6MWD, simplified to 6MWD
MCID =77.15 — 0.12 X baseline 6MWD.
The accuracy of various 6 MWD MCID
cutoffs in discriminating patients with PAH
with a meaningful clinical difference is
shown in Table 2. The accuracies of the
various MCID cutoffs were similar, and their
ClIs overlapped.

Discussion

We found that the SMWD MCID to
identify responders was approximately

33 m using anchor-based approaches in
(to our knowledge) the first study using
meta-analyzed individual clinical trial
participant data and registry-based
real-world data from almost 3,000 patients
with PAH. Sensitivity analyses showed that
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Table 1. Characteristics of Study Participants

Characteristic n Statistic
Age (yr), mean = SD 2,404 50.5+15.2
Sex (female), n (%) 2,404 1,849 (76.9)
Race, n (%) 2,404

White 1,845 (76.7)

Asian 239 (9.9)

Black 107 (4.5)

Other 28 (1.2)

Unknown 185 (7.7)
Ethnicity, n (%) 2,404

Hispanic or Latino 272 (11.3)

Not Hispanic or Latino 2,131 (88.6)

Unknown 1 (0.0)
Body mass index (kg/m2), mean = SD 2,128 27.1+6.3
PAH etiology, n (%) 2,401

Idiopathic 1,407 (58.6)

Associated with connective tissue disease 718 (29.9)

Associated with congenital heart disease 154 (6.4)

Drug and toxin-induced 64 (2.7)

Heritable/familial 32 (1.3)

Associated with HIV infection 26 (1.1)

Portopulmonary hypertension 0 (0.0)

Persistent pulmonary hypertension of the newborn 0 (0.0)

Pulmonary veno occlusive disease or pulmonary 0 (0.0)

capillary hemangiomatosis
Mean right atrial pressure (mm Hg), median (IQR) 1,992 8.0 (5.0, 11.0)
Mean pulmonary artery pressure (mm Hg), median (IQR) 2,131 50 (40, 60)
Cardiac index (L/min/m?), median (IQR) 1,980 2.32 (1.90, 2.83)
Pulmonary vascular resistance (Wood units), median (IQR) 2,083 10.0 (6.4, 14.4)
Pulmonary artery wedge pressure (mm Hg), median (IQR) 2,062 9.0 (7.0, 12.0)
WHO functional class, n (%) 2,403

I 13 (0.5)

Il 927 (38.6)

I 1,378 (57.3)

v 85 (3.5)
6-minute-walk distance (m), mean = SD 2,404 356 + 90
Physical component score, mean = SD 2,404 35.3+8.9
Mental component score, mean = SD 2,404 442 +12.1

Derivation Set (Clinical Trials)

Validation Set (PHAR)

Standardized

n Statistic Difference*
537 53.7+16.0 0.20
537 414 (77.1) 0.01
537 0.34

410 (76.4)
27 (5.0)
50 (9.3)
23 (4.3)
27 (5.0)
537 0.29
60 (11.2)
455 (84.7)
22 (4.1)
529 299+7.2 0.42
537 0.56
224 (41.7)
167 (31.1)
33 (6.1)
58 (10.8)
12 (2.2)
7 (1.3)
32 (6.0)
2 (0.4)
2 (0.4)
527 9.0 (5.0, 13.0) 0.26
529 50 (40, 60) 0.07
497 2.13 (1.73, 2.70) 0.24
483 9.5 (6.0, 13.3) 0.11
506 11.0 (8.0, 14.0) 0.38
523 0.40
42 (8.0)
210 (40.2)
247 (47.2)
24 (4.6)
537 347 = 126 0.08
537 35.8+10.7 0.05
537 48.5+11.6 0.36

Definition of abbreviations: HIV = human immunodeficiency virus; IQR =

Hypertension Association Registry; SD = standard deviation.
*Standardized mean differences less than 0.5 are considered small.

the estimate and confidence intervals were
robust to differences in the modeling
approach. MCIDs that identify responders
should always be considered an
approximation because of several sources
of variability. However, our results were
consistent across age, sex, race, BMI, type
of PAH, background treatment status, and
functional class, even though we have
shown that sex and BMI may impact
6MWD (27). Contrary to our expectations,
the MCID was larger in patients with lower
6MWD at initial assessment in both the
clinical trial and registry study samples,
although this baseline dependence of the
MCID is likely spurious, as shown in prior
studies (discussed below [28]). Personalized
adjusted MCIDs were similar in accuracy to
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the population MCID, and adjustment for
baseline 6 MWD may not be appropriate, so
the evidence does not support a role for
personalized MCIDs in clinical care or
research. Finally, we have provided
estimates of the MCIDs for between-group
mean differences.

Previous studies of the MCID in
patients with PAH used distributional
methods (29) rather than multiple anchor-
based methodologic approaches as
recommended (25), included only one trial
(which was also included in this analysis)
(30), and anchored on clinical events (3);
none included validation analyses in real-life
data from the current era. Although we used
a larger multinational study sample over a
longer time span, our population 6SMWD

interquartile range; PAH = pulmonary arterial hypertension; PHAR = Pulmonary

MCID estimates from both clinical trial and
registry study samples using one- and two-
step models were consistent with those from
the study using the RCT of tadalafil that
triangulated anchor-based and distribution-
based estimates (30), supporting the
generalizability of this estimate across
studies, time, and geography. However, our
MCID was lower than the estimate obtained
from a study that used only distributional
methods in PAH (41 m) (29). One prior
study from an earlier population of patients
from the PHAR derived the MCID for the
emPHasis-10 (a pulmonary hypertension-
specific quality of life instrument) using
distributional methods linked with a change
in 6MWD of 35 m (31), providing further
validation of our findings anchored to the
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Figure 2. Minimal clinically important difference (95% confidence interval) in the 6-minute-walk
distance using (A) anchor-based (physical component score change of at least five) and (B)
distributional methods. 6MWD = 6-minute-walk distance; PHAR = Pulmonary Hypertension
Association Registry; ROC = receiver operating characteristic; SMD = standardized mean

difference; SRM = standardized response mean.

PCS. Finally, we distinguished the MCID
for responders from the MCID for studying
group differences; other studies have not
provided specific estimates.

We previously published a study
including some of the clinical trials in the
current sample, which showed that 6sMWD
was not a good surrogate endpoint for
short-term outcomes with a threshold effect
of greater than 40 m required to possibly
infer a reduction in clinical worsening (3).
This discrepancy could be because of a focus
on patient perception of a change in their
physical health (captured by the PCS) in this
study rather than a purely statistical
relationship between some change in 6 MWD
and the risk of clinical worsening.

Although younger patients, males, and
patients with lower BMI tended to have larger
MCIDs, these (and other) differences were not
statistically significant in either derivation or
validation samples. Also, the type of PAH
and use of background therapy did not
significantly affect the MCID. Patients with
lower baseline 6SMWD had significantly higher
6MWD MCID, which is counterintuitive at
first glance. We assumed that more severely
affected patients would require a smaller
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change in 6MWD to perceive this as clinical
improvement. Consistent between the clinical
trial and registry real-world populations, this
finding could be explained in several ways.
First, a severely impaired patient may require
a greater change in 6 MWD to detect the
improvement because of factors that dull the
perception of physical wellness. In this
scenario, patients perceive the same change in
PCS differently. Second, this observation could
be a result of the floor and ceiling effects of the
change value. Relationships between lower
baseline measurements and higher MCIDs in
various metrics and data simulations have
been well-documented (32), suggesting that
differences in responsiveness of the sample
and nonrandom error in the change score
across subgroups may account for this finding
(28, 33, 34). Finally, type I error is possible
(as the P value in the validation group was
borderline); however, the consistently strong
inverse relationship between baseline 6 MWD
and the MCID in our two independent study
samples and the similar baseline dependency
of the MCID in other disease states (32, 34)
makes this less likely.

Some have recommended using the
percent change in 6 MWD as an endpoint

(often used as a component of the time to
clinical worsening composite endpoint in
PAH). However, we found significant
heteroscedasticity when the percent change
in 6MWD was plotted against the baseline
6MWD and an inverse relationship between
the MCID (modeled as percent change in
6MWD) and the baseline 6 MWD (data not
shown), suggesting that modeling as percent
change does not fully address the baseline
dependency of the SMWD. The use of
percent change in 6 MWD in a composite
endpoint (being considered equivalent to
hospitalization, lung transplantation, or
death) likely has very different implications
than those of an MCID, which identifies the
smallest threshold in change that may be
clinically important.

The establishment of 6sMWD MCIDs in
PAH may significantly advance clinical trial
design. Regulatory bodies, clinicians, and
investigators often want to know the
probability of a meaningful response to an
intervention (especially how a patient feels or
functions) to decide if the cost, side effects,
and burden are justified by the chance that a
patient will benefit. This requires a validated
responder threshold linked to a clinically
important measure. The downsides to this
approach have been recognized (35),
especially the loss of power entailed in
dichotomizing a continuous variable.

The other traditional role of MCIDs is in
comparing group means between arms of a
clinical trial and could be used for minimum
sample size calculation. We found an MCID
of approximately 24 m linked to an
increment of PCS of two, considered a
reasonable increment for group mean
differences (7).

Although the SMWD MCID can be
used by clinicians in defining treatment goals
and monitoring the evolution of the disease,
the accuracy in discriminating patients who
reported a meaningful change at their follow-
up visit was only adequate (with c-statistics
around 0.60). The 6SMWD in PHAR was not
always measured on the same day as PCS,
and clinical 6-minute-walk tests may not be
as rigorous as research-based testing from
clinical trials. The clinical utility of the
MCIDs in this study needs further
investigation before widespread use.

Strengths of our study include a large
multinational clinical trial population over
a long time span, the use of real-world
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Figure 3. Subgroup 6-minute-walk distance (6MWD) MCID (95% confidence interval) estimates from the derivation (clinical trial) data on the
basis of a change in physical component score of five. *Age and baseline 6MWD are analyzed as continuous variables. CHD-PAH = PAH
associated with congenital heart disease; CTD-PAH = PAH associated with connective tissue disease; MCID = minimal clinically important
difference; PAH = pulmonary arterial hypertension; WHO FC = World Health Organization functional class.

current registry data for validation of
findings, multiple sensitivity analyses, and
distinguishing MCID for responders versus
MCID for use in studying group differences.
Our study also has some limitations. It is
possible that individual patients were in more
than one of the clinical trials; however, we
were unable to determine this. This is likely
a relatively small number considering the
time span of the trials. The dates of the trial
recruitment and the PHAR did not overlap,
so it is very unlikely that patients would have
been in both datasets. Also, response shift
could lead to PCS measurement bias (36).

In response shift, patient-reported

outcomes improve over time because the
patient adapts to match their new
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life circumstances to better cope with
them (37).

The anchoring approach may present
some issues in terms of the selection of the
anchor, the correlation with the 6SMWD,
and the estimated MCID may be anchor-
dependent (25). The SF-36 (or SF-12) is a
generic health status questionnaire that may
not be as sensitive as disease-specific
questionnaires. However, 6 MWD MCIDs in
the PHAR obtained using PCS were similar
to 6MWD MCIDs obtained using emPHasis-
10, which is a pulmonary hypertension-
specific instrument (Figure E17). The PCS
may not always reflect the same physical
health status across patients, regions,
countries, and eras. We normalized these

scores to the 1998 U.S. norms, which may
not be valid for the countries from which our
derivation (clinical trial) study population
was drawn or the timeframes (10). The high
degree of agreement in findings between the
derivation and validation cohorts (the latter
solely U.S.-based) makes such differences less
likely to impact our findings. The exclusion
of patients with fewer than two assessments
of 6MWD or SF-36 (or SF-12) could lead to
selection bias (excluding sicker patients who
died before reassessment, leaving a healthier
sample for analysis). Finally, we only had a
small number of patients with low 6MWD at
baseline (by design of the trials), so the
generalizability of these findings to such
patients is unknown.
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Figure 4. Subgroup 6-minute-walk distance (6BMWD) MCID (95% confidence interval) estimates from the validation (Pulmonary Hypertension
Association Registry) data on the basis of a change in physical component score of five. *Age and baseline 6MWD are analyzed as continuous
variables. For definition of abbreviations, see Figure 3.

Table 2. Accuracy of Various 6-minute-walk Distance Minimal Clinically Important Difference Cutoffs in Detecting Patients with
Pulmonary Arterial Hypertension with a Change in Physical Component Score of at least Five

6MWD MCID Cutoff Validation Data Accuracy (95% CI)*

Population MCID of 33 m PHAR G1 (n=537) 60.0 (55.8-64.1)
PHAR G2 (n=2354) 68.1 (63.2-72.9)

PHAR G3 (n=225) 66.7 (60.5-72.8)

Population MCID stratified by baseline 6BMWD: 63 m for patients with baseline PHAR G1 (n=537) 59.2 (565.1-63.4)
6MWD < 165 m; 34 m for patients with baseline 6MWD 165-440 m; and 19 m for PHAR G2 (n=354) 66.7 (61.8-71.6)
patients with baseline 6MWD > 440 m PHAR G3 (n=225) 64.9 (58.7-71.1)
Individual MCID obtained from a prediction model: Change in PCS (5) + baseline 6MWD PHAR G1 (n=537) 60.1 (56.0-64.3)
PHAR G2 (n=354) 66.1 (61.2-71.0)

PHAR G3 (n=225) 63.6 (57.3-69.8)

Individual MCID obtained from a prediction model: Change in PCS (5) + baseline PHAR G1 (n=537) 59.6 (55.4—63.7)
6MWD + change in PCS (5) X baseline 6MWD PHAR G2 (n=354) 65.3 (60.3—-70.2)
PHAR G3 (n=225) 63.1 (56.8-69.4)

Definition of abbreviations: 6BMWD = 6-minute-walk distance; Cl = confidence interval; G1: Between baseline and 1st follow-up visit; G2: Between 1st
and 2nd follow-up visit; G3: Between 2nd and 3rd follow-up visit. MCID = minimal clinically important difference; PCS = physical component score.
*Proportion of patients with and without a change in PCS =5 who are correctly classified.
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Conclusions

Using a large number of patients in RCT's of
pulmonary arterial hypertension therapies
and a registry from centers across the United
States, we estimated a 6MWD MCID
threshold of approximately 33 m to identify a
significant clinical response in a patient with
PAH for research purposes. A smaller MCID
of approximately 24 m is warranted for

interpreting group mean differences in
RCTs. The integration of such patient-
focused study endpoints with other
indicators of morbidity and mortality

in early- and late-phase clinical trials in PAH
requires further investigation.
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