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ABSTRACT. Few randomized controlled trials (RCT) have shown a demonstrable treatment effect in systemic sclerosis (SSc), making it difficult to evaluate outcome measures in this disease indication. Results from
recent RCT, including those evaluating cyclophosphamide for SSc interstitial lung disease and endothelin receptor antagonists for pulmonary hypertension, have allowed analysis of certain organ-specific
endpoints using the OMERACT filter. An earlier metaanalysis established that skin score, measures of
Raynaud’s, pulmonary function tests, blood pressure, pain, Health Assessment Questionnaire, and
Medical Outcomes Survey Short-Form 36 are validated outcome measures in SSc. At OMERACT 8,
data regarding validation of high-resolution computed tomography of the lungs, 6-minute walk test, and
patient reported outcomes in SSc were presented. A Delphi exercise to develop consensus regarding a
combined set of noninvasive measures for pulmonary arterial hypertension (PAH) is under way. Given
the protean nature of this illness and its multiorgan system involvement, a composite responder index
may be preferable. Another Delphi exercise is designed to develop consensus regarding a combined SSc
response index to be validated in future RCT. (J Rheumatol 2007;34:1194–200)
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Systemic sclerosis (SSc) is a heterogeneous disorder affecting
multiple organs that often leads to severe pathologic fibrosis,
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organ failure, and death. The pathogenesis of SSc involves a
complex and poorly understood interaction of inflammatory
and immunological reactivity, an obliterative vasculopathy,
and an unregulated fibroblastic response. This unusual pathobiology, which waxes and wanes, makes it challenging to
develop good outcome measures for randomized controlled
trials (RCT) in SSc.
Outcome measurements from clinical trials have been outlined previously, including skin thickness score, measures of
Raynaud’s, forced vital capacity (FVC), diffusing capacity
(DLCO), Health Assessment Questionnaire disability index
(HAQ-DI), and Medical Outcomes Survey Short-Form 36
(SF-36), which have demonstrated statistically significant
changes by treatment groups (Table 1)1,2.
Progress has been made in further validating organ-specific outcomes in SSc particularly based on the Scleroderma
Lung Study (SLS; N = 158) and a similar although smaller
UK study, the Fibrosing Alveolitis in Scleroderma Trial
(FAST; N = 45; Table 2). Certain outcome measures, such as
mortality or time to organ involvement, are not feasible at this
time, unless the clinical trial involves very high risk patients
with rapidly progressive diffuse scleroderma.
This report discusses progress since OMERACT 7, and
describes proposed methodology to assess the validation of
organ-specific system outcome measures. The format of this
document will be to review available outcome measures and
their background, apply the OMERACT filter to the extent
possible, and summarize.
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Cutaneous outcomes in SSc
Although the modified Rodnan Skin Score is a fully validated
outcome measure in SSc, it has shown modest responsiveness
in 3 RCT, and better measures of response in skin manifestations are still needed. Other methods of assessing skin disease,
such as use of a mechanical durometer to measure skin hardness, ultrasound to measure skin thickness, and other devices
to measure the viscoelastic properties of skin, are presently in
development.

Table 1. Fully validated measures of outcome in SSc2.
System

Skin
Cardiopulmonary

Measure

Modified Rodnan Skin Score
Forced vital capacity/DLCO
Right heart catheterization
Congestive heart disesae by clinical examination
Vascular
Raynaud’s condition score*
Patient Raynaud’s phenomenon activity (VAS)
Physician Raynaud’s phenomenon activity (VAS)
Raynaud’s phenomenon frequency
Raynaud’s phenomenon duration
Patient digital ulcer activity (VAS)
Physician digital ulcer count
Renal
Blood pressure
Patient pain/function Pain VAS
HAQ Disability Index
SF-36

* The Raynaud’s condition score (RCS) is a summary rating of patients’
self-report of their disease activity. Using a 0–10 Likert scale patients document in a daily diary their assessment of the combination of severity, frequency, duration, and impact of their Raynaud’s for that day. The reporting
RCS is the mean of 2 weeks of daily ratings.

Table 2. Randomized controlled trials in SSc.

Raynaud’s outcomes in SSc
Raynaud’s phenomenon is a vasculospastic clinical syndrome
resulting in characteristic blanching, cyanosis, and erythema
of the digits distal to the metacarpals. In severe cases, it causes painful, nonhealing ulcers, and occasionally results in
amputation. It is a very common clinical problem in SSc.
Based on data from earlier SSc RCT, several outcome measures have been validated (See Table 1; discussed previously
and not reviewed here).

Duration

Bosentan vs placebo in SSc-ILD
Bovine type I collagen vs placebo in SSc
Cyclophosphamide vs placebo in SSc alveolitis

Published

Clements34

Yes

Pope41

Yes

164
168
162

Seibold39
Postlethwaite47
Tashkin37

48 weeks

27

van den Hoogen40

231

Seibold31

104 weeks

Methotrexate vs placebo in diffuse SSc

48 weeks

Relaxin vs placebo in diffuse SSc

Study

48 weeks
60 weeks
52 weeks

D-penicillamine vs placebo in diffuse SSc

Methotrexate vs placebo in diffuse SSc

N

134
72

24 weeks

Alpha interferon for diffuse SSc
48 weeks
Anti-TGF beta for diffuse SSc
24 weeks
IIoprost for Raynaud’s phenomenon
6 weeks
RAPIDS 1 and 2 Bosentan vs placebo for Raynaud’s phenomenon 16–24 weeks

1: double-blind; 2: multi-center; 3: placebo controlled; 4: diffuse SSc; 5: limited SSc.

35
45
103
310

Black42
Denton43
Black44
Korn/Seibold46

No
No
No

Yes
No

Yes
No
Yes
No

Comments

1,2,3,4
1,2,3,4
1,2,3,4,5
Dis dur ≥ 7 yrs
1,2,3,4
Dis dur < 2 yrs
1,2,3,4
Dis dur < 3 yrs
1,2,3,4
Dis dur < 3 yrs
1,2,3,4
Dis dur < 4 yrs
1,2,3,4
1,2,3,4 phase 1b
1,2,3,4
1,2,3,4,5

Table 3. Status of measures in addition to Table 1 that have been examined since OMERACT 7.

Measure

Creatinine clearance
Chest HRCT for ILD
6MWT for PAH
6MWT for ILD
HAQ-DI
SF-36
Durometer for skin disease

Truth
Face Validity Content Validity
Val
Val
Val
Val
Val
Val
Val

Val
Val
Val
No
Val
Val
Val

Reliability
Val
Val
Val
Val
Val
Val
Val

Discrimination
Discriminant
Validity
Not tested
Val
Val
No
Val
Val
PV

Construct
Validity
Val
PV
Val
PV
Val
Val
PV

Feasibility
Val
Val
Val
Val
Val
Val
Val

Ready for Use
in Clinical Trials
Yes
Yes
Yes
No
-YV
Yes
Yes

HRCT: high resolution CT; 6MWT: 6 minute walk test; HAQ-DI: Health Assessment Questionnaire-Disability Index; ILD: interstitial lung disease; SF-36:
Short-form 36; Val: validated; PV: partially validated.
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Gastrointestinal outcomes in SSc
The gastrointestinal (GI) manifestations of SSc are probably
related to a vasculopathy of the vasa nervorum, with eventual
progressive fibrosis of the esophagus, stomach, small intestine, and colon. GI outcome measures are presently under
evaluation — a patient-oriented outcome has recently been
developed by the members of the Scleroderma Clinical Trial
Consortium2a.

Renal outcomes in SSc
Background. “Scleroderma renal crisis” (SRC) is a vasculopathic process that leads to rapidly progressive renal failure.
However, it is difficult to choose measurable biomarkers that
predict or indicate SRC. To date, only changes in blood pressure have been explicitly validated as an outcome measure
(Table 1). Even urine sediment is not validated for SRC or SSc
trials.
Although many use serum creatinine as the most feasible
measure of renal function, creatinine levels may be reduced if
muscular mass decreases for any reason (including SSc), so
evaluating renal function by serum creatinine concentration
alone may lead to underestimates of renal involvement. Direct
measurement of creatinine clearance (CrCl) resolves this
problem but presents 2 major drawbacks: (1) the need to perform an accurate 24-hour urine collection, and (2) individual
variability in tubular secretion of creatinine. Clinical equations involving variables that are easily collected in clinical
trials have been evaluated with a goal of increased accuracy in
estimating CrCl. The Modification of Diet in Renal Disease
(MDRD) equation is thought to be more accurate than the
more commonly used Cockcroft-Gault equation35. The
MDRD equation was established from data obtained in
patients with some degree of renal failure [mean glomerular
filtration rate (GFR) of the MDRD population 39.8 ml/min],
and this may explain its tendency to underestimate GFR in
patients with no abnormality in GFR. It is recommended that
this formula be used in patients with abnormal renal function,
although it may underestimate true GFR in patients with normal renal function, and may not compensate completely for
decreases in muscle mass.

OMERACT Filter
Truth. Thirty-five patients with SSc underwent 99MTc-DTPA
radioisotopic measurement of GFR by V injection. Results
were correlated with measured 24-hour ClCr and CockcroftGault and MDRD equations. In these 35 patients, CrCl using
24-hour urine collections was closely correlated with GFR
measured by radioisotopic methods (99mTc-DTPA; r = 0.8207)
considered the gold standard in this study. The 24-hour urine
CrCl correlated more closely with the DTPA GFR than the
Cockcroft-Gault and MDRD equations — respectively, r =
0.6536 and r = 0.6089.
Discrimination. CrCl has not yet been demonstrated to have
discriminant validity in SSc.
1196

Short-term reproducibility of GFR estimate by CrCl is
good, with a median change of 5.35% (total range 0–20%).
CrCl corrected to the standard body surface area of 1.73 m2
can be used to evaluate renal function in SSc patients irrespective of sex, age, and clinical subset35,36.
Feasibility. The method is readily available and not expensive,
suffering only from inaccuracy of urine collections.

Summary of renal outcomes in SSc
Despite their simplicity, serum creatinine measurement, 24hour collections of urine for CrCl calculations, and formulaic
estimates of GFR are not validated measures of renal function
in SSc. Further research regarding the validity of other measures of renal function, including 99mTc-DTPA radioisotopic
assessment of GFR, is needed.

Cardiopulmonary outcomes in SSc
General background. Pulmonary function tests (PFT), including carbon monoxide diffusing capacity (DLCO), high-resolution computed tomography (HRCT) scan of the lungs, 6minute walking test (6MWT), dyspnea scores, and New York
Heart Association (NYHA) Functional Classification, have all
been proposed as outcome measures in SSc trials.
Unfortunately, the pathophysiologic processes in SSc often
involve both heart and lung and the close functional interrelationship between cardiac and pulmonary organ systems makes
differentiating discrete clinical effects on myocardium, coronary circulation, pulmonary parenchyma, or pulmonary vasculature problematic. It was thus agreed at OMERACT 6 that
cardiac and pulmonary organ systems should be evaluated
together. However, it is recognized that some outcome measures may be appropriate for certain organ involvement [e.g.,
6MWT for PAH; FVC for interstitial lung disease (ILD)].

Pulmonary function tests: FVC and DLCO
Background. While PFT have long been used in SSc, only
FVC has been validated as an outcome measure in RCT. Two
recent RCT in patients with SSc lung disease used FVC and
DLCO as outcome measurements. While the FVC changed in
these trials, DLCO did not. The lack of sensitivity to change
of the DLCO may have been due to (1) true lack of responsiveness (low signal to noise ratio), (2) the relatively short
duration of the trials (only 1 year), (3) lack of progression in
placebo-treated SSc patients, and/or, (4) the modest effectiveness of the medications tested (oral and intravenous
cyclophosphamide)3.
High-resolution CT scans of the lungs
Background. The histology of SSc is thought to include nonspecific interstitial pulmonary (NSIP) disease (with relatively
more inflammation and less fibrosis), usual interstitial pulmonary (UIP) disease characterized by fibrosis and scarring or
some combination of these 24-7,37,38. Latsi’s review noted
either NSIP, UIP, or both4,5,37 correlation have been found
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between histopathology and HRCT in idiopathic pulmonary
fibrosis5,6,38.
In other diseases (e.g., ankylosing spondylitis) correlations
were found between lung HRCT scores and various components of PFT in lung transplant patients, and it has been used
in numerous other diseases (e.g., idiopathic pulmonary fibrosis, Wegener’s granulomatosis, and polymyositis)9,10-19.

OMERACT Filter
Truth. HRCT appears to be useful in SSc idiopathic lung disease (SSc-ILD). Devenyi and Czirjak20 demonstrated that
86% of 21 patients with diffuse and 57% of 70 with limited
cutaneous SSc had abnormal HRCT. Weaknesses of these and
similar studies include the lack of uniform technology and a
semiquantitative scoring system. Diot, et al used a semiquantitative scoring system and examined the relationship between
HRCT and PFT in pulmonary fibrosis in 52 SSc patients12,21.
The specificity for PFT abnormalities was 0.83 and sensitivity was 0.6 with a positive predictive value of 0.82. Other data,
however, have shown inconsistent results15,22,23.
One small SSc series (15 patients) showed an excellent
segmental correlation of ground-glass appearance on HRCT
and alveolitis by bronchoalveolar lavage examining the right
middle lobe and lingula, but did not show this correlation for
lower lobes7. In contrast, there was a good correlation
between fibrosis of the lower lobes on HRCT and alveolitis,
but not for the middle lobe. Overall, better semiquantitative
methods to measure alveolitis by HRCT are needed, and are
being examined.
HRCT fibrosis scores correlated moderately with
histopathologic fibrosis scores (r = 0.53, p = 0.001), and the
HRCT ground-glass scores correlated somewhat with
histopathologic inflammatory scores for each lobe (r = 0.27, p
= 0.03).
In idiopathic pulmonary fibrosis (IPF), a randomized trial
of interferon-γ (IFN-γ) in 315 patients demonstrated that
HRCT correlated with the DLCO24. In multivariate analysis
an increased fibrosis score predicted death (p < 0.0001) and
increasing DLCO and IFN-γ predicted less death (p ≤ 0.04).
Discrimination. The ability of the HRCT to detect change in
SSc is controversial, with one 14-patient open study showing
responsiveness30 and one 21-patient open study not doing so.
The reproducibility of HRCT scoring for IPF was examined
by Kazerooni, et al in 25 patients with IPF38. Interobserver
variability (assessed by kappa statistic) was good for groundglass (κ = 0.59–0.81) and for fibrosis (κ = 0.72–0.83).
The 1-year, 158-patient multicenter Scleroderma Lung
Study trial, comparing oral cyclophosphamide to placebo in
patients with active SSc alveolitis, demonstrated good interreader agreement for determination of the absence or presence
of pure ground-glass (κ = 0.76) and fibrosis (κ = 0.74), but
only fair agreement for honeycombed cysts (κ = 0.29). The
extent of fibrosis was significantly and negatively correlated
with FVC (Pearson, r = –0.22; p = 0.01) and DLCO (r = –0.42;

p = 0.0001)39,40. Whether cyclophosphamide will protect the
lung from fibrosis on HRCT awaits further analysis of the
HRCT performed at baseline and at 12 months in the SLS and
FAST trials (unpublished data).
Feasibility. Thoracic HRCT are quite feasible, but they are
expensive, and require consensus readings, limiting their sensibility in RCT. While somewhat cumbersome, they are being
used39,40 and thus have demonstrated feasibility.

Summary of HRCT in SSc
The truth and feasibility of pulmonary HRCT in SSc have
been demonstrated. Discrimination has been shown in other
diseases, but not yet in SSc.

6-Minute Walk Test (6MWT) in SSc PAH
Background. The 6MWT measures the ability to walk a certain distance in a 6-minute period and has been used extensively in cardiology and pulmonary RCT. Biologically and en
face it should be a good test of cardiopulmonary and musculoskeletal function. The 6-MWT is presently the most widely
used primary endpoint for studies investigating PAH (idiopathic and associated forms, including SSc and systemic lupus
erythematosus), and is the only measure of exercise capacity
accepted by the US Food and Drug Administration24. It has
not been validated in patients with less severe PAH such as
New York Heart Association/WHO classes I and II.
Miyamoto, et al showed that in patients with PAH, compared with other noninvasive studies (e.g., echocardiogram
and brain natriuretic peptide), only the 6MWT correlated with
survival (p < 0.01)25. In a systematic review of the use of the
6MWT in chronic heart failure by Olsson, et al26, significant
increases in 6MWT were observed in only 9 of 47 RCT, leading the authors to recommend against its use. In an observational study of arthroplasty in OA patients by Kennedy, et
al27, a subset of 21 patients was chosen for test-retest reliability: intraclass correlation coefficient was 0.94 (95% CI
0.88–0.98).

OMERACT Filter
Truth. In RCT in PAH, including about 20% patients with
SSc, the 6MWT improved in the same direction as fatigue and
dyspnea22, with cardiac index28, or correlated with changes in
mean pulmonary artery pressure, cardiac index, pulmonary
vascular resistance, and clinical worsening29.
Discrimination. The 6MWT was able to separate active from
placebo treatment in the SSc epoprostenol trial of PAH [36 m
improvement (epoprostenol) vs 15 m decline (placebo)]22. For
sildenafil, a subset of 11%–16% of SSc patients was examined
from 3 trials in PAH patients comprising fewer than 100 SSc
patients overall, and showed discriminant ability (75 m on
sildenafil vs 0 m on placebo; p < 0.05)22.
Feasibility. With some training, the 6MWT has been successfully incorporated into RCT of SSc PAH, and can be used in
other trials with little difficulty.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2007. All rights reserved.

Furst, et al: SSc outcome measurements

1197

6MWT in SSc interstitial lung disease
Truth. In an observational cohort of 50 SSc patients, the Borg
index (Borg dyspnea score: a validated score of an individual’s perceived effort on exertion on a 0–10 scale) correlated
with the 6MWT (r = 0.59, p < 0.0001), lung VAS (r = 0.5, p <
0.0001), and University of California San Diego dyspnea
index (r = 0.53, p < 0.001). While no correlation with FVC
was found, there was a low to moderate correlation with
DLCO (r = 0.4, p < 0.005). It should be noted, however, that
this was a group of patients specifically defined as high risk
for PAH and probably did not represent typical SSc patients
with ILD or mixed ILD/PAH (Steen, unpublished data, 2006).
In a study of bosentan for SSc-ILD, the 6MWT was highly
reproducible with a correlation of 0.95 on test-retest after 2
hours to 2 weeks in over 160 patients (Seibold, unpublished
data, 2006).
Correlations in a study of bosentan versus placebo in SScILD with pulmonary function tests (FVC, r = 0.19 p < 0.02;
DLCO, r = 0.06, p = nonsignificant) and Borg dyspnea score
were low (r = 0.28, p < 0.0004; Seibold, unpublished data,
2006).
Discrimination. The test-retest reliability of the 6MWT was
examined in a recent 1-year multicenter double-blind RCT
comparing bosentan versus placebo in 163 SSc-ILD patients
without complicating PAH (J. Seibold, unpublished data). In a
repeat set of 6MWT, performed between 2 hours and 4 weeks
apart, the mean 6MWT was 396.6 m versus 400 m (Pearson
correlation coefficient 0.95, p < 0.0001). The study was not
positive so the responsiveness of the 6MWT in SSc-ILD could
not be addressed.
Feasibility. As in PAH, the 6MWT can be easily incorporated
into RCT in ILD.
Summary
The 6MWT has demonstrated truth and feasibility in SSc-PAH
and SSc-ILD and is sensitive to change in SSc-PAH, but it has
not yet been shown to be sensitive to change in SSc-ILD.

Noninvasive measures to define pulmonary arterial hypertension
General background. While right heart catheterization is a
validated measure for evaluating pulmonary hypertension,
less invasive measures of PAH are clearly desirable. After initial discussion among qualified experts, a 3-stage Delphi exercise is under way to develop consensus regarding the best
combination of noninvasive measures most likely to correlate
with right heart catheterization for measurement of PAH.
During the first round, 41 rheumatologists, 23 pulmonologists, and 16 cardiologists identified 17 domains and more
than 150 instruments in SSc-PAH.

Patient reported measures in SSc
Physical function and health-related quality of life
Background. Since OMERACT 7, the Health Assessment
1198

Questionnaire Disability Index (HAQ-DI) and SF-36 have
been shown to meet the OMERACT filter in SSc, based on
analyses from 3 RCT in limited and diffuse SSc: a 24-week
trial of relaxin in early diffuse SSc, a 15-month trial administering oral type I collagen in diffuse SSc, and the 1-year
Scleroderma Lung Study trial in limited and diffuse SSc8,28-31.

OMERACT Filter
Truth. In the D-penicillamine study, HAQ-DI scores ≥ 1.0 at
baseline predicted increased mortality at 4 years compared
with patients with diffuse SSc with baseline scores < 1.0, indicating poorer physical function is associated with earlier mortality36. The D-penicillamine trial also showed that improvement of HAQ-DI over 2 years was associated with improvement in the skin score. In the SLS trial, physical component
summary (PCS) scores of the SF-36 had at least moderate
(defined as ≥ 0.40) Pearson correlation coefficients with
measures of breathlessness and person’s global disease activity — the Mahler Baseline Dyspnea Index (BDI), VAS, 0–100
mm for breathing, and patient global assessment (PGA; 0–100
mm) of disease activity (r = 0.51 for all, p < 0.01), for HAQDI a moderate correlation coefficient with BDI and PGA (r =
0.46, p < 0.01), and a lower correlation coefficient (r = 0.33,
p < 0.01) with VAS breathing. SF-36 mental component summary (MCS) scores showed low but significant correlations
with BDI, VAS breathing, and PGA (r = 0.26 to 0.31, p <
0.05). Coefficients of correlation were not significant between
the SF-36 PCS, MCS scores, and HAQ-DI with %FVC and
%DLCO predicted (r ≤ 0.16).
The internal consistency/reliability for SF-36 and HAQ-DI
were estimated in the relaxin study31. Cronbach’s alpha for
SF-36 domains and PCS/MCS scores ranged from 0.76 to
0.93 and for HAQ-DI from 0.69 to 0.91 — good to excellent
for both instruments. Although the test-retest reliability for
SF-36 and HAQ-DI has been acceptable in other rheumatologic diseases, no study has formally evaluated reliability in
SSc.
Discrimination. Responsiveness was examined using effect
size (ES) in the relaxin study31. SF-36 PCS score showed a
larger magnitude of responsiveness (ES = 0.36) for worsening
and improvement (ES = 0.59) in overall disease (by PGA)
compared with HAQ-DI (ES = 0.33 for worsening; 0.30 for
improvement). For disease-specific measures (such as skin
score and %FVC predicted), the HAQ-DI demonstrated a
larger magnitude of responsiveness for worsening, but not
improvement, than the SF-36 PCS. In the SLS, both SF-36
PCS and MCS scores discriminated between the severity of
breathlessness measured by BDI and VAS breathing, and
between more versus less impairment in %DLCO and %FVC
predicted, respectively. The HAQ-DI complemented the SF36 by discriminating between patients with limited and diffuse
disease (p < 0.001).
Minimally important difference (MID). Using investigator’s
assessment as an anchor (measured on a 7-item Likert scale
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from much worse to much better), the MID for the HAQ-DI
ranged from 0.10 to 0.14 units out of 3 in the D-penicillamine
study34. In the same study, MID estimates for modified
Rodnan Skin Score ranged from 3.2 to 5.3 units out of 5134.
Since there is an inherent uncertainty in the MID estimates,
ranges are preferred over a point estimate. Correlations with
patient-reported changes in global disease activity and/or pain
will be necessary to confirm the MID estimates for HAQ-DI.
Feasibility. Both instruments have been extensively utilized in
RCT in other rheumatic diseases and are feasible for use in
RCT in SSc.

Summary
The SF-36 and HAQ-DI have fulfilled the OMERACT filters
of truth, discrimination, and feasibility and are ready for use
in RCT in patients with diffuse SSc, although effect sizes are
not high. Both the SF-36 and HAQ-DI are partially validated
in patients with limited SSc based on analyses performed in
the SLS trial. Future trials should incorporate preferencebased health-related quality of life measures such as standard
gamble, time tradeoff, EQ-SD, SF-6D (derived from the SF36), Health Utilities Index-3, and the Quality of Well-Being
Scale. These measures are useful for pharmacoeconomic evaluations of therapies that are increasingly important in determining healthcare utilization.

Combined SSc response index
A Delphi exercise to reach a consensus for a combined index
of response in SSc is under way for use in 1-year multicenter
controlled clinical SSc trials. Thirteen domains were identified, including skin, pulmonary, cardiac, combined cardiopulmonary, gastrointestinal, renal, musculoskeletal, Raynaud’s
and digital ulcers, quality of life and function, global health,
biomarkers, and others. Fifty scleroderma experts suggested
212 items; the items were decreased to 177 after eliminating
the redundant items and are being refined further.
The SSc Special Interest Group recommended the following research agenda.

Renal
(1) Corroborate 24-hour urine creatinine clearance versus the
first morning urine, to be employed as a valid measure of
renal function. (2) Test whether CrCl is an independent measure of renal outcome or survival in SSc (e.g., different than
blood pressure changes).

High resolution computed tomography (HRCT)
(1) As a semiquantitative scoring system of fibrosis and
ground-glass has already been partially validated in one RCT,
it will be necessary to corroborate responsiveness of HRCT in
another RCT.
6MWT research agenda
(1) Validate 6MWT in an SSc population with mixed ILD and PAH.

PAH Delphi research agenda
(1) Complete the Delphi exercise.
(2) Be cognizant of the need to include patient perspective (6
of 14 domains are patient-reported), assuring that patient input
remains an important part of ongoing SSc efforts.
(3) Validate results of the Delphi exercise to develop a combination of noninvasive measures to supplement or replace right
heart catheterization for assessment of PAH in RCT.
Combined index of SSc response–research agenda
(1) Complete the present Delphi exercise.
(2) Validate results of the Delphi exercise (in RCT or longterm
observational studies).
(3) Explore organizing the domains within 3 physiological
groupings (fibrotic, immune, vasculopathic) rather than body
systems to see if this improves sensitivity to change.
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