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Abstract
Objective—To develop a provisional core set of response measures for clinical trials of systemic
sclerosis (SSc).

Methods—The Scleroderma Clinical Trials Consortium (SCTC) conducted a structured, 3-round
Delphi exercise to reach consensus on a core set of measures for clinical trials of SSc. Round 1
asked the SCTC investigators to list items in 11 pre-defined domains (skin, musculoskeletal,
cardiac, pulmonary, cardio-pulmonary, gastrointestinal, renal, Raynaud phenomenon and digital
ulcers, health-related quality of life and function, global health, and biomarkers) for SSc clinical
trials. Round 2 asked respondents to rate the importance of the chosen items and was followed by
a meeting, during which the Steering Committee discussed the feasibility, reliability, redundancy
and validity of the items. Round 3 sought to obtain broader consensus on the core set measures.
Members also voted on items that had data on feasibility but lacked data on reliability and validity,
but may still be useful research outcome measures for future trials.

Results—A total of 50 SCTC investigators participated in round 1, providing 212 unique items
for the 11 domains. In all, 46 (92%) participants responded in round 2 and rated 177 items. The
ratings of 177 items were reviewed by the Steering Committee and 31 items from the 11 domains
were judged to be appropriate for inclusion in a 1-year multi-centre clinical trial. In total, 40
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SCTC investigators completed round 3 and ranked 30 of 31 items as acceptable for inclusion in
the core set. The Steering Committee also proposed 14 items for a research agenda.

Conclusion—Using a Delphi exercise, we have developed a provisional core set of measures for
assessment of disease activity and severity in clinical trials of SSc.

Systemic sclerosis (scleroderma, SSc) has the highest case-specific mortality of any
rheumatic disease, is associated with substantial morbidity,1 and has many detrimental
effects on health-related quality of life.2 There has been significant progress over the past 10
years in the development and validation of outcome measures3 and refinement of trial
methodology in SSc.4 This is paralleled by an increased understanding of the pathogenesis
of SSc56 and development of targeted therapies.7 In order to make progress in therapy for
SSc, researchers need a standardised core set of response measures that encompasses the
complexity and clinical heterogeneity of SSc. Once developed, future research will be
needed to determine the most appropriate algorithm that incorporates these core set
measures into a feasible, reliable, and valid composite response index for defining clinically
important improvement and worsening. Identification of core set measures is prerequisite to
the development of a response index.

We conducted a structured Delphi exercise, with participation of the Scleroderma Clinical
Trials Consortium (SCTC) membership, to reach consensus on a provisional core set of
measures for SSc clinical trials.

METHODS
A multisystem process was used to develop the core set of measures, which are described
below and summarised in fig 1.

This project is an extension of work previously performed under the auspices of the
Outcome Measures in Rheumatology Clinical Trials (OMERACT).8–10 The project was
conducted using well recognised consensus formation methodology, namely the Delphi
technique and the Nominal Group technique.11 The Delphi technique is a method for
systematic solicitation and collation of judgments on a particular topic through a set of
carefully designed sequential questionnaires interspersed with summarised information and
feedback of opinions derived from earlier responses. It is a group process that utilises
written responses as opposed to bringing individuals together. By employing a process of
soliciting information in questionnaires, aggregating the information, and repeating the
questionnaires to gain agreement among the participants, the Delphi technique reaches
consensus in an elegant and efficient fashion. The Nominal Group technique11 is a
structured discussion of each idea that is led by a facilitator, after which a voting process
takes place to decide upon the ideas. The Delphi and Nominal Group techniques have
previously been used successfully to develop outcome measures in other rheumatic
diseases.12–14

Steering Committee members meeting
The Steering Committee (listed in the Appendix) for the development of provisional core set
measures consisted of nine international scleroderma experts (seven from the USA, two
from Europe). Before the first Delphi exercise was conducted, Steering Committee members
listed the following 11 domains of illness relevant to people with SSc: skin, musculoskeletal,
cardiac, pulmonary, cardio-pulmonary, gastrointestinal, renal, Raynaud phenomenon and
digital ulcers, health-related quality of life and function, global health, biomarkers
(serological markers, immune function, vascular injury, disease activity, and fibrosis), and
others (items not captured by the aforementioned domains).
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Structured Delphi exercise
We invited the SCTC investigators to participate in the development of a scleroderma
response index for a 1-year multi-centre randomised clinical trial in SSc. The SCTC is a
non-profit organisation dedicated to advancing clinical trial methodology and conduct to
develop better treatments for SSc (http://www.sctc-online.org). The SCTC has an
international membership of over 50 centres in the USA, Canada, South America, Asia, and
Europe. At the time of the first Delphi exercise, there were 65 member institutions in the
SCTC.

Round 1
We initiated a Delphi exercise via. e-mail in December 2005 and asked the 65 investigators
of the SCTC to list the items in the 11 domains that could be used in development of a
scleroderma combined response index for a 1-year multi-centre clinical trial. We did not
differentiate between the limited and diffuse cutaneous forms of SSc. Two reminder e-mails
were sent to the SCTC investigators, 3 weeks apart. Responses were either e-mailed or
faxed.

Steering Committee members were asked to consider the proposed items for their usefulness
in a hypothetical 1-year multi-centre clinical trial and assess their feasibility, reliability, and
validity (face, content, construct, and criterion validity) based on the OMERACT filters.15

Items considered either to not be feasible in multi-centre clinical trial or to lack reliability or
validity data (based on recent observational studies and clinical trials) were dropped.

Round 2
The investigators of the SCTC who responded to the first request were e-mailed a second
Delphi exercise and were asked to rate the importance of the chosen items to be included in
a definition of a scleroderma response index for a hypothetical 1-year multi-centre clinical
trial. They were asked to rate each one on a scale of 1 (extremely inappropriate for a
combined measure) to 9 (extremely appropriate for a combined measure). Two reminder e-
mails were sent to the SCTC investigators.

Follow-up meeting
Steering Committee members conducted a 1-day nominal group meeting in early August
2006 and discussed the issues of feasibility, reliability, redundancy, and validity, with
special emphasis on responsiveness to change, based on the OMERACT filters.15 Although
all proposed items were considered, the Steering Committee concentrated on items from
round 2 that had a median score of 6 or greater on a scale of 1 to 9. The Steering Committee
was provided with key articles summarising the current available data on outcome
measures.291016–19 After comprehensive discussions, the Steering Committee voted on each
item in the core set. A priori, at least 66% consensus was required (six out of nine members
present) to accept or reject an item for the core set. We chose 66% instead of the traditional
80% as there were only nine members in the Steering Committee and an 80% consensus
would have required agreement among eight of nine experts. This latter was considered an
unrealistic and overly stringent requirement. For purposes of practicality and easy of use, the
experts were also instructed to choose two to four core set items for each domain. The group
also agreed to include items that appear highly promising and feasible for use in future
clinical trials but lacked published data regarding reliability and validity.

Round 3
We sought to obtain broader consensus on the core set measures from the investigators of
the SCTC. A third round of the Delphi exercise was conducted to ensure that scleroderma
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experts around the world agreed with the proposed core set items. This Delphi exercise was
sent in October 2006 and investigators of the SCTC were asked to provide their agreement
on a scale of 1 (complete disagreement on the core set measure for a combined measure) to
9 (complete agreement on the core set measure for a combined measure). All relevant
articles were attached with the Delphi questionnaire.

Statistical analysis
Statistical analyses were descriptive in nature. The results are reported as median (25th–75th
percentile). Based on the RAND Corp./University of California, Los Angeles (RAND/
UCLA) Appropriateness Method,20 median scores in the 1–3 range during the third round of
the Delphi were considered as inappropriate (complete lack of consensus), those in the 4–6
range were considered as uncertain (some consensus), and those in the 7–9 range were
considered as appropriate (good to excellent consensus).

RESULTS
Of the 65 SCTC investigators, 50 (77% response rate, 30 from the USA, 13 from Europe, 5
from Canada, 1 from Asia, and 1 from South America) provided their responses to Delphi
round 1 exercise. The participants provided 212 unique items for the 11 domains. The
Steering Committee members were asked to consider the 212 items for their usefulness in a
1-year multi-centre clinical trial and assess their feasibility, reliability, redundancy, and
validity. Of the 212 items, the Steering Committee decided to retain 177 items; 20 were
dropped due to lack of feasibility (eg, ultrasound for skin thickness) and 15 were dropped
either due to lack of reliable or valid data in recent observational studies and clinical trials
(eg, oral aperture measurement) or they did not have an available instrument to capture the
underlying domain (eg, elasticity of the skin; data summarised in Furst et al (2005, 2007),
Merkel et al and Khanna et al).8–1021 The combined cardio-pulmonary domain was dropped
as the items overlapped completely (were redundant) with the separate cardiac and
pulmonary domains. The previously combined Raynaud phenomenon/digital ulcer domain
was separated into two domains: Raynaud phenomenon and digital ulcer.

Of the 50 participants, 46 (92%) responded in round 2 with their ratings of the 177 items
within each domain. The ratings of the 177 items were provided to the Steering Committee
members, and the 60 items with a median score of 6 or greater were discussed further.

Out of 60 items, some of the separate items were measured by the same outcome measure
and were combined and resulted in 45 items. For example, echocardiogram with Doppler
had four separate items—measurement of left ventricular parameters, diastolic function
parameters, right ventricular parameters, and pulmonary artery pressure. These were
combined into one item under cardiac domain (table 1).

Similarly, we combined items that were descriptive of right heart catheterisation (pulmonary
artery pressure, pulmonary vascular resistance, wedge pressure, and cardiac output/cardiac
index), pulmonary function tests (forced vital capacity, diffusion capacity, and total lung
capacity), and dyspnoea indices (University of California San Diego Dyspnoea
Questionnaire, St. George Respiratory Questionnaire, and Mahler Dyspnoea Index). Certain
items, such as 24-h pH monitoring, were not considered to be feasible in a multi-centre
study. Other items, such as palmar crease to digital tip measurement, were not responsive-
to-change in recent clinical trials.22

The Steering Committee decided on 31 (out of 45) items in 11 domains (table 1). All chosen
items were judged to be feasible for a 1-year multi-centre clinical trial. Of the 31 core set
items, 4 were selected that were particularly suited for organ-specific trials: right heart
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catheterisation, 6-min walk test, and Borg Dyspnoea Index were specifically encouraged for
clinical trials where a drug is being assessed specifically for pulmonary hypertension; high-
resolution computer tomography (HRCT) was encouraged for trials focusing on lung
parenchymal disease. Some of the other core items such as tendon friction rubs, visual
analogue scale to assess skin activity from patient’s and doctor’s perspectives, and
scleroderma transition items were considered as extremely important by the Steering
Committee during nominal group technique (although they lack complete published data on
reliability and validity) and were also rated highly by the SCTC members during round 3 of
the Delphi assessment.

A total of 14 of the 45 items were feasible231827–29 but lacked sufficient data on reliability
and validity and were included in the research agenda (table 2). In all, 40 SCTC
investigators returned the Delphi 3 exercise (87%) via e-mail. The median score for 30 of 31
items was 7 (out of maximum 9) or greater (appropriate based on the RAND/UCLA
Appropriateness Method).20 The exception was tender joint count that received a score of 6.
There was higher variability in the median score for the items chosen for the research
agenda. The median score ranged from 5, for a measure of telangiectasia, to 8, for a
scleroderma gastrointestinal tract instrument (table 2).

DISCUSSION
Using Delphi and Nominal Group techniques, we have developed a provisional core set of
measures for assessment of disease activity and severity in clinical trials of SSc. The
proposed core measures should be applied to future observational and multi-centre clinical
trials in SSc. These measures have been validated to approximately the same degree as were
the items in the core set for the American College of Rheumatology Response Criteria for
rheumatoid arthritis when those criteria were first published.3031 The SSc core set of
measures will facilitate the standardisation, conduct, reporting, and interpretation of clinical
trials, and facilitate future metaanalyses and comparisons of therapies. In addition, core set
measures are the first step in development of a fully validated composite response
index.13143031

Nearly all the core set of measures are considered “standard of care” and are frequently used
to assess patients with early SSc in clinical practice.103233 For example, the modified
Rodnan skin score, echocardiogram with Doppler, pulmonary function test, Scleroderma-
Health Assessment Questionnaire Disability Index, and acute phase reactants are considered
standard of care in the management of early SSc by many scleroderma experts.1032–34 Other
measures, such as the durometer, 6-min walk test, Raynaud Condition Score, HRCT of the
lungs, tendon friction rubs, and visual analogue scale (VAS)/Likert scores to assess disease
activity, have been found to be feasible, reliable, valid, and responsive to change in recent
SSc multi-centre clinical trials.162335–40 Additionally, the Steering Committee chose 11
domains because SSc is a multisystem disease involving different organ systems, including a
significant detrimental effect on health-related quality of life (HRQOL) and functional
disability.

One of the primary goals of the exercise was to avoid domains/items that cannot be
measured in a multi-centre study. For example, measures such as MRI to assess pulmonary
hypertension or ultrasound to assess skin thickness were not included due to the cost
associated with these procedures and inter-reader variability associated with the techniques,
respectively. Indeed, for items where there is a high inter-reader variability (such as
echocardiogram and HRCT), central reading was strongly recommended. All items chosen
in the provisional core set were considered to be feasible in a 1-year multi-centre study. For
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example, although HRCT is associated with high cost, it was shown to be feasible in two
recent SSc multi-centre studies, one in the US40 and one in Europe.41

The patient and doctor-reported outcomes were included to be measured as either a VAS or
a Likert scale. Different analyses have show that VAS and Likert responses are highly
correlated and yield similar results in patients with chronic diseases.42–44 Since Likert
responses are easier to administer and interpret, they may be preferable to a VAS. In
addition, the Likert scales can be external anchors to assess minimally important
differences.45

During round 3, there was good to excellent consensus on 30 of 31 core set measures in the
11 domains. The exception was tender joint count that received a score of 6 out of 9. We
decided to keep the tender joint count in the core set measures as joint pain affects a
majority of patients with SSc.

The Steering Committee also discussed a research agenda; measures that were not included
in the core measures that appear very promising, but are not yet ready for clinical trials and
hence may be useful outcomes measures for future clinical trials. Most of the items in the
research agenda have been determined to be feasible, but reliability and validity—including
responsiveness to change—has not been determined for multi-centre clinical trials. Although
cardiac MRI to assess cardiac function and pulmonary artery is expensive, the data so far is
encouraging46 and so it was included in our research agenda. If MRI is shown to be a
reliable and valid tool in future studies, it may be a useful outcome measure despite its cost
(similar to HRCT). This list of items can be incorporated in future observational and clinical
trials and, if found responsive, can be considered in future versions of the scleroderma
composite response index.

Our study has both strengths and limitations. First, we were able to conduct a Delphi
exercise using member institutions of the SCTC who conduct clinical treatment trials of new
medications in SSc. Second, our response rate was good: 77% for round 1, 92% for round 2
and 80% for round 3. The principal limitations were, firstly, that the Delphi and Nominal
Group techniques are consensus building approaches rather than data-driven approaches.
Secondly, we chose a cut-off of ≥6 during rounds 1 and 2 as the majority of items received a
median score of 6 during these rounds and we wanted to incorporate large numbers of items
for the Steering Committee and SCTC members to vote on; a cut-off of ≥7 was chosen
during round 3 to present items with good to excellent agreement. Thirdly, we chose a
consensus of 66% instead of the traditional 80% during our Nominal Group technique
assessment as only members of the Steering Committee (n=9) participated in this.
Acknowledging this limitation, we obtained broader consensus on the core set measures
from the investigators of the SCTC using a Delphi exercise where 30 of 31 items were rated
as having good to excellent agreement regarding appropriateness for a 1-year multi-centre
clinical trial.

We are currently performing a prospective longitudinal observational clinical study to gather
information on the measurement characteristics of the items in the preliminary core set. This
data will be used to further develop a reliable, valid and responsive set of SSc measures and
also to develop a validated response index. This is being accomplished through prospective,
data-driven, consensus building techniques to develop and quantitatively evaluate candidate
definitions for a combined response index for SSc, as has been performed in other rheumatic
diseases.12–14
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Figure 1.
Process of choosing core set items. OMERACT, Outcome Measures in Rheumatology
Clinical Trials; SC, Steering Committee; SCTC, Scleroderma Clinical Trials Consortium;
SSc, scleroderma (systemic sclerosis).
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Table 1

Core set items selected for 11 domains

Agreement from
round 3 Median
(25th–75th
percentile)

Skin:

1 Modified Rodnan skin score (range 0–51) 9 (9–9)

2 Visual analogue scale (VAS)/Likert score of patient’s global assessment for skin
activity*

7 (5.5–9)

3 VAS/Likert score of doctor’s global assessment for skin activity* 7 (6–9)

4 Durometer 7 (6–8)

Musculoskeletal:

1 Tender joint count 6 (5–8)

2 Tendon friction rubs assessed by the doctor* 8 (7–9)

3 Serum creatinine phosphokinase, aldolase 7 (6–9)

Cardiac:

1 (1)Cardiac echocardiogram with Doppler† 9 (8–9)

2 (2)Right heart catheterisation‡ 8 (6–9)

3 6-min walk test‡ 8 (7–9)

4 Borg dyspnoea instrument‡ 7 (6–9)

Pulmonary:

1 (3)Pulmonary function testing 9 (9–9)

2 (A)Validated measure of dyspnoea 8 (7–9)

3 Breathing VAS from the Scleroderma Health Assessment Questionnaire (S-
HAQ)23

7 (6–9)

4 High resolution computer tomography (HRCT) of the lungs: quantifiable scale‡ 9 (7–9)

Renal:

1 Calculated creatinine clearance based on serum creatinine (Cockroft–Gault or
Modification of Diet in Renal Disease (MDRD) formula)

9 (7–9)

2 Pre-defined renal crisis (presence or absence) 9 (8–9)

Gastrointestinal:

1 Body mass index (BMI) 7 (6–9)

4 Validated gastrointestinal (GI) tract VAS scale (part of S-HAQ)23 or other SSc-
validated GI questionnaire

8 (7–9)

Health-related quality of life and
function:

1 Health Assessment Questionnaire-Disability Index (HAQ-DI)24 9 (7–9)

2 VAS pain from the HAQ-DI24 7 (6–9)

3 Short form-36 (SF-36) version 225 8 (7–9)

Global health:

1 VAS/Likert patient global severity 8 (6.5–9)

2 VAS/Likert doctor global severity 8 (6–9)

3 (B)Scleroderma-related health transition by patient 7 (6–9)

Ann Rheum Dis. Author manuscript; available in PMC 2014 January 10.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Khanna et al. Page 13

Agreement from
round 3 Median
(25th–75th
percentile)

4 (C)Scleroderma-related health transition by doctor¶ 7 (5–8)

Raynaud phenomenon:

1 Raynaud condition score26 8 (7–9)

2 VAS Raynaud (part of S-HAQ)23 8 (6.5–9)

Digital ulcers:

1 Active digital tip ulcer count on the volar surface 9 (7–9)

2 VAS digital ulcer (part of S-HAQ)23 8 (6–9)

Biomarkers:

1 Acute phase reactant(s): erythrocyte sedimentation rate (ESR) and/or C-reactive
protein (CRP)

8 (6–9)

Parameters to be measured for the items in the core set:

1. Echocardiogram with Doppler: measure pulmonary artery systolic pressure, left and right ventricular systolic and diastolic parameters,
pericardial effusion, and chamber size.

2. Right heart catheterisation: pulmonary artery pressure, pulmonary vascular resistance, wedge pressure, cardiac output/cardiac index.

3. Pulmonary function test: forced vital capacity (FVC), diffusion capacity (DLCO), total lung capacity (TLC).

A. Validated dyspnoea questionnaires, eg, University of California San Diego (UCSD) Dyspnoea Questionnaire, St. George Respiratory
Questionnaire, Mahler Dyspnoea Index.

B. Scleroderma-related health transition by patient; compared to 1 year ago, how do you rate your overall scleroderma: much better, a
little better, no change, a little worse, much worse?

C. Scleroderma-related health transition by doctor; compared to 1 year ago, how do you rate your patient’s overall scleroderma: much
better, a little better, no change, a little worse, much worse?

*
Items were based on Steering Committee and Scleroderma Clinical Trials Consortium (SCTC) consensus despite lack of full validation.

†
Standardised central reading mechanism strongly encouraged,

‡
if relevant to the study.
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Table 2

Proposed items for future research

Research agenda Median (IQR)

Skin:

  1 Measure of telangiectasia 5 (3–7)

  2 Visual analogue scale (VAS) or/Likert patient global assessment for pruritus 7 (5–8)

Musculoskeletal:

  1 Large joint contracture 7 (4–8)

  2 Michigan Hand Questionnaire18 7 (6–8)

Cardiac:

  1 Serum pro-brain natriuretic peptide (Pro-BNP) or NT-Pro-BNP 7 (6–8)

  2 Non-invasive measures of cardiac function, eg, cardiac magnetic resonance imaging, tissue
Doppler

7 (6–8)

Gastrointestinal:

  1 Scleroderma gastrointestinal 1.0 questionnaire3 8 (7–9)

  2 Gastric emptying time and/or 24-h small bowel transit time 7 (6–8)

Health-related quality of life
and function:

  1 Measure of health utility eg, Short Form-6D (SF-6D), EuroQol, Quality of Well Being Scale,
time trade-off, standard gamble

7 (7–9)

  2 Measure of fatigue, eg, functional assessment of chronic illness therapy (FACIT)-fatigue 7 (5–8)

  3 Measure of depression/anxiety, eg, Beck Depression Inventory, Center for Epidemiologic
Depression Scale

6 (5–8)

Global health:

  1 Medsger Severity Index29 7 (5–8)

Digital ulcers

  1 Development of digital ulcer condition score that captures activity, severity, and impact 7 (6.5–9)

Biomarkers:

  1 Markers of the collagen breakdown, eg, soluble interleukin (IL)2 receptor levels, procollagen
I and III aminopropeptide, connective tissue growth factor (CTGF) levels, serum collagen I
carboxyterminal telopeptide, urinary pyridinoline cross-link compounds of collagen

7 (5–8)

IQR, interquartile range.
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