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ABSTRACT. Systemic sclerosis (SSc), aso known as scleroderma, is a complex, multisystem disease that results

in severe morbidity, disability, and life-threatening complications. The wide range of biological
systemsclinically involved, and the large spectrum of disease activity and damage that occursin this
disease have limited clinical investigation of SSc, especially therapeutic trials. The OMERACT 6
Workshop on Systemic Sclerosis was conceived as a starting point for the process of assessing the
current state of the science in outcome assessment in SSc and then setting arealistic research agenda
and priorities for future work in this area. This article reviews the current status of assessment tools
for research in SSc within the main fundamental domains of illness in SSc, including problems
related to skin, pulmonary, cardiac, peripheral vascular (Raynaud’ s phenomenon and digital ulcera-
tion), renal, and muscul oskeletal systems as well as health-related quality of life and physical func-
tioning. The current level of validation of outcome measures in SSc is assessed according to the

guidelines set forth by prior OMERACT meetings. (J Rheumatol 2003;30:1630-47)
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Systemic sclerosis (SSc), also known as scleroderma, is a
complex disease involving increased vascular damage,
immunological activity, inflammation, connective tissue
matrix deposition, and fibrosis in multiple organ systems
and various types of tissues. This diversity of pathologic
processes and systemic involvement leads to a wide variety
of clinical presentations among patients with SSc. Patients
may have limited disease burden or may evolve to have
extensive disease that may be organ and life-threatening and
physically and emotionally devastating. Further, the various
biological systems clinically involved in SSc may progress
at different rates of disease. Identifying the large spectrum
of disease activity and damage in SScisachalengeto clin-
ical investigators attempting to both study the natural
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OUTCOME MEASURES

VALIDATION

history of the disease and measure meaningful clinical
outcomesin therapeutic trials.

The past severa years have seen a markedly increased
interest by pharmaceutical companies in conducting
research and development into effective agents for SSc.
Theseincreased drug devel opment efforts have been accom-
panied by improved study designs and productive interna-
tional collaboration among major SSc treatment centers.
These advances in SSc research need to be matched by
improvements in the outcome measures available to eval-
uate new therapies. Prior attempts at outcome measure
development have often been based on expert opinion. The
need for data-driven validation of outcome selection is
evident and mandatory as investigators, industry representa
tives, government regulators, and patients work together
towards more effective treatment of SSc.

The OMERACT 6 Workshop on Systemic Sclerosis was
conceived as a starting point for the international sclero-
derma research community to begin the process of assessing
the current state of the science in outcome assessment in
SSc and then setting a realistic research agenda and priori-
ties for future work in this area. The focus of this
OMERACT mesting was the examination of outcome or
response measures for trials involving patients with early
diffuse scleroderma (SSc). Members of the working
committee prepared presentations in various domains of
illness in SSc. These preliminary documents and presenta-
tions were shared and reworked by the group. The fina
presentations were reviewed by other OMERACT 6 partici-
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pants and important expert feedback was received from
peopl e outside scleroderma research.

This article reviews the current status of a number of SSc
outcome assessments as based on published data. The
domains of illness addressed include problems related to skin,
pulmonary, cardiac, peripheral vascular (Raynaud’ s phenom-
enon and digital ulcerations), renal, and musculoskeleta
systems as well as health-related quality of life and physical
functioning. Although other areas of disease certainly exist,
these represent the most common organ systems involved by
SSc. The various domains of illness are discussed separately
sincetrials are often aimed at only one organ system. Thereis
also a need to develop measures of overall disease activity,
and such efforts are under way as well.

Each section in this report outlines the current level of
validation of outcome measures in SSc according to the
guidelines set forth by prior OMERACT mestings'. The
goal is that each outcome measure in SSc meets the stan-
dards of the “OMERACT Filter"22 of truth (face, content,
construct, and criterion validity), discrimination (reliability
and sensitivity to change), and feasibility. Since construct
validity is often difficult to assess, convergent and divergent
validity are often evaluated instead. Although outcome
measure development, including for SSc, often begins with
expert opinion of logical and practical measures,
OMERACT strives to be a data-driven process.

The measures in this article are each summarized and
judged based mostly on the evidence of their validity and
utility derived from research data. The quality of these data
is also evaluated. Five components of validation are rated
based on the currently available data, as follows: A measure
is considered “validated” if proper data are available that
confirm the particular component of validity. A measureis
“partially validated” if there are some but not complete data
available regarding a component of validity. A measure is
deemed “not tested” if no data are available to evaluate the
measure. A measure is considered “not valid” if proper data
are available to test the component of validity, and the
results show the measure not to meet appropriate criteria.
Additionally, feasibility is subjectively rated as “excellent,”
“good,” or “poor” based on the measure’'s ease of use, cost
effectiveness, availability in different centers, and overall
practicality.

Each section of this article ends with a discussion of
suggested areas or directions for future research, based on
priorities established by participants of OMERACT 6.

Outcome Measures for Skin Involvement in Systemic
Sclerosis

Thickening of the dermis and subcutaneous tissues is one of
the earliest clinical events in the skin in SSc. Initialy the
skin thickens secondary to edema and infiltration of excess
collagen. In the years that follow, the skin softens or thinsin
many patients, particularly those who develop widespread

skin thickening. Several groups have shown that assessment
of skin thickness by clinical palpation hasagood correlation
with the weights of uniform diameter skin core biopsies
(convergent validity)*®. These and other data suggest that
assessing skin thickness by clinical palpation by a trained
observer is an accurate, noninvasive method for assessing
skin thickness. Table 1 lists the main outcome measures
investigated for skin disease in SSc and the current status of
validation according to the OMERACT guidelines.

Skin scoring. Three methods for assessing skin involvement
by clinical palpation have not only been proposed, but also
have been at least partially validated: modified Rodnan skin
(thickness) score (MRSS), Kahaleh skin (thickness) score
and the UCLA skin (tethering) score®1°. All 3 methods for
assessing thickness/tethering make clinical sense (face
validity). Since al 3 assess multiple anatomic areas, they
assess skin involvement in a global or total organ sense
(content validity). Interobserver test-retest reliability has
been quantified and found acceptable for al 3 methods,
whileintraobserver reliability has been quantified and found
acceptable for the MRSS and the UCLA skin score5810.11,
For example, the inter- and intraobserver coefficients of
variation were shown to be 25% and 12% for the MRSS in
one study®®, and 8% and 6% for the UCLASKin score in its
initial report”. All 3 methods have demonstrated sensitivity
to change in longitudinal cohort or paralel randomized
controlled studies (discriminant validity)”28, For example,
the MRSS declined 5.4 units over 2 years from a baseline
value of 20.4 in the penicillamine trial’; the UCLA skin
score declined 3.8 units over 3 years from a baseline value
of 13.1 unitsin the chlorambucil trial”; and the Kahaleh skin
score declined 5.9 units over 10 months from a baseline
value of 21.3 in the photopheresis tria*® (all changes p <
0.05). While all 3 skin scoring methods distinguish diffuse
from limited SSc, only the MRSS and the UCLAskin score
have been shown to be useful in predicting which patients
are at risk of developing scleroderma rena crisis and early
mortality (divergent validity)”8121719, The absolute value
of, and the changes in, MRSS have been shown to correlate
with the absolute value of, and changes in, other features of
the disease including oral aperture, functional disability,
handspread, finger-to-palm distance, joint tenderness, and
survival (convergent validity)1”-?%2L, The other 2 skin score
techniques have not been evaluated for convergent validity.
Skin scoring requires training, and the interobserver vari-
ability is quite high. Validity has been established only when
the same investigator assesses a subject throughout the trial.
Sin biopsies. The weights of the skin cores obtained by
uniform diameter skin biopsies correlated well with skin
thickness scoring in the 2 studies reported: correlation coef -
ficient of 0.81 for Rodnan’s original technique, which
measured 5 degrees of thickness by clinical palpation and
0.55 for a more recent Rodnan version, which measured 4
degrees of thickness by clinical palpation*®. The mean
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Table 1. Validation of outcome measures for skin disease in systemic sclerosis.

Outcome Measure  FaceValidity  Content Validity Criterion Validity Discriminant Validity —Construct Validity Feasibility Ready for Use

(Credibility) (Comprehensiveness) (Accuracy) (Sensitivity to Change) (Biological Sense) inClinica
Trials?

Modified Rodnan Vv \% \ \% \% Good Yes

Skl n Score%ﬂ, 15-17,20, 21

Kahaleh skin score® 3 \Y \Y \Y \Y NT Good No

UCLAskin score”-&1.18 v Y, Y, Y, PV Good No

Punch core biopsy* > \Y PV NT NT PV Good No

Ultrasound of skin \% PV PV NT PV NT No

thickness®?

V: vaidated; PV: partialy validated; NT: not tested.

weights of the cores were lower in limited than in diffuse
SSc (divergent validity). Since the technique has been
applied only to forearms, it has not yet been validated in
multiple skin areas (content validity). It has not been tested
for convergent validity (except for the correlation with skin
thickness scoring by clinica palpation), and test-retest
studies have not been performed. Skin biopsy has face
validity, is feasible, and can be learned and performed
easily.

There has also been some work on quantifying collagen
and other connective tissue matrix components in skin biop-
sies for use as a clinical trial outcome measure. However,
these techniques are not standardized, nor have validation
studies been done to date.

Ultrasound. Ultrasound (using 20 MHz frequency) has been
studied in one report that demonstrated a difference between
limited and diffuse SSc (divergent validity)?. Although 3
body locations were studied, other frequently affected body
areas were not. Interobserver reliability was high and there
was good correlation between local MRSS and ultrasound
readings (accuracy and convergent validity). Ultrasound
was not compared to other related outcome response
measures or skin techniques other than the MRSS (conver-
gent validity), but it does make clinical sense as a measure
of skin thickness. Since the study was cross-sectional, no
testing over time was reported. The technique is sophisti-
cated and results came from one center only, therefore,
feasibility remains a question.

Other skin assessment techniques. New techniques for
assessment of skin disease in SSc are under investigation for
usein clinical trials including measures of skin elasticity??,
durometer measurements of hardness?*, spectrophotom-
etry?*, and serum markers of connective tissue metabolism.
However, there are not enough data on these new method-
ologies to comment on their validity.

Conclusions and future directions of research. Of the 3
methods using clinical palpation to assess skin involvement,
only the MRSS is ready for use in clinica trials as a fully
validated outcome or response measure. At this time ultra

sound, skin biopsy, or other investigational techniques
cannot be considered validated outcome or response
measures for clinical trials. The OMERACT 6 workshop
determined that the future direction of research should
include (1) methods to make skin scoring more precise and
reliable (e.g., training, 2 blinded measurers); (2) a compar-
isons of the Kahaleh, UCLA, and MRSS methods with
respect to al aspects of validity; and (3) further develop-
ment and validation of skin biopsies, ultrasound, and new
techniques to measure skin involvement in SSc.

Outcome Measuresfor Lung I nvolvement in Systemic
Sclerosis

Lung disease, which in SSc includesinterstitial lung disease
(ILD) and pulmonary artery hypertension (PHT) together, is
now the leading cause of death in SSc?>2¢. Infiltration of the
interstitium of the interalveolar septae by inflammatory cells
and excessive collagen are the processes that lead to ILD
typical of SSc. These processes lead to: (1) stiffening of the
lung tissues and resulting loss of vital capacity and (2)
distortion of the lung architecture with resulting mismatch
of functional alveoli and arterioles and decreased diffusing
capacity for carbon monoxide (DLCO). As fibrosis
progresses, traction bronchiectasis, honeycombing, and
fibrotic strands become evident and fewer intact alveoli
remain perfused. The more the lung is damaged, the more
the patient notes impaired function, reduced quality of life,
decreased ability to exercise, and shortened lifespan?®.

The pulmonary vasculature can also be adversely
affected in SSc. Disease of the pulmonary vasculature may
be the result of either or both of 2 processes: (1) a progres-
sive, obliterative-obstructive vasculopathy (typical of SSc),
which is characterized by intimal proliferation and adventi-
tial scarring/fibrosis, and (2) infiltration of the interstitium
by inflammatory cells and fibrosis, which causes destruction
of alveoli and pulmonary vessels. The result is that the
pulmonary vascular supply is diminished enough that the
pulmonary vascular bed cannot expand to meet the
increased cardiac output that exercise demands. The right
side of the heart must exert ever greater force to push blood
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through the lungs. Thismay giveriseto PHT, which initially
occurs primarily during exercise but eventually occurs even
at rest?s,

Table 2 lists the main outcome measures investigated for
lung disease in SSc and the current status of validation
according to the OMERACT guidelines.

Vital capacity. Vital capacity is often used as a surrogate for
distensibility of the lung, although chest wall weakness and
poor patient effort may confound the interpretation. As the
lung loses distensibility, the vital capacity declines. The
validity of vital capacity as an outcome measure in SSc has
been assessed in multiple studies®™?7-47,

Diffusing capacity for carbon monoxide. Factors that affect
the alveoli as well as the pulmonary vasculature may influ-
ence (i.e., diminish) the DLCO, largely by increasing the
mismatch between arteriolar blood supply and the alveolar
airspaces. The validity of DLCO has been assessed and
confirmed in SSc26-3841424857 |ts reproducibility is not as
good asthat of the vital capacity and its variability is wider,
especialy if performed in laboratories that lack strict quality
control of procedures®. Because both interstitial and
pulmonary vascular involvement may affect DLCO, its
utility to assess interstitial or pulmonary vascular involve-
ment separately may be confounded.

High-resolution chest computed tomography (HRCT). The
hope for HRCT isthat it can provide a diagnosis of inflam-
mation noninvasively (“ground-glass opacification”) and
that the degree and extent of inflammation and scarring can
be quantified. HRCT has been assessed and its validity has
been confirmed primarily in idiopathic ILD, and to a lesser
extent in SS¢?29.3637.505258-62 The technique iswidely avail-
able and fairly easily learned. However, centersthat are less
experienced, less standardized, and use older equipment
may demonstrate increased variability. Therefore, standard-
ization of centers is absolutely essential. Although fibrosis

Table 2. Validation of outcome measures for lung disease in systemic sclerosis.

on HRCT has fair to good correlation with fibrosis as seen
in pathologic lung specimens (r = 0.53), the correlation of
“ground-glass opacifications’ on HRCT with “inflamma-
tion” on lung specimens (the gold standard) was much lower
(0.27)%8,

Bronchoalveolar lavage (BAL). The hope for BAL isthat it
can assess “inflammation” in the alveoli in a less invasive
manner than an open lung biopsy. Its validity has been
assessed and confirmed in idiopathic ILD and in
SSc35:45.465052.63-65 \When BAL has been repeated over time,
the differential cell counts did not change consistently®. Its
reliability has not otherwise been assessed. The correlation
of inflammatory findings from BAL (polymorphonuclear
and eosinophilic leukocytes in particular) and histopatho-
logic specimens from open lung biopsy waslow (r £ 0.29)3,
Although the technique of BAL is widely available, great
care is essential for standardization in the performance of
the BAL and the interpretation of cell differential counts,
especialy in multicenter trials.

Plain chest radiograph. Because of its superiority in
detecting early interstitial disease (either inflammatory or
fibrotic), HRCT has superseded plain chest radiography in
the diagnosis and measurement of response in SSc lung
di 5963912’28’36’43'52’67.

Dyspnea indices. The dyspnea indices were initially devel-
oped for grading lung and heart disease from other causes,
but they have recently been applied to SSc. These question-
naires ask the patient to determine what degree of physical
activity leads to dyspnea (i.e., walking on the flat, climbing
up a gently sloping hill, climbing 3 flights of stairs). The
Borg index assesses dyspnea immediately after patients
complete the 6 minute walk distance test. Other indices (i.e.,
Mahler, the pulmonary visual analog scale of the sclero-
derma Health Assessment Questionnaire) alow overall
assessment of dyspnea with daily activities. The answers

Outcome Measure Face Validity  Content Validity ~Criterion Validity Discriminant Validity Construct Validity Feasibility = Ready for Use
(Credibility) (Comprehensiveness) (Accuracy)  (Sensitivity to Change) (Biological Sense) inClinical Trias?

FV % 247 \% \% \% \% \% Good Yes

DL CO?6:27-38,41,42,48-57 \% \% PV \% \% Good No
HRCT?27:29.3637,5052,58-62 \ PV PV PV PV Good No

BA L 354546,50,52,63-66 \% NT NT NT PV Good No
Chest radiograph?6:52.67 \Y NV PV NV PV Good No
Dyspnea indices438:44:68-72 Y, PV PV PV PV Good No
Exercise tests?’-30:3233373843, PV PV PV PV Fair No
44,47,49,68,72-74

6-min walk distance test \% Pv \% Pv PV Good No
32,34,69-71,73,74

Right heart catheterization \Y, Y \Y, \Y \Y, Good Yes
55,69-71,73,75-78

2-D/M-mode Y, NT PV NT PV Good No

echocardiogram®>7

V: vaidated; PV: partialy validated; NT: not tested; NV: not valid.
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may be recorded on visual analog or Likert scales. Their
validity has been partially assessed in ILD and in
PHT3438446872 Dyspnea indices need to be further tested
and validated in SSc, particularly in those SSc patients with
ILD.

Exercisetests Several exercise techniques have been devel -
oped to test patients with cardiac or pulmonary diseases,
including SSc ILD and pulmonary vascular disease. The
maximal cardiopulmonary stress test employs gradually
increasing degrees of exercise (commonly on a bicycle
ergometer) until the patient reaches their maximum exercise
capacity, at which time measurements of the maximum O,
consumption (Max VO,), arterial O, saturation, and other
variables are determined. Although reproducibility and reli-
ability have been quite good in idiopathic pulmonary
fibrosis and healthy controls (at least at individua investi-
gating sites)*®#, these have been less than adequately tested
in SSc. Construct validity is excellent in idiopathic ILD but
has not been well tested in the ILD of SS¢?7-30:3233,37,3849.68,72:74,
They have shown sensitivity to change in PHT (both wor-
sening and improving) and in ILD (primarily worsening,
with lesser degrees of improving)*73. Unless they are rigor-
oudly standardized, these techniques may have restricted use
in multicenter studies. Whether they can be applied to the
SSc population at large is not clear. Given that many SSc
patients have musculoskeletal problems, joint contractures,
fatigue, and deconditioning, exercise testing needs to be
evaluated in SSc directly.

The 6 minute walk distance test. The 6 min walk distance
test has been quite useful in the development, US Food and
Drug Administration (FDA) approval, and marketing of
drugs for treatment of PHT. Although originally developed
for testing patients with congestive heart failure and
“pulmonary” diseases, it has more recently found favor in
the investigation of PHT. Because patients responded with
improved distance walked in 6 min (sensitivity to change) in
response to therapy, the test has been used as the primary
outcome measure justifying FDAapproval for epoprostenol
and bosentan for SSc-related PHT®-7X. After patients have
had 3 training walks, reproducibility-reliability measure-
ments are good to excellent™. It has good construct validity
for PHT 3463717374 byt construct validity has not been well
studied inthe ILD of SSc. It has good face validity, is easily
learned and used, and is readily available at investigational
sites™.

Right heart catheterization. Right heart catheterization
(RHC) is the gold standard for measurement of pulmonary
artery pressure, pulmonary vascular resistance, pulmonary
capillary wedge pressure, right atrial pressure, and cardiac
index31,45-47,49,51—55,69—71,73,75—78_ Its greatest benefits are in
documenting PHT and in evaluating the response of PHT to
therapy45r47,49,53,54,69—71,73,77,78' RHC measurements have been
assessed and their validity in pulmonary hypertension (both

primary and SSc-related) confirmed3L45-47.49,51,54.55,69-
7737578 Even though RHC is readily available, its use
requires rigorous standardization among clinical centersand
is an invasive technique.

Echocardiogram. Because RHC is invasive and not suited
for repeated or frequent outpatient assessment of pulmonary
artery pressures, the use of less invasive, more easily
performed techniques for measuring such as echocardiog-
raphy are being explored. In contrast to RHC, however,
echocardiography cannot distinguish between elevated
pulmonary artery pressures resulting from primary
pulmonary vascular disease or from €elevation secondary to
left heart dysfunction®. Because of technical shortcomings,
a direct reading of pulmonary artery pressures may not be
possible with echocardiography in upwards of 20-30% of
patients™. Although its accuracy has been tested against
RHC (the gold standard)?, its test-retest reliability has not
been validated in SSc. The validity of the echocardiogram
otherwise has been partially confirmed in measuring
pulmonary artery pressures in SSc’™.

Conclusions and future directions of research. Of the
several potential lung and pulmonary vascular response
measures discussed, only forced vital capacity and RHC
have been fully validated as response measures for clinical
trials in early diffuse scleroderma. Current trials in lung
disease in SSc will help further validate some other
measures, including HRCT, echocardiography, and dyspnea
indices. The OMERACT 6 workshop identified the
following for the future direction of research: (1) consider
combining cardiac and pulmonary components of SSc for
outcome assessment; (2) determineif the 6 minute walk test,
maximal and submaximal exercise tests, and/or other phys-
ical/functional measures should be used as surrogates for
cardiopulmonary involvement in SSc; (3) investigate the
utility and validity of newer tests of cardiopulmonary func-
tion in SSc such as positron emission tomography, magnetic
resonance imaging, and magnetic resonance angiography;
(4) complete the validation of DLCO, dyspnea index(es),
BAL, maximum exercise testing, encouraged 6 minute walk
test, and HRCT in SSc.

Outcome Measuresfor Heart Involvement in Systemic
Sclerosis

Heart disease in systemic sclerosis (SSc) can be either
primary or secondary, the latter being caused by lung or
kidney involvement. Primary heart involvement in SSc
occursin thefirst 3 to 4 years from disease onset in patients
with the diffuse cutaneous subset™. It is symptomatic in a
few patients in whom it can present either as pericardial
disease (acute fibrinous pericarditis or moderate to large
pericardia effusion) occurring in about 7% of SSc patients
(small pericardia effusion being both asymptomatic and
devoid of any clinical significance)®®®!, or as myocardial
disease (small intramyocardial coronary artery involvement
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and myocardial fibrosis), which can manifest as sympto-
matic arrhythmias (7%), congestive heart failure (3%), or
sudden death (5%) ™.

Symptoms of heart disease in SSc including fatigue,
dyspnea, palpitations, chest pain, dizziness, and syncope are
nonspecific. In contrast, clinical signs of heart involvement,
such as fixed splitting of the first and second heart sounds,
pericardia rubs, cardiac enlargement, jugular venous disten-
sion, and peripheral edema, even if infrequent, are more
specific. Tachycardia, however, may aso be secondary to
autonomic neuropathy and is less specific.

Symptomatic heart disease including acute pericarditis,

moderate to large pericardial effusions, and congestive heart
failure have construct and criterion validity and are sensitive
to change, but occur in few patients and are, therefore, less
useful for clinical trials'. Table 3 lists the main outcome
measures investigated for heart disease in SSc and the
current status of validation according to the OMERACT
guidelines.
Anatomic cardiac alterations. Cardiac blocks®®, fixed
defects at perfusional scintigraphy®, and videodensito-
metric alterations®™ strictly reflect damage and cannot be
used as outcome measures in clinical trialst. When coronary
artery disease is excluded, reversible defects detected by
perfusional scintigraphy could be suitable outcome
measures since they have been shown to be sensitive to
change®, but the technique is not feasible in all centers.

Cardiac arrhythmias. Arrhythmias detected by Holter moni-
toring® must be investigated for their sensitivity to change.

Table 3. Validation of outcome measures for heart disease in systemic sclerosis.

Ejection fraction. Ejection fraction has recently been shown
to change after prednisolone therapy®. However, the
meaning of an increase in an otherwise normal gjection frac-
tion must be understood. The lack of an increase in gjection
fraction during exercise®®, aswell asleft and right ventric-
ular filling abnormalities®-*2, await further validation.

Conclusions and future directions of research. Outcome
measures of cardiac disease in SSc that have been properly
validated are currently limited to symptomatic congestive
heart failure and pericardial disease, and these measures
may not reflect the full spectrum of SSc-related heart
disease. The severity of cardiac complications in SSc and
their close links to pulmonary manifestations of SSc neces-
sitate further development of better outcome measures. It
may be most useful to start considering cardiopulmonary
impairment as asingle domain of illnessin SSc and evaluate
outcome measures to reflect this understanding.

Outcome M easuresfor Raynaud’s Phenomenon and
Digital Ulcersin Systemic Sclerosis
Raynaud’s phenomenon (RP), vasospasm of digital arteries
with associated cyanosis, blanching and reperfusion, and
potential for ischemic digital ulcers and chronic permanent
arteriopathy occur in more than 90% of patients with SSc.
This section will specifically relate to the secondary form of
RP associated with SSc but many of these ideas may be
adaptable to studies of primary RP.

The clinical seriousness of RP in scleroderma should not
be underestimated. Patients suffer not only annoying and

Outcome Measure Face Validity ~ Content Validity Criterion Validity Discriminant Validity Construct Validity Feasibility Ready for Use
(Credibility) (Comprehensiveness) (Accuracy)  (Sensitivity to Change) (Biological Sense) in Clinical Trials?

CHF clinical Exam™ \% \Y \% \Y \% Excellent Yes

Blocks (ECG)®28 \Y, PV \Y Not Valid \Y Excellent No

Q waves (ECG)828 \Y, PV \Y Not Valid \Y Excellent No

Pericardial disease (clinical \% PV \% \% \% Good Yes

exam, ECG, echocardio-
gram)B8ost

Supraventricular tachycardia V PV \% NT \% Good No

(Holter ECG)®”

Ejection fraction (echo- PV PV PV \Y \% Good No
cardiogram)®

Reversible defects PV PV PV \Y \ Poor No
(scintography)®®

Ejection fraction during Pv Pv NT NT \% Poor No
exercise (scintigraphy;
echocardiogram)®+&°

Fixed defects \% PV PV Not Valid \Y Poor No
(scintigraphy)+86

Ventricular filling (scinti- \% PV PV PV PV Good No
graphy; echocardiogram)®8®-?

Quantification of fibrosis
(videodensitometry)® \Y PV NT Not Valid \Y Poor No

CHF: congestive heart failure. V: validated; PV: partialy validated; NT: not tested.
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painful “attacks’ of RP, but also longterm disability from
resulting digital ulcerations, autoamputations, infections,
and the psychological burden of the disease.

Research in RP has focused on (1) diagnostic testing to
both establish a diagnosis of RPand to differentiate primary
from secondary forms; and (2) measurements of biological
phenomena associated with RP (blood flow, oxygen
delivery, tissue integrity). Much of development of outcome
measures for clinical trials of RP has either been empiric or
derived from these 2 areas of investigation. It isimportant to
determine whether specific studies were geared toward
understanding the biology of RP or developing and vali-
dating outcome measures.

Developing outcome measures and clinical trial designin
general for RP presents some interesting challenges: (1) RP
is episodic; (2) pain, tingling, and numbness are each inher -
ently subjective and thus require patient-based data collec-
tion; and (3) psychological effects and environmental
factors must be considered. Similar problems are encoun-
tered when studying digital ulcers.

A wide variety of outcome measures have been investi-
gated for use in clinical trials of RP and/or digital ulcersin
SSc. These measures vary from simple patient global self-
assessmentsto laser Doppler measurements. Some proposed
outcome tools require special machinery and training and

may not be feasible for multicenter trials. Many measures
have not been standardized or validated in a comprehensive
fashion. Table 4 lists the main outcome measures investi-
gated for RP and digital ulcersin SSc and the current status
of validation according to the OMERACT guidelines.

The simplest and most appealing method of assessment
of RP is merely counting the frequency and duration of
attacks. However, what appearsto be an easy task is actually
complicated since attacks are intermittent, do not occur with
a frequency that allows direct observation by an investi-
gator, and are subjective. Similarly, the severity of attacks,
even if measurable objectively, varies from attack to attack
and requires extended observation to obtain accurate repre-
sentation of the patient’s status.

Patient-completed assessments. To overcome these prob-
lems in quantifying the frequency, duration, and severity of
RPattacks, investigators began to design methods of assess-
ment that are patient-derived and could take into considera-
tion extended time periods. The most widely used method is
to provide study subjects with diaries in which they record
the number and duration of RP attacks each day 3%, More
recently, diaries have also included a severity scale (visual
analog scale or Likert) that was either completed for each
attack or recorded once daily as a summary rating. The best
described and most tested version of thislatter method isthe

Table 4. Validation of outcome measures for Raynaud’ s phenomenon (RP) and digital ulcerations (DU) in system sclerosis.

Outcome Measure Face Validity  Content Validity Criterion Validity Discriminant Validity Construct Validity Feasbility Ready for Use
(Credibility) (Comprehensiveness) (Accuracy)  (Sensitivity to Change) (Biological Sense) inClinical Trias?
Raynaud’s phenomenon
Raynaud’s condition \Y \% \Y \% \Y, Good Yes
g;ore98.99.104
Patient RPactivity (VAS)*™* V \Y, \Y Y, \Y Excellent Yes
Physician RPactivity \% \% \% \% \% Excellent Yes
(VAS)o4
Pain VAS HAQ»1%4 \% \% \Y \% \% Excellent Yes
HAQ disability20104 Y, Y, v Y, v Excellent Yes
RPattack frequency® Y, \Y, Y, \Y \Y, Good Yes
RPattack duration® \Y \Y \Y \Y; \Y Good Yes
Nailfold capillary PV PV NV PV % Poor No
microscopy02105-108
Laser Dopplerl00108116117  py PV Not Valid NT PV Poor No
Infrared thermography \Y PV NT PV PV Poor No
94,95,100,101,107-109,113-115
Digital blood pressure!®112 py PV Not Valid PV PV Poor No
Plethysmography cold PV PV NT PV PV Poor No
Chal | mge103,108.109.113.118,119
Digital ulcerations
DU count®3:9496.98,99,103 \% PV PV PV Vv Excellent Yes
Patient DU activity (VAS)*** V \% \% \ \% Excellent Yes
Physician DU activity Y, \% Y, \% Y, Excellent Yes
(VAS)
Pain VAS HAQ'™* \% \% \ \% \% Excellent Yes
HAQ disability?.1%4 \Y \Y \Y, \Y \Y Excellent Yes
Color photos PV NT NT NT NT Good No
DU dimension Pv NT NT NT NT Good No
V: validated; PV: partially validated; NV: not validated; NT: not tested.
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Raynaud's Condition Score (RCS)%%1% The RCS is a
0-10 integer scale patients mark after considering the
frequency, duration and severity of their day’s RP activity.
Thus the RCS diary system collects the raw frequency and
duration data and has the patient self-integrate these factors
along with severity to produce a series of scalable measures.
The mean daily RCS is calculated over a set time period,
usualy 7 or 14 days prior to a study visit.

Simple 10-centimeter visual analog scales (VAS) are
another type of clinical outcome measure frequently used
for trials in RPto assess RP activity%-%%104, Both patient and
physician scales for RP activity and severity have been
studied and a patient-completed scale is incorporated into
the Scleroderma Health Assessment Questionnaire
(SHAQ)20104,

RP patient diaries with the RCS as well as patient and
physician-completed VAS have recently been used in
severa large and important clinical trials of investigational
drugs for RP%%. These measures have performed well in
these trials. A recent comprehensive analysis was performed
to specifically examine the degree and scope of validation of
these measures for RP!%, This study used actual clinical trial
data and showed the full validity of the RCS and various
VAS, and concluded that the RCS was superior to the indi-
vidua metricsfor usein clinical trials. The RCS was shown
to have face, content, criterion, discriminant, and construct
validity. This study also further validated the SHAQ VAS
for RP as well as the Heath Assessment Questionnaire
(HAQ) disability and pain scales for application to RPtrials.
Patients with RP suffer significant disability and pain as a
result of the chronic damage from vascular disease,
including digital ulcers. These investigators concluded that
a small number of outcome measures are sufficient for RP
trials and proposed a core set for adoption.

Digital blood flow assessments. Several methods of
assessing digital blood flow have been applied to clinical
research for RP. Nailfold capillary microscopy is a useful
diagnostic tool in RP, but its utility as an outcome measure
remains to be proven'®2195-1% There are several techniques
available, including direct observation and digitalized video.
Measures such as counts of dilated loops, capillary dimen-
sions, and blood flow velocities are potential quantifiable
outcomes, but none have been applied comprehensively
enough to allow adoption into clinical trials. Digital arterial
blood pressure measurements using hand and/or total body
cooling have been used to measure flow dynamics in
patients with RPin clinical trial settings, but standardization
isinadequate and must be improved before thistechniqueis
accepted as validi®2, |nfrared thermography has been
used to measure temperature changes in the skin of the hand
as a surrogate of blood flow, often in combination with a
cold water challenge®95100.101107-109.113-115 Thermograpy is
complex, expensive, requires quite strict environmental
conditions for testing, and is not well standardized. Severa

methods of laser Doppler have been studied to measure
digital blood flow in RPX01%8.116.117 However, many prob-
lems exist with laser Doppler regarding variability, repro-
ducibility, complexity, and feasibility. Similarly Doppler
ultrasound has been used in RPresearch but mostly for diag-
nostic purposes. Its use as a clinical trial tool is not estab-
lished. Although plethysmographic methods of digital blood
flow quantification have been proposed to measure the
severity of RP, usualy in combination with a cold water
challenge, few data are available to judge its valid-
ity103108109.113 118119 \Whether these various techniques to
measure blood flow move from interesting tools to study
pathophysiology to outcome measures for clinical trias
depends on whether data are published or available to show
their validity and on the development of technology that is
less expensive and operator-dependent.

Digital ulcer assessments. Digital ulceration (DU) second-
ary to RP in SSc is another major source of morbidity for
which development of proper clinical tria outcome
measures is urgently needed. Because of the paucity of clin-
ica trials for DU in RP and the lack of proven effective
treatment options, there are fewer data upon which to base
conclusions of test validity in DU compared to RP itself.

Measuring DU has mostly been done through simple
counting of lesions. If study subjects are seen frequently
enough to detect bidirectional change, this method may be
useful 93.9496.98,9.103 However, there are other aspects of DU
besides quantity that merit measuring, such as severity, pain,
disability, size, and duration. Further, differentiating
ischemic ulcers from skin breakdown and pressure sores is
not always simple for patients and even for experienced
clinicians. Thus, both patient and physician assessments
may be prone to error unless both groups are taught to prop-
erly identify lesions.

The same study that helped validate measures of RP
based on trial data also showed the validity of patient assess-
ment of DU activity by VAS, pain by VAS, and HAQ
disability measurements for DU%4,

Other measures of DU disease activity for clinical trials
include serial digital color photographs and direct measure-
ment of DU sizes with calipers. Data to evaluate these
measures' validity are not yet available.

Conclusions and future directions of research. The current
status of outcome measures for clinical trials of RP and DU
is quite good. Several fully validated and easy to useinstru-
ments are available to measure multiple domains of illness
and impact for the peripheral vascular disease of SSc. These
measures have aready been incorporated into clinical trials
and their availability has helped facilitate industry-spon-
sored trials and drug development programs.

Future research in outcome measure development in RP
and DU will need to focus on measures and markers of
biological vascular activity and further refinement of
methods to assess digital ulcers.
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Outcome M easuresfor Renal Diseasein Systemic
Sclerosis

Scleroderma renal crisis and renal failure, previously the
leading causes of death in patients with systemic sclerosis
(SSc)'%, have become survivable since the introduction of
angiotensin-converting enzyme inhibitors, circa 198012012L,
Table 5 lists the main outcome measures investigated for
renal disease in SSc and the current status of validation
according to the OMERACT guidelines.

Scleroderma renal crisis. In most patients, rena failure is
due to scleroderma rena crisis, an entity characterized by
abrupt onset of accelerated hypertension associated with
extremely high plasma renin levels'? that occurs in 20% of
those with diffuse skin involvement, especialy in those with
rapidly progressive skin thickening of less than 3 years
duration'?®. About 80% of cases with scleroderma renal
crisis develop within the first 5 years after disease onset.
Although uncommon, progressive azotemia and microan-
giopathic hemolytic anemia can occur in the setting of a
persistently normal blood pressure'?, Abnormalitiesin renal
sediment, including mild to moderate proteinuria and hema:
turia, are characteristic of scleroderma rena crisis, but
nephrotic syndrome and cellular casts rarely occur. The new
appearance of microangiopathic hemolytic anemia and
thrombocytopenia was present in one study in 90% and
83%, respectively, of patients with normotensive sclero-
derma renal crisis versus 38% and 21% of those without
renal crisis (p < 0.01 for both comparisons)'?3. This outcome
has been partialy validated in normotensive scleroderma
renal crisis, but has not been validated in classical hyperten-
siverena crisis.

Renal failure. Impending renal failure in SSc has been eval -
uated by measurements of blood pressure, funduscopic
examination, monitoring the complete blood count for
microangiopathic hemolytic anemia or thrombocy-
topeniat?®1?®, serum creatinine, urinary sediment examina-
tion, measurement of timed urine collections for creatinine

Table 5. Validation of outcome measures for renal disease in systemic sclerosis.

clearance, and determining para-amino hippurate (PAH)
clearance to measure renal plasma flow. Monitoring plasma
renin activity has also been advocated and tested'?>%24, and
isolated elevations of plasma renin activity were not found
to be predictive of rena crisis or the development of renal
insufficiency'®. Rena biopsies and angiograms have also
been employed'?5126, though due to their invasive nature and
unproven sensitivity to change, these tests are not consid-
ered feasible as measures for clinical trials. Significant rise
in both systolic and diastolic blood pressure seen before
versus at onset of sclerodermarenal crisis has been the most
consistent measure found!20124127 - accounting for 6 of 7
patients in one study who developed renal impairment!?’.
Proteinuria, classically associated with renal involvement in
SSct28, was found in 100% of those who developed renal
failure in one large study'® and in 5 out of 7 patients in
another'?”, but had poor specificity*?’ and thus is not valid
for useinaclinical trial.

The validity of serum creatinine and 24-hour collections
for creatinine clearance in evaluating renal function has not
been tested in sclerodermarena crisis, but it has been used
as the reference against which other measures have been
tested.

Conclusionsand future directions of research. Future efforts
should be directed at further validating the complete blood
count and funduscopic examination, as well as simpler
measures of assessing renal function, such as 2-hour urine
collections for creatinine clearance.

Outcome Measures for Gastrointestinal Involvement in
Systemic Sclerosis

The gastrointestinal (Gl) tract in SSc is a cause of a great
deal of morbidity and is the third most common cause of
mortality in sclerodermal®. Esophageal abnormalities occur
in up to 90% of patients, stomach involvement such as
gastric retention and gastric antral vascular ectasia (GAVE
or “watermelon stomach”) documented in 50% or more of

Outcome Measure Face Validity  Content Validity Criterion Validity Discriminant Validity Construct Validity Feasibility —Ready for Use
(Credibility) (Comprehensiveness) (Accuracy)  (Sensitivity to Change) (Biological Sense) inClinical Trials?

Blood pressure!?0:123.124.127 \Y \Y \Y \Y \Y Excellent Yes
Fundoscopy!2°:12 PV PV PV NT PV Excellent No
Complete blood count?2  pv Not Valid Not Valid NT Not Valid Excellent No
Serum creatininet?0121123127 -/ NT NT \Y NT Excellent Yes
Urinalysis PV Not Valid Not Valid NT NT Excellent No
24-h creatinine clearance'??” pv NT NT NT PV Good Yes
Plasma renin activity122124 \Y PV Not Valid NT \Y Poor No
Renal plasmaflow PAH PV PV Pv NT PV Poor No
clearance'®

Renal biopsy!26128 PV PV NT NT Y, Good No
Renal angiography*® \Y \Y NT NT \Y Poor No

PAH: para-amino hippurate; V: validated; PV: partially validated; NT: not tested.
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patients, and small bowel, colonic and anorecta involve-
ment, including dysmotility and malabsorption, occurs in
50% to 70% of patients with SSc'¥,

Defining outcomes to measure change in the Gl tract can
be approached by considering the probable pathogenesis of
this visceral manifestation. The disease probably starts as a
vascular insult of the vasa hervorum with secondary neuro-
logical dysfunction, smooth muscle atrophy, and increasing
fibrosis. The consequences of these changes include
dysmotility and, in the lower bowel, bacterial overgrowth.
M easurements in the above context can include radiographs,
manometry, pH monitoring, and myoelectric change and
transit times, as well as biopsies and tests of malabsorp-
tion!31132, Table 6 lists the main outcome measures investi-
gated for Gl disease in SSc and the current status of
validation according to the OMERACT guidelines.

Plain radiographs. Although radiographs of the Gl tract are
certainly important measures in the clinical care of SSc
patients, these tests have poor content/convergent validity or
have not been tested as outcome measures. For example,
using the lower esophageal sphincter pressure as a standard
of comparison versus radiographs, the radiographs of the
esophagus yield a fase positive rate of 36% and a false
negative rate of 17%'3%135, Using biopsies as the standard
for comparison the false positive rate is 50% in the esoph-

agus'®>13%5, Using D-xylose as a standard of abnormality in
the small bowel, radiographs give a 50% false negative
rate'®135, Reproducibility/reliability have not been exam-
ined and, importantly, there have been no data on the sensi-
tivity of this measure to change. Consequently, radiographs
of the GI tract in SSc should not at present be used as
measures of response in clinical trials.

Tests of esophageal motility. Esophageal matility in patients
with SSc may be measured using a number of techniques,
including manometry, myoelectric change, biopsy, and
transit times. Upper esophageal sphincter pressures by
manometry are 100% discordant with respect to radio-
graphs, while 27% of patients with symptoms have normal
lower esophageal sphincter pressures. The reproducibility of
manometry includes a coefficient of variation of roughly
30% and manometry is able to detect the effects of cisapride
although not of metoclopramidet3%13113-140 The convergent
validity correlation of myoelectric changes and manometric
recordings in the esophagus is excellent. However, repro-
ducibility is not well documented and sensitivity to change
islow, except in very severely affected patientst*0138140, The
relationship of duodenal myoelectric change to the full
range of responses in the Gl tract is poorly documented.
There is good colonic convergent validity (90% true posi-
tive and 100% true negative) for colonic myoelectric

Table 6. Validation of outcome measures for gastrointestinal disease in systemic sclerosis.

Outcome Measure Face Vaidity =~ Content Validity ~Criterion Validity Discriminant Validity Construct Validity Feasibility Ready for Use
(Credibility) (Comprehensiveness) (Accuracy)  (Sensitivity to Change) (Biological Sense) inClinical Trias?
Motility
Manometry130,131,135-142.144,145  \/ PV NT \% NT Good No
Esoph. transit timel37138140.144 \Y PV Y, NT Good No
Gastric transit time'30.144 PV \Y PV \Y, NT Good No
Esophageal myoelectric PV \% PV NV NT Poor No
Changesl37,l38,l40,l42
Duodenal myoelectric PV NT NT NV NT Poor No
changest®.143
Colonic myoelectric Pv NV NT NT NT Poor No
ChangelBO,136,138,l41,142,146
Biopsies
Esophageal 132-135.140 Y, \Y Y, Good for infections Excellent Good Yes
Jejunal 141143 \Y NV NT NT Excellent Poor No
Endoscopy*
Esophageal 134140141143 \Y PV NT V for infection PV Good No
Gastric#® \ NT NT NT NT Good No
Duo/jejunal 141143 \% NT NT NT NT Good No
Colonic!® Y, NT NT NT NT Good No
Esophagitis
1. PH monitoring*37:140 \Y \% NT V for outcomes Excellent Poor No
2. Acid perfusion test137140 v/ Y, NT NT Excellent Poor No
1 & 2 combined \Y, \ NT NT Excellent Poor No
Malabsorption
Hydrogen breath test136.145 \Y Y, NT NT Excellent Good No
D-xyl0sg!32135.141,143,146 \Y PV NT Good Excellent Good No
72h fecal fat141143 \Y PV NT \Y Excellent Poor No

* For inflammation and physical abnormalities N neural or muscular changes. DUO: duodenal. V: validated; PV: partially validated; NT: not tested.
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changes versus manometry!36:138.141.142 Sengitivity to change
of myoelectric measurements in the duodenum and colon of
patients with SSc are poorly documented except in severe
Cases136,142_

Gastrointestinal mucosal biopsy. Although GI mucosa
biopsies are an appeding “gold standard” for clinical
outcome measures, biopsies only sample the mucosa and
some adventitiaand are rarely deep enough to examine vasa
nervorum or muscular atrophy. There are limited data
supporting their use and some question whether tissue
samples can fully document functional abnormalities.
Biopsies have good content validity in the esophagus: 90%
of biopsies from healthy subjects are negative and 94% of
biopsies from symptomatic patients are positive for submu-
cosal and muscular abnormalities and inflammation. Data
on the reproducibility of biopsy results in the esophagus
have not been published and sensitivity to change has only
been documented with candidiasis'®°. Jegjunal biopsies and
endoscopy of the duodenum and proximal ileum have unsat-
isfactory convergent validity4143, Thirty-nine percent of
patients with SSc without symptoms had esophagitis on
endoscopy and 10% of asymptomatic hedthy controls
demonstrated esophagitis'“’. There are no data regarding the
reproducibility of jejunal biopsies or endoscopy, and sensi-
tivity to change of these testsis aso not well documented.
Tests of esophageal and gastric transit time. When studied
in patients with SSc, esophageal and gastric emptying times
had ceiling effects, limiting the ability to measure the full
range of responses (content validity). There is marked
within-patient variability of this measure, as its coefficient
of variation is 50% to 100%. Esophageal and gastric transit
times measure sensitivity to change as analyzed by
interquartile ranges across popul ations*#.

Tests for symptomatic gastroesophageal reflux disease.
Heartburn is a common symptom in SSc, so measures to
document this abnormality will be treated separately. Using
the lack of peristalsis as the standard and abnormality being
defined as > 5% reflux time, pH monitoring had a 26%
false-negative rate in patients without SSc and symptoms of
esophagitis’®” 1, The sensitivity to change of pH moni-
toring can be documented when using antacids, but there are
no data on reproducibility’3"14°, The acid perfusion test has
a 12% to 15% false-positive rate, but there are no data with
respect to its reproducibility or sensitivity to change#.
However, a combination of pH monitoring or esophageal
biopsy plus acid perfusion testing has good content validity,
with a sensitivity of 87% to 90% but a false-positive rate of
30% in healthy controls. Data on reproducibility and sensi-
tivity to change of these tests are lacking'.

Tests for intestinal malabsorption. Several tests for
intestinal malabsorption have been evaluated for use with
patients with SSc. Bile acids or hydrogen breath tests have
reasonable content validity versus bacterial counts from the

jeiunum®, For example, the sensitivity of the bile acid
breath test as surrogate for bacterial overgrowth is 70% and
its specificity ranges from 87% to 90%?°. The D-xylose test
correlates with fecal fat and jejuna flora and was abnor-
mally low in 11 of 16 patients with malabsorption!4.143.146,
Improvement in the D-xylose test occurs after successful
treatment of malabsorption with antibiotics. The lactulose
test examines small intestinal permeability, but there are few
data with respect to this test’s utility in SSc. The 72-hour
fecal fat test on a 100-gram fat diet revealed a 100% abnor-
mality among patients with SSc and radiographic abnormal-
ities, and was sensitive to change after administration of
either pancreatic enzymes or antibiotics to patients with
mal absorption'*+14® and improved bowel function occurred.
Unfortunately, thisis not an easy test to perform.

Conclusions and future directions of research. Measures of
involvement of sclerodermain the Gl domain suffer from a
lack of data regarding their content/convergent validity,
reproducibility/reliability, and sensitivity to change.
Nevertheless, there are sufficient measures with some data
on validity to prompt the research necessary to validate
appropriate measures for use in clinical trials of SSc. It
would be important to examine the use of combinations of
measures so that the potential pathophysiology of Gl disease
in SSc is examined. The development of response measures
in this domain will require agreat deal of work in the future,
although the Gl tract is one of the core domains of illnessin
SSc.

Outcome Measuresfor Musculoskeletal Diseasein
Systemic Sclerosis

While joint contractures, especialy in the fingers and the
elbows, occur frequently in SSc, appreciable joint inflam-
mation is uncommon in patients with SSc47-15%, athough
erosive arthropathy has been described!. It is difficult to
distinguish whether diminished joint mobility and function
in patients with SSc is more related to joint, tendon, or skin
involvement, or a combination of the 3. Table 7 lists the
main outcome measures investigated for musculoskeletal
disease in SSc and the current status of validation according
to the OMERACT guidelines.

Arthropathy. Joint involvement in SSc has been measured
by a number of methods. Arthralgia, a subjective measure,
can be quantitated on a visual analog scale and has been
tested in other rheumatic diseases, although not in SSc.
Swelling over joints in patients with SSc is difficult to
distinguish from skin or tendon thickening and thus is not
useful or valid. The tender joint count is a standard measure
used in scleroderma clinical trials, but it has not been
formally tested in SSc. Finger-to-palm distance is also a
frequently employed measure, but one validation study of
this measure found an interobserver variation of 24% and a
coefficient of variation of 0.52'%2, suggesting this not to be a
valid outcome measure. In the same study, hand-spread
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Table 7. Validation of outcome measures for musculoskeletal disease in system sclerosis.

Outcome Measure Face Validity ~ Content Validity Criterion Validity Discriminant Validity Construct Validity Feasibility Ready for Use
(Credibility) (Comprehensiveness) (Accuracy)  (Senditivity to Change) (Biological Sense) inClinical Trials?
Joint disease
Arthralgia (VAS) \% NT Not valid NT NT Excellent Yes
Swollen joint count Not valid NT Not valid NT Not valid Good No
Tender joint count \% \% NT NT \% Excellent Yes
Finger-to-palm distance \% NT Not valid Not valid PV Excellent No
Hand-spread PV Not valid PV Not valid NT Excellent No
Grip strength NT NT Not valid NT NT Excellent No
Flexion contractures Not valid NT NT Not valid Not valid Excellent No
Proximal muscle NT NT NT NT* Excellent Good No
weakness assessment
No. of tendon friction Not valid Not Valid Not valid Not valid Not valid Good No
rubs
Hand x-rays (joints) PV PV Not valid Not valid Not valid Good No
Tc-pertechnetate Pv Not valid Not valid Not valid PV Poor No
scintigraphy
Thermography (joints) PV Not valid Not valid NT % Poor No
Muscle disease
Serum creatine kinase \% Not valid NT NT* NT Excellent Yes*
Electromyogram PV PV PV NT* NT Poor No
Muscle biopsy \% Vv NT NT* Vv Poor No
MRI PV PV NT* NT* NT Good No
31P-myosin magnetic NT NT NT NT* NT Poor No
resonance Spectroscopy
Win-antimyosin antibody ~ NT NT NT NT NT Poor No
scintigraphy

* Good for patients with SSc-polymyositis overlap syndrome, unknown for scleroderma-related bland myopathy. V: validated; PV: partialy vaidated; NT:

not tested.

distance was found to perform better, with an interobserver
variation of less than 5% and a coefficient of variation of
0.25%2, Thus, this measure is regarded as at least partially
validated, although its sensitivity to change is less clear.
Grip strength and quantitation of joint flexion contractures
are also utilized, but both measures' sensitivities to change
in SSc is fair to poor, and they have not been validated in
SSc. Abnormalities in hand radiographs, specifically
marginal erosions and acro-osteolysis, have also been exam-
ined. In one study erosions correlated with tender joint
counts (tender joint count 14.5 + 8.3 in those with erosions
versus 7.5 + 8.4 in those without; p < 0.02)'*8. However, in
2 other studies, there were no correlations of the presence of
erosions with either clinical synovitis!*®'* or finger-to-palm
distance!#’, and thus are not valid outcome measures. Other
measures, such as Tc-pertechnetate scintigraphy”15t or
thermography’®!, are not widely available and are not
feasible for clinica trials. Tendon friction rubs due to
inflammatory and fibrotic involvement of tendon sheath
occur most typically over the wrists, elbows, ankles, and
knees. Measuring the number of tendon friction rubs has not
been shown to be sensitive to change nor to correlate with
other measures. The Health Assessment Questionnaire has
been validated in SSc and is discussed in the next section of
thisarticle.

Myopathy. Muscle disease in SSc can occur due to a variety
of causes. Muscle weakness can result from disuse atrophy
either due to malnutrition or to contractures of fibrotic
skin1531%4 A bland myopathy may occur in up to 20% of SSc
patients, associated with mild elevations of serum creatine
kinase, a typical myopathic electromyographic picture, and
muscle biopsy showing prominent interstitial fibrosis and
mild inflammation and muscle fiber degeneration that is
generally poorly responsive to glucocorticoid therapy53-155,
An overlap syndrome with frank and clinically significant
inflammatory myositis occurs much less commonly (less
than 5% in most series). There are no reliably validated
measures to quantitate muscular involvement in SSc, partic-
ularly the bland myopathy that is most frequently encoun-
tered. Serum creatine kinase is the most reliable measure of
the activity of inflammatory polymyositis. There is no
measure to accurately or consistently quantify muscle weak-
ness. Electromyography and muscle biopsy'>® are reliable in
polymyositis associated with SSc, but their sensitivity to
change (i.e., treatment) has not been validated in scleroder-
matous myopathy. T1 and T2-weighted magnetic resonance
imaging has been validated in inflammatory myositis'ss, but
not in scleroderma. 3P magnetic resonance spectroscopy 157
and ™ n-antimyosin scintigraphy®® have all been examined
in polymyositis, but have not been tested in the bland
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myopathy associated with SSc and are not widely available,
and thus are not feasible for clinical trials.

Conclusions and future directions of research. Future
studies should be directed toward further validation of
measures with excellent feasibility, such as tender joint
counts and grip strength, and at testing sensitivity to change
of other measures, such as flexion contractures and hand-
spread. Better methods to quantify proximal muscle strength
are needed. Defining the sensitivity to change in the bland
myopathy of SSc of measures that have been validated in
polymyositis, such as serial creatine kinase measurements
and MRI scanning, will be important to advance research on
SSc-related myopathy. Ongoing work on outcome measures
in idiopathic inflammatory myopathies may provide guid-
ance to similar measures in SSc.

Outcome Measuresfor Function and Health-Related
Quality of Lifein Systemic Sclerosis

The use of functiona and hedth-related quality of life
(HRQOL) measures for chronic diseases has been widely
recommended. These measures can be either generic or
disease-specifict>. Generic measures are usually multidi-
mensional and encompass various aspects of heath and
function, most commonly physical, mental, and social func-
tioning, and symptom distress. They can be used across
diseases and can provide a good measure of the burden of
illness from a given disease in comparison to other condi-
tions. A disadvantage of generic measures is that if they do
not include specific and important aspects of a given condi-
tion, they may not be adequately sensitive to change for
specific disease states. Disease-specific measures focus on
the aspects rel evant to the disease under study, and are more
discriminative and responsive than generic instruments, but
they cannot be used across diseases for comparative
purposes. It has been suggested that both disease-specific
and generic measures be used simultaneously in clinical
trials'>®. Table 8 summarizes the current state of validation
of measures of the various functional and HRQOL measures
in SSc.

The use of functional and HRQOL measures in SSc has
been limited. To date, only one functiona measure, the
Health Assessment Questionnaire (HAQ)®, has been
adequately evaluated in SSc6.20.104161-167 - byt jt only
considers physical functioning. The HAQ was originally
developed for arthritis, so it is not truly “specific” for SSc.
The Scleroderma HAQ (SHAQ) includes the disability and
pain scales of the HAQ plus 5 VAS that patients use to rate
scleroderma-specific problems in the preceding week
including pulmonary disease, digital ulcers, Raynaud's
phenomenon, Gl disease, and skin disease?®. The SHAQ has
also been partialy validated by examining its relationship
with other measures, its ability to discriminate among
patients with severe and mild disease, its properties as a
predictor of survival, and its responsivenessin clinical trials
and cohort studies!620104165167 The evidence for respon-
sivenessislimited, but thisis duein part to the lack of effec-
tive therapies in SSc, which results in very few patients
showing detectable improvement.

Three additional functional scales have been devel oped:
(1) the Systemic Sclerosis Questionnaire (SySQ) (German
language) was developed by Ruof, et al®; (2) an 11-item
Functional Questionnaire specific for SSc that evaluates
upper limb function®®?; and (3) the Scleroderma Functional
Index, an 11-item scale (French language) that has not been
widely used'. In a comparative study the Scleroderma
Functional Index was shown to be less discriminative than
the HAQ for patients with varying disease severity!™.

Several generic instruments have been developed to eval -
uate HRQOL [1996 #1224] including the SF-36, the
Sickness Impact Profile, and the Quality of Well-Being
Scale, among others. Although these measures have been
validated and are commonly used in a number of rheumatic
diseases, their use in SSc has been limited, and there are
only limited preliminary published data using the SF-36 in
patients with SSc from the GENISOS study and from Italian
investigatorst’*73, The inclusion of the SF-36 into current
therapeutic trials will undoubtedly help validate this instru-
ment for use with patients with SSc.

Table 8. Validation of outcome measures for function and health related quality of life in systemic sclerosis.

Outcome Measure Face Validity Content Validity Criterion Validity Discriminant Validity Construct Validity Feasibility Ready for Use
(Credibility) (Comprehensiveness) (Accuracy)  (Senditivity to Change) (Biological Sense) inClinical Trials?

HAQ?6:20,104,161-167 \Y PV \ PV PV Excellent Yes

SHAQ Visua Analog \% PV \% Pv PV Excellent Yes

Scal 8516,20,104,161,165,167

SySQ s \Y \Y, PV NT PV  Excelent (German) No

Functional Questionnaire, \% \ U U NT Excellent No

upper limb?®®

Scleroderma Functional \% U NT NT NT Excellent (French) No

Index, upper limb*™®

SF-36171-173 \ NT PV U NT Excellent No

HAQ: Health Assessment Questionnaire; SHAQ: Scleroderma Health Assessment Questionnaire; SySQ: Systemic Sclerosis Questionnaire; V: validated; PV:

partialy validated; NT: not tested; U: unclear.
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Conclusions and future directions of research. The use of
functional and HRQOL measures in SSc has been limited,
and only the HAQ has been adequately evaluated. Although
it shows good psychometric properties, it only considers
physical functioning. SSc is a multisystem disorder, with a
broad spectrum of organ manifestations, some of which are
unique, and it seems desirable to use both disease-specific
and generic measures to evaluate functioning and HRQOL .
Additional research on existing or modified instruments is
needed. The development of new, more comprehensive
patient-centered tools that assess the impact of the various
disease components on function and well being is aso
recommended.

DISCUSSION

Along with an understanding, or at least a model, for the
pathogenesis of the disease, validated measures of response
will alow movement towards effective treatment of SSc.
For example, some understanding of the pathogenesis of
renal disease in SSc aong with the use of validated
measures such as blood pressure measurements and
measurement of mortality eventually led to the use of
angiotensin-converting enzyme inhibitors in scleroderma
renal crisis. This now common treatment of scleroderma
renal crisis would not have been possible without accepted
and validated measures of response — blood pressure and
mortality.

During the past 20 years, slow but steady progress has
been made in devel oping outcomes tools to measure change
in SSc, as evidenced by the work outlined above. However,
as also outlined above, there are insufficient well validated
tools ready for use for many of the core domains of illness
in SSc. Of course, outcomes such as mortality require little
validation, and there is work presently being done to
examine the ability to use toolsin SSc that have been devel-
oped for other indications or in norma populations. An
example of that is the SF-36, which is being tested for its
validity in SSc.

The literature with respect to outcome measures in SSc
was reviewed at the OMERACT 6 meeting. Presenters and
the audience discussed the results and made suggestions
about what areas or domains needed to be improved or vali-
dated as outcome measures in SSc. It became immediately
clear that certain domains would be particularly difficult to
separate. For example, it appeared quite difficult to separate,
using clinically available or potentialy available tools, the
cardiac from the pulmonary systems. On the other hand, the
manifestation of disease in certain other domains was so
uncommon that it was deemed unwise to tackle them at this
juncture. An example of such a domain is the peripheral
nervous system.

As one of the purposes of this workshop was to suggest
directions and research needs in the area of outcome
measures in SSc, significant time was taken eliciting ideas

for future research. In this context, the task of OMERACT
isto “point the way.” It is not to mandate any task or desig-
nate anyone, specifically, to do the task. Agendas for the
future direction of outcomes assessment for different
domains are outlined at the end of each section above. Any
individual or group of individuals can decide on what to do
and how to approach the research.

It is our hope that SSc researchers will join with metrol-
ogists, epidemiologists, and statisticians to answer some of
the questions and research agendas outlined in this article.
Combined with the marked increase in new pharmaceutical
agents for patients with SSc, progress in development and
validation of outcome measures for use in clinical trialsin
SSc will lead to more effective treatment of SSc as well as
to a better understanding of the pathogenesis of this
complex and sometimes devastating disease.
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