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Abstract

Background—Classification criteria for systemic sclerosis (SSc) are being updated jointly by
ACR and EULAR. Potential items for classification were reduced to 23 using Delphi and Nominal
Group Techniques. We evaluated the face, discriminant and construct validity of the items to be
further studied as potential criteria.

Methods—~Face validity was evaluated using the frequency of items in patients sampled from the
Canadian Scleroderma Research Group, 1000 Faces of Lupus, the Pittsburgh, Toronto, Madrid
and Berlin CTD databases. SSc (n=783) were compared to 1071 patients with diseases similar to
SSc (mimickers): SLE (n=499), myositis (n=171), Sjégren’s syndrome (n=95), Raynaud’s
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phenomenon (RP) (n=228), MCTD (n=29), and idiopathic PAH (n=49). Discriminant validity was
evaluated using odds ratios (OR). For construct validity, empiric ranking was compared to expert
ranking.

Results—Compared to mimickers, SSc are more likely to have skin thickening (OR=427),
telangiectasias (OR=91), anti-RNA polymerase 1l antibody (OR=75), puffy fingers (OR=35),
finger flexion contractures (OR=29), tendon/bursal friction rubs (OR=27), anti-topoisomerase-I
antibody (OR=25), RP (OR=24), finger tip ulcers/pitting scars (OR=19), anti-centromere
antibody(OR=14), abnormal nailfold capillaries (OR=10), GERD symptoms (OR=8), and ANA,
calcinosis, dysphagia, esophageal dilation (all OR=6), interstitial lung disease/pulmonary fibrosis
(OR=5) and anti-PM-Scl antibody (OR=2). Reduced DLCO, PAH, and reduced FVC had OR<2.
Renal crisis and digital pulp loss/acro-osteolysis did not occur in SSc mimickers (OR not
estimated). Empiric and expert ranking were correlated (Spearman rho 0.53, p=0.01).

Conclusion—The candidate items have good face, discriminant and construct validity. Further
item reduction will be evaluated in prospective SSc and mimicker cases.
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Systemic sclerosis (SSc) is a heterogeneous disease or possibly a family of closely related
diseases characterized by vasculopathy, immune activation, and fibrosis. Its clinical
manifestations vary across individuals, resulting in differences in organ system involvement,
treatment regimens, and prognosis. In the absence of a diagnostic test for SSc, several sets of
classification criteria have been developed and used to identify patients with similar features
for recruitment into clinical studies.(1-4) The use of classification criteria as inclusion
criteria for study participation has facilitated comparison of results across studies.

Existing classification criteria for SSc should be updated.(5-10) With improved
understanding of the disease, the items regarded to be important for SSc have increased.(5,
11, 12) Goetz and Berne were among the first to describe gastrointestinal involvement in
SSc, yet they did not incorporate this domain into their criteria.(13) It has also been
recognized that use of the 1980 American Rheumatism Association (ARA) preliminary
criteria(1-3) for recruitment into clinical trials results in the exclusion of up to 20% of
patients with either early SSc or the limited cutaneous subtype of SSc.(8, 9, 14) The
exclusion of the limited cutaneous SSc patients is likely due to the fact that a
disproportionate number of diffuse cutaneous SSc patients were entered into the ARA
prospective study. Thus the statistical analysis resulted in criteria that identified 100% of
diffuse cutaneous SSc patients, but only 80% of limited cutaneous SSc patients. It has been
demonstrated recently that the addition of nailfold capillary abnormalities and
telangiectasias to the ARA SSc criteria improve their sensitivity.(6, 8)

Few criteria sets were developed for wide-scale application in classifying patients for
clinical research studies.(15, 16) Most criteria sets were developed for use in the clinic or a
study at hand, limiting their generalizability.(17, 18) Standards for devising classification
criteria have evolved since the original criteria sets were proposed.(19) The methodologies
used to develop previous criteria do not meet current standards.(20, 21) For example, one
previous SSc criteria proposal utilized healthy subjects and rheumatoid arthritis patients as
the comparator groups.(2) It has been argued that these patients are so different that they can
nearly always be differentiated from SSc patients.(7) In keeping with the differential
diagnosis faced by clinicians in practice, it has been suggested that criteria should be tested
against control populations selected because they have SSc-like features.(7) Examples
include other connective tissue diseases: mixed connective tissue disease (MCTD),
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Sjogren’s syndrome, systemic lupus erythematosus (SLE), dermatomyositis/polymyositis,
undifferentiated CTD, other fibrosing syndromes (eosinophilic fasciitis, linear scleroderma,
generalized morphea, scleromyxedema, nephrogenic systemic fibrosis), and Raynaud’s
disease.

The Committee on Classification and Response Criteria, a subcommittee of the ACR
Quality Measures Committee, has published recommendations for the development and
validation of new criteria sets based on the current standards of measurement science, (19—
21) which are complemented by recommendations from the European League Against
Rheumatism (EULAR) Standing Committees of Clinical Epidemiology, and for
International Studies Including Clinical Trials, respectively.(22, 23) Recommendations for
modern criteria development include 1) collaboration between clinical experts and clinical
epidemiologists in criteria development; 2) evaluation of the psychometric properties of
each candidate criterion; and 3) description of the derivation sample (origin of the patients
and control subjects), and gold standard.(21-23) Ideally, phases of criteria development
should have a balance between expert opinion and data-driven methods.(21) Yet there
should be avoidance of circularity of reasoning (a bias which can occur when the same
experts developing the criteria are the ones contributing cases and comparison patients).(19)
A joint international, collaborative initiative supported by EULAR and ACR is underway to
develop revised classification criteria for SSc where the methodology has considered these
issues.

During Phase 1 of the development process, potential items for revised SSc classification
criteria were generated through two independent international consensus exercises
performed by the Scleroderma Clinical Trials Consortium (SCTC) and the EULAR
Scleroderma Trials and Research group (EUSTAR), resulting in a list of 168 potential items.
(24) A Delphi exercise of 105 international SSc experts reduced the list of potential items to
102 items. The item list was again rated and subjected to a consensus meeting using nominal
group technique by a separate group of European and North American SSc experts, further
reducing the list to 23 items.(24) As recommended, the next phase of SSc criteria
development requires evaluation of the psychometric properties of each candidate criterion.
(21, 23) An important psychometric property of criteria is their validity — the degree to
which their application corresponds to the truth. In this study we aimed to evaluate the
validity of candidate items for revised SSc criteria. In particular, the objectives of this study
were to evaluate the face, discriminant and construct validity of the candidate items. This
knowledge will inform the subsequent phases of SSc criteria development.

METHODS

SSc patients and comparison subjects

SSc patients were identified from established, longitudinal cohorts that were not developed
for the purpose of this study. Item definitions were often cohort specific and not necessarily
identical between cohorts. Representatives of cohorts were invited to participate in this study
based on geographic representation (North America and Europe), size, use of standardized
data collection in both SSc and comparison patients, and willingness to participate.
Comparison patients represented a spectrum of rheumatologic and non-rheumatologic
diseases that share clinical manifestations with SSc. Patients with SSc that overlapped with
another rheumatic disease were not included. In all cohorts, the diagnoses were based on the
local center’s physican(s) judgment. Only a subset of each cohort was sampled (10%
randomly selected from each database with the exception of the Pittsburgh cohort which was
sampled by year) for this study, leaving the remainder available for future validation studies.
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The Canadian Scleroderma Research Group (CSRG) database patients were compared with
the 1000 Faces of Lupus database patients. Both are Canadian, multi-center cohorts which
recruit patients from academic and community settings. The University of Pittsburgh
Connective Tissue Disease Database, the Toronto Scleroderma Database and the Toronto
Pulmonary Hypertension in the Connective Tissue Diseases Database, the Madrid
Scleroderma cohort and the Berlin Scleroderma cohort are single-center, academic hospital
based cohorts. SSc patients were compared to the patients who did not have SSc but had a
disease similar to SSc (non-SSc comparisons), within each database. In the case of the
CSRG patients and the 1000 Faces of Lupus patients, the items of interest were compared
between the databases, where available.

Candidate items

Validity

The 23 candidate items were: anti-topoisomerase-1 antibody; scleroderma (skin thickening
on examination); abnormal nailfold capillary pattern; anticentromere antibody or centromere
pattern on antinuclear antibody test; anti-RNA polymerase I11 antibody; finger tip and/or
periungal ulcers or pitting scars; Raynaud’s phenomenon; interstitial lung disease or
pulmonary fibrosis; renal crisis; reduced carbon monoxide diffusion capacity (DLCO);
reduced forced vital capacity (FVC); dysphagia for solid food by history, esophageal
dilation on radiograph, barium swallow or high resolution computerized tomography;
telangiectasias; finger flexion contractures; antinuclear antibody (ANA); anti-PM-Scl
antibody; pulmonary arterial hypertension; puffy fingers; digital pulp loss or acro-osteolysis;
persistent, recurrent gastro-esophageal reflux disease (GERD) by history; calcinosis; and
tendon or bursal friction rubs.(24) All items were defined using the local research protocols
and harmonized across databases where possible. For example, DLCO and FVC
abnormalities were defined as <70% or <80% predicted, depending on the cohort. The same
definitions were applied for within group comparisons. These definitions can be found in the
footnotes accompanying each table. Serologies were identified based on local laboratory
assays. The response for each candidate item was dichotomized as present or absent.

Face validity is present if the items measure what they purport to measure.(25, 26) Typically
this is assessed using expert judgment, but should be complemented by data driven methods.
(26) Face validity was evaluated using the occurrence of positive responses to each item in
patients with SSc. For items with a dichotomous response, this is the proportion of patients
who give a positive response (having the item in question).(26) It is suggested that items
with positive rates less than 20% may be eliminated.(26) When the majority of patients do
not have the item, very little is gained by retaining the item in a criteria set. The item may
not improve the psychometric properties of the criteria set and may actually detract from it
by making it longer.(26) However, a low frequency item may still be retained if it confers
other beneficial properties. For example, a low frequency item may differentiate SSc
patients from mimicking conditions very well.

Discriminative validity of each item was evaluated using SSc patients and patients with a
disease similar to SSc (non-SSc comparison patients) from the same centre. Using the
positive rates, the odds ratio (OR) for each item was calculated, for each cohort separately
and aggregated into a pooled OR. The candidate items were ranked from highest to lowest
based on the pooled OR. It has been recommended that items with an OR less than 2 be
eliminated.(27) In the setting of classification, OR greater than 2 provide better accuracy.
@7)

Construct validity evaluates the relationship of the item to other measures that are believed
to be part of the same phenomenon or ‘construct’.(28) In this study, construct validity was
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assessed using the strength of association between the empiric ranking based on the pooled
OR and the ranking based on expert judgment from a previous Delphi exercise.(24)

Statistical analysis

Summary statistics were used to describe the data. Odds ratios (OR) were calculated to
analyze the association between of each item with case or comparison status, for each cohort
separately. Bayesian statistics were used to calculate the pooled mean OR and 95% credible
interval (Crl). This approach was taken as it provides the reader the interval for which there
is a 95% probability that the true OR falls within.(29) The Bayesian analyses used an
uninformative normal prior distribution with mean 0 and variance 10,000; and Monte Carlo
Markov Chain (MCMC) to sample from the posterior distribution of the items. Starting at 3
randomly generated initial values, the chains were run for a 5,000 iteration ‘burn-in’ period
where the chain moved from the starting value toward the correct posterior distribution. The
Brooks-Gelman-Rubin statistic was used to verify convergence at this point, that is, that all
3 chains were sampling from the same distribution. Then 10,000 new sampled values were
collected and used to estimate the properties of the posterior distribution — OR and 95% Crl.
Reporting of the analysis and results are in accordance with the ROBUST criteria.(33) The
code for analyses is available from the authors upon request. The strength of association
between the empiric ranking based on the pooled OR and the ranking based on expert
judgment was analyzed using the Spearman’s rho rank correlation coefficient. Given
variations between experts in their rankings, and variation in measurement of criteria across
cohorts, we hypothesized a priori a “‘moderate’ correlation (rho 0.4 — 0.6) between the two
rankings would be significant. Analyses were performed using R (version 2.2.1, The R
Foundation for Statistical Computing) and WinBUGS (version 1.4.3, Imperial College and
Medical Research Council, United Kingdom).

RESULTS

Patients and comparison subjects

Data on 783 SSc patients (CSRG n = 127, Pittsburgh cohort n = 326, Toronto cohort n = 86,
Madrid cohort n = 175, Berlin cohort = 69) and 1071 comparison subjects were evaluated in
this study. The comparison subjects included 499 SLE patients (1000 Faces of Lupus cohort
n =127, Pittsburgh cohort n = 113, Toronto cohort n = 36, Madrid cohort n = 223), 171
inflammatory myositis patients (Pittsburgh cohort n = 118, Madrid cohort n = 53), 95
Sjogren’s syndrome patients (Pittsburgh cohort), 228 Raynaud’s syndrome patients
(Pittsburgh cohort n = 93, Madrid cohort n = 135), 29 mixed connective tissue disease
patients (Toronto cohort), and 49 idiopathic pulmonary arterial hypertension patients
(Toronto cohort).

Face Validity

Rates of positive responses for the candidate items in each SSc cohort are summarized in
Tables 1 — 5. The presence of renal crisis and digital pulp loss or acroosteolysis each
occurred in less than 20% in all cohorts, where measured. Anti-topoisomerase-1 antibody,
anti-PM-Scl antibody, calcinosis, reduced FVC, pulmonary arterial hypertension, and finger
flexion contractures variably had positive occurrence frequencies less than 20%, depending
on the cohort. The other candidate items were consistently positive in >20% of SSc patients.

Discriminant validity

The ORs for candidate items, comparing SSc to non-SSc comparison patients, are
summarized in Tables 1- 4. The pooled mean OR and 95% Crl for the candidate items are
presented in Table 6. Pulmonary arterial hypertension (OR 1.9, 95% Crl 1.4 — 2.4), reduced
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DLCO (OR 1.5, 95% Crl 1.1 — 2.0), and reduced FVC (OR 0.9, 95% Crl 0.6 — 1.3) had ORs
less than 2. Renal crisis and digital pulp loss or acro-osteolysis did not occur in any of the
non-SSc comparison patients in any of the cohorts and consequently the OR were not
estimated. If an infinitely small numeric adjustment were added to facilitate estimation, the
result would be an infinitely large odds ratio.

Some of the Raynaud’s syndrome patients from the Pittsburgh cohort had the presence of
antinuclear antiboidies, abnormal nailfold capillaries and positive serology suggesting that
they may represent pre-SSc or pre-other connective tissue diseases. The pooled OR analysis
was repeated excluding these patients, and there was no substantial difference in the results.

Construct validity

The empiric-based and expert-based ranking of the candidate criteria are presented in Table
6. There was moderate correlation between the 2 rankings with a Spearman rho 0.53, p =
0.01. Figure 1.

DISCUSSION

Evaluation of the validity of candidate SSc items is an important and necessary phase of
classification criteria development. Our results demonstrate that the candidate SSc items are
valid — they have good face, discriminant and construct validity. Our study results also
provide valuable insights that should be considered in the subsequent phases of criteria
development which will include: collecting item frequencies on SSc and mimickers at
multiple sites in North America and Europe, using programs for item reduction, and then
testing the validity of final criteria in databases.

When there is face validity, motivation, cooperation and satisfaction among classification
criteria users increases.(26) The demonstration of face validity requires more than peer
judgments; empirical evidence is also required to show that a criterion is measuring what is
intended.(26) In the case of SSc, this has an important pragmatic implication. A proportion
of SSc patients (approximately 20%) who have the disease have been excluded from
participation in some clinical trials as they do not meet existing classification criteria. This is
a problem when a rare disease is being studied and a significant minority is excluded.(6, 9)
It has been argued that important domains of the disease have been left out of previous
criteria (such as antibodies and vascular complications). If the revised SSc classification
criteria incorporate items that improve the specificity of the criteria, then more SSc patients
can be included into studies from which they may derive a benefit. In this study, the
majority of candidate items have excellent face validity with endorsement frequencies
greater than 20%. Renal crisis, finger pulp loss or acro-osteolysis, anti-topoisomerase-I
antibody, anti-PM-Scl antibody, calcinosis, reduced forced vital capacity, pulmonary arterial
hypertension, and finger flexion contractures had lower endorsement frequencies. The value
of retaining these candidate criteria will need to be carefully evaluated in the next phase of
criteria development. It is uncertain if combining uncommon features in revised SSc
classification criteria would improve the sensitivity and/or specificity. The utility of criteria
with negative responses will also need to be considered. There could be criteria where a
negative response makes SSc unlikely (such as absence of ANA or Raynaud’s
phenomenon). Furthermore, the value of including criteria that rarely occur in SSc patients
will need to be balanced by the impact of including too many criteria on the feasibility and
reliability the final criteria set. If a criterion is irrelevant, then users may omit it.(26)

The majority of candidate criteria have excellent discriminant validity with high pooled odds
ratios. They effectively discriminate patients with SSc from non-SSc comparison patients
included in this study. The utility of a few candidate criteria will require added scrutiny in
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the next phase of criteria development. Renal crisis and digital pulp loss or acro-osteolysis
occur uncommonly in SSc. However, they had the strongest discriminating ability, as they
never occurred in any of the non-SSc comparison patients in any of the cohorts. These
criteria are very good at discriminating patients with SSc from patients with other diseases.
Criteria that are rare but unique to SSc may be very specific for ruling in the disease, but do
not assist in the objective of being more inclusive of those with the disease. Pulmonary
arterial hypertension, reduced DLCO and reduced FVC had OR<2, indicating a weak
discriminating ability. The value of retaining these items will need to be evaluated.

The candidate criteria also had good construct validity. There was good agreement between
the empiric-based ranking and the expert-based ranking of the importance of the candidate
items. Both methods highlight those criteria that should be considered very important and
those that can be considered less important in criteria set development. In this case, the
empiric data complements and verifies the expert based data, indicating that criteria
development is evolving in the right direction.

This study has a number of strengths. First, our validation study has used large numbers of
patients (for an uncommon disease). It has been recommended that a sample size of at least
50 patients be used to evaluate the frequency of an item.(26) Other criteria sets have been
criticized for using inadequate numbers of patients and controls.(21, 23) The comparator
groups reflect other connective tissue diseases, comparisons with non-rheumatic diseases
and non-rheumatology settings.(21, 23) Patients included in this study were recruited from
multiple sites in North America and Europe. Previous SSc criteria development did not have
such broad geographic representation.(14) Experts involved in generating the candidate
criteria were different than those supplying patients (with exception of 1 expert, TAM),
thereby reducing potential bias from circularity of reasoning.(21, 23)

There are limitations to consider in the interpretation of this study. One limitation to
consider is missing data. This is partially related to the fact that data were not collected
specifically for this study, but rather had been previously collected for other purposes. As a
result, not all sites collect the same variables. To overcome this challenge, we included
multiple sites so that there were sufficient data to evaluate each candidate criterion. Not all
sites categorized the variable in the same manner in which the candidate criteria have been
proposed. This has introduced some variability in comparisons across sites. However, the
same definition for each criterion was applied for within-site comparisons. Furthermore,
despite the variability in definitions of items across sites, we were able to demonstrate
moderate correlation between the empiric and expert rankings. Many sites were academic
medical centers. However, the CSRG and 1000 Faces of Lupus databases enroll patients
from both academic and community sites, so the generalizability to other non-academic
practices is likely present (especially due to the fact that the ORs were similar among the
various databases used for this study).

The ethnic background of patients was not evaluated in this study. There may be an over-
representation of Caucasian patients. Given variations in the frequency of specific criteria
(e.g. autoantibodies, lung disease) across ethnic groups, this may affect the external validity
of the developed criteria.(30) In this study, there is some ethnic variation across databases
we used. The Pittsburgh cohort includes African-American patients.(31) The 1000 Faces of
Lupus database includes Asian and First Nations and African-American patients.(32) The
Toronto cohort includes African-American and Asian (East Asian and South-East Asian)
patients.(33) Subsequent phases of criteria development will need to consider the
performance of classification criteria in different ethnic groups.
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A potential limitation is that the investigators ascertaining the criteria knew the diagnoses.
Criteria were evaluated based on local research protocols or local standard of care. This may
introduce verification bias. Verification bias occurs when disease status is not determined in
all subjects who are evaluated for a criteria and when the probability of verification depends
on the criteria result and/or other clinical variables. When verification of disease status is
more likely among patients with positive criteria, a bias is introduced that can increase the
sensitivity of the criteria and reduce its specificity.(34) In our study, the majority of SSc
patients underwent evaluation of all criteria (e.g. echocardiogram and pulmonary function
tests). However, in the case of SSc comparator patients, evaluation of many of the criteria is
not routinely done in asymptomatic patients and even in symptomatic patients; performing
invasive tests such as right heart catheterization or high resolution CT thorax scans may not
be done on mimickers as often as SSc patients. Subsequent phases of criteria development
may need to consider design or analytic techniques to account for verification bias.(34) It
would not be likely that within a database the investigators did not have a working definition
of the disease(s) studied but the criteria used to make the diagnosis may have been formal
criteria or expert opinion. A future prospective data collection that compares patients with
SSc and mimickers may reduce this bias when cases are then re-analyzed by experts blinded
to the diagnosis.

Our study results provide sufficient fidelity to justify proceeding with the next phase of
criteria development, which is prospective case and control ascertainment. During the next
phase, the same definitions of items will be applied to all patients, and multiple sites will test
each item. Given the high discriminating ability of the items using the non-SSc comparisons
in this study (e.g. SLE), the next phase of development should include non-SSc comparisons
that more closely resemble SSc such as eosinophilic fasciitis, generalized morphea and
nephrogenic systemic fibrosis. During the next phase, the scaling of the criteria will need to
be considered. The criteria could be additive (e.g. SLE classification criteria(35, 36)),
hierarchical (e.g. 1980 SSc classification criteria(2, 3)) or weighted (e.g. rheumatoid arthritis
classification criteria(37)).

In conclusion, our study has demonstrated that the candidate SSc items have good face,
discriminant and construct validity. These items should be tested in the next phases of SSc
classification development.
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Figure 1.

Scatter plot of the empiric-based ranking and the expert-based ranking of the candidate
items. The correlation between the 2 rankings was Spearman rho 0.53, p=0.01.
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Page 13

Frequency of positive responses and odds ratios for candidate items in the Canadian Scleroderma Research

Group and 1000 Faces of Lupus Cohorts.

Criterion Scleroderma SLE oRf
N =127 N =127

Abnormal nailfold capillary pattern 93/126 (74%) NA NA
Anti-centromere antibody 32/109 (29%)  1/126 (0.8%) 52

Anti-topoisomerase-1 antibody 18/103 (17%) 1(0.8%) 27

Antinuclear antibody 101/109 (93%) 125 (98%) 0.2
Anti-PM-Scl antibody 9/80 (11%) NA NA
Anti-RNA polymerase 111 antibody 15/83 (18%) NA NA
Calcinosis 43/125 (34%) NA NA
Reduced DLCO?Z 51/106 (48%) NA NA
Digital pulp loss or acro-osteolysis 55/124 (44%) 0 (0%) NE
Dysphagia for solids 74/116 (64%) NA NA
Esophageal dilation 14/125 (11%) NA NA
Finger flexion contractures 37 (29%) NA NA
Finger tip ulcers or pitting scars 76/126 (60%) 2/126 (2%) 94

Reduced FvCh 8/90 (9%) NA NA
Interstitial lung disease or pulmonary fibrosis® 441122 (36%)  1/125(0.8%) 66

Gastro-esophageal reflux disease? 106/126 (84%) NA NA
Puffy fingers 65/125 (52%) NA NA
Pulmonary arterial hypertension® 8/107 (7%) 3/124 (2%) 3

Raynaud phenomenon 123 (97%) 56 (44%) 39

Renal crisis 6/126 (5%) NA NA
Scleroderma skin changes 118/124 (95%) NA NA
Telangiectasias 90/119 (76%) 0 (0%) NE
Tendon or bursal friction rubs 18/125 (14%) NA NA

NA Not available, SLE Systemic lupus erythematosus, NE Not estimated

Notes:
aDLCO Carbon monoxide diffusion capacity, DLCO < 70% predicted

bFVC Forced vital capacity; FVC < 70% predicted

ILD (CSRG data): ILD was considered present if a HRCT lung was interpreted by an experienced radiologist as showing interstitial lung disease
or, in the case where no HRCT was performed, if either a chest x-ray was reported as showing either increased interstitial markings (not thought to

be due to congestive heart failure) or fibrosis, and/or if a study physician reported findings indicative of ILD on physical examination.

Gastro-esophageal reflux disease was defined as the patient having reported a history of heartburn, regurgitation of acid, and/or nocturnal

choking, and/or ever taking gastroprotective agents.

EPuImonary hypertension was defined as an estimated systolic pulmonary artery systolic pressure > 45 mmHg (CSRG data)

deds Ratios can be read as SSc patients have OR times the odds of having candidate criteria than a mimicker patient

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 March 01.



Page 14

Johnson et al.

palews3 10N IN ‘o1el sppO HO ‘awolpuAs uaibols 9OrS ‘snisoAworewsaq 1o snISOAWA|0d INA/NC ‘ShsorewayiAla sndnj 91Wwa1SAS 371S ‘9|qe|ieAy 10N VN

€51 L1911 (%0) 06/0 1) 16/ (%0) TTT/0 (%0) 520 (%62) £2€/56 4SANI UOKDLY [esING JO UOpUS L
8¢ 60V/ET (%2) 2612 (w8)g6/8  (wT)STI/T  (%2) L0T/2  (%GS) G2E/08T ySeIseabuela L
06TT 98¢e/8 (%0) 26/0 (%0) 26/0 (%9) 60T/L (%T) €6/T  (%96) 9ZEIVTE BWIBPOIRIIS
VN 617/0 (%0) €6/0 (%0) 56/0 (%0) 8TT/0 (%0) €1T/0 (%.) 9zeree SISLIO [eusy
Ly 8TY/91C (%00T7) €6/€6  (%W¥) G6/cy  (%8E) LTT/vY  (%69) ETT/L9  (%86) 92€/8TE uouswiouayd s, pneukey
9 6Tv/9 (%T) €6/T (%0)s6/0  (w2) 81T/ (we)eTT/e  (%6) 9z€/82 puoisuaLiadAy euiave Areuowiing
95 STY/LY (%vT) e6/eT  (%8) S6/8  (%0T) LTT/eT  (%ET) TTIT/WT  (%88) G2€/S8C s1abuy Aynd
oT TTHIVET (wov) e6/28  (%ze) 66/08  (%ee) LTT/6E  (%92) 90T/82  (%2L) STEMmET 43SEasIp Xn|jal [eabeydosa-oaise
4 L6T/LY (%2) ogrz (%6) 9v/y  (%99) TL/0Y (62) 0571 (9%T) 662/90T #5104 Areuowind Jo asessip Bunj fennsiei]
60 68/82 (%02) sT/e (%0)2zT/0  (%0v) 29/Se VN (%0€) ¥02/19 pON- P3INPRY
81 0T¥/6T (%eT) 26/2T (%) S6/T (%2) 911/2 (%) L0Tiv  (%9Y) vZe/6yT s1eas Bunnd Jo s1ain dn sabuiy
6¢ 9TY/ET (%€) z6/e (%) S61L (%v) LTT/5 (W) etr)s (%e9) vee/eoe 2IM9e1U0 UOIX3]} JaBuly
g 19/1T (%92) €2/9  (%v2)S2/9  (%92) 6T/S VN (%59) £97/90T ouomelip eabeydos3
01 TTY/8S (%ST) €6/4T  (%9T) S6/ST  (%02) LTT/€2  (%9) 90T/9  (%EWY) GTE/BET spijos Joy eibeydsAq
oN 8€/0 (%0) 6/0 ©0) TT/0  (%0)8T/0 wN (%0T) 52T/2T gS'sA10150-019€ 1o sso| dind [enbia
T 16/vS (%ev) ¥1/9  (%8T) T2 (wSl) 6S/vy  (%62) Liz  (%29) 06T/8TT 202710 P3aNP3y
€ 9cT/L (%0) 9¢/0 (%) STt (%8) 5219 VN (%ST1) TVe/Se sisoud[ed
GL LT2/T (%0) ¥8/0 (%0) T5/0 (%T1) ¢/t VN (%s2) eT€/T8 Apognue |11 ssesswAjod YNY-BUY
4 L1z/e (%T) v8/T (%0) 16/0 (%2) 2812 VN (%e€) €1¢/6 Apognue 9S-INd-nuyY
9 68z/cze (%S2) v8/€9  (%69) T5/5€  (%v2) 28/09  (%68) 2L/v9  (%86) £T€/86C Apognue reajonunuy
81 L2y (%9) 817 (%0) T5/0 (%0) z8/0 VN (%67) £TE/EY Apognue |-asesswosiodo)-nuy
8 (%8) L2e/9T  (%eT) v8/IT (%) 1572 (%T) 28/T (w2) o1tz (%T12) £TE/S6 Apognue alawonusd-nuy
4 (%es) sy (%99) 9e/0c (%09) G/ (%0S) 2v/TT VN (%69) 9z/8T uiayed Arejjided pjoyreu [ewougqy
sess|q g%6=N 8IT=N ETTI=N
s.pneukey 90rs INQ/Wd ERS
suos|edwod
[H0 Uo%:w_m%o_/m_v suos|fedwod 9SS-UoN mEovaM_w__ow uoleIID

"110Y09 3seasi anssi] aANdauuo) ybingsnid Jo AJISISAIUN 3Y1 Ul SWall leplpued 10J SOIeI SPPO pue sasuodsal aanisod jJo Aouanbal4

¢?olqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 March 01.



Page 15

Johnson et al.

juaned JXDIWIW B UBY) e1IS)LIO a1epIpued BuiAey JO SPPO ay) Salull YO aAeY slualted 0SS Se peal aq ued soney SPPO,

(suopuay
[e1q Jouisiue Jo ‘feiqn Jotisisod ‘[eauctad ‘SajjIydy) Sapyjue ‘seauy ‘(Josusixa Jo Joxa|y) siebuly ‘(SI0SUB)Xa J0 J0X3})) SISLIM ‘Besing UOUBIIL|O ‘SIapInoys ‘salis Buimopjoy ayr Buipnjoul ‘sqnt aiow Jo H\

Ajeresedas ‘pue wexs [earsAyd uo ueroisAyd Buluiwexa ayy Aq papodal sanjorjuod Jabuly aseasip anssi) aA1I98UUO0D 0) aNP PaAsI|aq ae YdIym aiis Aue Je seiserdsibue|s FQ

uonezLIRRYIed Leay 1ybil 1o (Wwelboipresoyds ‘uoreulwexa [earsAyd) sainjesy [eaiuljd Aq uoisusuadAy [elisale Zc:oE_:n_m

Aiosiy Aq E:Q:mon

Ajreatydeaboipe. sisoiquy bmcoE_:am

paroipaid 950/ > DA ‘Anoeded |ena paoioS o>¢u

Answiouew Jo mojfems wniieq Agq AjjnowsAp _mmmm:aom_u

Ajjeatydelboipes 1o uoneulwexa [eaisAyd uo m_m>_oEmoo_o<q

Umuo_ﬁm\_n %0/, > 0271d Su_omncu uoIsnyip apixouow uogted OUJﬁ_m

:S310N

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 March 01.



Page 16

Johnson et al.

:S310N

parewns3 10N JN ‘o1l SpPO HO ‘uoisuauadAy feuaue Areuownd aiyredolp] Hd| ‘aseasi anssi] aAI93UU0D) PaxiN dLDIA ‘snsolewayiAla sndnj 21Wwa1sAS 31S ‘a]1qe|ieAy 10N VN

NIH-PA Author Manuscript

VN VN VN VN VN VN SQnJ UONJLY [esing 1o uopus ]
44 %0T (%00 (w8e)TT  (%0) 0 (%e8) 1L seseyoa1buefe L
€8T %ET (%000  (%28) ST  (%0)0 (%.6) €8 BULIBPOISIOS
aN %0 (%0) 0 (%0) 0 (%0) 0 (%) 9 SISUO [eusy
44 %6€ (%9)e  (w06)9z  (%ey) ST (%.6) €8 uouswouayd s, pneukey
€00 %v6 (06007) 67  (%9) 2z (%600T) 9 (%Te) L2 puoisuaLiadAy feriale Areuowing
VN VN VN VN VN VN s1abuiy Alnd
VN VN VN VN VN VN aseasip xnjjal [eabeydoss-oasen)
€ %61 (W)t (wes) st (%L1)9 (%.8) ze stsoiquy Areuownd 1o aseastp Bun| [ennsiou
80 %ST (w8)vy  (ws2)8  (%vT)S (%eT) 11 2O/ paoNpsy
9 %L (%0) 0 (%v2) L (%e) T (%ee) 82 sJeds Bunnd 1o s1901n diy Jabuiy
VN VN VN VN VN VN $8IN}0JIU0J UOIX3|} Jabul4
¥N 7\ W\ VN M\ A\ uone|ip |eaBeydos3
81 %Te (%00 (w69) 0z  (%IT) ¥ (%e8) TL  8seasip xn|yas [ealeydosa-ouses Jo eibeydsAa
VN VN VN VN VN VN SISA]08150-0.9e 10 sso] dind [enbiq
80 %6¢ (%8) 1T (%28) ST (%98) €T (%SE) 0F q0071a p3oNpay
vT %€ (%0) 0 (%0T1) € (%0) 0 (%L2) €2 sisoud[ed
VN VN VN VN VN VN Apognue || asesawAjod WNY-IUY
N vN VN N N N Apognue j95-Nd-nuy
VN VN VN VN VN VN Apognue Jesjonunuy
ve %60 (%0) 0 (%0) 0 (%) T (%L1) ST Apognue |-asesswosiodo}-nuy
g %t (%0) 0 (%v1) ¥ (%0) 0 (%91) ¥T Apognue aJaWoNUsd-NUY
o1 %b 00 (D v  (%0)0 (%9€) 1€ puianed Asejjided plojieu feunouqy
6 =N 62=N 9€=N
YIT=N Hvd| dlonw ER'S
suos|.redwod
240 uumw%_m%ﬂ_u/_o suos| redwod 9SS-UoN mEoMuMM_uw uoleIID

€9lgel

NIH-PA Author Manuscript

"S110Y09 01UOJO] 3Y) Ul SWS]l a)epIpuRd 10) SOIel SPPO pue sasuodsal aAnisod Jo Aouanbaid

NIH-PA Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 March 01.



Page 17

Johnson et al.

“Juaized Ja3OILIW B UBY) BLISIIO S1epIpURD BUIARY JO SPPO 8y} SBWI YO dAeY slualied 9SS se peal g Ued soiey sPPO,

"3AIIBAIBSUOD SNY} aJe pajuasald S}nsal 8yl '1oyod auo ulyim uoisusuadAy Areuownd yo Aouanbauy ybiy e ul Bunjnsal aseqerep uoisuauadAy Areuownd ayi wouy awod syuaiyed Lmv_o_E_Eh

paripaid 940/ > DA ‘Anoeded [enA psaiod DAL )
paipaid 940/ > 0D1a ‘Aioedes uoisnyip spIXouow uogse) oo._n_n
adoosew eyiydo 1o uonoadsul jensiA Ag inodoap 1o Juswabiejua yim saLre]jides pjoyjreu _m;:ocg,qm

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 March 01.



Page 18

Johnson et al.

palewns3 10N IN ‘0l1el SpPO YO ‘snsorewayifia sndnj o1waisAS 3S ‘ajqe|iene 10N VN

VN VN VN VN VN VN SQnJ UONDLY [esing 10 uopus ]
VN WwN WwN ¥N A\ (%8v) S9/1€ seseyoa1buefe L
AV GEE/9 (%€) v VN (%T) 00272 (%88) vST safiuByo UIXS BLISPOISIIS
aN 0 (%0) 0 (%0) 0 (%0) 0 (%8) vLT/€T SISLIO [eusy
1 Lve/6LT (%001) €T (%L2) ¢S/vT  (%0S) 09/0  (%.6) ¥.T/89T uouawouayd pneudey
145 G/2/S VN (%v) 2s/e (%2) €2e/e (%712) 02T/9€ uoisusuadAY [etispe Areuowind
0z GET/6 (%) 6 VN A\ (%69) veT/cL s1abuly Ayynd
GT 18T/12 (%b) 5 (%T1¢€) 28/9T VN (%99) ¥2T/STT aseasip xnjyal [eabeydoss-oiises)
€ L€2/92 (%T) GET/T  (%8E) 87/8T  (%ET) ¥5/L (%82) €L1/67  sisoiquy Areuowind Jo ssessip Bun| [ennsioi|
0 v/0Z VN (%9¥) vv/0Z VN (%52) S6/v2 9O/ psanpay
9T 881/6 (%2) € (%TT) €5/9 VN (%SV) €LT/LL s1eas Bunid Jo s190n dy Jabuig
wN VN VN 7\ VN (%6T) €21/€2 $8INJORIIUOD LOIX8]4 JabuId
VN VN VN VN VN VN uore|p [esbeydos3
VN €6/LT VN (%ze) €5/LT VN VN spijos 1oy e1beydsAq
VN VN VN VN A\ (%52) 8v/Te sisA|oa)so-010e Jo ssof dind [enbiq
€ ezt VN (%zg) 8e/zT VN (%65) £6/55 q0OO71d paonpay
8 88T/S (%0) 0 (%6) €5/5 VN (%8T) 95/0T sisoud|ed
VN VN VN VN VN VN Apognue ||| asesswAjod WNY-IUY
VN VN VN VN VN VN Apognue [9s-Nd-nuy
6 18¢/0vC (wer) 8T (%LY) 6v/5C  (%L6) €02/L6T  (%V6) 6IT/8ST Apognue fesjonunuy
ve T62/E (%0) 0 (%2) €5/1 (%T) €01/2 (%S€) L9T/65 Apognue |-asesswosiodo)-nuy
8¢ T6€/S (%) T (%2) 1 (%2) €0z/e (%.2) L9T/SY Apognue aiswonusd-nuy
gvN GET/E (%2) € VN VN (%€8) LET/ETT uiaied Asejjided pjoj|reu [ewiouqy
e wmm_mm_m_ €S =N €zz=N
spreukey  eSOANW ERS
suos|redwod
0SS-UON G.T=N
g0 paulqwod suos| redwod 9SS-UON euw epo Bs uoleIID

"1J0Yy09 PLIPRIAl 3U1 Ul SWll 31eplpued 10} SOIRI SPPO pue sasuodsal aanisod Jo Aouanbai4

v alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 March 01.



Page 19

Johnson et al.

pajoipaid 9450/ > DAL ‘Aoeded [enA psoiod DAL X
paiipald 960/ > 0D1A ‘Audedes uoisnyiip apixouow uogied) ou._oQ
371S 40 SI1S049]9s 21WaISAS yum AyredoAw dejsano yum asoyy Buipnjoxe ‘4aiad pue ueyog Jo eia)io bunjjiing AyredoAw Alorewiweyul yum mEm_umn_m

:S310N

NIH-PA Author Manuscript NIH-PA Author Manuscript

NIH-PA Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 March 01.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Johnson et al.

Frequency of positive responses for candidate items in the Berlin cohort.

Table 5

Criterion

Scleroderma
N =69

Abnormal nailfold capillary pattern
Anti-centromere antibody
Anti-topoisomerase-1 antibody
Antinuclear antibody

Anti-PM-Scl antibody

Anti-RNA polymerase 111 antibody

Calcinosis

Reduced DLCOZ

Digital pulp loss or acro-osteolysis
Dysphagia for solids

Esophageal dilation

Finger flexion contractures

Finger tip ulcers or pitting scars

Reduced FVC?

Interstitial lung disease or pulmonary fibrosis

Gastro-esophageal reflux disease
Puffy fingers

Pulmonary arterial hypertension®
Raynaud phenomenon

Renal crisis

Scleroderma

Telangiectasias

Tendon or bursal friction rubs

NA
19 (28%)
15 (22%)
63 (91%)
3 (4%)
4 (6%)
NA
53 (77%)
NA
47 (68%)
NA
32 (46%)
22 (32%)
26 (38%)
31 (45%)
52 (75%)
NA
25 (36%)
61 (88%)
3 (4%)
56 (81%)
NA
8 (12%)

NA Not available

Notes:

aDLCO Carbon monoxide diffusion capacity; DLCO < 80%

b . .
FVC Forced vital capacity; FVC< 80%
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Table 6

Pooled odds ratios and ranking of candidate criteria.

Criterion Pooled mean OR  Empiric  Expert
(95% Crl) ranking based
ranking
Renal crisis NE 1ab 9
Digital pulp loss or acro-osteolysis NE 1ab 136
Scleroderma skin changes 426.7 (256.5, 691.2) 2 1
Telangiectasias 91.4 (57.6, 154.5) 3 11
Anti-RNA polymerase |11 antibody 75.4 (13.2, 312.6) 4 6
Puffy fingers 34.9 (24.0,49.2) 5 12
Finger flexion contractures 29.0 (17.8, 46.2) 6 19
Tendon or bursal friction rubs 26.81 (2.4, 91.9) 7 10
Anti-topoisomerase-1 antibody 24.9 (12.7, 48.0) 8 2
Raynaud phenomenon 24.1(15.3, 37.5) 9 7
Finger tip ulcers or pitting scars 19.3 (12.7, 28.8) 10 5
Anti-centromere antibody 13.8 (9.0, 21.0) 11 3
Abnormal nailfold capillary pattern 10.4 (6.9, 15.1) 12 4
Gastro-esophageal reflux disease 7.6(5.9,9.7) 13 17
Antinuclear antibody 6.06 (4.1, 8.8) 14 136
Calcinosis 6.05 (3.4, 10.5) 15 18
Dysphagia 5.7(4.2,7.7) 16 19
Esophageal dilation 5.6 (2.9, 10.2) 17 14
Interstitial lung disease or pulmonary fibrosis 4.5 (3.4,5.8) 18 8
Anti-PM-Scl antibody 24(19,7.1) 19 200
Pulmonary arterial hypertension 1.2(0.9, 1.5) 20 15
Reduced DLCO 15(1.1, 2.0) 21 16
Reduced FVC 0.9 (0.6, 1.3) 22 200

Crl Credible Interval, NE Not estimated, DLCO Carbon monoxide diffusion capacity, FVC Forced vital capacity
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a L - . oo . . . R
Renal crisis, digital pulp loss or acro-osteolysis did not occur in any mimicker patients, therefore odds ratios were not estimated. An infinitely

small numeric adjustment would result in an infinitely large odds ratio.

bTied rankings
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