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Méthodes  


• Revue	
  de	
  la	
  li?érature	
  scienBfique	
  de	
  Novembre	
  2018	
  à	
  Novembre	
  
2019	
  
• Mots	
  de	
  recherche	
  (MeSH):	
  ‘Systemic	
  Sclerosis’	
  OR	
  ‘Scleroderma’	
  	
  	
  
• Moteur	
  de	
  recherche:	
  Pubmed	
  
•  Focus	
  sur	
  pathogénèse,	
  classificaBon	
  et	
  clinique	
  
• Critères	
  d’exclusion:	
  arBcles	
  non	
  en	
  anglais	
  ou	
  sujet	
  d’un	
  thème	
  
abordé	
  spécifiquement	
  au	
  cours	
  de	
  ce?e	
  journée	
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Etudes  géné9ques  –  meta-­‐GWAS


•  4	
  cohortes	
  épidémiologiques	
  indépendantes	
  	
  
•  28,179	
  individus	
  non	
  reliés	
  généBquement	
  et	
  génotypés	
  genome-­‐wide	
  (9846	
  paBents	
  SSc	
  	
  et	
  18,333	
  controles	
  sains)	
  
•  9	
  	
  nouvelles	
  cohortes	
  SSc	
  GWAS	
  et	
  	
  5	
  cohortes	
  SSc	
  GWAS	
  d’origine	
  Européenne	
  déjà	
  décrites	
  dans	
  la	
  li?érature	
  

ARTICLE

GWAS for systemic sclerosis identifies multiple
risk loci and highlights fibrotic and vasculopathy
pathways
Elena López-Isac et al.#

Systemic sclerosis (SSc) is an autoimmune disease that shows one of the highest mortality

rates among rheumatic diseases. We perform a large genome-wide association study

(GWAS), and meta-analysis with previous GWASs, in 26,679 individuals and identify 27

independent genome-wide associated signals, including 13 new risk loci. The novel asso-

ciations nearly double the number of genome-wide hits reported for SSc thus far. We define

95% credible sets of less than 5 likely causal variants in 12 loci. Additionally, we identify

specific SSc subtype-associated signals. Functional analysis of high-priority variants shows

the potential function of SSc signals, with the identification of 43 robust target genes through

HiChIP. Our results point towards molecular pathways potentially involved in vasculopathy

and fibrosis, two main hallmarks in SSc, and highlight the spectrum of critical cell types for

the disease. This work supports a better understanding of the genetic basis of SSc and

provides directions for future functional experiments.

https://doi.org/10.1038/s41467-019-12760-y OPEN

*email: eisac.csic@gmail.com; javiermartin@ipb.csic.es
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L’épigéné9que  –  microARN  et  encore…
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•  Les	
  mécanismes	
  épigénéBques	
  
dérégulés	
  dans	
  la	
  SSc	
  sont	
  
encore	
  loin	
  d’	
  être	
  précisés	
  	
  
•  En	
  dehors	
  des	
  microARN	
  
d’autres	
  mécanismes	
  sont	
  
impliqués	
  comme	
  la	
  méthylaBon	
  
de	
  l’ADN	
  et	
  les	
  modificaBons	
  des	
  
histones	
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Une  nouvelle  classifica9on  ‘data-­‐driven’
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Phenotypes Determined by Cluster Analysis and Their 
Survival in the Prospective European Scleroderma Trials 
and Research Cohort of Patients With Systemic Sclerosis
9LQFHQWb6REDQVNL�1 �-RQDWKDQb*LRYDQQHOOL�2�<DQQLFNb$OODQRUH�3�*DEULHODb5LHPHNDVWHQ�4�3DRORb$LU´�5 
6HUHQDb9HWWRUL�6�)UDQFRb&R]]L�7�2OLYHUb'LVWOHU�8�0DUFRb0DWXFFL�&HULQLF�9�&KULVWRSKHUb'HQWRQ�10�'DYLGb/DXQD\�1 
(ULFb+DFKXOOD�1 and the EUSTAR Collaborators

Objective. Systemic sclerosis (SSc) is a heterogeneous connective tissue disease that is typically subdivided 
into limited cutaneous SSc (lcSSc) and diffuse cutaneous SSc (dcSSc) depending on the extent of skin involve-
ment. This subclassification may not capture the entire variability of clinical phenotypes. The European Sclero-
derma Trials and Research (EUSTAR) database includes data on a prospective cohort of SSc patients from 122 
European referral centers. This study was undertaken to perform a cluster analysis of EUSTAR data to distinguish 
and characterize homogeneous phenotypes without any a priori assumptions, and to examine survival among the 
clusters obtained.

Methods. A total of 11,318 patients were registered in the EUSTAR database, and 6,927 were included in the 
study. Twenty- four clinical and serologic variables were used for clustering.

Results. Clustering analyses provided a first delineation of 2 clusters showing moderate stability. In an exploratory 
attempt, we further characterized 6 homogeneous groups that differed with regard to their clinical features, autoan-
tibody profile, and mortality. Some groups resembled usual dcSSc or lcSSc prototypes, but others exhibited unique 
features, such as a majority of lcSSc patients with a high rate of visceral damage and antitopoisomerase antibodies. 
Prognosis varied among groups and the presence of organ damage markedly impacted survival regardless of cuta-
neous involvement.

Conclusion. Our findings suggest that restricting subsets of SSc patients to only those based on cuta-
neous involvement may not capture the complete heterogeneity of the disease. Organ damage and antibody 
profile should be taken into consideration when individuating homogeneous groups of patients with a distinct 
 prognosis.
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and the log linearity assumption for quantitative  predictors was 
assessed using cubic spline functions. Finally, we calculated the 
C- index for each Cox regression model (i.e., the estimation of 

the probability of concordance, which is equivalent to the area 
under the receiver operating characteristic curve for logistic 
regression models). Statistical analyses were carried out using 

Figure 1. A, Dendrogram of the 6,927 patients with systemic sclerosis (SSc) included in the cluster analysis. The length of the vertical lines 
represents the degree of similarity between patients. Patients were divided into 2 clusters (cluster A and B) and into 6 clusters (clusters 1–6). 
B, Heatmap showing the clinical characteristics in each cluster. dcSSc = diffuse cutaneous SSc; CK = creatine kinase; PH = pulmonary 
hypertension; CRP = C- reactive protein; ACA = anticentromere antibody; anti–topo I = anti–topoisomerase I.
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CLUSTER ANALYSIS OF THE EUSTAR COHORT |ՓՓՓՍՊՍƐƔѵƒ

cluster B compared to cluster A (HR 2.47 [95% CI 1.86–3.27]). 
When analyzing 6 clusters, we noticed a continuous increasing 
mortality from cluster 1 to cluster 6 in the most- adjusted model. 
The risk of death had a magnitude superior to those noted in the 
2 previous analyses (i.e., HR 6.14 [95% CI 3.81–9.89] for cluster 
6 compared to cluster 1). C- indexes were similar for the most- 
adjusted models: lcSSc versus dcSSc, cluster A versus cluster B, 
and for the 6 clusters (mean ± SEM 0.78 ± 0.02, 0.78 ± 0.02, and 
0.79 ± 0.02, respectively).

The sensitivity analysis taking into account patients who were 
lost to follow- up yielded comparable HRs when we examined sur-

vival in clusters A and B and clusters 1–6 (data not shown). We 
also performed a sensitivity analysis using the onset of Raynaud’s 
phenomenon as the date of disease onset (Supplementary Table 8, 
available on the Arthritis & Rheumatology web site at http://onlin elibr 
ary.wiley.com/doi/10.1002/art.40906/ abstract), which yielded similar 
results, albeit the number of patients with available data was lower.

DISCUSSION

This study aimed to distinguish homogeneous groups in 
a substantial population of ~7,000 SSc patients using a clus-

Figure 2. A, Main characteristics of the 2 clusters (cluster A and cluster B) of patients with systemic sclerosis (SSc). B, Left, Proportions of 
each cluster with the main clinical characteristics of diffuse cutaneous SSc (dcSSc), restrictive defect, and suspected pulmonary hypertension 
(PH) on echocardiography (echo). Right, Peak modified Rodnan skin thickness score (MRSS), mortality (per 1,000 patient- years [py]), and 
percentages of patients with anticentromere antibodies (ACAs) and anti–topoisomerase I (anti–topo I) antibodies in each cluster. C, Kaplan- 
Meier survival curves for the 2 clusters. D, Forest plot showing mortality hazard ratios and 95% confidence intervals for the 2 clusters. Broken 
line shows the hazard ratio for the reference group. Green symbols represent cluster A; orange symbols represent cluster B. DU = digital ulcer; 
ILD = interstitial lung disease.
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ter analysis. The study had 2 main findings. First, the optimal 
clustering divided patients into 2 distinct groups according to 
their clinical and serologic features and disease severity and 

prognosis; these 2 categories partially overlapped with the clas-
sifications dcSSc and lcSSc. Second, an exploratory analysis 
yielded 6 homogeneous subsets of individuals that broadly dif-

Figure 3. A, Main characteristics of the 6 clusters (clusters 1–6) of patients with systemic sclerosis (SSc). B, Left, Proportions of each cluster 
with the main clinical characteristics of diffuse cutaneous SSc (dcSSc), restrictive defect, and suspected pulmonary hypertension (PH) on 
echocardiography (echo). Right, Peak modified Rodnan skin thickness score (MRSS), mortality (per 1,000 patient- years [py]), and percentages 
of patients with anticentromere antibodies (ACAs) and anti–topoisomerase I (anti–topo I) antibodies in each cluster. C, Kaplan- Meier survival 
curves for the 6 clusters. D, Forest plot showing mortality hazard ratios and 95% confidence intervals for the 6 clusters. Broken line shows the 
hazard ratio for the reference group. Colors represent the different clusters as indicated in C. GI = gastrointestinal; ILD = interstitial lung disease; 
DLCO = diffusing capacity for carbon monoxide; DU = digital ulcer.
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DLCO = diffusing capacity for carbon monoxide; DU = digital ulcer.
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The measurable phenome for patients with 
systemic sclerosis (SSc) is complex, consist-
ing of clinical, histological, cytological and 
high-throughput molecular components, each 
capturing a part of the disease heterogeneity 
(FIG. 1). The classification of SSc described by 
LeRoy et al.1, which divides patients into limi-
ted cutaneous (lc) and diffuse cutaneous (dc) 
SSc subsets, is the most widely used system; 
however, the clinical course in either group is 
variable, reducing the utility of this classifica-
tion1. The 2013 ACR/EULAR classification 
augmented the LeRoy classification to increase 
the sensitivity and specificity of SSc diagnosis, 
but this classification is not useful for predicting 
outcomes2. To address this issue, the European 
Scleroderma Trials and Research (EUSTAR) 
group have captured data for 24 clinical vari-
ables from patients with SSc and applied clini-
cal informatics approaches to identify a novel, 
data-driven SSc classification scheme3.

Two dominant clusters were identified, 
with the extent of skin disease largely respon-
sible for cluster membership; however, 39% of 
patients with lcSSc and 19% of patients with 
dcSSc clustered discordantly, highlighting the 
need for a different strategy that goes beyond 
a dichotomous classification. Importantly, the 
investigators performed multiple sensitivity 
analyses to ensure that the top-level classi-
fication is robust and that discordance with 
the LeRoy classification is a real phenomenon 
worthy of further exploration. The investiga-
tors subsequently showed that a finer-grained 
clustering into six subgroups might capture 
further variation in patient survival3. This 
study represents an important step towards a 
more comprehensive SSc classification.

This study is noteworthy for four inter- 
related reasons. First, EUSTAR has broad com-
munity support (11,318 patients at 137 referral  
centres in Europe, the USA and Asia), providing 

Furthermore, only 6,927 (61%) of the patients in 
the EUSTAR cohort had data for all 24 variables 
necessary for study inclusion, and even fewer 
had available survival data3. Appropriately, 
missing data were not imputed because ‘miss-
ingness’ could not be assumed to be random, 
an important technical limitation that causes an 
unfortunate loss of other wise ‘good’ data. The 
value inherent in the breadth of the EUSTAR 
cohort demonstrates that the SSc community 
at large needs to find novel ways to ensure that 
patients with SSc are included and maintained 
in registries, and that data on patients lost to 
follow-up are captured. Implementation of 
strategies to improve EUSTAR data quality con-
tinues, including biannual data entry training 
sessions, data auditing through chart reviews 
and inclusion of variable definitions within 
the database. Partnering with patients’ groups, 
industry and philanthropic organizations to 
promote the identification of an integrated  
SSc classification could markedly improve 
registry retention5, particularly through sal-
ary support for research staff and/or patient 
 compensation for study participation.

The second noteworthy feature of this 
study is that the two-group and exploratory 
six-group EUSTAR classifications were iden-
tified using methods outside the classical 

unparalleled breadth of data for clinical infor-
matics3. As with any registry, missing data are 
problematic. Fifty-two per cent of patients in the 
EUSTAR cohort were lost to follow-up, which 
is an unfortunately high number. Retention in 
another SSc patient registry, the Scleroderma 
Patient-centred Intervention Network (SPIN), 
is 79–87%, probably because data are cap-
tured via electronic patient questionnaires4. 
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Box 1 Overview of the tools for each domain that the 
SSc expert panel agreed on for the longitudinal annual 
assessment of organ involvement in systemic sclerosis

1. Domain: Raynaud’s phenomenon
Symptoms: Frequency and severity of attacks

2. Domain: Skin and mucosa
Symptoms: Skin changes (worsening or improvement; patient 
reported)

Clinical assessment: Puffy fingers, modified Rodnan Skin Score 
(mRSS), telangiectasias, calcinosis

3. Domain: Musculoskeletal
Symptoms: Muscle weakness and stiffness

Clinical assessment: Puffy fingers, joint contractures, arthritis, 
calcinosis, tendon friction rub count

4. Domain: Digital ulcers
Symptoms: Fingertip ulcers, finger ulcers proximal of DIP joints, 
development of new ulcers during the last year, coexisting conditions 
relevant for perfusion (ie, diabetes), smoking status

5. Domain: Lung
Symptoms: Dyspnoea

Functional assessment: Functional class (NYHA 1–4)
Clinical assessment: Basal lung crackles on auscultation
Investigation: Lung function test and DLCO

6. Domain: Heart
Symptoms: Dyspnoea

Functional assessment: Functional class (NYHA 1–4),
Clinical assessment: Leg oedema
Investigation: ECG, Doppler-echocardiography, heart rate, blood 

pressure
Others: Concurrent heart disease

7. Domain: Gastrointestinal
Symptoms: Night and day time heart burn/reflux, dysphagia, 
diarrhoea, weight loss

Clinical assessment: Weight

8. Domain: Renal
Investigation: Serum creatinine, eGFR, urine analysis, blood pressure

9. Domain: Laboratory
Investigation: Acute phase reactants, creatine kinases, haematology, 
renal function test, liver function test

10. Domain: Treatment
Type of treatment (generic and name of drug), date of initiation, date 
of finalisation of every medication

ECG, electrocardiography; GI, gastrointestinal; NYHA, New York Heart 
Association.

RESULTS
Response rate and characterisation of the participating 
centres
Of the 269 invited registered experts from EUSTAR and/
or SCTC, 157 (58.4%) participated in at least one of the 
steps in the Delphi survey. In 46 cases (17.1%), the emails 
were not able to deliver due to unknown recipients. In 
step 1, 132 (84.1%) participants responded. Step 2 was 
answered by 118 participants (75.2%), step 3 by 125 
(79.6%), step 4 by 108–115 (68.8%–84.1%) and step 5 

by 126 (80.3%), respectively. Of the participants, 71.3% 
were seeing >50 patients with SSc annually and 48.3% 
seeing >100 patients on an annual basis. Of all, 115 of 
the centres of the participating experts were located in 
Europe (73.2%), 23 in North America (14.6%), 9 in Asia 
(5.7%), 6 in South America (3.8%) and 4 in Oceania 
(2.5%).

Domains and tools determined through five Delphi steps
In the first Delphi step, 23 domains were suggested by 
the expert participants and sent individually to the study 
lead. In the second step, these domains were rated by 
the experts as shown in figure 2. Out of the 23 domains, 
10 domains were rated as >80% by>75% of all partic-
ipating experts. Nine were included in the fourth step 
by the definition of reached consensus. The ‘Raynaud’s 
phenomenon and digital ulcer’ domain was excluded by 
the study lead since it fully equalled to the single domains 
for ‘Raynaud’s phenomenon’ and ‘digital ulcer’. The 
musculoskeletal domain was rated as 74.2% by >80% of 
the experts and did not meet the a priori definition for 
consensus. It was nevertheless included as a domain after 
discussion of the study lead due to the borderline rating 
and the importance of this domain for measuring disease 
activity in SSc. All participants were informed about the 
decision and the rationales before starting in step 3. No 
complaints from the participants were received.

In the third round, a large number of tools for each 
domain were sent from each individual participant to 
the study lead (online supplementary table 1). All the 
received tools were included in the online survey of the 
fourth step and rated by all participating experts. The 
tools for each of the 10 domains that were rated as >80% 
by >75% by all experts were included in the last step of 
the Delphi survey (online supplementary table 1). These 
results were presented and discussed at the EUSTAR 
meeting with 70 participating experts. Rationales for 
including the musculoskeletal domain were once more 
presented and broad approval achieved by the partici-
pating experts.

In the last Delphi round, all tools for each domain 
from the fourth round were re-rated. Another 11 tools 
from step 4 were excluded and the final tools for each 
domain are shown in box 1.

Last step
In a last step, the steering board perused and discussed 
all final tools for clarification of the terminology, but did 
not remove any items. The final consensus was consid-
ered as having high face validity with regard of the trans-
parency and relevance of included items.

A case report form was developed by the steering board 
(online supplementary table 2) for practical implications 
that can easily be applied if preferred by the physicians 
following patients with SSc longitudinally. Since the 
consensus does not contain specified measures for the 
included items, for all tools overlapping with items from 
the existing EUSTAR registration, their measures and 
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In the first Delphi step, 23 domains were suggested by 
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10 domains were rated as >80% by>75% of all partic-
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decision and the rationales before starting in step 3. No 
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from the fourth round were re-rated. Another 11 tools 
from step 4 were excluded and the final tools for each 
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In a last step, the steering board perused and discussed 
all final tools for clarification of the terminology, but did 
not remove any items. The final consensus was consid-
ered as having high face validity with regard of the trans-
parency and relevance of included items.

A case report form was developed by the steering board 
(online supplementary table 2) for practical implications 
that can easily be applied if preferred by the physicians 
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Figure 2 Results from the second Delphi step showing the percentage of rated domains that the experts agreed on as 
domains for the annual systemic assessment of organ involvement in systemic sclerosis. DU, digital ulcers; GI, gastrointestinal; 
RP, Raynaud’s phenomenon.

definitions were chosen due to long experience and use 
of the majority of participating experts. As this step was 
no longer part of the consensus, this is the sole opinion 
of the steering board rather than a consensus of the 
whole group.

DISCUSSION
Achieving equality of assessment worldwide will most 
likely increase the standard of care for SSc. However, to 
date there are no existing guidelines for standardised 
follow-up of patients with SSc. In this study, we developed 
an expert consensus on the requirements for annual 
assessment of organ involvement in SSc by applying the 
Delphi method. We propose a minimum set of 10 key 
domains in SSc with related sign/symptoms and tools 
for assessment. All the items are easily applicable, even 
in non-academic centres, and we believe that they ensure 
an adequate standard of care for patients with SSc world-
wide.

There are few existing expert consensus and sugges-
tions from single centres or national networks on SSc 
follow-up, mainly focusing on one single organ, but to 
the best of our knowledge, this is the first study where an 
international multidisciplinary panel reached consensus 
on the longitudinal follow-up scheme covering all core 
clinical domains in SSc.13 22

To reach consensus, we applied the Delphi method 
including a structured flow of information, with 

repetition and feedback and anonymity for the partici-
pants during the exercise. Aiming to develop tools that 
should be applicable in most clinical practices and easy 
to implement across health systems and national regu-
lations, we considered it as important to design a broad, 
multidisciplinary panel including five different disci-
plines that would cover a wide range of experience with 
patients with SSc (from academic centre experts, clini-
cians from non-expert centres to researchers with little 
clinical experience) and the most important specialities 
involved in the care of patients with SSc (rheumatology, 
dermatology, cardiology, pulmonology and nephrology). 
We chose an ambitious inclusion of participants and 
invited all members of EUSTAR and SCTC to cover 
afore-mentioned demands and achieved to include a 
large amount of experts. The response rate was compa-
rable to previously published Delphi exercises, but some-
what lower than anticipated, probably due to the fact that 
not all participants could be addressed personally due to 
limitations of updating email addresses of international 
experts registered in EUSTAR and SCTC.13 However, the 
total number of participating experts in this Delphi and 
the response rate to the different steps throughout the 
process was constant and high.

In 2011, Khanna et al performed a comprehensive 
literature review and the RAND/UCLA appropriateness 
method and proposed a set of quality indicators (QIs).23 
In total, six domains were included in the follow-up 
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systolic pressure (RVSP) ⩾40 mmHg by echocardiography was present in 12% of the UBC cohort at
baseline. The median HRCT fibrosis score and total ILD scores were 6.7% (3.3–10.8%) and 10.0% (4.2–
17.5%) at baseline, respectively, and were highly correlated with each other (r=0.89, p<0.001). Median
survival was 11.0 years in the UBC cohort, with 39 patients (27% of the cohort) deceased at the end of the
follow-up period.

On unadjusted analysis, both HRCT fibrosis score and HRCT total ILD score were moderately associated
with each lung function parameter in patients with SSc-ILD from the UBC cohort (figure 1). Independent
predictors of HRCT fibrosis score and HRCT total ILD score included only total lung capacity (TLC) %
predicted and DLCO % predicted, with an R2 of 0.20 for both models. HRCT ground glass score was not
associated with any lung function measurement. Findings were similar when restricting the analysis to
patients with an RVSP <40 mmHg and with exclusion of patients with ⩾10 pack-year smoking history or
with anticentromere antibodies. In the UCSF cohort, HRCT total ILD score was associated with FVC %
predicted (r=−0.21, p=0.05), TLC % predicted (r=0.28, p=0.01), and DLCO % predicted (r=−0.42, p<0.001)
on unadjusted analysis. DLCO % predicted was the only independent predictor of HRCT total ILD score in
the UCSF cohort (R2=0.11).

There was no association of any HRCT score with change in FVC, and only HRCT total ILD score
was associated with change in DLCO. With adjustment for the ILD-GAP and SADL models, both
HRCT fibrosis score and HRCT total ILD score were independently associated with survival, while
there was no association of survival with HRCT ground glass score. The hazard ratio (HR) for the
association of HRCT fibrosis score with mortality was 1.34 per 10% increase in fibrosis score (95% CI
1.17–1.54) with adjustment for SADL (p=0.001), and 1.22 (1.05–1.41) with adjustment for ILD-GAP
(p=0.008).
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FIGURE 1 Correlation of lung function and high-resolution computed tomography (HRCT) parameters at baseline in the University of British
Columbia cohort. Both x and y axes indicate % predicted for lung function measurements and percent of affected lung for HRCT scores. Shaded
scatterplots highlight the inconsistent association between lung function and HRCT measures. FVC: forced vital capacity; TLC: total lung capacity;
DLCO: diffusing capacity of the lung for carbon monoxide.
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The  old  “new  kids  on  the  block”:  biomarkers


•  Les	
  Biomarqueurs	
  d’intérêt:	
  KL-­‐6,	
  SPD,	
  CCL18,	
  OXL40	
  
•  Ils	
  sont	
  discriminateurs	
  au	
  baseline	
  pour	
  le	
  diagnosBc	
  
•  En	
  combinaison	
  avec	
  un	
  biomarqueur	
  sérologique	
  (anB-­‐Topo	
  1)	
  sont	
  très	
  
fortement	
  associé	
  à	
  la	
  sévérité	
  de	
  la	
  maladie	
  pulmonaire	
  (surtout	
  KL6	
  et	
  
CCl18)	
  au	
  baseline	
  
•  Dans	
  le	
  suivi	
  ils	
  sont	
  prédicteurs	
  d’une	
  baisse	
  significaBve	
  de	
  la	
  CVF	
  (>10%)	
  
(CCL18)	
  ou	
  de	
  l’appariBon	
  de	
  novo	
  d’une	
  maladie	
  extensive	
  (CCL18	
  et	
  SP-­‐D)	
  
•  Dans	
  la	
  cohorte	
  SLS-­‐II	
  un	
  taux	
  élevé	
  de	
  CCL18	
  et	
  KL-­‐6	
  idenBfie	
  les	
  sujets	
  
plus	
  à	
  risque	
  de	
  progression	
  à	
  12	
  mois	
  
•  CCL18	
  et	
  KL-­‐6	
  sont	
  suscepBbles	
  de	
  modificaBons	
  après	
  traitement	
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• Pathogénèse	
  	
  
• ClassificaBon	
  
• Clinique:	
  	
  

•  Suivi	
  
•  A?einte	
  pulmonaire	
  
•  A7einte	
  cardiaque	
  
•  A?einte	
  Vasculaire	
  périphérique	
  
•  A?einte	
  rénale	
  

•  Facteurs	
  prédicBfs	
  d’évoluBon	
  défavorable	
  	
  



La  cohorte  DeSScipher:  les  vasodilatateurs  et  
l’a*einte  myocardique  primi9ve

•  L’a?einte	
  cardiaque	
  est	
  la	
  première	
  cause	
  de	
  mortalité	
  dans	
  la	
  
sclérodermie	
  	
  
•  La	
  stratégie	
  de	
  prévenBon	
  primaire	
  spécifique	
  pour	
  la	
  SSc	
  n’est	
  pas	
  
clarifiée	
  
• Dans	
  la	
  cohorte	
  DeSScipher	
  sur	
  environ	
  900	
  paBents	
  

•  L’uBlisaBon	
  des	
  vasodilatateurs	
  est	
  associée	
  à	
  une	
  mineure	
  incidence	
  de	
  
arythmies	
  ventriculaires	
  (HR	
  0.28	
  0.09-­‐0.9;	
  p=0.03)	
  
•  Les	
  IEC	
  sont	
  associés	
  à	
  une	
  mineur	
  incidence	
  des	
  bloques	
  cardiaques,	
  des	
  
anomalies	
  ischémiques	
  à	
  l’ECG,	
  d’implantaBon	
  de	
  PM	
  (0.46	
  0.24-­‐0.87;	
  
p=0.02)	
  

•  Étude	
  internaBonale,	
  prospecBve,	
  observaBonnelle	
  à	
  support	
  de	
  la	
  
conducBon	
  d’ultérieures	
  études	
  RCT	
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• Pathogénèse	
  	
  
• ClassificaBon	
  
• Clinique:	
  	
  

•  Suivi	
  
•  A?einte	
  pulmonaire	
  
•  A?einte	
  cardiaque	
  
•  A7einte	
  Vasculaire	
  périphérique	
  
•  A?einte	
  rénale	
  

•  Facteurs	
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Classification, categorization and essential
items for digital ulcer evaluation in
systemic sclerosis: a DeSScipher/European
Scleroderma Trials and Research group
(EUSTAR) survey
J. Blagojevic1*, S. Bellando-Randone1, G. Abignano2,3, J. Avouac4, L. Cometi1, L. Czirják5, C. P. Denton6, O. Distler7,
M. Frerix8, S. Guiducci1, D. Huscher9, V. K. Jaeger10, V. Lóránd5, B. Maurer7, S. Nihtyanova6, G. Riemekasten11,
E. Siegert12, I. H. Tarner8, S. Vettori13, U. A. Walker10, Y. Allanore4, U. Müller-Ladner8, F. Del Galdo2,
M. Matucci-Cerinic1 and EUSTAR co-workers

Abstract

Background: A consensus on digital ulcer (DU) definition in systemic sclerosis (SSc) has been recently reached
(Suliman et al., J Scleroderma Relat Disord 2:115-20, 2017), while for their evaluation, classification and categorisation, it
is still missing. The aims of this study were to identify a set of essential items for digital ulcer (DU) evaluation, to
assess if the existing DU classification was useful and feasible in clinical practice and to investigate if the new
categorisation was preferred to the simple distinction of DU in recurrent and not recurrent, in patients with
systemic sclerosis (SSc).

Methods: DeSScipher is the largest European multicentre study on SSc. It consists of five observational trials (OTs)
, and one of them, OT1, is focused on DU management. The DeSScipher OT1 items on DU that reached ≥ 60% of
completion rate were administered to EUSTAR (European Scleroderma Trials and Research group) centres via online
survey. Questions about feasibility and usefulness of the existing DU classification (DU due to digital pitting scars, to
loss of tissue, derived from calcinosis and gangrene) and newly proposed categorisation (episodic, recurrent and
chronic) were also asked.

Results: A total of 84/148 (56.8%) EUSTAR centres completed the questionnaire. DeSScipher items scored by ≥ 70% of
the participants as essential and feasible for DU evaluation were the number of DU defined as a loss of tissue (level of
agreement 92%), recurrent DU (84%) and number of new DU (74%). For 65% of the centres, the proposed classification
of DU was considered useful and feasible in clinical practice. Moreover, 80% of the centres preferred the categorisation
of DU in episodic, recurrent and chronic to simple distinction in recurrent/not recurrent DU.

(Continued on next page)
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considered as an indicator of clinical worsening and
more severe disease.
Unexpectedly, only 20% of centres considered the

number of healed DU useful and feasible for DU man-
agement in clinical practice as this was the least voted
item. This result may reflect a difficulty in assessing the
healing of each DU in clinical practice, since not always
all patients are seen at time interval useful to depict the
healing of all lesions.
Interestingly, only half of the participants chose DU

distal to the proximal interphalangeal joints as an im-
portant item. This indicates that not all clinicians con-
sidered the site of DU important for their management.
However, DUs located on the fingertips usually follow
tissue damage due to chronic ischaemia [14], while DUs
on other locations may also be due to cutaneous retrac-
tion and microtrauma, thus being less responsive to
vasodilating/vasoactive drugs.
Surprisingly, for less than 60% of the participants, the

presence of infection was essential for DU management.
This may indicate insufficient attention to this item even
by centres expert in SSc management. Accordingly,
there is a scarce number of scientific publications on in-
fectious complications of DU in SSc [3, 16, 17], and up
to now, no study has addressed the impact of infection
on DU healing. Data published till now indicate that in-
fection is frequent in patients with DU. Giuggioli et al.
observed in a retrospective study that 51% of 82 SSc pa-
tients with DU presented infected DU over a three-year
observational period [17]. Moreover, in the analysis of

Table 1 OT1 DeSScipher items and their data completeness
OT1 DeSScipher item Overall data

completeness (%)

Pitting scars fingertips 87.3

Digital ulcers 93.4

DU distal to the PIP 95.2

DU distal to the PIP: within last 24 weeks 34.6

DU distal to the PIP: intravenous Iloprost in last 3
months or present

44.7

DU distal to the PIP: recurrent 95.1

Upper limbs: total number of DU distal to the PIP 83.1

Upper limbs: history of DU distal to the PIP 91.3

Upper limbs: presence of infection of DU distal to
the PIP

96.6

Upperlimbs: gangrene 88.2

Upperlimbs: previous amputation 88.7

Upper limbs/localisation of DU PIP: fingertip 58.5

Upper limbs/localisation of DU PIP: on bony
prominence

31.8

Upper limbs/localisation of DU PIP: unknown 14.0

Upper limbs: number of DU defined as loss of
tissue

65.4

Upper limbs: number of DU due to calcinosis 66.0

Upper limbs: number of DU due to digital pitting
scars

60.7

Upper limbs: number DU with unknown origin 55.3

Upper limbs: number of new DU 83.1

Upper limbs: number of DU healed 76.7

Lower limbs: total number of DU 84.7

Lower limbs: history of DU 86.2

Lower limbs: presence infection of DU 80.2

Lower limbs: gangrene 87.8

Lower limbs: previous amputation 88.2

Lower limbs/localisation of DU: patella 1.0

Lower limbs/localisation of DU: malleoli 20.8

Lower limbs/localisation of DU: calcaneus 8.3

Lower limbs/localisation of DU: toes 45.9

Lower limbs/localisation of DU: any other part
of leg

14.6

Lower limbs/localisation of DU: unknown 6.2

Lower limbs: number of new DU 83.8

Lower limbs: number of DU healed 82.0

Lower limbs: peripheral arterial disease 86.8

Subcutaneous calcinosis hands 92.4

Data completeness of DeSScipher items on upper limb DU distal to PIP are in
italic letters
DU digital ulcers, PIP proximal interphalangeal joints

Table 2 Essential clinical items for DU assessment and
management
Item Level of agreement regarding feasibility

and usefulness of single items in clinical
practice (%)

Number of DU defined as
loss of tissue

91.7

Recurrent DU 83.9

Number of new DU 73.6

History of DU 60.9

Gangrene 60.9

Total number of DU 59.8

Infection of DU 58.6

DU distal to the proximal
interphalangeal joints

50.6

Previous amputation 49.4

Number of DU due to
calcinosis

46.4

Number of DU due to DPS 45.2

Number of healed DU 24.1

The items that reached level of agreement ≥ 70% are in italic letters
DU digital ulcers, DPS digital pitting scars
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distal to the proximal interphalangeal joints (PIP) were then
identified and their completeness (completion rate) was
assessed. Completeness was defined as the proportion of
stored data against the potential of “100% complete” or the
extent to which data were not missing [13]. Items that
reached more than 60% of completeness (completion rate)
were identified and inserted in a questionnaire asking
which of the identified items were considered essential for
DU management in everyday clinical practice. Questions
about feasibility and usefulness of the DU classification
were adopted in OT1 and the newly proposed DU categor-
isation [3]. The new DU categorisation was defined as
follows:

– Episodic DU (rarely recurrent DU) defined as DU
detected only at one follow-up visit and absence of
DU at the remaining follow-up visits.

– Recurrent DU (frequently recurrent DU) defined as
DU detected at two or more follow-up visits and ab-
sence of DU on at least one follow-up visit.

– Chronic DU defined as one or more DU and/or new
DU detected at every follow-up visit.

This categorisation was published after the beginning of
the OT1 study and therefore could not originally be
adopted.
The questionnaire was administered to all EUSTAR

centres by online survey via SurveyMonkey commercial
software. The names of the EUSTAR co-workers are
provided in Additional file 1.
Ethical approval of DeSScipher OT1 had been ob-

tained from all participating centres’ local ethics com-
mittees (project coordinator’s ethics board: Ethics
Review board of the Justus-Liebig University Giessen,
Germany, approval no 02/13; partner centres’ ethics
review boards: University of Zurich, Switzerland; Uni-
versity of Paris, France; University of Florence Italy;
The Second University of Naples, Italy; University of
Basel, Switzerland; University College of London, UK;
University of Berlin Charité, Germany; University of
Pécs, Hungary; University of Leeds, UK; and contribu-
tor centres’ ethics boards (additional 21 centres)).
Each patient signed a written informed consent form.
Moreover, there was an external data monitoring as a
part of study quality control.
The assessment of the completion rate of different

clinical items included in the study was performed
by SPSS software, version 22. Responses to the on-
line questionnaire were analysed by the SurveyMon-
key commercial software.

Results
OT1 contained 35 clinical items on upper and lower
limb cutaneous lesions; 18 were on the upper limb DU

distal to PIP (Table 1). The items on upper limb DU dis-
tal to the PIP and their data completeness are shown in
italic letters in Table 1.
The survey on usefulness of the items that reached ≥

60% of completeness in the OT1 was concluded by a
total of 84/148 (56.8%) EUSTAR centres. The items that
obtained the highest score as essential and feasible for
DU evaluation in everyday clinical practice (Table 2)
were the following:

! Number of DU defined as due to loss of tissue (pure
ulcers) (level of agreement 92%)

! Recurrent DU (84%)
! Number of new DU (74%)

A significant number of centres (64%) agreed that the
DU classification adopted in OT1 [9] was useful to iden-
tify DU and their characteristics fundamental to shape
the management in everyday clinical practice. Concern-
ing the new categorisation of DU [3], 80% of the centres
preferred the distinction in episodic, recurrent and
chronic DU compared to the simple division in recur-
rent and not recurrent DU.

Discussion
This study introduces for the first time the concept of
essential clinical items for the evaluation and manage-
ment of DU in SSc. These essential items might become
a useful tool for physicians treating DU in everyday clin-
ical practice and may also become outcome measures to
be used in clinical trials.
The item considered as the most important for DU

management was the number of DU defined as a loss of
tissue, voted by more than 90% of participants. Thus,
the DU due to loss of tissue or pure DU, referring to a
DU occurring neither in association with DPS nor with
calcinosis, was considered as the most important form
of DU in SSc. This finding underlines the perceived im-
portance of the clinical burden of this type of DU, since
they usually represent the most severe type of DU where
vasoactive/vasodilating drugs used for DU treatment
have been tested. It is interesting to remark that the as-
sessment of other types of DU, as those due to DPS or
to calcinosis, was not evaluated as important in clinical
practice. This may likely reflect the fact that these le-
sions are usually considered mild and not disabling.
Recurrent DU and number of new DU were the sec-

ond and the third chosen essential items, respectively.
The number of new DU was considered more import-

ant than the number of healed DU. In fact, the DU oc-
currence has been correlated to a worse outcome and a
poor quality of life in large prospective SSc cohorts [4, 5,
14, 15]. The number of new DU was included by partici-
pants among the essential items, being probably
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Vasculopathie  rénale  


• No	
  gold	
  standard	
  nor	
  classificaBon	
  criteria	
  for	
  SRC	
  
• Heterogeneity	
  of	
  definiBon	
  in	
  studies	
  of	
  SRC	
  (40	
  original	
  definiBons	
  of	
  
SRC	
  idenBfied	
  in	
  a	
  recent	
  literature	
  review)	
  
•  The	
  Scleroderma	
  Clinical	
  Trials	
  ConsorBum	
  (SCTC)	
  SRC	
  Working	
  Group	
  
is	
  charged	
  of	
  developing	
  classificaBon	
  criteria	
  for	
  SRC	
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GENERATION OF A CORE SET OF ITEMS FOR SRC CRITERIA |ՓՓՓՍՊՍƖѵƖ

tively. Our core set provides a more in- depth detailed definition 
for each item, specifically for acute kidney injury, microangio-
pathic hemolytic anemia with thrombocytopenia, and renal 
  histopathology.

Only one study to date has attempted to validate the Ancona 
criteria and another slightly different set of criteria for SRC that 
included encephalopathy (12). In that study, a diagnosis of SRC 
confirmed by a study physician was used as the gold standard 

Table 2. Final core set of items to develop classification criteria for SRC*

Blood pressure
$FXWH�LQFUHDVH�LQ�EORRG�SUHVVXUH�GHȴQHG�DV�DQ\�RI�WKH�IROORZLQJ�
6\VWROLF�EORRG�SUHVVXUH�Ȳ����PP�+J
'LDVWROLF�EORRG�SUHVVXUH�Ȳ���PP�+J
$Q�LQFUHDVH�LQ�V\VWROLF�EORRG�SUHVVXUH�RI�Ȳ���PP�+J�DERYH�QRUPDO
$Q�LQFUHDVH�LQ�GLDVWROLF�EORRG�SUHVVXUH�RI�Ȳ���PP�+J�DERYH�QRUPDO

%ORRG�SUHVVXUH�PHDVXUHPHQW�VKRXOG�EH�WDNHQ�WZLFH��VHSDUDWHG�E\�DW�OHDVW���PLQXWHV��LI�EORRG�SUHVVXUH�
readings are discordant, repeat readings should be taken until 2 consistent readings are obtained

.LGQH\�LQMXU\ȍ
$FXWH�NLGQH\�LQMXU\�GHȴQHG�DV�DQ\�RI�WKH�IROORZLQJ�
ΖQFUHDVH�LQ�VHUXP�FUHDWLQLQH�RI�Ȳ�����ƉPROHV�OLWHU��Ȳ����PJ�GO��ZLWKLQ����KRXUV
ΖQFUHDVH�LQ�VHUXP�FUHDWLQLQH�WR�Ȳ����WLPHV�EDVHOLQH��ZKLFK�LV�NQRZQ�RU�SUHVXPHG�WR�KDYH�RFFXUUHG�

within the prior 7 days
8ULQH�YROXPH������PO�NJ�KRXU�IRU���KRXUV

0LFURDQJLRSDWKLF�KHPRO\WLF�DQHPLD�DQG�WKURPERF\WRSHQLD
1HZ�RU�ZRUVHQLQJ�DQHPLD�QRW�GXH�WR�RWKHU�FDXVHV
6FKLVWRF\WHV�RU�RWKHU�UHG�EORRG�FHOO�IUDJPHQWV�RQ�EORRG�VPHDU
7KURPERF\WRSHQLD�ȱ��������SODWHOHWV�PP3��FRQȴUPHG�E\�PDQXDO�VPHDU
/DERUDWRU\�HYLGHQFH�RI�KHPRO\VLV��LQFOXGLQJ�HOHYDWHG�ODFWDWH�GHK\GURJHQDVH��UHWLFXORF\WRVLV��DQG�RU�

low or absent haptoglobin 
A negative direct antiglobulin test

Target organ dysfunction
+\SHUWHQVLYH�UHWLQRSDWK\��KHPRUUKDJHV��KDUG�DQG�VRIW�>FRWWRQ�ZRRO@�H[XGDWHV��DQG�RU�GLVF�HGHPD��
QRW�DWWULEXWDEOH�WR�RWKHU�FDXVHV���FRQȴUPHG�E\�DQ�RSKWKDOPRORJLVW

+\SHUWHQVLYH�HQFHSKDORSDWK\��FKDUDFWHUL]HG�E\�KHDGDFKH��DOWHUHG�PHQWDO�VWDWXV��VHL]XUHV��YLVXDO�GLV-
WXUEDQFHV��DQG�RU�RWKHU�IRFDO�RU�GL΍XVH�QHXURORJLF�VLJQV�QRW�DWWULEXWDEOH�WR�RWKHU�FDXVHV

$FXWH�KHDUW�IDLOXUH��FKDUDFWHUL]HG�E\�W\SLFDO�V\PSWRPV��H�J���EUHDWKOHVVQHVV��DQNOH�VZHOOLQJ��DQG�
IDWLJXH��WKDW�PD\�EH�DFFRPSDQLHG�E\�VLJQV��H�J���HOHYDWHG�MXJXODU�YHQRXV�SUHVVXUH��SXOPRQDU\�FUDFN-
OHV��DQG�SHULSKHUDO�HGHPD�

$FXWH�SHULFDUGLWLV��GLDJQRVHG�ZLWK�DW�OHDVW���RI�WKH���IROORZLQJ�FULWHULD�����SHULFDUGLWLV�FKHVW�SDLQ�����
SHULFDUGLDO�UXE�����QHZ�ZLGHVSUHDG�67�VHJPHQW�HOHYDWLRQ�RU�35�VHJPHQW�GHSUHVVLRQ�RQ�HOHFWURFDUGL-
RJUDSK\�����SHULFDUGLDO�H΍XVLRQ��QHZ�RU�ZRUVHQLQJ��RQ�FDUGLDF�HFKRFDUGLRJUDSK\

Renal histopathology
+LVWRSDWKRORJLF�ȴQGLQJV�RQ�NLGQH\�ELRSV\�FRQVLVWHQW�ZLWK�65&��ZKLFK�PD\�LQFOXGH�WKH�IROORZLQJ��6PDOO�
YHVVHO��DUFXDWH�DQG�LQWHUOREXODU�DUWHULHV��FKDQJHV�WKDW�SUHGRPLQDWH�RYHU�JORPHUXODU�DOWHUDWLRQV��
*ORPHUXODU�FKDQJHV�RI�WKURPERWLF�PLFURDQJLRSDWK\�PD\�EH�SUHVHQW��ZLWK�DFXWH�FKDQJHV�LQFOXGLQJ�
ȴEULQ�WKURPEL�DQG�HQGRWKHOLDO�VZHOOLQJ��UHG�EORRG�FHOO�IUDJPHQWV��DQG�PHVDQJLRO\VLV��DQG�FKURQLF�
FKDQJHV�LQFOXGLQJ�GRXEOH�FRQWRXUV�RI�WKH�JORPHUXODU�EDVHPHQW�PHPEUDQH��1RQVSHFLȴF��LVFKHPLF�
FKDQJHV�ZLWK�FRUUXJDWLRQ�RI�WKH�JORPHUXODU�EDVHPHQW�PHPEUDQH��DQG�HYHQ�VHJPHQWDO�RU�JOREDO�
VFOHURVLV�RI�JORPHUXOL�PD\�RFFXU��(DUO\�YDVFXODU�DEQRUPDOLWLHV�LQFOXGH�LQWLPDO�DFFXPXODWLRQ�RI�
�P\[RLG�PDWHULDO��WKURPERVLV��ȴEULQRLG�QHFURVLV��DQG�IUDJPHQWHG�UHG�EORRG�FHOOV��VRPHWLPHV�
UHVXOWLQJ�LQ�FRUWLFDO�QHFURVLV��1DUURZLQJ�DQG�REOLWHUDWLRQ�RI�WKH�YDVFXODU�OXPHQ�OHDG�WR�JORPHUXODU�
LVFKHPLD��-X[WDJORPHUXODU�DSSDUDWXV�K\SHUSODVLD��ZKLOH�UHODWLYHO\�UDUH��������FDQ�EH�REVHUYHG��/DWH�
FKDQJHV�DUH�PDQLIHVWHG�E\�LQWLPDO�WKLFNHQLQJ�DQG�SUROLIHUDWLRQ��ZKLFK�OHDG�WR�FKDUDFWHULVWLF�YDVFXODU�
ȊRQLRQ��VNLQȋ�OHVLRQV���JORPHUXORVFOHURVLV��DQG�LQWHUVWLWLDO�ȴEURVLV��1RQVSHFLȴF�WXEXODU�FKDQJHV�PD\�
DOVR�RFFXU��LQFOXGLQJ�DFXWH�WXEXODU�LQMXU\�LQ�WKH�HDUO\�VWDJH�RI�LQMXU\��DQG�ODWHU�LQWHUVWLWLDO�ȴEURVLV�DQG�
WXEXODU�DWURSK\��6LQFH�QRQH�RI�WKHVH�ȴQGLQJV�DUH�VSHFLȴF�IRU�65&��WKH�SDWKRORJLF�GLDJQRVLV�PXVW�EH�
VXSSRUWHG�E\�DSSURSULDWH�FOLQLFDO�DQG�VHURORJLF�GDWD�
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GENERATION OF A CORE SET OF ITEMS FOR SRC CRITERIA |ՓՓՓՍՊՍƖѵƖ

tively. Our core set provides a more in- depth detailed definition 
for each item, specifically for acute kidney injury, microangio-
pathic hemolytic anemia with thrombocytopenia, and renal 
  histopathology.

Only one study to date has attempted to validate the Ancona 
criteria and another slightly different set of criteria for SRC that 
included encephalopathy (12). In that study, a diagnosis of SRC 
confirmed by a study physician was used as the gold standard 

Table 2. Final core set of items to develop classification criteria for SRC*

Blood pressure
$FXWH�LQFUHDVH�LQ�EORRG�SUHVVXUH�GHȴQHG�DV�DQ\�RI�WKH�IROORZLQJ�
6\VWROLF�EORRG�SUHVVXUH�Ȳ����PP�+J
'LDVWROLF�EORRG�SUHVVXUH�Ȳ���PP�+J
$Q�LQFUHDVH�LQ�V\VWROLF�EORRG�SUHVVXUH�RI�Ȳ���PP�+J�DERYH�QRUPDO
$Q�LQFUHDVH�LQ�GLDVWROLF�EORRG�SUHVVXUH�RI�Ȳ���PP�+J�DERYH�QRUPDO

%ORRG�SUHVVXUH�PHDVXUHPHQW�VKRXOG�EH�WDNHQ�WZLFH��VHSDUDWHG�E\�DW�OHDVW���PLQXWHV��LI�EORRG�SUHVVXUH�
readings are discordant, repeat readings should be taken until 2 consistent readings are obtained

.LGQH\�LQMXU\ȍ
$FXWH�NLGQH\�LQMXU\�GHȴQHG�DV�DQ\�RI�WKH�IROORZLQJ�
ΖQFUHDVH�LQ�VHUXP�FUHDWLQLQH�RI�Ȳ�����ƉPROHV�OLWHU��Ȳ����PJ�GO��ZLWKLQ����KRXUV
ΖQFUHDVH�LQ�VHUXP�FUHDWLQLQH�WR�Ȳ����WLPHV�EDVHOLQH��ZKLFK�LV�NQRZQ�RU�SUHVXPHG�WR�KDYH�RFFXUUHG�

within the prior 7 days
8ULQH�YROXPH������PO�NJ�KRXU�IRU���KRXUV

0LFURDQJLRSDWKLF�KHPRO\WLF�DQHPLD�DQG�WKURPERF\WRSHQLD
1HZ�RU�ZRUVHQLQJ�DQHPLD�QRW�GXH�WR�RWKHU�FDXVHV
6FKLVWRF\WHV�RU�RWKHU�UHG�EORRG�FHOO�IUDJPHQWV�RQ�EORRG�VPHDU
7KURPERF\WRSHQLD�ȱ��������SODWHOHWV�PP3��FRQȴUPHG�E\�PDQXDO�VPHDU
/DERUDWRU\�HYLGHQFH�RI�KHPRO\VLV��LQFOXGLQJ�HOHYDWHG�ODFWDWH�GHK\GURJHQDVH��UHWLFXORF\WRVLV��DQG�RU�

low or absent haptoglobin 
A negative direct antiglobulin test

Target organ dysfunction
+\SHUWHQVLYH�UHWLQRSDWK\��KHPRUUKDJHV��KDUG�DQG�VRIW�>FRWWRQ�ZRRO@�H[XGDWHV��DQG�RU�GLVF�HGHPD��
QRW�DWWULEXWDEOH�WR�RWKHU�FDXVHV���FRQȴUPHG�E\�DQ�RSKWKDOPRORJLVW

+\SHUWHQVLYH�HQFHSKDORSDWK\��FKDUDFWHUL]HG�E\�KHDGDFKH��DOWHUHG�PHQWDO�VWDWXV��VHL]XUHV��YLVXDO�GLV-
WXUEDQFHV��DQG�RU�RWKHU�IRFDO�RU�GL΍XVH�QHXURORJLF�VLJQV�QRW�DWWULEXWDEOH�WR�RWKHU�FDXVHV

$FXWH�KHDUW�IDLOXUH��FKDUDFWHUL]HG�E\�W\SLFDO�V\PSWRPV��H�J���EUHDWKOHVVQHVV��DQNOH�VZHOOLQJ��DQG�
IDWLJXH��WKDW�PD\�EH�DFFRPSDQLHG�E\�VLJQV��H�J���HOHYDWHG�MXJXODU�YHQRXV�SUHVVXUH��SXOPRQDU\�FUDFN-
OHV��DQG�SHULSKHUDO�HGHPD�

$FXWH�SHULFDUGLWLV��GLDJQRVHG�ZLWK�DW�OHDVW���RI�WKH���IROORZLQJ�FULWHULD�����SHULFDUGLWLV�FKHVW�SDLQ�����
SHULFDUGLDO�UXE�����QHZ�ZLGHVSUHDG�67�VHJPHQW�HOHYDWLRQ�RU�35�VHJPHQW�GHSUHVVLRQ�RQ�HOHFWURFDUGL-
RJUDSK\�����SHULFDUGLDO�H΍XVLRQ��QHZ�RU�ZRUVHQLQJ��RQ�FDUGLDF�HFKRFDUGLRJUDSK\

Renal histopathology
+LVWRSDWKRORJLF�ȴQGLQJV�RQ�NLGQH\�ELRSV\�FRQVLVWHQW�ZLWK�65&��ZKLFK�PD\�LQFOXGH�WKH�IROORZLQJ��6PDOO�
YHVVHO��DUFXDWH�DQG�LQWHUOREXODU�DUWHULHV��FKDQJHV�WKDW�SUHGRPLQDWH�RYHU�JORPHUXODU�DOWHUDWLRQV��
*ORPHUXODU�FKDQJHV�RI�WKURPERWLF�PLFURDQJLRSDWK\�PD\�EH�SUHVHQW��ZLWK�DFXWH�FKDQJHV�LQFOXGLQJ�
ȴEULQ�WKURPEL�DQG�HQGRWKHOLDO�VZHOOLQJ��UHG�EORRG�FHOO�IUDJPHQWV��DQG�PHVDQJLRO\VLV��DQG�FKURQLF�
FKDQJHV�LQFOXGLQJ�GRXEOH�FRQWRXUV�RI�WKH�JORPHUXODU�EDVHPHQW�PHPEUDQH��1RQVSHFLȴF��LVFKHPLF�
FKDQJHV�ZLWK�FRUUXJDWLRQ�RI�WKH�JORPHUXODU�EDVHPHQW�PHPEUDQH��DQG�HYHQ�VHJPHQWDO�RU�JOREDO�
VFOHURVLV�RI�JORPHUXOL�PD\�RFFXU��(DUO\�YDVFXODU�DEQRUPDOLWLHV�LQFOXGH�LQWLPDO�DFFXPXODWLRQ�RI�
�P\[RLG�PDWHULDO��WKURPERVLV��ȴEULQRLG�QHFURVLV��DQG�IUDJPHQWHG�UHG�EORRG�FHOOV��VRPHWLPHV�
UHVXOWLQJ�LQ�FRUWLFDO�QHFURVLV��1DUURZLQJ�DQG�REOLWHUDWLRQ�RI�WKH�YDVFXODU�OXPHQ�OHDG�WR�JORPHUXODU�
LVFKHPLD��-X[WDJORPHUXODU�DSSDUDWXV�K\SHUSODVLD��ZKLOH�UHODWLYHO\�UDUH��������FDQ�EH�REVHUYHG��/DWH�
FKDQJHV�DUH�PDQLIHVWHG�E\�LQWLPDO�WKLFNHQLQJ�DQG�SUROLIHUDWLRQ��ZKLFK�OHDG�WR�FKDUDFWHULVWLF�YDVFXODU�
ȊRQLRQ��VNLQȋ�OHVLRQV���JORPHUXORVFOHURVLV��DQG�LQWHUVWLWLDO�ȴEURVLV��1RQVSHFLȴF�WXEXODU�FKDQJHV�PD\�
DOVR�RFFXU��LQFOXGLQJ�DFXWH�WXEXODU�LQMXU\�LQ�WKH�HDUO\�VWDJH�RI�LQMXU\��DQG�ODWHU�LQWHUVWLWLDO�ȴEURVLV�DQG�
WXEXODU�DWURSK\��6LQFH�QRQH�RI�WKHVH�ȴQGLQJV�DUH�VSHFLȴF�IRU�65&��WKH�SDWKRORJLF�GLDJQRVLV�PXVW�EH�
VXSSRUWHG�E\�DSSURSULDWH�FOLQLFDO�DQG�VHURORJLF�GDWD�
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Case 2-2

In the above-mentioned case, 3 months later, the PSL dose
was reduced to 20mg/day and intravenous cyclophospha-
mide pulse therapy was started to treat PAH of Sjögren’s
syndrome. After 2months, pneumocystis pneumonia and
hypoxemia were diagnosed and methyl PSL pulse (500mg
! 3days) and oral trimethoprim-sulfamethoxazole (TMP/
SMX) therapy was initiated. Immediately after, the platelet
count dropped rapidly, and TMP/SMX was discontinued as
thrombocytopenia was considered as a side effect; this did
not lead to recovery of the platelet count, which continued to
decrease to 8000/ml with haptoglobin below detectable
levels, whereas serum Cre continued to increase to
1.99mg/dl. The patient was diagnosed with SRC recurrence
based on the classification criteria, but the primary underlying
pathophysiology was considered as SSc-TMA due to pro-
gressive anaemia with a haemoglobin level of 5.4g/dl with
schizocytes and marked MAHA with thrombocytopenia.
Therapeutic PE for SSc-TMA was repeated 10 times; platelet
count and haptoglobin level gradually increased to normal
ranges, and the renal function improved substantially.

Case summary

The case summary is shown in Fig. 1. Each case showed
SRC and was accompanied by TMA, but the contribution

ratio was different among cases. The primary diagnoses
were nd-SRC, primarily SSc-TMA, and a mixture of nd-
SRC and SSc-TMA in Cases 1, 2-2 and 2-1, respectively.
We would like to focus on the fact that there were differ-
ences in the degree and the sequence of thrombocyto-
penia, renal function deterioration and blood pressure
elevation. In the first patient with typical nd-SRC patho-
physiology, described as case 1, severe renal function
deterioration and severe blood pressure elevation pre-
ceded mild thrombocytopenia. Conversely, the second
patient developed the typical TMA pathophysiology, as
described in case 2-2, where severe thrombocytopenia
preceded mild renal function deterioration and blood
pressure elevation. The same second patient, however,
initially exhibited a clinical course that appeared to rank
between nd-SRC and SSc-TMA, as detailed in case 2-1.
Additionally, the treatment response appeared to differ
based on the pathophysiology. In patients with nd-SRC,
similar to case 1, ACE inhibitors alone can lead to im-
provement. In patients with SSc-TMA, such as case 2-2,
in contrast, PE alone leads to disease improvement. In
patients who exhibit aspects of both pathophysiologies
moderately, however, as illustrated by case 2-1, ACE in-
hibitors and PE are partially effective. Moreover, the rela-
tionship between prior steroid administration and SRC
occurrence appeared to be different among the three

FIG. 1 The summary of clinical courses and underlying pathophysiology in the patients at our medical department

The degree and the sequence of changes in blood pressure, renal function and platelet count; the degree of involvement
of underlying nd-SRC and TMA, and therapeutic strategies are summarized for three clinical courses (cases 1, 2-1 and
2-2). All patients exhibited TMA involvement, but case 2-2 presented with the typical SSc-TMA course, case 1 presented
with the typical nd-SRC course, and case 2-1 presented with a clinical course that was a mixture of nd-SRC and
SSc-TMA. Nd-SRC shows prominently elevated blood pressure and worsening of renal function first, followed by mild
thrombocytopenia. SSc-TMA, on the other hand, shows severe thrombocytopenia first, followed by elevated blood
pressure and renal function deterioration. Treatment with an ACE inhibitor alone led to the improvement of nd-SRC,
whereas PE alone resulted in alleviation of SSc-TMA. For the case with the features that were a mixture of nd-SRC and
SSc-TMA, combination therapy with an ACE inhibitor and PE therapy was effective. As TMA involvement increased, the
blood pressure approached normotensive.
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cations: hypertensive and normotensive. However,
there are two major issues with these classification
concepts.

The first major issue is that, in addition to narrowly
defined SRC (nd-SRC), thrombotic microangiopathy
(TMA), which differs pathophysiologically from nd-SRC,
is readily classified as an SRC according to these criteria.
Nd-SRC here refers to SRC with a typical clinical course,
which shows acute onset of renal failure, usually in the
absence of previous evidence of significant kidney dis-
eases, with abrupt onset of moderate-to-marked hyper-
tension, often accompanied by manifestations of
malignant hypertension such as hypertensive retinopathy
and hypertensive encephalopathy [7]. Nd-SRC starts with
injury to endothelial cells leading to intimal thickening and

proliferation in the arcuate and interlobular arteries [8] and
subsequent reduction in renal blood flow and release of
renin [7]. On the other hand, TMA describes a specific
pathologic lesion in which abnormalities in the vessel
wall of arterioles and capillaries lead to microvascular
thrombosis. It is commonly inferred from the observation
of microangiopathic haemolytic anaemia (MAHA) and
thrombocytopenia in the appropriate clinical setting [9].
In TMA, kidneys are typically involved, and most patients
present with deteriorating kidney function [10]. Thus, while
nd-SRC and TMA have completely different pathophysio-
logical mechanisms, SSc associated thrombotic microan-
giopathy (SSc-TMA) is usually classified as SRC in the
conventional classification because it presents with mod-
erately increased serum creatinine (Cre), thrombocyto-
penia, haemolysis, and occasionally proteinuria or

TABLE 1 Proposed characteristics of scleroderma renal crisis in ISRCS compared to those proposed by expert con-
sensus [5]

ISRCS Expert consensus

Hypertensive SRC A. Hypertensive SRC (fulfills both A1 and A2)
Any one of the following: 1. New onset hypertension, defined as any of the following:

(a) Systolic blood pressure > 140 mmHg, or
(b) Diastolic blood pressure > 90 mmHg, or
(c) Rise in systolic blood pressure > 30 mmHg compared

to baseline, or
(d) Rise in diastolic blood pressure > 20 mmHg

compared to baseline, or

(a) Systolic blood pressure 5 140 mgHg
(b) Diastolic blood pressure 5 90 mgHg
(c) Rise in systolic blood pressure 5 30 mmHg
(d) d) Rise in diastolic blood pressure 5 20 mmHg

AND

AND

One of the following features:

(a) Increase in serum creatinine >50% over baseline or
serum creatinine >120% of upper limit of normal for
local laboratory

(b) Proteinuria: >2+ by dipstick and confirmed by
protein:creatinine ratio > upper limit of normal

(c) Hematuria: >2+ by dipstick or >10 RBCs/HPF
(without menstruation)

(d) Thrombocytopenia: <100 000 platelets/mm3

(e) Haemolysis: by blood smear or increased reticulocyte
count

(f) Hypertensive encephalopathy

2. One of the following five features:

(a) Increase in serum creatinine by 50+% over baseline or
serum creatinine 5120% of upper limit of normal for
local laboratory

(b) Proteinuria 52+ by dipstick
(c) Hematuria 52+ by dipstick or 510 RBCs/HPF
(d) Thrombocytopenia: <100 000 platelets/mm3

(e) Haemolysis defined as anaemia not due to other
causes and either of the following:

(i) Schistocytes or other RBC fragments seen on blood
smear

(ii) increased reticulocyte count

Normotensive SRC B. Normotensive SRC (fulfills both B1 and B2)
Increase in serum creatinine >50% over baseline OR

serum creatinine >120% of upper limit of normal for local
laboratory

1. Increase in serum creatinine >50% over baseline or
serum creatinine 5120% of upper limit of normal for
local laboratory

AND AND
One of the following features: 2. One of the following five features:

(a) Proteinuria: >2+ by dipstick and confirmed by
protein:creatinine ratio > upper limits of normal

(b) Hematuria: >2+ by dipstick or >10 RBCs/HPF
(without menstruation)

(c) Thrombocytopenia:<100 000 Platelets/mm3

(d) Haemolysis: by blood smear or increased reticulocyte
count

(e) Hypertensive encephalopathy

(a) Proteinuria 52+ by dipstick
(b) Hematuria 52+ by dipstick or 510 RBCs/HPF
(c) Thrombocytopenia: <100 000/mm3

(d) Haemolysis defined as anaemia not due to other
causes and either of the following:

(i) Schistocytes or other RBC fragments seen on blood
smear

(ii) Increased reticulocyte counted renal biopsy findings
consistent with scleroderma renal crisis
(microangiopathy)

ISRCS: International Scleroderma Renal Crisis Survey; RBC: red blood cell.
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Systemic sclerosis

Table 1 Epidemiological, serological and clinical features at 
baseline (n=549)
Sex, F/M 445/104

Age at entry in the registry, years, mean (SD) 51.9 (±13.6)
Age at Raynaud’s onset, years, mean (SD) 46.5 (±14.3)
Age at first non- Raynaud’s feature, years, mean (SD) 49.8 (±13.7)
ANA positive (n, %) 529 (96.3)
  Anti- Scl-70 positive (n, %) 217 (39.5)
Anticentromere positive (n, %) 178 (32.4)
Anti- PmScl positive (n, %) 10 (1.8)
  Anti- U1RNP positive (n, %) 10 (1.8)
  Anti- RNA polymerase III positive (n, %) 10 (1.8)
  Limited SSc (n, %) 370 (67.3)
  Diffuse SSc (n, %) 179 (32.6)
ANA, antinuclear antibody; SSc, systemic sclerosis.

data collection forms. The database structure has been described 
previously.13 The whole EUSTAR data set, consisting of 14 755 
patients at the time of the data export (30 October 2017), was 
FRQVLGHUHG�� 3UHGLFWRUV� ZLWK� ����� PLVVLQJ� YDOXHV� ZHUH� QRW�
considered for inclusion (online supplementary table S1).

Patients classified with SSc according to American College of 
Rheumatology/European League Against Rheumatism classifi-
cation criteria,14 with a disease duration from the onset of the 
ILUVW�QRQ��5D\QDXG�VLJQ�V\PSWRP����\HDUV�DW�ILUVW�YLVLW�UHFRUGHG�
and a baseline visit between 2003 and 2014 were first extracted. 
Patients were considered for the study if they presented the 
following predefined features: (1) availability of all the items 
included in the EScSG- AI and in the EUSTAR- AI at baseline and 
yearly for at least two consecutive years (within the first 2 years 
of observation and with a time frame between consecutive visits 
not exceeding 18 months); (2) availability of items included in 
the Medsger’s severity scale15 at entry and after 2 years of obser-
vation and (3) availability of vital status at the last observation.

Potentially predictive features
Disease activity
Disease activity was measured by EUSTAR- AI and EScSG- AI. To 
capture the disease activity variations over time, we calculated 
the EUSTAR- AI and EScSG- AI adjusted mean (see online supple-
mentary text).

Features predictive of shortened survival
We also investigated the predictive role in the short term of vari-
ables detectable at admission and reported to be predictive of the 
subsequent 5- year mortality4–9: age at disease onset, male sex, 
erythrocyte sedimentation rate (ESR) >25 mm/hour, haemo-
globin <12 g/L, anti- RNA polymerase III antibody positivity, 
tendon friction rubs, the presence of proteinuria (positive level 
of urine protein more than trace), baseline severity in any major 
organ/system.

Primary and secondary outcomes
Given the current lack of a validated SSc damage index,16 we 
selected as primary outcome the disease severity progres-
sion using the Medsger’s severity scale.15 In particular, disease 
SURJUHVVLRQ�ZDV�GHILQHG�DV�DFFUXDO�RI�D�QHZ��¨����VHYHULW\�VFRUH�
at the 2- year follow- up visit compared with the initial visit. The 
secondary outcome was the progression in any organ/system 
domains of the Medsger’s severity scale analysed separately, 
defined as an increase of at least one point in severity grade 
�¨����

Statistical analysis
Continuous variables are presented as the mean±SD if normally 
distributed or as median and quartiles if distribution was skewed. 
Comparisons were performed using the χ2 or Fisher’s test for 
categorical variables and using the Student’s test for continuous 
variables, as appropriate. To explore specific determinants of 
disease progression, logistic regression analysis was carried out. 
Analyses were performed with Medcalc software, V.15.4.

RESULTS
Patients
A total of 549 patients with SSc were included in the analysis. 
The main epidemiological, serological and clinical features of 
the cohort at baseline are listed in table 1. There were 445 
������ZRPHQ��PHDQ�DJH��6'��DW�HQWU\�ZDV���������������2QH�
KXQGUHG� DQG� VHYHQW\��QLQH� �������� SDWLHQWV� ZHUH� FODVVLILHG� DV�

having diffuse SSc. During the observation period, most patients 
��������GHYHORSHG�D�SURJUHVVLRQ�RI�RUJDQ�LQYROYHPHQW��WKDW�LV��
¨���LQ�DQ\�RI�WKH�HYDOXDWHG�RUJDQ�V\VWHPV�DFFRUGLQJ�WR�0HGV-
ger’s severity scale, along the 2- year follow- up visit.

Univariate and multivariate logistic regression
At univariate analysis (online supplementary table S2), the 
adjusted mean EUSTAR- AI (OR 1.43, p<0.0001), the adjusted 
mean EScSG- AI (OR 1.41, p<0.0001), diffuse subset (OR 1.46, 
p=0.040), anti- Scl-70 antibodies positivity (OR 1.72, p=0.003), 
ESR >25 mm/hour at baseline (OR 1.58, p=0.04), age at disease 
onset (OR 1.01, p=0.01) predicted any increase in severity 
progression. No predictive role emerged for other baseline vari-
ables, that is, male gender, tendon friction rubs, anti- RNA poly-
merase III antibodies positivity, the presence of urine proteins, 
haemoglobin <12 g/L and general, gut, peripheral vascular, 
muscle, joint/tendon, skin, lung, heart and kidney involvement. 
At multivariate analysis (table 2), the adjusted mean EUSTAR- AI 
�25�����������&,������WR�������ZDV�WKH�RQO\�FRYDULDWH�UHWDLQHG�
in the model for the prediction of disease progression. More-
RYHU��WKH�DGMXVWHG�PHDQ�(867$5��$,�SUHGLFWHG�DQ\�LQFUHDVH����
in the severity score of skin, heart, lung and peripheral vascular 
system. However, activity indices were not able to predict 
general, kidney, muscle, gastrointestinal tract, joint/tendon 
severity accrual (table 2 and online supplementary table S2).

A subanalysis confirmed that the adjusted mean EUSTAR- AI 
was the best predictor of severity progression at 2- year follow- up 
YLVLW�LQ�ERWK�GLIIXVH�DQG�OLPLWHG�VXEVHWV��25�����������&,������
WR�������S �����DQG�25�����������&,������WR�������S���������
respectively).

DISCUSSION
SSc is a challenging disease to manage with significant damage 
accrual that occurs early in the disease course and results in end- 
organ dysfunction and high mortality.17 18

A previous study has demonstrated that disease activity 
quantified by the adjusted mean EScSG- AI predicted the risk 
of disease progression in an early diffuse cutaneous SSc cohort 
over 3 years.11 In particular, in multivariate analysis, the adjusted 
mean EScSG- AI was the best predictor of progression of lung 
disease but did not play a significant role in the prediction of 
heart and renal disease severity. In the current study, we tried 
to assess the predictive validity of the 2017 EUSTAR- AI and to 
compare it with EScSG- AI. We demonstrated that the adjusted 
mean EUSTAR- AI had better predictive value for damage accrual 
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Systemic sclerosis

Table 2 Multivariate logistic regression analysis for organ severity accrual
Features OR (95% CI) Organ/system severity accrual P value z score

Adjusted mean EUSTAR- AI 1.43 (1.23 to 1.66) ΔMedsger’s severity score ≥1 0,002 9.49
Adjusted mean ESScG- AI 0.98(0.75 to 1.28) 0.92 0.007
Age 1.00 (0.99 to1.02) 0.32 0.95
ESR >25 1.01 (0.59 to 1.73) 0.95 0.003
Anti- Scl-70 Ab 1.51 (0.94 to2.44) 0.08 2.96
Subset diffuse 0.80 (0.48 to 1.31) 0.38 0.76
Adjusted mean EUSTAR- AI 1.23 (1.06 to 1.42) ΔLung severity score ≥1 0.006 7.45
Adjusted mean ESScG- AI 1.09 (0.83 to 1.43) 0.11 0.44
Basal lung severity 0.57 (0.35 to 0.92) 0.01 0,006
Anti- Scl-70 Ab 1.27(0.75 to 2.15) 0.35 0.84
Subset diffuse 0.79 (0.46 to 1.36) 0.40 0.69
Adjusted mean EUSTAR- AI 1.96(1.10 to 3.50) ΔHeart severity score ≥1 0.02 5.20
Adjusted mean ESScG- AI 0.52 (0.24 to 1.12) 0.09 2.75
Age 1.02 (0.98 to 1.07) 0.26 1.24
RNA polymerase III Ab 5.56 (0.65 to 6.98) 0.11 2.48
Subset diffuse 0.24 (0.04 to 1.42) 0.11 2.45
Basal vascular severity 1.08 (0.28 to 4.16) 0.90 0.01
Basal joint severity 2.71 (0.69 to 10.70) 0.15 2.04
Basal lung severity 1.04 (0.26 to 4.01) 0.95 3
Adjusted mean EUSTAR- AI 1.48 (1.21to1.82) ΔSkin severity score ≥1 0,0002 14.29
Age 0.97 (0.95 to 0.99) 0.003 4.40
Baseline skin severity 0.21 (0.09 to 0.47) 0.0002 14.27
Adjusted mean ESScG- AI 1.34 (0.90 to 2.00) 0.13 2.17
Anti- Scl-70 Ab 2.16 (0.85 to 5.50) 0.10 2.65
Adjusted mean EUSTAR- AI 1.31 (1.13 to 1.52) ΔPeripheral vascular severity 

score ≥1
0.0002 5.18

Adjusted mean ESScG- AI 1.02 (0.76 to 1.37) 0.87 0.02
Basal lung severity 1.94 (1.03 to 3.64) 0.03 4.26
Basal vascular severity 0.23 (0.13 to 0.39) <0.0001 29.61
Anti- Scl-70 Ab 1.46 (0.75 to 2.48) 0.26 1.24
Subset diffuse 1.36 (0.74 to 2.48) 0.30 1.02
Adjusted mean EUSTAR- AI 0.86 (0.45 to 1.64) ΔMuscle severity score ≥1 0.66 0.19
Adjusted mean ESScG- AI 1.49 (0.66 to 3.34) 0.33 0.94
Subset diffuse 0.69 (0.12 to 3.81) 0.67 0.17
RNA polymerase III Ab 8.32 (1.21 to 6.88) 0.03 4.66
Adjusted mean EUSTAR- AI 1.21 (0.15 to 9.32) ΔKidney severity score ≥1 0.85 0.03
Adjusted mean ESScG- AI 1.24 (0.19 to 7.89) 0.59 0.28
Adjusted mean EUSTAR- AI 1.20 (0.40 to 3.53) ΔGI tract severity score ≥1 0.73 0.11
Adjusted mean ESScG- AI 1.37 (0.32 to 5.76) 0.66 0.18

ESR, erythrocyte sedimentation rate; ESScG- AI, European Scleroderma Study Group Activity Index; EUSTAR- AI, European Scleroderma Trials and Research Group Activity Index; GI, 
gastrointestinal.

and development of severe internal organ involvement over 2 
years as compared with EScSG- AI. In particular, the adjusted 
mean EUSTAR- AI predicted the development of a higher total 
severity score and in the following distinct severity domains: 
heart, peripheral vascular, skin and lung. A protective role of 
EDVHOLQH�VNLQ�VHYHULW\�JUDGH����ZDV�SRLQWHG�RXW�EXW�LV�OLNHO\�WR�
depend on the natural disease course characterised by skin scle-
rosis reaching its maximal grade in the early 2–3 years.19

Nevskaya et al11 did not investigate the role on short- time 
severity accrual of baseline features demonstrated to predict 
mortality in SSc, as ESR >25 mm/hour, tendon friction rubs, 
anti- RNA polymerase III antibodies positivity, the presence of 
urine proteins, haemoglobin <12 g/L, diffuse subset and internal 
organ involvement.4–9 We failed to point out any role of these 
features. These data suggest that variables predicting survival in 

the medium - long term differ from those associated with disease 
deterioration in the short period.

Our study has some limitations. First, we were not able to 
assess damage accrual and we measured disease severity as 
primary outcome, which might reflect both activity and damage. 
Second, data were obtained from scleroderma tertiary centres, 
meaning that we might fail to include patients with milder disease 
who are not referred. Nevertheless, a EUSTAR- AI predictive role 
of organ/system severity accrual in the short term has emerged, 
indicating that measuring this parameter can help the clinician in 
adjusting treatment in such time frame.
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ABSTRACT
Objective We sought to develop the first Damage 
Index (DI) in systemic sclerosis (SSc).
Methods The conceptual definition of ’damage’ in 
SSc was determined through consensus by a working 
group of the Scleroderma Clinical Trials Consortium 
(SCTC). Systematic literature review and consultation 
with patient partners and non-rheumatologist experts 
produced a list of potential items for inclusion in the DI. 
These steps were used to reduce the items: (1) Expert 
members of the SCTC (n=331) were invited to rate 
the appropriateness of each item for inclusion, using 
a web-based survey. Items with >60% consensus 
were retained; (2) Using a prospectively acquired 
Australian cohort data set of 1568 patients, the 
univariable relationships between the remaining items 
and the endpoints of mortality and morbidity (Physical 
Component Summary score of the Short Form 36) were 
analysed, and items with p<0.10 were retained; (3) 
using multivariable regression analysis, coefficients were 
used to determine a weighted score for each item. The DI 
was externally validated in a Canadian cohort.
Results Ninety-three (28.1%) complete survey 
responses were analysed; 58 of 83 items were retained. 
The univariable relationships with death and/or morbidity 
endpoints were statistically significant for 22 items, with 
one additional item forced into the multivariable model 
by experts due to clinical importance, to create a 23-item 
weighted SCTC DI (SCTC-DI). The SCTC-DI was predictive 
of morbidity and mortality in the external cohort.
Conclusions Through the combined use of consensus 
and data-driven methods, a 23-item SCTC-DI was 
developed and retrospectively validated.

INTRODUCTION
Systemic sclerosis (SSc; ‘scleroderma’) is a multi-
organ disease wherein the pathogenic processes 
of inflammation, vasculopathy and fibrosis lead to 
multiple disease manifestations.1 Unlike other rheu-
matological diseases that have a relapsing-remitting 
course, the course of SSc is often one of progres-
sive damage to multiple organs including the skin, 
joints, heart, lungs, gastrointestinal (GI) tract and 
kidneys. Using a preliminary ad hoc set of criteria 

to define ‘organ damage’ in SSc, we found that 
irreversible organ damage accrues very early in the 
disease course, with 40% of patients having damage 
in one or more organ systems within 2 years of 
disease onset.2

Despite the fundamental importance of organ 
damage in SSc, there has been no clinical tool to 
identify and quantify damage in SSc, with current 
tools assessing disease severity, activity or combined 
treatment responses.3 The lack of an existing tool, 
together with the observation of damage accrual 
early in the disease course of SSc, led to an initia-
tive to develop the multiorgan Scleroderma Clin-
ical Trials Consortium Damage Index (SCTC-DI). 
Potential applications of this instrument include use 
as an outcome measure in interventional drug trials 
and in observational studies, and as a selection tool 
to enrich clinical trials for patients at risk of devel-
oping organ damage who are most likely to benefit 
from therapy.

Key messages

What is already known about this subject?
 Ź Organ damage is part of the natural history of 
systemic sclerosis (SSc).

 Ź Organ damage occurs early in the disease 
course of SSc.

 Ź Based on a systematic review of the literature, 
no tool currently exists to measure organ 
damage in SSc.

What does this study add?
 Ź The first ever composite disease Damage Index 
in SSc has been developed.

 Ź The methodology used to develop the index is 
somewhat unique, with the combination of both 
consensus methods and statistical analysis of 
patient data.

How might this impact on clinical practice or 
future developments?

 Ź The Damage Index can potentially be used in 
observational studies and clinical trials as an 
endpoint, and for the enrichment of clinical 
trials.
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Figure 1 Scleroderma Clinical Trials Consortium-Damage Index (SCTC-DI)—item generation and reduction steps. *SF 36 PCS, Short Form 36 Physical 
Component Summary score.

did not become too large; (2) the result was rounded to the 
nearest integer.

Validation
The performance of the SCTC-DI in the derivation cohort 
(internal validation) was determined using receiver operating 
characteristic (ROC) curves. Kaplan-Meier survival estimates 
against mortality and morbidity endpoints with patients divided 
into risk groups based on their SCTC-DI scores were generated. 
Risk groups were determined by looking for clear demarcation 
of the cumulative frequency percentage of total scores within the 
derivation cohort. Both of these analyses were used to demon-
strate criterion validity. Frequency of damage items in a subset of 
patients with early disease at each year of follow-up was deter-
mined to demonstrate construct validity and responsiveness to 
change over time.

External validation was conducted using the CSRG patient 
registry. The CSRG is an ongoing longitudinal study of patients 
with SSc fulfilling the EULAR/ACR criteria4 recruited from 14 
sites in Canada and 1 site in Mexico since 2004, using a stan-
dardised data collection protocol that is comparable to that of 
ASCS. Once again, ROC analyses were performed. Kaplan-
Meier survival estimates were performed using the SCTC-DI 
risk scores generated in the derivation cohort. Damage accrual 
was assessed using the mean SCTC-DI score at each year of 
follow-up in each organ domain and in the overall cohort.

RESULTS
Development of the SCTC-DI
Conceptual definition of organ damage
A total of 20 (of 22) responses from the working group 
members were received (for a summary of results see online 
supplementary tables S1 and S2). The resulting definition of 
damage in SSc was as follows: ‘Damage in SSc is the perma-
nent and irreversible loss of anatomical structure or physiolog-
ical function, caused by SSc and not secondary to its treatment 
or comorbidities. Damage should be differentiated from 
disease activity, which is potentially reversible, and disease 
severity which encompasses both activity and damage. The 
DI will not include patient-reported outcomes. The DI should 

be reflective of morbidity and/or mortality. The duration that 
each abnormality must be present before constituting damage 
may depend on the particular item.’

It must be noted that damage items caused by treatment of SSc 
were originally included in the definition, but later removed (see 
below).

Item generation
A total of 83 items for potential inclusion in the DI were gener-
ated through the systemic review of the literature3 and consulta-
tion with expert advisors and patient partners (all items included 
in the survey can be seen in online supplementary file 2). The 
variables come from six different organ system groupings, as 
follows: musculoskeletal and skin, vascular, GI, respiratory, 
cardiovascular and renal.

Item reduction using consensus survey
A total of 93 of 331 (28.1%) international SSc experts provided 
complete responses. Of the 83 items presented, 58 items had 
greater than 60% consensus with 36 items removed (online 
supplementary table S3). Of these 58 items, nine items (bony 
erosions seen on radiographic imaging, acro-osteolysis on radio-
graphic imaging, sicca signs confirmed on objective testing, 
surgical limb amputation, insertion of permanent pacemaker 
or implantable cardioverter defibrillator, histologically proven 
Barrett’s oesophagus, rectal prolapse, lung malignancy with SSc 
interstitial lung disease (ILD), left ventricular failure on clinical 
assessment and confirmed on transthoracic echocardiogram 
[TTE]) were not collected in the ASCS database and could not be 
analysed. Overall, the working group was comfortable with the 
removal of these items given the inclusion of similar alternatives, 
and in most cases, more clinically appropriate items.

Removal of ‘damage due to treatment’ items
A preliminary conceptual definition of damage included ‘damage 
caused by the treatment of SSc’. Inclusion of these items was 
deemed unnecessary as most drug treatment clinical trials would 
be collecting extensive data on drug-related adverse outcomes. 
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Table 2 Scleroderma Clinical Trials Consortium Damage Index
Item Score

Musculoskeletal and skin
Joint contracture defined as any degree of contracture with the inability to 
reduce the joint to the anatomically neutral position in any small joint of the 
fingers.*†

2

Joint contracture defined as any degree of contracture with the inability 
to reduce the joint to the anatomically neutral position in the large joints, 
specifically elbows and knees.*†

2

Sicca symptoms defined as presence of dry eyes and/or dry mouth requiring 
treatment on a daily basis, for example, lubricant eye-drops, punctual plugs, 
saliva replacement.*

3

Proximal muscle weakness on clinical examination defined as shoulder 
abduction and/or hip or knee flexion less than 5/5 power (not due to 
contracture or pain).*

3

Calcinosis complicated by infection or requiring surgery. 4
Vascular
Digital ulceration defined as loss of epithelialisation, of any degree, of the 
epidermis, the dermis and/or the subcutaneous tissue, distal to or at the 
proximal interphalangeal joint of the hands or feet not thought to be due to 
trauma and refractory to therapy*
Add 1 if digital amputation required (surgical or autoamputation).

2

 

 

1
Gastrointestinal
Oesophageal dysmotility defined as distal dysphagia refractory to treatment, 
with differential diagnoses (eg, oesophageal stricture or malignancy) 
excluded by endoscopy.

1

Oesophageal stricture confirmed on testing such as endoscopy or barium 
swallow.

1

Symptoms of gastro-oesophageal reflux disease (heart burn) refractory to 
treatment (eg, proton pump inhibitors) and confirmed on endoscopy.*

1

Gastric antral vascular ectasia confirmed on endoscopy. 2
Pseudo-obstruction with symptoms such as vomiting or constipation, with 
dilatation of the small and/or large bowel on imaging.

3

Low body mass index of <18.5 kg/m2 or weight loss of >10% in the last 12 
months.

2

Respiratory
Moderate to severe interstitial lung disease >20% extent on HRCT of the 
chest
Add 4 points if forced vital capacity <70% on lung function tests (not due to 
respiratory muscle weakness).*

2
 

4
Dependence on home oxygen. 5
Cardiovascular
Pulmonary arterial hypertension (defined as mean pulmonary arterial 
pressure >25 mm Hg at rest and pulmonary arterial wedge pressure <15 
mm Hg on right heart catheterisation)
Add 5 if moderate to severe right ventricular dysfunction noted on 
echocardiography report based on assessment of any measure of RV 
function by experienced cardiologist.

2
 

 

5
Myocardial disease attributable to SSc based on a constellation of clinical 
features and supportive investigations, for example, syncope secondary 
to conduction abnormality, arrhythmia requiring defibrillator, heartblock 
requiring permanent pacemaker or ablation, systolic or diastolic dysfunction 
on TTE.

3

Presence of moderate to large pericardial effusion equivalent to greater than 
1 cm on TTE.*

1

Renal

Continued

Item Score

History of scleroderma renal crisis (SRC), either hypertensive or 
normotensive, as defined by the International Scleroderma Renal Crisis Study 
Investigators.45

 Ź Add 1 if history of SRC or other SSc-related kidney disease and 
persistent renal impairment with estimated glomerular filtration rate 
<45 mL/min/1.73 m2

 Ź Add 2 if SRC with stage 5 renal impairment and need for renal 
replacement therapy

3
 

 

1
 

 

2
TOTAL SCORE 55
Attribution to SSc required for all items.
*Item must be present for a minimum of 6 months.
†See figure below for ‘anatomically neutral’ position.

  
HRCT, high-resolution CT; RV, right ventricular;SSc, systemic sclerosis; TTE, 
transthoracic echocardiogram.

Table 2 Continued

Items removed due to clinical collinearity
The following 12 items were removed as their definition was 
very similar to that of other item(s) retained in the DI that 
were either more strongly associated with the mortality and 
morbidity endpoints, or were more feasible to record reliably 
in a clinical care setting: joint contracture in any large and/or 
small joint; joint contracture of the fingers with finger to palm 
distance >1 cm; calcinosis on physical examination; proximal 
muscle atrophy; digital pitting scar; modified Rodnan Skin Score 
>20, left ventricular systolic dysfunction on TTE alone, right 
ventricular dilation and/or enlargement on TTE, right ventric-
ular failure on clinical assessment and confirmed on TTE, ILD 
of any extent on imaging, symptoms of gastroparesis and malab-
sorption syndrome (online supplementary tables S4 and S5). 
Persistent erectile dysfunction was also removed given its lack of 
applicability to all patients.

Items removed due to insufficient observations
The following three items were removed as they had insuffi-
cient observations to allow for meaningful statistical analysis: 
SRC with proteinuria, need for intravenous hyperalimentation 
and need for enteral feeding. Please refer to figure 1, which 
summarises the item generation and reduction steps.

Statistical analysis to achieve further item reduction and item 
weighting
The univariable relationship with mortality and morbidity 
(dichotomised using the cohort median SF-36 PCS=37.2) was 
significant (p<0.10) in 17 and 22 items, respectively (online 
supplementary tables S4 and S5). These items were then weighted 
and scored using multivariable regression (table 1). Four items 
were removed at this stage as they did not reach statistical signif-
icance in both the mortality and morbidity analyses (late-stage 
nailfold capillaroscopic changes, moderate to severe left ventric-
ular diastolic dysfunction on TTE, any conduction defect on 
ECG or Holter monitor and faecal incontinence).
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Table 2 Scleroderma Clinical Trials Consortium Damage Index
Item Score

Musculoskeletal and skin
Joint contracture defined as any degree of contracture with the inability to 
reduce the joint to the anatomically neutral position in any small joint of the 
fingers.*†

2

Joint contracture defined as any degree of contracture with the inability 
to reduce the joint to the anatomically neutral position in the large joints, 
specifically elbows and knees.*†

2

Sicca symptoms defined as presence of dry eyes and/or dry mouth requiring 
treatment on a daily basis, for example, lubricant eye-drops, punctual plugs, 
saliva replacement.*

3

Proximal muscle weakness on clinical examination defined as shoulder 
abduction and/or hip or knee flexion less than 5/5 power (not due to 
contracture or pain).*

3

Calcinosis complicated by infection or requiring surgery. 4
Vascular
Digital ulceration defined as loss of epithelialisation, of any degree, of the 
epidermis, the dermis and/or the subcutaneous tissue, distal to or at the 
proximal interphalangeal joint of the hands or feet not thought to be due to 
trauma and refractory to therapy*
Add 1 if digital amputation required (surgical or autoamputation).

2

 

 

1
Gastrointestinal
Oesophageal dysmotility defined as distal dysphagia refractory to treatment, 
with differential diagnoses (eg, oesophageal stricture or malignancy) 
excluded by endoscopy.

1

Oesophageal stricture confirmed on testing such as endoscopy or barium 
swallow.

1

Symptoms of gastro-oesophageal reflux disease (heart burn) refractory to 
treatment (eg, proton pump inhibitors) and confirmed on endoscopy.*

1

Gastric antral vascular ectasia confirmed on endoscopy. 2
Pseudo-obstruction with symptoms such as vomiting or constipation, with 
dilatation of the small and/or large bowel on imaging.

3

Low body mass index of <18.5 kg/m2 or weight loss of >10% in the last 12 
months.

2

Respiratory
Moderate to severe interstitial lung disease >20% extent on HRCT of the 
chest
Add 4 points if forced vital capacity <70% on lung function tests (not due to 
respiratory muscle weakness).*

2
 

4
Dependence on home oxygen. 5
Cardiovascular
Pulmonary arterial hypertension (defined as mean pulmonary arterial 
pressure >25 mm Hg at rest and pulmonary arterial wedge pressure <15 
mm Hg on right heart catheterisation)
Add 5 if moderate to severe right ventricular dysfunction noted on 
echocardiography report based on assessment of any measure of RV 
function by experienced cardiologist.

2
 

 

5
Myocardial disease attributable to SSc based on a constellation of clinical 
features and supportive investigations, for example, syncope secondary 
to conduction abnormality, arrhythmia requiring defibrillator, heartblock 
requiring permanent pacemaker or ablation, systolic or diastolic dysfunction 
on TTE.

3

Presence of moderate to large pericardial effusion equivalent to greater than 
1 cm on TTE.*

1

Renal

Continued

Item Score

History of scleroderma renal crisis (SRC), either hypertensive or 
normotensive, as defined by the International Scleroderma Renal Crisis Study 
Investigators.45

 Ź Add 1 if history of SRC or other SSc-related kidney disease and 
persistent renal impairment with estimated glomerular filtration rate 
<45 mL/min/1.73 m2

 Ź Add 2 if SRC with stage 5 renal impairment and need for renal 
replacement therapy

3
 

 

1
 

 

2
TOTAL SCORE 55
Attribution to SSc required for all items.
*Item must be present for a minimum of 6 months.
†See figure below for ‘anatomically neutral’ position.

  
HRCT, high-resolution CT; RV, right ventricular;SSc, systemic sclerosis; TTE, 
transthoracic echocardiogram.

Table 2 Continued

Items removed due to clinical collinearity
The following 12 items were removed as their definition was 
very similar to that of other item(s) retained in the DI that 
were either more strongly associated with the mortality and 
morbidity endpoints, or were more feasible to record reliably 
in a clinical care setting: joint contracture in any large and/or 
small joint; joint contracture of the fingers with finger to palm 
distance >1 cm; calcinosis on physical examination; proximal 
muscle atrophy; digital pitting scar; modified Rodnan Skin Score 
>20, left ventricular systolic dysfunction on TTE alone, right 
ventricular dilation and/or enlargement on TTE, right ventric-
ular failure on clinical assessment and confirmed on TTE, ILD 
of any extent on imaging, symptoms of gastroparesis and malab-
sorption syndrome (online supplementary tables S4 and S5). 
Persistent erectile dysfunction was also removed given its lack of 
applicability to all patients.

Items removed due to insufficient observations
The following three items were removed as they had insuffi-
cient observations to allow for meaningful statistical analysis: 
SRC with proteinuria, need for intravenous hyperalimentation 
and need for enteral feeding. Please refer to figure 1, which 
summarises the item generation and reduction steps.

Statistical analysis to achieve further item reduction and item 
weighting
The univariable relationship with mortality and morbidity 
(dichotomised using the cohort median SF-36 PCS=37.2) was 
significant (p<0.10) in 17 and 22 items, respectively (online 
supplementary tables S4 and S5). These items were then weighted 
and scored using multivariable regression (table 1). Four items 
were removed at this stage as they did not reach statistical signif-
icance in both the mortality and morbidity analyses (late-stage 
nailfold capillaroscopic changes, moderate to severe left ventric-
ular diastolic dysfunction on TTE, any conduction defect on 
ECG or Holter monitor and faecal incontinence).
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Table 2 Scleroderma Clinical Trials Consortium Damage Index
Item Score

Musculoskeletal and skin
Joint contracture defined as any degree of contracture with the inability to 
reduce the joint to the anatomically neutral position in any small joint of the 
fingers.*†

2

Joint contracture defined as any degree of contracture with the inability 
to reduce the joint to the anatomically neutral position in the large joints, 
specifically elbows and knees.*†

2

Sicca symptoms defined as presence of dry eyes and/or dry mouth requiring 
treatment on a daily basis, for example, lubricant eye-drops, punctual plugs, 
saliva replacement.*

3

Proximal muscle weakness on clinical examination defined as shoulder 
abduction and/or hip or knee flexion less than 5/5 power (not due to 
contracture or pain).*

3

Calcinosis complicated by infection or requiring surgery. 4
Vascular
Digital ulceration defined as loss of epithelialisation, of any degree, of the 
epidermis, the dermis and/or the subcutaneous tissue, distal to or at the 
proximal interphalangeal joint of the hands or feet not thought to be due to 
trauma and refractory to therapy*
Add 1 if digital amputation required (surgical or autoamputation).

2

 

 

1
Gastrointestinal
Oesophageal dysmotility defined as distal dysphagia refractory to treatment, 
with differential diagnoses (eg, oesophageal stricture or malignancy) 
excluded by endoscopy.

1

Oesophageal stricture confirmed on testing such as endoscopy or barium 
swallow.

1

Symptoms of gastro-oesophageal reflux disease (heart burn) refractory to 
treatment (eg, proton pump inhibitors) and confirmed on endoscopy.*

1

Gastric antral vascular ectasia confirmed on endoscopy. 2
Pseudo-obstruction with symptoms such as vomiting or constipation, with 
dilatation of the small and/or large bowel on imaging.

3

Low body mass index of <18.5 kg/m2 or weight loss of >10% in the last 12 
months.

2

Respiratory
Moderate to severe interstitial lung disease >20% extent on HRCT of the 
chest
Add 4 points if forced vital capacity <70% on lung function tests (not due to 
respiratory muscle weakness).*

2
 

4
Dependence on home oxygen. 5
Cardiovascular
Pulmonary arterial hypertension (defined as mean pulmonary arterial 
pressure >25 mm Hg at rest and pulmonary arterial wedge pressure <15 
mm Hg on right heart catheterisation)
Add 5 if moderate to severe right ventricular dysfunction noted on 
echocardiography report based on assessment of any measure of RV 
function by experienced cardiologist.

2
 

 

5
Myocardial disease attributable to SSc based on a constellation of clinical 
features and supportive investigations, for example, syncope secondary 
to conduction abnormality, arrhythmia requiring defibrillator, heartblock 
requiring permanent pacemaker or ablation, systolic or diastolic dysfunction 
on TTE.

3

Presence of moderate to large pericardial effusion equivalent to greater than 
1 cm on TTE.*

1

Renal

Continued

Item Score

History of scleroderma renal crisis (SRC), either hypertensive or 
normotensive, as defined by the International Scleroderma Renal Crisis Study 
Investigators.45

 Ź Add 1 if history of SRC or other SSc-related kidney disease and 
persistent renal impairment with estimated glomerular filtration rate 
<45 mL/min/1.73 m2

 Ź Add 2 if SRC with stage 5 renal impairment and need for renal 
replacement therapy

3
 

 

1
 

 

2
TOTAL SCORE 55
Attribution to SSc required for all items.
*Item must be present for a minimum of 6 months.
†See figure below for ‘anatomically neutral’ position.

  
HRCT, high-resolution CT; RV, right ventricular;SSc, systemic sclerosis; TTE, 
transthoracic echocardiogram.

Table 2 Continued

Items removed due to clinical collinearity
The following 12 items were removed as their definition was 
very similar to that of other item(s) retained in the DI that 
were either more strongly associated with the mortality and 
morbidity endpoints, or were more feasible to record reliably 
in a clinical care setting: joint contracture in any large and/or 
small joint; joint contracture of the fingers with finger to palm 
distance >1 cm; calcinosis on physical examination; proximal 
muscle atrophy; digital pitting scar; modified Rodnan Skin Score 
>20, left ventricular systolic dysfunction on TTE alone, right 
ventricular dilation and/or enlargement on TTE, right ventric-
ular failure on clinical assessment and confirmed on TTE, ILD 
of any extent on imaging, symptoms of gastroparesis and malab-
sorption syndrome (online supplementary tables S4 and S5). 
Persistent erectile dysfunction was also removed given its lack of 
applicability to all patients.

Items removed due to insufficient observations
The following three items were removed as they had insuffi-
cient observations to allow for meaningful statistical analysis: 
SRC with proteinuria, need for intravenous hyperalimentation 
and need for enteral feeding. Please refer to figure 1, which 
summarises the item generation and reduction steps.

Statistical analysis to achieve further item reduction and item 
weighting
The univariable relationship with mortality and morbidity 
(dichotomised using the cohort median SF-36 PCS=37.2) was 
significant (p<0.10) in 17 and 22 items, respectively (online 
supplementary tables S4 and S5). These items were then weighted 
and scored using multivariable regression (table 1). Four items 
were removed at this stage as they did not reach statistical signif-
icance in both the mortality and morbidity analyses (late-stage 
nailfold capillaroscopic changes, moderate to severe left ventric-
ular diastolic dysfunction on TTE, any conduction defect on 
ECG or Holter monitor and faecal incontinence).
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Table 2 Scleroderma Clinical Trials Consortium Damage Index
Item Score
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fingers.*†

2

Joint contracture defined as any degree of contracture with the inability 
to reduce the joint to the anatomically neutral position in the large joints, 
specifically elbows and knees.*†

2

Sicca symptoms defined as presence of dry eyes and/or dry mouth requiring 
treatment on a daily basis, for example, lubricant eye-drops, punctual plugs, 
saliva replacement.*

3

Proximal muscle weakness on clinical examination defined as shoulder 
abduction and/or hip or knee flexion less than 5/5 power (not due to 
contracture or pain).*

3

Calcinosis complicated by infection or requiring surgery. 4
Vascular
Digital ulceration defined as loss of epithelialisation, of any degree, of the 
epidermis, the dermis and/or the subcutaneous tissue, distal to or at the 
proximal interphalangeal joint of the hands or feet not thought to be due to 
trauma and refractory to therapy*
Add 1 if digital amputation required (surgical or autoamputation).

2

 

 

1
Gastrointestinal
Oesophageal dysmotility defined as distal dysphagia refractory to treatment, 
with differential diagnoses (eg, oesophageal stricture or malignancy) 
excluded by endoscopy.

1

Oesophageal stricture confirmed on testing such as endoscopy or barium 
swallow.

1

Symptoms of gastro-oesophageal reflux disease (heart burn) refractory to 
treatment (eg, proton pump inhibitors) and confirmed on endoscopy.*

1

Gastric antral vascular ectasia confirmed on endoscopy. 2
Pseudo-obstruction with symptoms such as vomiting or constipation, with 
dilatation of the small and/or large bowel on imaging.

3

Low body mass index of <18.5 kg/m2 or weight loss of >10% in the last 12 
months.

2

Respiratory
Moderate to severe interstitial lung disease >20% extent on HRCT of the 
chest
Add 4 points if forced vital capacity <70% on lung function tests (not due to 
respiratory muscle weakness).*

2
 

4
Dependence on home oxygen. 5
Cardiovascular
Pulmonary arterial hypertension (defined as mean pulmonary arterial 
pressure >25 mm Hg at rest and pulmonary arterial wedge pressure <15 
mm Hg on right heart catheterisation)
Add 5 if moderate to severe right ventricular dysfunction noted on 
echocardiography report based on assessment of any measure of RV 
function by experienced cardiologist.

2
 

 

5
Myocardial disease attributable to SSc based on a constellation of clinical 
features and supportive investigations, for example, syncope secondary 
to conduction abnormality, arrhythmia requiring defibrillator, heartblock 
requiring permanent pacemaker or ablation, systolic or diastolic dysfunction 
on TTE.

3

Presence of moderate to large pericardial effusion equivalent to greater than 
1 cm on TTE.*

1

Renal

Continued

Item Score

History of scleroderma renal crisis (SRC), either hypertensive or 
normotensive, as defined by the International Scleroderma Renal Crisis Study 
Investigators.45

 Ź Add 1 if history of SRC or other SSc-related kidney disease and 
persistent renal impairment with estimated glomerular filtration rate 
<45 mL/min/1.73 m2

 Ź Add 2 if SRC with stage 5 renal impairment and need for renal 
replacement therapy

3
 

 

1
 

 

2
TOTAL SCORE 55
Attribution to SSc required for all items.
*Item must be present for a minimum of 6 months.
†See figure below for ‘anatomically neutral’ position.

  
HRCT, high-resolution CT; RV, right ventricular;SSc, systemic sclerosis; TTE, 
transthoracic echocardiogram.
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Items removed due to clinical collinearity
The following 12 items were removed as their definition was 
very similar to that of other item(s) retained in the DI that 
were either more strongly associated with the mortality and 
morbidity endpoints, or were more feasible to record reliably 
in a clinical care setting: joint contracture in any large and/or 
small joint; joint contracture of the fingers with finger to palm 
distance >1 cm; calcinosis on physical examination; proximal 
muscle atrophy; digital pitting scar; modified Rodnan Skin Score 
>20, left ventricular systolic dysfunction on TTE alone, right 
ventricular dilation and/or enlargement on TTE, right ventric-
ular failure on clinical assessment and confirmed on TTE, ILD 
of any extent on imaging, symptoms of gastroparesis and malab-
sorption syndrome (online supplementary tables S4 and S5). 
Persistent erectile dysfunction was also removed given its lack of 
applicability to all patients.

Items removed due to insufficient observations
The following three items were removed as they had insuffi-
cient observations to allow for meaningful statistical analysis: 
SRC with proteinuria, need for intravenous hyperalimentation 
and need for enteral feeding. Please refer to figure 1, which 
summarises the item generation and reduction steps.

Statistical analysis to achieve further item reduction and item 
weighting
The univariable relationship with mortality and morbidity 
(dichotomised using the cohort median SF-36 PCS=37.2) was 
significant (p<0.10) in 17 and 22 items, respectively (online 
supplementary tables S4 and S5). These items were then weighted 
and scored using multivariable regression (table 1). Four items 
were removed at this stage as they did not reach statistical signif-
icance in both the mortality and morbidity analyses (late-stage 
nailfold capillaroscopic changes, moderate to severe left ventric-
ular diastolic dysfunction on TTE, any conduction defect on 
ECG or Holter monitor and faecal incontinence).
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Changement  des  mesures  d’évalua9on


•  Le	
  mRSS	
  est-­‐il	
  une	
  bonne	
  mesure	
  de	
  outcome?	
  	
  
•  Faut-­‐il	
  chercher	
  des	
  mesures	
  composites	
  d’outcome?	
  
• Comment	
  enrichir	
  les	
  cohortes	
  avec	
  les	
  paBents	
  à	
  risque?	
  
• ProposiBon	
  (consensus	
  d’experts):	
  

•  Survenue	
  d’une	
  crise	
  rénale	
  ;	
  baisse	
  de	
  la	
  CVF	
  (CVF)≥10%;	
  survenue	
  d’une	
  
FEVG	
  <45%	
  ou	
  diminuBon	
  de	
  la	
  FEVG	
  >10%	
  pour	
  ceux	
  avec	
  une	
  FEVG	
  iniBale	
  
<45%;	
  survenue	
  d’une	
  HTP	
  diagnosBqué	
  par	
  ETT;	
  ou	
  décès	
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Systemic sclerosis

Figure 1 Average regression coefficients across 100 imputations 
plotted against the penalisation parameter, lambda. The vertical dashed 
line represents the selected model chosen as it had the smallest 
Bayesian information criterion. Traces in colour are those of the 
regression coefficients (and hence predictor variables) that remained in 
the final model. Traces for excluded regression coefficients are plotted in 
black and are not specified in the legend. CRP, C-reactive protein.

Table 3 Final regression model for disease worsening
p Value OR 95% CI

Age (years) 0.001 1.02 1.01 to 1.04
Lung fibrosis 0.0004 2.21 1.43 to 3.41
CRP elevation 0.002 1.80 1.23 to 2.63
Muscle weakness 0.015 1.64 1.10 to 2.45
Active DU 0.026 1.64 1.06 to 2.54
Proteinuria 0.064 1.75 0.97 to 3.16
Pericardial effusion 0.098 1.65 0.91 to 2.97
Significant dyspnoea 0.491 1.20 0.72 to 2.00
Parameters in bold had strong evidence for a significant association with disease 
progression in the final model.
CRP, C-reactive protein; DU, digital ulcer.

Table 4 Probability (%) of disease worsening for combinations of 
predictors in study population (n=706)

Other risk factors*

Age Patient 
numbers†60 years 65 years 70 years

Lung fibrosis 37.5 40.4 43.3 131/666
Lung fibrosis and CRP elevation 52.0 55.0 57.9 47/650
Active DU 30.9 33.5 36.1 126/697
Lung fibrosis and active DU 49.7 52.6 55.6 31/662
Muscle weakness 30.9 33.5 36.2 164/701
Lung fibrosis, muscle weakness 
and active DU

61.8 64.6 67.3 16/660

Lung fibrosis, muscle weakness,
CRP elevation and active DU

74.5 76.7 78.8 8/646

*Predictors not specified in each row are set to zero.
†Patient numbers irrespective of age that fulfil the criteria within the whole study 
population.
CRP, C-reactive protein; DU, digital ulcer.

log-rank test). The additional analysis of four risk factors on 
their own showed that each (active DU, raised CRP, presence of 
lung fibrosis and muscle weakness) was associated with a signifi-
cantly increased incidence of outcome events during follow-up 
as well as in combination (each p<0.001 by log-rank test; see 
online supplementary figure S5).

Model validation
A bootstrap with 10 000 repetitions was used to validate the 
final model chosen by the BIC. The C-index, which is identical 
to the area under the receiver operating characteristic, is a good 
measure to estimate discrimination. This in turn refers to the 
ability of the model to separate patients with and without the 
outcome event. The final model had a C-index of 0.711, which 
was 0.705 at validation, indicating good calibration (ie, agree-
ment between actual and predicted probabilities) (see online 
supplementary figure S1).

DISCUSSION
By using a novel statistical approach to analyse data from a 
clinical registry, we successfully identified predictors of severe 
disease worsening—defined as organ failure within a period 
of 12±3 months—in patients with dcSSc. Based on our 
logistic regression model, we showed that the probability of a 
60-year-old patient with lung fibrosis, DU, muscle weakness and 
CRP elevation developing disease worsening within the obser-
YDWLRQ�SHULRG�LQFUHDVHV�WR�������FRPSDUHG�ZLWK�������IRU�WKH�

whole study population. The predictive factors of age, presence 
of DU, lung fibrosis, CRP elevation and muscle weakness repre-
sent important aspects of the disease and also correspond to the 
NH\�FKDUDFWHULVWLF�IHDWXUHV�RI�YDVFXORSDWK\��'8���DXWRLPPXQLW\�
inflammation (CRP elevation) and tissue fibrosis (lung fibrosis). 
In addition to being predictive in our model for progression of 
disease after 12±3 months, the presence of DU, lung fibrosis, 
CRP elevation and muscle weakness could also predict, alone 
or in combination, disease progression over a longer period of 
time (up to 6 years after the baseline visit). This confirms the 
role of CRP elevation as an indicator of active disease and its 
potential relevance as an inclusion criterion in trials.18–21 The 
data also support the notion that the presence of muscle weak-
QHVV�PD\�LQFOXGH�SDWLHQWV�ZLWK�RYHUW�P\RVLWLV�P\RSDWK\��DV�ZHOO�
as patients with gastrointestinal problems being more likely to 
have malnutrition and consecutive muscle weakness.

DUs were identified in a previous EUSTAR study as a risk factor 
for cardiovascular worsening and mortality.22 Lung involvement 
in SSc is well known,3 and this is reflected in the high incidence 
RI�ZRUVHQLQJ�)9&���������LQ�WKH�SUHVHQW�VWXG\��ZKLOH�GHYHORS-
PHQW�RI�3+�ZDV� WKH� WKLUG�PRVW� IUHTXHQW�HYHQW� ������� OHDGLQJ�
to disease worsening. The relatively high frequency of the FVC 
endpoint corresponds to the high OR for lung fibrosis in the 
ILQDO�PRGHO��7KH�GLVFULPLQDWLYH�YDOXH�RI�D�����GHFOLQH�LQ�)9&�
has recently been confirmed by another report showing that this 
magnitude of decline is associated with increased mortality.23 The 
percentage of patients with a significant FVC decline is similar 
to the patients with SSc receiving placebo from the Scleroderma 
/XQJ�6WXG\�,�,,�DQDO\VLV��DSSUR[LPDWHO\������24 The percentage 
of patients developing new echocardiography-suspected PH in 
our analysis was slightly higher than in the at-risk population 
included in the Pulmonary Hypertension Assessment and Recog-
QLWLRQ� RI�2XWFRPHV� LQ� 6FOHURGHUPD� UHJLVWU\� ���� DW� �� \HDUV�25 
and much higher than in unselected patients, where the annual 
LQFLGHQFH�LV�DSSUR[LPDWHO\�����²�����26 27 This is most likely 
due to a combination of patient selection in our cohort and use 
of an echocardiography-suspected PH definition that was not 
strictly based on right heart catheterisation data but based on 
assessment by the treating physician. The mortality rate within 
12±3 months among patients with dcSSc in the present study 
������ZDV� UHODWLYHO\�KLJK� FRPSDUHG�ZLWK� HDUOLHU� UHSRUWV� IURP�
the EUSTAR database (5-year mortality from diagnosis in all 
SDWLHQWV�ZLWK� 66F� RI� ����28� EXW� DOVR� VXUSDVVHV� WKH� ���� HDUO\�
mortality (within 3 years) recently reported in a multinational 
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Conclusions  


• RévoluBon	
  de	
  la	
  classificaBon	
  à	
  parBr	
  des	
  données	
  cliniques	
  (et	
  
possible	
  futur	
  rôle	
  des	
  –omiques	
  avec	
  l’analyse	
  staBsBque	
  
informaBsée	
  des	
  ‘big	
  data’)	
  
• Rôle	
  des	
  centres	
  de	
  référence	
  pour	
  l’homogénéisaBon	
  d’un	
  suivi	
  
complexe	
  et	
  mulBdisciplinaire	
  
• AmélioraBon	
  des	
  instruments	
  clinimétriques	
  pour	
  la	
  mise	
  à	
  point	
  des	
  
nouvelles	
  mesures	
  d’outcome	
  
•  Enrichissement	
  des	
  cohortes	
  pour	
  une	
  meilleure	
  inclusion	
  dans	
  les	
  
RCT	
  


