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ABSTRACT

Background. Systemic sclerosis (SSc) is a complex chronic autoimmune disease, with an unpredictable evolu-
tion and high morbidity and mortality rates.

Objective. Evaluation of long-term survival and identification of prognostic factors in patients with systemic scle-
rosis.

Methods. All patients with SSc of the EUSTAR100 center, having at least one visit between 2004 and 2016, were
included. Data were analyzed for survival, cause of death, as well as for the following events defining disease
worsening: increase in modified Rodnan score (mMRSS) with at least 25% and 5 points (compared to baseline
visit), decrease with at least 10% (compared to baseline) of predicted forced vital capacity (FVC) and predicted
diffusing capacity of the lungs for carbon monoxide (DLCO), and presence of new digital ulcers (DUs). Logistic
regression (LR), Cox proportional hazards regression and Kaplan-Meier survival curves were used in univariate
and multivariate analysis to study survival and identify prognostic factors.

Results. 137 patients were included in the study (89.1% females, mean age + SD 56.7 + 12.6 years, disease du-
ration 9.7 + 7.1 years), with a follow-up duration of up to 19 years. 96 patients had at least one follow-up visit and
66 (not including patients who died earlier than 2 years after the first presentation) had follow-up data at 2 years
(+ 6 months) after the first visit in the clinic. There were 19 reported deaths (13.9%), 11 attributed to SSc (of whom
8 were due to lung involvement). Risk factors for death were diffuse cutaneous subset and mRSS>14 at baseline
(identified by LR adjusted for age and sex), male sex and proteinuria (Cox analysis).

While in over half of the patients FVC and mRSS were stable or improved (86% and 96% respectively), and no
new DUs occurred (64%), 52% of the patients presented significant worsening of DLCO during the entire follow-
up. Risk factors for DLCO worsening at 2 years, by LR adjusted for sex and age, were male sex and diffuse cu-
taneous subset, while Cox analysis identified only male sex. The only risk factor identified for appearance of new
DUs was the history of DUs at the first presentation.

Conclusions. SSc often presents an unfavorable disease course, particularly due to lung involvement. Risk
factors for disease worsening were male sex, diffuse cutaneous subset, and mRSS>14 at baseline. SSc-related
deaths were mainly due to lung involvement, thus underlining the necessity of identifying predictive factors for
lung function deterioration at the first presentation.

INTRODUCTION AND OBJECTIVES

Systemic sclerosis (SSc) is a chronic systemic
autoimmune disease with a variable course. SSc has
the highest mortality rate of all connective tissue dis-
eases, death occurring most frequently due to inter-
stitial lung disease (ILD) (1). Other leading SSc-re-
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lated death causes are severe gastrointestinal
involvement (leading to malnutrition), heart involve-
ment and scleroderma renal crisis (2,3). Studies re-
port important early mortality in SSc (4). Therefore,
identifying prognostic factors at the first presenta-
tion of SSc patients in a specialized center is impor-
tant for optimal management (1). This can be
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achieved by observing a large number of patients
over a long period of time. This study is aiming to
evaluate long-term survival and to identify prognos-
tic factors in a Romanian single-center cohort of pa-
tients with systemic sclerosis.

PATIENTS AND METHODS

All patients diagnosed with SSc by expert opinion,
who attended the EUSTAR center 100 between Jan
2004 and March 2016, were included in this study. An
extensive clinical, imagistic, functional and laborato-
ry investigation was performed in all patients, accord-
ing to the EUSTAR recommendations. All patients
have given written informed consent for the recording
and analysis of their medical data.

The entire cohort was used for survival analysis,
while risk factor assessment was performed only on
patients having at least 18 months of follow-up.

STATISTICAL ANALYSIS

Risk factors for death were analyzed on the entire
cohort by logistic regression (LR) and also by Cox
proportional hazards regression (Cox regression),
both adjusted for age and sex. Kaplan-Meier surviv-
al curves were used to illustrate survival of differ-
ent patient subsets.

Risk factors for an unfavorable disease outcome
(excepting death) after the first 2 years (£ 6 months)
from baseline were analyzed by age and sex-adjust-
ed univariable LR; only patients who had a visit in
the center at 2 years + 6 months since baseline were
included in this analysis.

Risk factors for an unfavorable disease course, as
assessed at the end of follow-up, were analyzed by
age and sex-adjusted Cox regression. All patients
having at last 18 months of follow-up were included
in this analysis.

The following events were chosen to define an
unfavorable disease course: increase in modified
Rodnan score (mRSS) with at least 25% and 5 points
(compared to baseline visit), decrease with at least
10% (compared to baseline) of predicted forced vital
capacity (FVC) and predicted diffusing capacity of
the lungs for carbon monoxide (DLCO), ejection
fraction of the left ventricle (LVEF) lower than 50%
and presence of new digital ulcers (DUs).

Candidate risk factors were selected by clinical
judgement among baseline parameters and included:
male sex, age at baseline > 60 years, disease duration
at baseline <3 years, anti-centromere antibodies, an-

ti-topoisomerase I antibodies, mRSS >14, history of
DUs, diffuse cutaneous subset, FVC < 70% of pre-
dicted, DLCO < 80% of predicted and proteinuria.

RESULTS
Demographic data

The entire study cohort comprised 137 patients
(122 females (89.1%) and 15 males (10.9%), mean
age 56.7+12.8 years, disease duration 9.7+7.1 years),
of whom 117 patients (85.4%) fulfilled the 1980
ACR classification criteria for SSc at the first visit.

Duration of observation and risk factor analysis
dataset

96 patients had at least two visits, of whom 25
were considered lost to follow up (first visit prior to
Jan 2014, without follow-up visit between Jan 2014
and March 2016). Of the remaining 71 patients, who
had at least one follow-up visit after Jan 2014, 5
were excluded from the longitudinal analysis by LR
(one died at < 6 months after baseline, 4 did not have
a follow-up visit at 2 years = 6 months after base-
line). The remaining 66 patients constituted the anal-
ysis set for the risk factors analysis, with a median
follow-up time of 4.4 years (range 2-19 years). Of
them, 64% had diffuse cutaneous SSc (dcSSc), 26%
had limited cutaneous SSc (IcSSc) and 10% were
classified as overlap syndromes with SSc. Demo-
graphic and clinical data of all patients are shown in
Table 1.

TABLE 1. Demographic data for the study cohort (137
patients). Data are means * standard deviations

Age, years 56.7+12.8
Age at the onset of the Raynaud’s phenomenon [42.2 +14.3
Age at diagnosis 46.9+13.0
Disease duration since diagnosis, years 9.7+7.1
Age at diagnosis for the diffuse cutaneous 51.6 +13.3
subset (n = 87)

Age at diagnosis for the limited cutaneous 48.2+11.6
subset (n = 36)

Age at diagnosis for men (n = 15) 42.8+9.3
Age at diagnosis for women (n = 122) 47.4+13.4

Survival analysis

Nineteen deaths were reported (13.9%), with 11
deaths directly related to SSc (8.0%): 6 by severe
interstitial lung disease, 2 by pulmonary arterial hy-
pertension, one by scleroderma renal crisis, one by
severe denutrition and one sudden death. Non-SSc
death causes were stroke (3 patients), malignancy (2
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patients), primary biliary cirrhosis, myocardial in-
farction and acute leukemia (one case each). Mean
age at death was 57.9 + 11.4 years, with mean dis-
ease duration at baseline of 6.7 + 5.2 years. SSc-re-
lated death causes were associated with younger age
at death, when compared to non-SSc related death
causes. More data on SS-related and non-SSc related
death are shown in Table 2.

TABLE 2. Non-SSc related versus SSc-related death
causes (n=19)

Death Age at Disease duration Age at

cause death (at death) diagnosis
(mean £ SD) (mean # SD) (mean £ SD)

Non-SSc

related 61.6+10.3 8.4+7.5 52.6+14.2

N=8

,S\lsz';el'amd 56.2+10.2 5.5+2.3 50.4+9.9

TABLE 3. Risk factors for death identified logistic
regression (LR) and Cox regression (both analyses were
carried out with the candidate risk factor and age and sex
as covariates)

Risk factors for death (n = 137 patients)
LR

OR 95% ClI p
Male sex 6.8 1.95-23.45 0.003
mRSS > 14 6.9 2.22-21.32 0.001
dcSSc 4.8 1.27-17.93 0.02
Cox Regression

HR 95% Cl p
Male sex 5.6 1.5-21.5 0.012
Proteinuria 7.7 1.4-43.3 0.02

TABLE 4. Risk factors for DLCO worsening (n = 66
patients): logistic regression (LR) and Cox regression
(both analyses were carried out with the candidate risk
factor and age and sex as covariates)

Risk factors for DLCO worsening
LR

OR 95% Cl p
Male sex 4.7 1.6-12.6 0.004
Cox regression

HR 95% Cl p
Male sex 7.6 1.3-42.7 0.023
dcSSc 10.2 1.5-67.0 0.016
Multivariate model LR

OR 95% Cl p
Male sex 9.1 1.2-70.4 0.034
Age < 60 years 1.8 1.2-20.6 0.635
dcSSc 10.2 1.5-67.0 0.016

Risk factors for mortality identified by LR were:
male sex, mRSS > 14 at baseline and dcSSc, while
Cox regression identified male sex and proteinuria
as risk factors for death. Kaplan-Meier survival

curves for patients with dcSSc/lcSSc and respective-
ly with mRSS >/<14 at baseline are shown in Fig. 1
and 2.

Disease evolution and prognostic factors

During the entire follow-up, FVC improved in
30%, was stable in 56% and worsened in 14%, while
DLCO improved in 7%, was stable in 41% and
worsened in 52% of the patients. mRSS improved in
25% of SSc patients, was stable in 71% patients,
worsened in 5%. New DUs occurred in 36% of the
patients. 95% of patients who presented LVEF data
at the last visit maintained LVEF > 50%.

Risk factors for DLCO worsening identified by
univariable LR were male sex and dcSSc, while un-
variable Cox analysis identified only male sex. A
multivariable prediction model for worsening of
DLCO in the 2 years-analysis retained as significant
risk factors male sex, age < 60 years, and dcSSc.

The only risk factor identified for new DUs was
the history of DUs at baseline (LR adjusted for age
and sex: OR 4.2, 95% CI 1.2-15.1).

We couldn’t identify risk factors for the worsen-
ing of mRSS, FVC or LVEF because all analyses
yielded statistically non-significant results.

DISCUSSIONS

Recent studies have shown that, over time, there
has been a change in the pattern of death of patients
with SSc, with a decrease in SSc-related causes (5).
In our study, the proportion of SSc-related deaths
was rather similar to the one of non-SSc related
deaths: 8.0% versus 5.8%. A recent study conducted
on 987 patients concluded that pulmonary involve-
ment is the main cause of deaths directly linked to
SSc (5). SSc-related deaths in our patients were in
almost % of cases due to lung involvement (6 cases
of ILD and 2 cases of pulmonary arterial hyperten-
sion), underlining the necessity of identifying pre-
dictive factors for lung function deterioration from
the first visit. Male sex and dcSSc were identified as
prognostic factors of DLCO deterioration.

Fifty-two percent of our patients presented deterio-
ration of DLCO at the last visit, while for the other
outcomes most of the patients presented a stable of
favorable evolution (stable and improved FVC,
mRSS and no new DUs in 86%, 96 and 64%, respec-
tively). This suggests that DLCO is more sensitive to
change than FVC and reflects not only worsening of
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SSc-related ILD, but also pulmonary hypertension
and possibly other factors.

Another aim of this study was to construct a mul-
tivariate model for predicting disease worsening.
This succeeded only for DLCO deterioration during
the first 2 years of follow-up, using logistic regres-
sion, and included male sex, age < 60 years and dif-
fuse cutaneous SSc. When trying to determine a sim-
ilar model by Cox regression, results were not
statistically significant. Our results are similar to
those of other studies on prognostic factors: diffuse
cutaneous SSc as the only predictor of important
lung involvement (6); DUs as the most important
risk factor for occurrence of new DUs (7); increased
erythrocyte sedimentation rate, anemia, low DLCO
and proteinuria linked to high mortality (8).

Limitations of this study were deficiencies in
data collecting for the follow up tests carried out in
other facilities (with only 59% and 72% of patients
having both at baseline and at the last visit pulmo-
nary function tests, respectively echocardiography
data), loss to follow up and the limited number of
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