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Abstract

Background: European data indicate that systemic sclerosis (SSc)-related death rates are increasing, thus raising
concerns about SSc’s optimal management. Herein, we describe current treatment modalities and drug survival in a
real-life SSc cohort.

Methods: Details on immunosuppressive/antiproliferative (methotrexate, mycophenolate, cyclophosphamide,
azathioprine, rituximab, tocilizumab) and vasoactive agent [(endothelin receptor antagonists (ERAs), sildenafil,
iloprost, and calcium channel blockers (CCB)] administration during the disease course (11.8 ± 8.4 years, mean + SD)
of 497 consecutive patients examined between 2016 and 2018 were retrospectively recorded. Drug survival was
assessed by Kaplan–Meier analysis.

Results: Methotrexate was the most frequently administered immunosuppressive/antiproliferative agent (53% of
patients), followed by cyclophosphamide (26%), mycophenolate (12%), and azathioprine (11%). Regarding
vasoactive agents, CCB had been ever administered in 68%, ERAs in 38%, iloprost in 7%, and sildenafil in 7% of
patients; 23% of patients with pulmonary fibrosis had never received immunosuppressive/antiproliferative agents,
33% of those with digital ulcers had never received ERAs, iloprost, or sildenafil, whereas 19% of all patients had
never received either immunosuppressive/antiproliferative or other than CCB vasoactive agents. Survival rates of
methotrexate, cyclophosphamide, and mycophenolate differed significantly, being 84/75%, 59/43%, and 74/63% at
12/24 months, respectively, with inefficacy being the most frequent discontinuation cause. Conversely, CCB, ERAs,
and sildenafil had high and comparable retention rates of 97/91%, 88/86%, and 80/80%, respectively.

Conclusions: Existing therapeutic limitations indicate that more evidence-based treatment is warranted for
successful management of SSc. Vasculopathy seems to be managed more rigorously, but the low retention rates of
immunosuppressive/antiproliferative drugs suggest that effective and targeted disease-modifying agents are
warranted.
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Background
Systemic sclerosis (SSc) is a rare systemic autoimmune
disorder that pathogenetically encompasses microvascular
damage and fibrosis of the skin and visceral organs, associ-
ated with immunological aberrations [1] and presents the
highest disease-related mortality among the various
rheumatic diseases [2, 3]. Despite the emergence of new
therapeutic agents for SSc, mainly targeting inflammatory
and vascular pathways, survival has not improved signifi-
cantly during the last decades [4, 5]. Recently, a study
from the EUSTAR group reported that despite a decrease
in standardized mortality rate in SSc over time, the rate of
deaths directly attributed to SSc has increased [6]. Overall,
this lack of improved survival raises concerns about the
efficacy of currently available treatments and conveys the
need for new, more effective agents.
The objectives of the present study are to describe

current treatment modalities in a large, multicentre,
real-life SSc cohort and to determine the drug survival
rate of commonly used immunosuppressive/antiprolifer-
ative or vasoactive agents in SSc that reflects their
real-world effectiveness and safety.

Methods
Based on a standardized protocol for data recording pro-
cedures and definition of organ involvement, consecutive
patients from 8 academic centres across Greece who
fulfilled the 1980 American College of Rheumatology
classification criteria for SSc [7] and were examined at
least once between January 2016 and December 2018,
were included in the study. Ethical approval was pro-
vided by the Joint Rheumatology Program (Hippokration
General Hospital, 64/16-4-2015) as well as by the local
institutional boards of participating centres. Informed
consent was provided by all patients at baseline. The
medical records of all patients were retrospectively ana-
lyzed and demographics, SSc clinical manifestations, and
any immunosuppressive/antiproliferative or vasoactive
treatments administered anytime during the disease
course were recorded.
Organ involvement was defined in all participating

centres according to the following criteria:

1) Arthritis: presence of synovitis in a joint.
2) Pulmonary fibrosis (PF): usual interstitial pneumonia (UIP)

or non-specific interstitial pneumonia (NSIP) pattern on
high-resolution chest computed tomography (CT).

3) Pulmonary arterial hypertension (PAH): mean
pulmonary artery pressure (PAP) ≥ 25 mmHg on
cardiac catheterization or systolic PAP > 50 mmHg
in echocardiography.

4) Cardiac rhythm disorders: presence of arrhythmias
or conduction defects in ECG confirmed by 24 h
Holter monitoring.

5) Renal crisis: Abrupt onset of rapidly progressive
oliguric renal failure that cannot be attributed to
any other cause with or without concurrent
accelerated arterial hypertension (> 150/90 mmHg)

6) Digital ulcers (DUs): denuded area with well-
defined borders, involving loss of dermis, epidermis,
and subcutaneous tissue located on the volar
surface of the fingers.

7) Upper gastrointestinal tract involvement: distal
esophageal dysmotility by manometry, dilatation of
oesophagus in chest CT, or reported symptoms like
heartburn or dysphagia.

Immunosuppressive/antiproliferative agents that were
recorded included methotrexate (MTX), mycophenolate
mofetil (MMF), cyclophosphamide (CYC), azathioprine
(AZA), rituximab (RTX), and tocilizumab (TCZ), while
recorded vasoactive therapies comprised endothelin
receptor antagonists (ERAs) bosentan, abrisentan, and
macitentan, the 5-phosphodiesterase inhibitor (PDE5)
sildenafil, the synthetic analog of prostacyclin iloprost,
and calcium channel blockers (CCB).
For the drug survival analysis, a subcohort of patients,

with regular follow-up every 3–4 months in a single
centre, for whom detailed medical information regarding
exact date of each drug initiation and discontinuation
and reason for discontinuation was available, was stud-
ied. Reasons for drug discontinuation were classified as
associated toxicity, lack of response, disease stabilization,
or miscellaneous. Kaplan–Meier curves were plotted to de-
termine continuation rates for the different immunosup-
pressive/antiproliferative and vasoactive drugs separately
and were compared with the log-rank test. Discontinuation
of treatment (for any of the reasons described above) was
considered an event. Comparisons among groups for con-
tinuous variables were made by t test and for categorical
variables by the χ2 test. Statistical significance was assumed
for values of p < 0.05. All statistical analyses were
performed in SPSS version 24.0.

Results
Treatment patterns
A total of 497 patients (438 women, 243 diffuse SSc,
mean disease duration 11.8 ± 8.4 years) were included in
the study. Demographics and SSc clinical characteristics
are presented in Table 1. Regarding immunosuppres-
sive/antiproliferative treatments, a total of 362 patients
was administered at least one of these agents at some
point during the disease course. As shown in Table 2,
MTX was the most frequent agent administered in 265
patients (51% of them with diffuse subtype) followed by
CYC in 130 (75% diffuse), MMF in 58 (62% diffuse),
AZA in 52 (52% diffuse), RTX in 43 (79% diffuse), and
TCZ in 25 (56% diffuse) of patients, respectively. Overall,
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222 out of 362 patients had received only 1 agent, 97
patients had received 2 different agents, 37 patients had
received 3 agents, and 6 patients more than 3 agents.
Regarding vasoactive agents, 338 out of 497 patients

had ever received CCB. For other than CCB, i.e., ad-
vanced vasoactive agents such as ERAs, iloprost, and sin-
denafil, 195/497 patients had received them during the
disease course. Among these agents, ERAs were the
most frequently dispensed in 186 patients (61% diffuse)
followed by sildenafil in 34 (66% diffuse) and iloprost in
33 patients (55% diffuse) (Table 2). Among those 195

patients, 138 had received only ERAs, 4 only sildenafil, 7
patients only iloprost, 22 patients received combination
of ERAs and sildenafil, 18 combined treatment with
ERAs and iloprost, and 8 patients received combination
of ERAs, sildenafil, and iloprost. Overall, among 48
patients who received combined therapy, 26 patients
presented PAH and 22 refractory DUs.
Of note, 27% of all SSc patients had never been treated

with immunosuppressive/antiproliferative agents, 61%
had never received advanced vasoactive therapy, and
19% of all patients were never administered either treat-
ment (Table 2). Moreover, 23% of patients developing
PF had never received immunosuppressive/antiprolifera-
tive treatment while among patients with DUs, 33% of
them had never received advanced vasoactive drugs.

Drug survival analysis
The subcohort which was used for the drug survival ana-
lysis comprised 181 SSc patients and was representative

Table 1 Comparable demographics and clinical characteristics
of multicentre (n = 497) and single-centre (n = 181) systemic
sclerosis cohorts

Multicentre cohort
n = 497 (243 diffuse)

Single-centre cohort*
n = 181 (83 diffuse)

Age (years) 59.7 ± 13.9 55.8 ± 14.6

Diffuse 58.5 ± 14.2 54.3 ± 13.9

Limited 60.6 ± 13.8 56.8 ± 15.2

Gender (women) 438 (88%) 161 (89%)

Diffuse 213 (88%) 75 (91%)

Limited 225 (89%) 86 (86%)

Disease duration (years) 11.8 ± 8.4 11.8 ± 8.3

Diffuse 12.4 ± 8.0 11.9 ± 7.8

Limited 11.2 ± 8.4 11.9 ± 8.6

Arthritis 298 (60%) 114 (63%)

Diffuse 156 (64%) 58 (70%)

Limited 142 (56%) 56 (57%)

Pulmonary fibrosis 308 (62%) 119 (66%)

Diffuse 190 (78%) 66 (80%)

Limited 118 (46%) 53 (54%)

Pulmonary hypertension 54 (11%) 18 (10%)

Diffuse 30 (12%) 9 (11%)

Limited 24 10%) 9 (10%)

Cardiac rhythm disorders 68 (14%) 24 (13%)

Diffuse 40 (16%) 13 (15%)

Limited 28 (11%) 11 (11%)

Renal crisis 9 (2%) 5 (3%)

Diffuse 6 (2%) 3 (3%)

Limited 3 (1%) 2 (2%)

Digital ulcers 268 (54%) 96 (53%)

Diffuse 168 (69%) 53 (64%)

Limited 100 (39%) 43 (44%)

Upper gastrointestinal
involvement

363 (73%) 136 (75%)

Diffuse 207 (85%) 67 (83%)

Limited 156 (61%) 66 (68%)

Data are shown as mean ± 1 standard deviation and as numbers (percentage)
*p > 0.05 for all comparisons between multicentre and single centre cohort

Table 2 Immunosuppressive/antiproliferative and vasoactive
agents administered anytime during disease course in a
multicentre systemic sclerosis cohort

Total
(n = 497)

Diffuse
(n = 243)

Limited
(n = 254)

p

Immunosuppresives/ antiproliferatives

Methotrexate 265
(53%)

134
(55%)

131
(52%)

NS

Cyclophosphamide 130
(26%)

97 (40%) 33 (13%) 0.021

Mycophenolate 58 (12%) 36 (15%) 22 (9%) 0.068

Azathiorine 52
(10.5%)

27 (11%) 25 (10%) NS

Rituximab 43 (9%) 34 (14%) 9 (4%) 0.001

Tocilizumab 25 (5%) 14 (6%) 11 (4%) NS

Vasoactives

Calcium channel blockers 338
(68%)

172
(71%)

166
(65%)

NS

Bosentan 164
(33%)

104
(43%)

60 (24%) 0.001

Abrisentan 13 (3%) 7 (3%) 6 (2%) NS

Macitentan 9 (2%) 3 (1%) 6 (2%) NS

Sildenafil 34 (7%) 23 (9%) 11 (4%) 0.05

Iloprost 33 (7%) 18 (7%) 15 (6%) NS

Only immunosuppressive
treatment

209
(42%)

96 (40%) 113
(45%)

NS

Only vasoactive treatment 39 (8%) 20 (8%) 19 (7%) NS

Both treatments 156
(31%)

102
(42%)

54 (21%) 0.001

No treatment 93 (19%) 25 (10%) 68 (27%) 0.001

All data are shown as numbers (percentage)
Mean disease duration: 11.8 ± 8.4 years, (mean + standard deviation)
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of the entire multicentre cohort regarding demographics
and clinical characteristics (Table 1).
Regarding immunosuppressive/antiproliferative agents,

survival of MTX was 91% after 6 months, dropped to
84% after 1 year from treatment initiation and reached
72% after 36 months. CYC exhibited significantly lower
survival rates compared to MTX (59% at 12 months,
43% at 24 months, and 26% after 36 months from treat-
ment initiation) (Table 3 and Fig. 1). Survival was also
significantly lower for MMF and AZA compared to
MTX at 12, 24, and 36 months after treatment initiation.
Regarding RTX and TCZ, the small number of cases and
the paucity of long-term data precluded their inclusion
in the analysis. However, it should be noted that for
TCZ, which was used in the context of common clinical
practice and not under any long-term clinical trial, after
12 months 10 out of 13 patients who entered this treat-
ment continued on this regimen.
Among vasoactive drugs, CCB, ERAs, and PDE5 inhib-

itors presented high and comparable retention rates
(Table 3 and Fig. 2). Specifically, survival of ERAs was
92% after 6 months, dropped to 88% after 1 year and
reached 82% after 36 months. For sildenafil, the survival
rate was 93% at 6 months, decreased to 80% at 12 and
24months, and in the third year reached 71%. Analysis
according to different indications for ERAs and sildenafil
revealed comparable rates after 12, 24, and 36months
for ERAs (90%, 87%, and 82% in case of DUs vs. 93%,
88%, and 84% in case of PAH, p = 0.895) and sildenafil
(84% for all timepoints in case of DUs vs. 89%, 78%, and
78% in case of PAH, respectively, p = 0.475). For CCB
the survival rates were 97%, 91%, and 87% after 12, 24,

and 36months from treatment initiation. Finally, for ilo-
prost, which was mostly given as salvage treatment, the
respective rates at the end of 6, 12, and 24 months were
91%, 41%, and 31%.
Regarding drug discontinuation (Table 4), the most fre-

quent cause for all immunosuppressive/antiproliferative
drugs was inefficacy and accounted for 41% of all dropouts
in the MTX group, 31% in CYC, and 33% in MMF. Ad-
verse events were responsible for 30% of all MTX, 26% of
CYC, and 27% of all MMF discontinuations. Interestingly,
drug cessation after disease stabilization was noted in 9.5%
of all MTX cases, 21% of all CYC, and 15% of all MMF
cases.
For the group of vasoactive agents, the most frequent

cause of discontinuation was the presence of adverse
events ranging from 50% for iloprost to 71% for ERAs
while inefficacy was responsible for 12% of treatment
cessation in the ERAs group, 13% in iloprost, and 33% in
sildenafil (Table 4).

Discussion
To the best of our knowledge this is the first study to
analyse the survival of immunosupressive/antiprolifera-
tive and vasoactive regimens used in SSc based on real-
world data.
The analysis in the multicentre cohort revealed that

MTX was the most commonly administered immunosup-
pressive/antiproliferative agent in SSc patients followed by
CYC, MMF, and AZA while a small number of patients
was treated with biologics (RTX or TCZ) for which obser-
vational studies have reported promising results from their
use in SSc [8–11]. This results can be explained, as MTX,

Table 3 Survival rates (95% confidence intervals) of immunosuppressive/antiproliferative and vasoactive agents in 181 patients with
Systemic sclerosis

Immunosuppressives Methotrexate * Cyclophosphamide ** Mycophenolate*** Azathioprine

6 months 0.91 (0.84–0.95) 0.76 (0.60–0.86) 0.95 (0.70–0.98) 0.88 (0.62–0.97)

12 months 0.84 (0.75–0.90) 0.59 (0.42–0.72) 0.74 (0.48–0.88) 0.78 (0.51–0.91)

24 months 0.75 (0.66–0.83) 0.43 (0.27–0.58) 0.63 (0.40–0.80) 0.60 (0.34–0.78)

36 months 0.72 (0.62–0.80) 0.26 (0.13–0.40) 0.53 (0.32–0.74) 0.47 (0.23–0.67)

48 months 0.65 (0.54–0.74) 0.16 (0.06–0.30) 0.40 (0.20–0.61) 0.33 (0.12–0.54)

Vasoactives Endotelin-receptor antagonists+ Sildenafil++ Calcium channel blockers –

6 months 0.92 (0.84–0.96) 0.93 (0.69–0.99) 0.99 (0.93–0.99) –

12months 0.88 (0.78–0.94) 0.8 (0.52–0.93) 0.97 (0.91–0.99) –

24months 0.86 (0.76–0.92) 0.8 (0.52–0.93) 0.91 (0.85–0.96) –

36months 0.84 (0.73–0.91) 0.70 (0.41–0.88) 0.87 (0.78–0.92) –

48months 0.79 (0.66–0.88) 0.70 (0.41–0.88) 0.83 (0.74–0.89) –

*0.001 vs. CYC, 0.039 vs. MMF, 0.001 vs. AZA
**0.009 vs. MMF, 0.075 vs. AZA *** 0.337 vs. AZA
+ 0.256 vs. sildenafil, 0.562 vs. CCB ++ 0.187 vs. CCB
Methotrexate and tocilizumab were administered for skin sclerosis or arthritis. Cyclophosphamide, mycophenolate, azathioprine, and rituximab were administered
mainly for pulmonary fibrosis. Endothelin receptor antagonists (ERAs) and sildenafil were administered either for digital ulcers or pulmonary arterial hypertension
and calcium channel blockers (CCB) were administered as first-line vasodilators
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based on randomized clinical trials (RCTs) and observa-
tional studies [12–14], is efficient in skin sclerosis and
arthritis, the two most frequent manifestations of SSc and
currently MTX is included in the EULAR recommenda-
tions for skin disease [15], representing the first choice of
treatment of most physicians for mild to moderate cases
of SSc. On the other hand, CYC and MMF which are
considered more potent are recommended for the severe
complications of SSc, like progressive PF or cardiac
involvement [15–19].
Regarding vasoactive treatments, CCB, an old and con-

ventional group of vasodilators, were the most frequently
administered in SSc patients. Among more advanced
vasoactive agents, ERAs were the treatment of choice in

the majority of cases. In our study, the percentage of sil-
denafil- and iloprost-treated patients was significantly
lower compared to other large published SSc cohorts
[20, 21]. A possible explanation is that these two drugs
are not approved by the national insurance system for
the management of digital vasculopathy in Greece and
their prescription requires special permission from a na-
tional committee, thus limiting their ordinary use. Of
note, 25% of patients (48% among patients with PAH)
who needed advanced vasodilation received double or
triple combination therapy. The latter is in accordance
with the results of other studies [22, 23] and during the
last years, there is growing evidence that combined ther-
apy compared to monotherapy results in improved

Fig. 1 Kaplan–Meier curves showing drug survival of immunosuppressive/antiproliferative agents in 181 patients with systemic sclerosis. Mean
disease duration: 11.8 ± 8.4 years, mean + SD. AZA = azathioprine, CYC = cyclophosphamide, MMF =mycophenolate mofetil, MTX =methotrexate

Fig. 2 Kaplan–Meier curves showing drug survival of vasoactive agents in 181 patients with systemic sclerosis. Mean disease duration: 11.8 ± 8.4
years, mean + SD. CCB = calcium channel blockers, ERAs = endothelin receptor antagonists, PDE5 = 5-phosphodiesterase inhibitor
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functional outcomes both for PAH [24–26] and digital
vasculopathy [27].
An interesting finding of the present study was that

23% of patients with PF and 33% with DUs never re-
ceived immunosuppressive/antiproliferative or advanced
vasoactive agents, respectively, during the entire disease
course, possibly reflecting the group of patients present-
ing a mild disease pattern. In a recent retrospective
study of 151 SSc patients suffering from PF [28], analysis
based on a watchful waiting decision model showed that
among patients with mild lung involvement, survival was
higher in the untreated group. Additionally, in the ESOS
study of 2017 [29], untreated patients had comparable
disease outcomes and survival rates to treated patients
with MTX, CYC, or MMF. Taking into account that in
both studies untreated patients suffered from milder dis-
ease, these results and the results of our study indicate
that aggressive treatment may not always be needed in
case of mildly manifested complications, sparing in many
cases patients from unnecessary toxic treatments. On
the other hand, it is possible that in real-world some pa-
tients might be undertreated due to inadequate follow-
up or underestimation of disease severity. A data analysis
in 3248 patients of the German national registry revealed
that 30% of patients with DUs and 20% with PAH never
received vasoactive drugs [20] while recently a EUSTAR
analysis of 1800 patients revealed the same for 25% of
patients with DUs [21], with both studies questioning
the adequate management of these patients.
Regarding drug survival, analysis in one centre cohort,

representative of the entire multicentre cohort, revealed
that MTX presented the longest mean overall drug
survival followed by MMF, AZA, and CYC with lack of
efficacy or adverse events being responsible for drug ces-
sation in around 60 to 70% of cases. However, these

results cannot be directly compared, firstly, because
MTX is usually administered for milder manifestations
and secondly because CYC and to a lesser degree MMF
are typically administered as induction therapies and
consequently after 12–18months are replaced by less-
toxic maintenance therapies. It should be noted that in
our study a small proportion of patients received per os
CYC for 36 or even 48 months, beyond the usual induc-
tion drug load, and these patients correspond to a
former period when therapeutic choices were limited
and prolonged per os CYC treatment was necessary. In
the literature, the reported discontinuation rates vary
from 30 to 45% for CYC [17, 19, 30] and from 10 to 40%
for MMF after 12 to 24 months of treatment [18, 31, 32]
while another concerning issue is the results from stud-
ies reporting recurrence of the disease after CYC or
MMF cessation [33, 34]. Altogether, the mediocre reten-
tion rates of CYC and MMF and the risk of disease re-
lapse after treatment cessation are indicative of the
therapeutic predicament that physicians often confront
in daily clinical practice and of the need for newer more
effective long-term treatments. Interestingly, in our study
despite the short follow-up for TCZ treatment, 80% of
patients continued TCZ after 12months of treatment
which could be indicative of its potential efficacy in SSc.
Certainly, RCTs are needed to clarify the position of TCZ
and other biologics like RTX in the treatment of SSc.
For vasoactive agents, the results were quite different,

revealing high and comparable retention rates for CCB,
ERAs, and PDE5 inhibitors and limited numbers of cases
who had to stop treatment mainly due to adverse events.
These results are confirmed in other observational stud-
ies [35–37] and indicate that contrary to the unmet need
of adequate immunomodulation in SSc, vasculopathy
seems to be managed in a more efficient way after the

Table 4 Reasons for discontinuation of immunosuppressive/antiproliferative and vasoactive agents in 181 patients with systemic
sclerosis

Inefficacy Adverse event Disease stabilization Miscellaneous

Methotrexate (n = 49/106)* 20 (41%) 15 (30%) 10 (21%) 4 (8%)

Cyclophospamide (n = 35/48) 11 (31%) 9 (26%) 10 (29%) 5 (14%)

Mycophenolate (n = 18/27) 6 (33%) 5 (27%) 4 (22%) 3 (22%)

Azathioprine (n = 13/16) 7 (54%) 3 (23%) – 3 (23%)

Rituximab (n = 3/6) 1 (33%) 1 (33%) – 1 (33%)

Tocilizumab (n = 3/13) 1 (33%) 1 (33%) – 1 (33%)

ERAs (n = 17/83) 2 (12%) 12 (71%) – 3 (17%)

Bosentan (n = 14/71) 1 (7%) 10 (71%) – 3 (21%)

Abrisentan (n = 2/7) 1 (50%) 1 (50%) – –

Macitentan (n = 1/5) – 1 (100%) – –

Iloprost (n = 8/12) 1 (13%) 4 (50%) – 3 (37%)

Sildenafil (n = 3/15) 1 (33%) 2 (66%) – –

*n of agents discontinued/n of agents administered
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introduction of advanced vasoactive regimens during the
last 15 years.
Our study has certain limitations. Firstly, although

analysis of treatment patterns was performed in the mul-
ticentre cohort, the lack of detailed data for drug ini-
tiation and/or cessation in the other cohorts made the
drug survival analysis feasible only in one single-centre
cohort. It should be noted however that this subcohort
was demographically and clinically representative of the
entire multicentre cohort possibly allowing to extrapo-
late the results to the multicentre cohort. Additionally,
the retrospective nature of the study and the lack of clin-
ical data for all patients in the multicentre cohort for-
bade the comparison between treated and untreated
patients in order to address differences between the two
groups. Finally, as in all multicentre cohorts, treatment
decisions vary among physicians and a possible influence
of this heterogeneity on the results cannot be ignored.

Conclusions
To conclude, the results of the present study indicate
that a considerable proportion of SSc patients may be ei-
ther over- or under-treated, thus making risk stratifica-
tion and individualized evidence-based treatment
mandatory in daily clinical practice. Additionally, despite
the advances in understanding the disease mechanisms,
the retention rates of immunosuppressive/antiprolifera-
tive agents are currently low, suggesting a mediocre effi-
cacy which explains the lack of improved survival of
patients with SSc. Although vasculopathy seems to be
managed more rigorously, it is clear that our efforts
should focus on the discovery of more effective and tar-
geted disease-modifying agents for these patients.

Abbreviations
AZA: Azathioprine; CCB: Calcium channel blockers; CT: Computed
tomography; CYC: Cyclophosphamide; DUs: Digital ulcers; ERAs: Endothelin
receptor antagonists; MMF: Mycophenolate mofetil; MTX: Methotrexate;
NSIP: Non-specific interstitial pneumonia; PAH: Pulmonary arterial
hypertension; PAP: Pulmonary artery pressure; PDE5: 5-Phosphodiesterase
inhibitor; PF: Pulmonary fibrosis; RTX: Rituximab; SSc: Systemic sclerosis;
TCZ: Tocilizumab; UIP: Usual interstitial pneumonia

Acknowledgements
Not applicable.

Funding
Funded in part by the Greek Rheumatology Society and Professional
Association of Rheumatologists and the Special Account for Research Grants
(S.A.R.G.), National and Kapodistrian University of Athens, Athens, Greece.

Availability of data and materials
The datasets of the current study are available from the corresponding
author on reasonable request.

Authors’ contributions
SP, KC, MT, DV, and PPS contributed to the conception and study design;
acquisition, analysis, and interpretation of data and drafting of the
manuscript. VKB, AD, SNL, TD, LS, DB, PVV, DD, KT, GG, GV, AG, PS, and GB
contributed to acquisition, analysis, and interpretation of data and revision of

the manuscript for important intellectual content. All authors read and
approved the final version.

Ethics approval and consent to participate
Ethical approval was provided by the Joint Rheumatology
Program(Hippokration General Hospital, 64/16-4-2015) as well as by the local
institutional boards of participating centres and informed consent was
provided by all patients before their inclusion in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Joint Rheumatology Program, 1st Department of Propedeutic Internal
Medicine-Rheumatology Unit, National and Kapodistrian University of Athens,
School of Medicine, Laikon General Hospital, 17 Agiou Thoma str., 115 27
Athens, Greece. 2Rheumatology Clinic, Department of Internal Medicine,
Medical School, University of Ioannina, Ioannina, Greece. 3Division of
Rheumatology, Department of Internal Medicine, Patras University Hospital,
Medical School, University of Patras, Patras, Greece. 44th Department of
Internal Medicine, Hippokration General Hospital, Medical School, Aristotle
University of Thessaloniki, Thessaloniki, Greece. 5Department of
Rheumatology, Faculty of Medicine, School of Health Sciences, University of
Thessaly, Larissa, Greece. 6Joint Rheumatology Program, 4th Department of
Internal Medicine, National and Kapodistrian University of Athens, School of
Medicine, Attikon University Hospital, Athens, Greece. 7Joint Rheumatology
Program, Clinical Immunology -Rheumatology Unit, 2nd Department of
Medicine and Laboratory, National and Kapodistrian University of Athens,
School of Medicine, Hippokration General Hospital, Athens, Greece. 81st
Department of Medicine, Aristotle University of Thessaloniki, School of
Medicine, University General Hospital of Thessaloniki AHEPA, Thessaloniki,
Greece. 9Department of Clinical Rheumatology, Clinical Immunology and
Allergy, Faculty of Medicine-University of Crete, Heraklion, Greece.

Received: 1 December 2019 Accepted: 5 March 2020

References
1. Varga J, Trojanowska M, Kuwana M. Pathogenesis of systemic sclerosis:

recent insights of molecular and cellular mechanisms and therapeutic
opportunities. J Scleroderma Relat Disord. 2017;2:137–52.

2. Tyndall AJ, Bannert B, Vonk M, Airo P, Cozzi F, Carreira PE, et al. Causes and
risk factors for death in systemic sclerosis: a study from the EULAR
Scleroderma Trials and Research (EUSTAR) database. Ann Rheum Dis. 2010;
69:1809–15.

3. Mok CC, Kwok CL, Ho LY, Chan PT, Yip SF. Life expectancy, standardized
mortality ratios, and causes of death in six rheumatic diseases in Hong
Kong, China. Arthritis Rheum. 2011;63:1182–9.

4. Lee YH. Overall and sex- and disease subtype-specific mortality in patients
with systemic sclerosis: an updated meta-analysis. Z Rheumatol. 2019;78:
195–201.

5. Elhai M, Meune C, Avouac J, Kahan A, Allanore Y. Trends in mortality in
patients with systemic sclerosis over 40 years: a systematic review and
meta-analysis of cohort studies. Rheumatol (Oxford). 2012;51:1017–26.

6. Elhai M, Meune C, Boubaya M, Avouac J, Hachulla E, Balbir-Gurman A, et al.
Mapping and predicting mortality from systemic sclerosis. Ann Rheum Dis.
2017;76:1897–905.

7. Preliminary criteria for the classification of systemic sclerosis (scleroderma).
Subcommittee for scleroderma criteria of the American Rheumatism
Association Diagnostic and Therapeutic Criteria Committee. Arthritis Rheum.
1980;23:581–90. https://www.ncbi.nlm.nih.gov/pubmed/7378088.

8. Elhai M, Meunier M, Matucci-Cerinic M, Maurer B, Riemekasten G, Leturcq T,
et al. Outcomes of patients with systemic sclerosis-associated polyarthritis

Panopoulos et al. Arthritis Research & Therapy           (2020) 22:56 Page 7 of 8

https://www.ncbi.nlm.nih.gov/pubmed/7378088


and myopathy treated with tocilizumab or abatacept: a EUSTAR
observational study. Ann Rheum Dis. 2013;72:1217–20.

9. Khanna D, Denton CP, Jahreis A, van Laar JM, Frech TM, Anderson ME, et al.
Safety and efficacy of subcutaneous tocilizumab in adults with systemic
sclerosis (faSScinate): a phase 2, randomised, controlled trial. Lancet. 2016;
387:2630–40.

10. Jordan S, Distler JHW, Maurer B, Huscher D, van Laar JM, Allanore Y, et al.
Effects and safety of rituximab in systemic sclerosis: an analysis from the
European Scleroderma Trial and Research (EUSTAR) group. Ann Rheum Dis.
2015;74:1188–94.

11. Thiebaut M, Launay D, Rivière S, Mahévas T, Bellakhal S, Hachulla E, et al.
Efficacy and safety of rituximab in systemic sclerosis: French retrospective
study and literature review. Autoimmun Rev. 2018;17:582–7.

12. Pope JE, Bellamy N, Seibold JR, Baron M, Ellman M, Carette S, et al. A
randomized, controlled trial of methotrexate versus placebo in early diffuse
scleroderma. Arthritis Rheum. 2001;44:1351–8.

13. van den Hoogen FH, Boerbooms AM, Swaak AJ, Rasker JJ, van Lier HJ, van
de Putte LB. Comparison of methotrexate with placebo in the treatment of
systemic sclerosis: a 24 week randomized double-blind trial, followed by a
24 week observational trial. Br J Rheumatol. 1996;35:364–72.

14. Avouac J, Clements PJ, Khanna D, Furst DE, Allanore Y. Articular
involvement in systemic sclerosis. Rheumatol (Oxford). 2012;51:1347–56.

15. Kowal-Bielecka O, Fransen J, Avouac J, Becker M, Kulak A, Allanore Y, et al.
Update of EULAR recommendations for the treatment of systemic sclerosis.
Ann Rheum Dis. 2017;76:1327–39.

16. Volkmann ER, Chung A, Tashkin DP. Managing systemic sclerosis-related
interstitial lung disease in the modern treatment era. J Scleroderma Relat
Disord. 2017;2:72–83.

17. Tashkin DP, Elashoff R, Clements PJ, Goldin J, Roth MD, Furst DE, et al.
Cyclophosphamide versus placebo in scleroderma lung disease. N Engl J
Med. 2006;354:2655–66.

18. Tashkin DP, Roth MD, Clements PJ, Furst DE, Khanna D, Kleerup EC, et al.
Mycophenolate mofetil versus oral cyclophosphamide in scleroderma-
related interstitial lung disease (SLS II): a randomised controlled, double-
blind, parallel group trial. Lancet Respir Med. 2016;4:708–19.

19. Hoyles RK, Ellis RW, Wellsbury J, Lees B, Newlands P, Goh NSL, et al. A
multicenter, prospective, randomized, double-blind, placebo-controlled trial
of corticosteroids and intravenous cyclophosphamide followed by oral
azathioprine for the treatment of pulmonary fibrosis in scleroderma. Arthritis
Rheum. 2006;54:3962–70.

20. Moinzadeh P, Riemekasten G, Siegert E, Fierlbeck G, Henes J, Blank N, et al.
Vasoactive therapy in systemic sclerosis: real-life therapeutic practice in
more than 3000 patients. J Rheumatol. 2016;43:66–74.

21. Blagojevic J, Abignano G, Avouac J, Cometi L, Frerix M, Bellando-Randone S,
et al. Use of vasoactive/vasodilating drugs for systemic sclerosis (SSc)-related
digital ulcers (DUs) in expert tertiary centres: results from the analysis of the
observational real-life DeSScipher study. Clin Rheumatol. 2020;39:27–36.

22. Pestaña-Fernández M, Rubio-Rivas M, Tolosa-Vilella C, Guillén-Del-Castillo A,
Freire M, Vargas-Hitos JA, et al. Longterm efficacy and safety of
monotherapy versus combination therapy in systemic sclerosis-associated
pulmonary arterial hypertension: a retrospective RESCLE registry study. J
Rheumatol. 2020;47:89–98.

23. Morrisroe K, Stevens W, Huq M, Prior D, Sahhar J, Ngian G-S, et al. Survival
and quality of life in incident systemic sclerosis-related pulmonary arterial
hypertension. Arthritis Res Ther. 2017;19:122.

24. Johnson SR, Brode SK, Mielniczuk LM, Granton JT. Dual therapy in IPAH and
SSc-PAH. A qualitative systematic review. Respir Med. 2012;106:730–9.

25. Hassoun PM, Zamanian RT, Damico R, Lechtzin N, Khair R, Kolb TM, et al.
Ambrisentan and tadalafil up-front combination therapy in scleroderma-
associated pulmonary arterial hypertension. Am J Respir Crit Care Med.
2015;192:1102–10.

26. Coghlan JG, Denton CP. Aggressive combination therapy for treatment of
systemic sclerosis-associated pulmonary hypertension. J Scleroderma Relat
Disord. 2018;3:30–8.

27. Cutolo M, Ruaro B, Pizzorni C, Ravera F, Smith V, Zampogna G, et al.
Longterm treatment with endothelin receptor antagonist bosentan and
iloprost improves fingertip blood perfusion in systemic sclerosis. J
Rheumatol. 2014;41:881–6.

28. Kwon HM, Kang EH, Park JK, Go DJ, Lee EY, Song YW, et al. A decision
model for the watch-and-wait strategy in systemic sclerosis-associated
interstitial lung disease. Rheumatol (Oxford). 2015;54:1792–6.

29. Herrick AL, Pan X, Peytrignet S, Lunt M, Hesselstrand R, Mouthon L, et al.
Treatment outcome in early diffuse cutaneous systemic sclerosis: the
European scleroderma observational study (ESOS). Ann Rheum Dis. 2017;76:
1207–18.

30. Van den Hombergh WMT, Simons SO, Teesselink E, Knaapen-Hans HKA, van
den Hoogen FHJ, Fransen J, et al. Intravenous cyclophosphamide pulse
therapy in interstitial lung disease associated with systemic sclerosis in a
retrospective open-label study: influence of the extent of inflammation on
pulmonary function. Clin Rheumatol. 2018;37:2715–22.

31. Boulos D, Ngian GS, Rajadurai A, Elford K, Stevens W, Proudman S, et al.
Long-term efficacy and tolerability of mycophenolate mofetil therapy in
diffuse scleroderma skin disease. Int J Rheum Dis. 2017;20:481–8.

32. Baqir M, Makol A, Osborn TG, Bartholmai BJ, Ryu JH. Mycophenolate mofetil
for sclerodermarelated interstitial lung disease: A real world experience.
PLoS One. 2017;12(5):e0177107.

33. Tashkin DP, Elashoff R, Clements PJ, Roth MD, Furst DE, Silver RM, et al.
Effects of 1-year treatment with cyclophosphamide on outcomes at 2 years
in scleroderma lung disease. Am J Respir Crit Care Med. 2007;176:1026–34.

34. Mendoza FA, Lee-Ching C, Jimenez SA. Recurrence of progressive skin
involvement following discontinuation or dose reduction of mycophenolate
mofetil treatment in patients with diffuse systemic sclerosis. Semin Arthritis
Rheum. 2020;50:135–39.

35. Brueckner CS, Becker MO, Kroencke T, Huscher D, Scherer HU, Worm M,
et al. Effect of sildenafil on digital ulcers in systemic sclerosis: analysis from a
single Centre pilot study. Ann Rheum Dis. 2010;69:1475–8.

36. Agard C, Carpentier P, Mouthon L, Clerson P, Gressin V, Bérezné A, et al. Use
of bosentan for digital ulcers related to systemic sclerosis: a real-life
retrospective French study of 89 patients treated since specific approval.
Scand J Rheumatol. 43:398–402.

37. Hamaguchi Y, Sumida T, Kawaguchi Y, Ihn H, Tanaka S, Asano Y, et al. Safety
and tolerability of bosentan for digital ulcers in Japanese patients with
systemic sclerosis: prospective, multicenter, open-label study. J Dermatol.
2017;44:13–7.

Panopoulos et al. Arthritis Research & Therapy           (2020) 22:56 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Treatment patterns
	Drug survival analysis

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

