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ABSTRACT
Systemic sclerosis (SSc) is a connective 
tissue disease characterised by diffuse 
microangiopathy and immune dysregu-
lation which ultimately results in wide-
spread fibrosis of the skin and internal 
organs. This complex autoimmune dis-
ease is characterised by heterogeneous 
clinical manifestations and variable dis-
ease course in which the severity of pa-
thology dictates the disease prognosis 
and course. Every year novel insights 
into the pathogenesis, organ involve-
ment and treatment of this severe dis-
ease are published. Herewith, we pro-
vide an overview of the most significant 
literature contributions published last 
year, with the aim of helping the clini-
cian in the understanding and manage-
ment of SSc patients.

Introduction
Systemic sclerosis (SSc) is a connec-
tive tissue disorder characterised by 
immune dysregulation, endothelial 
cell dysfunction followed by defective 
vascular repair and neovascularisation, 
and progressive tissue fibrosis of the 
skin and internal organs. Following the 
previous annual reviews of the “One 
year in review” series (1, 2), in this 
paper we provide a narrative critical 
digest of the most relevant contribu-
tions to the medical literature regard-
ing SSc. A MedLine search has been 
performed using the term “systemic 
sclerosis” (MeSH terms and semantic 
search), focusing on the pathogenesis, 
organ involvement, patient-reported 
outcome and treatment, published be-
tween January 1st, 2019 and December 
30th, 2019. The initial search retrieved 
625 results from PubMed. In the first 
round, all the reviewers reviewed titles 
and abstracts in terms of relevance. In 
the second round, full texts of the ar-
ticles included during the first round 
were retrieved and re-assessed for eli-

gibility. Possible discordance during 
study selections were discussed with 
senior supervisors (SG, ADR, YA) to 
reach a consensus. We only included 
articles published in English; case re-
ports, case series, congress abstracts 
and editorials were excluded. Finally, 
a total of 118 were included and dis-
cussed in this review.

Pathogenesis of SSc
The pathogenetic features of SSc encom-
pass alterations of the immune system, 
vascular bed and the extracellular ma-
trix, leading to the deposition of colla-
gen in the skin and internal organs (3, 4).
Major histocompatibility complex 
(MHC) class II may represent one of the 
most significant genetic factors in the  
development of the disease. In particu-
lar, a recent study identified different 
alleles as risk factors for SSc, in par-
ticular in HLA-DRB1 and HPB1 (5).
Concerning non-HLA genes, López-
Isac et al. performed a large genome-
wide association study and a metanaly-
sis. This study allowed the identifica-
tion of 13 new risk loci for the disease, 
with a great increase in the number of 
association signals reported for SSc, 
bringing the total number of SSc risk 
loci up to 28. Most of the genetic vari-
ations identified belong to immune 
genes and are located in non-coding 
regions suggesting a putative role in 
regulatory mechanisms (6). The genes 
identified by the analysis also included 
genes implicated in pathways that may 
be relevant in SSc. For example, DDX6 
is related with the regulation of vascu-
lar endothelial growth factor under hy-
poxic conditions, while RAB2A is cor-
related with the probable impairment 
of autophagy in SSc. The results of this 
study also confirmed the hypothesis of 
an important role in SSc pathogenesis 
of natural killer (NK) cells, which may 
represent a link between the vascular 
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damage and the immune activation 
in SSc, due their ability to induce en-
dothelial activation.
Additionally, a genome-wide meta-
analysis identified 27 single nucleotide 
polymorphisms (SNPs) associated with 
systemic seropositive rheumatic dis-
ease in non-HLA genes. Among them 
the analysis identified mutations in 
DGKQ, linked with cell proliferation 
and migration in SSc and lung involve-
ment, and PRR12, associated with 
fibrinogen concentrations and con-
sequently cardiovascular events. Ten 
(38%) of the genes identified had never 
been reported before as being associ-
ated with SSc and could represent in-
novative targets, but follow-up studies 
will be required (7). Other SNPs asso-
ciated with susceptibility to SSc were 
identified in vitamin D receptor gene 
polymorphism (ApaI and BglI) (8) and 
MIF (− 794 CATT7 and − 173*C) ge-
netic variants (9).
The study of skin biopsies identified 
a prevalence of innate and adaptative 
immune cell signatures in early diffuse 
SSc patients compared with patients 
with longstanding disease for mac-
rophage, B- and T cells (10). Addition-
ally, in skin biopsies, the tumour ne-
crosis factor (TNF) signalling pathway 
was over-expressed in different tissues 
confirming a crucial role of the autoim-
munity pathways in SSc patients (11).
Several studies also suggested the pos-
sible role of epigenetic factors (12). 
Recently, altered histone marks were 
identified in SSc monocytes that were 
enriched for immune, IFN and antivi-
ral pathways (13). Long non-coding 
RNAs (lnc-RNAs) may play a role in 
the pathogenesis of SSc and a recent 
Italian study that analysed more than 
500,000 transcripts in blood mononu-
clear cells identified a downregulation 
of lncRNA (ncRNA00201) that regu-
lates tumour proliferation and genes 
related to inflammation, vascular alter-
ations and fibrosis (14). Moreover, this 
lnc-RNA may represent a linkage be-
tween SSc and the relatively high prev-
alence of cancer found in SSc patients. 
Lnc-RNAs may also be up-regulated in 
patients in different stages of the dis-
eases compared to healthy controls, in 
particular the negative regulator of the 

type I interferon (INF) response was 
found to be significantly upregulated in 
SSc monocytes (15).
The analysis of micro-RNA (miRNA) 
in patients with SSc and ILD allowed 
the identification of a different expres-
sion of miRNAs that may be involved 
in the pathogenesis of SSc-ILD and 
may represent potential diagnostic 
biomarkers (16). Different miRNA 
have been identified in the last year, 
including Epidermal Growth Factor 
Like-domain 7 (EGFL7) and its miR-
126 (17), miRNA-4484 and the matrix 
metalloproteinase (MMP)-21 (18), and 
miRNA-542-3p and 708-5p (19).

Cytokines and chemokines
Several studies have evaluated the pos-
sible relationship between different cy-
tokines and SSc. An Australian work 
conducted on a population of 105 SSc 
patients analysed the serum levels of 
the interleukin (IL)-1 superfamily of 
cytokines. IL-18 was significantly high-
er in SSc patients than in the healthy 
controls and inversely correlated with 
both DLCO and KCO, whereas IL-1α 
and IL-1β were directly correlated with 
KCO (20). Higher serum concentra-
tions of IL-17B, IL-17E and IL-17F 
have also been identified in SSc sub-
jects compared to controls (21), where-
as serum IL-6 levels were associated 
with the severity of symptoms and low 
resilience, namely the ability to bounce 
back or recover previous levels of func-
tioning after a stressful event (22).
Lymphocyte T-related inducible ligand 
that competes for glycoprotein D bind-
ing to herpes virus entry mediator on T 
cells (LIGHT) may be involved in tis-
sue remodelling and development of fi-
brosis. SSc patients were found to have 
a significant overexpression of LIGHT 
in skin biopsies, especially in those 
with early disease, and higher LIGHT 
serum concentrations. The presence of 
digital ulcers (DUs) and creatine ki-
nase elevation were independently as-
sociated with LIGHT serum concentra-
tion, which may therefore contribute to 
the vascular damage in SSc (23).
Among the cytokines, chemokines 
have been the subject of particular in-
terest in SSc. Assuming that aberrant 
Toll-like receptor (TLR) activation is 

central in SSc pathogenesis and that 
type-I interferon (IFN-I) gene signa-
ture is associated with disease sever-
ity, an international multicentre study 
evaluated the actions of C-X-C motif 
ligand 4 (CXCL4), a proinflammatory 
chemokine already detected in SSc skin 
where it co-localises with plasmocytoid 
dendritic cells (pDCs). They found that 
CXCL4 forms liquid crystalline com-
plexes with both self-DNA and micro-
bial DNA, with inter-DNA spacings 
optimal for TLR9 amplification, thus 
enabling a strong activation of TLR9 
in pDCs. CXCL4-DNA complexes are 
present in vivo and directly correlate 
with IFN-I levels in SSc blood (24).
IFN regulatory factor 7 (IRF7) has been 
identified as a fundamental regulator 
molecule for IFN-I. IRF7 expression is 
significantly upregulated and activated 
in the skin tissue of SSc patients com-
pared with healthy controls. Addition-
ally, IRF7 co-immunoprecipitated with 
Smad3, a key mediator of transforming 
growth factor (TGF)-β signalling, and 
may potentially increase the TGF-β 
mediated fibrosis (25).
As previously mentioned, pDCs play a 
central role in the pathogenesis of SSc. 
A large multicentre study conducted on 
1193 SSc patients and over 1300 con-
trols screened the expression of tran-
scription factors known to intervene 
in the differentiation and regulation 
of pDCs. The authors found that runt-
related transcription factor 3 (RUNX3) 
is significantly down-regulated in SSc 
pDCs compared with controls, and that 
RUNX3 protein levels are inversely 
correlated with skin involvement as 
measured by the modified Rodnan 
Skin Score (mRSS). Moreover, a sig-
nificant reduction in the expression of 
RUNX3 in the skin and fibrotic lungs 
of SSc has been identified. This means 
that RUNX3 down-regulation also oc-
curs in SSc affected tissues, suggesting 
its potential dysregulation in cells other 
than pDCs (26).

Others pathogenic factors
Adipokines may have a role in the 
pathogenesis of SSc. In particular SSc 
subjects presented significantly higher 
concentrations of resistin, fractalkine 
and endothelin-1 compared to controls, 
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with lower adiponectin levels. Moreo-
ver, fractalkine and galectin-3 were 
significantly higher in dcSSc compared 
to lcSSc, and both positively correlated 
with mRSS. These results reinforce 
the hypothesis that impaired levels of 
adipose tissue factors can influence en-
dothelial dysfunction in SSc (27).
FcγRIIB is a receptor for the Fc frag-
ment of IgG which is expressed on 
various cells including B lymphocytes. 
A Japanese work conducted on 76 SSc 
patients evaluated the expression lev-
els of FcγRIIB on different B cell sub-
sets and found a significant increase in 
naïve (IgD+CD27-) and double nega-
tive memory (IgD-CD27-) B cells in 
comparison with controls. Increased 
FcγRIIB expression on double nega-
tive memory B cells are associated 
with disease activity, presence of ILD, 
reduced lung function and heart in-
volvement. The authors demonstrated 
that in patients who underwent intrave-
nous cyclophosphamide pulse therapy 
for ILD, there was a significant de-
crease in FcγRIIB expression on all 
three subsets of memory B cells. Final-
ly, FcγRIIB could serve as an activity 
biomarker for ILD (28).
Another mechanism potentially in-
volved in the pathogenesis of SSc is 
efferocytosis, namely the clearance 
of apoptotic cells by phagocytic cells. 
SSc macrophages demonstrated a sig-
nificant decreased efferocytosis capac-
ity in comparison with healthy donors. 
Moreover, a down-regulation of Integ-
rin β5 on SSc macrophages was found, 
an engulfing receptor whose suppres-
sion in the macrophages of healthy do-
nors leads to an impairment of effero-
cytosis. Therefore, Integrin β5 down-
expression could directly participate in 
the reduction of efferocytosis capacity 
observed in SSc (29).
Others pathogenic factors that may be 
involved in the pathogenesis of SSc 
included the alteration of angiotensin 
I / angiotensin II / angiotensin-(1-7) 
axis (30), tryptophan and its metabolite 
kynurenine (31) and trappin-2 (32).
Finally, environmental factors may be 
associated with SSc. Different Herpes-
viridae family viruses were associated 
with a higher prevalence of the disease 
(33), and in particular human herpes 

virus 6 (HHV-6a) in skin biopsies has 
been associated with disease severity 
and an increased pro-fibrotic action in 
endothelial cells (34). The immuno-
dominant peptides of SSc autoantibod-
ies were discovered to be homologues 
to viral protein sequences from the 
Mimiviridae and Phycodnaviridae fam-
ilies which therefore may represent an 
environmental trigger for the disease.
Moreover, higher levels of aluminium, 
cadmium, mercury and lead were iden-
tified in the blood and urine of SSc pa-
tients compared to controls, which may 
represent risk factors for SSc (35).

Take home messages
•	 The disease bears its pathogenesis 

on a complex interplay between 
vascular, immune system and ECM 
alterations that ultimately lead to tis-
sue fibrosis.

•	 A role for MCH genes (DRB1 and 
DPB1) has been confirmed in predis-
posing to SSc.

•	 Non-HLA genes have been also 
implicated in SSc pathogenesis (es-
pecially genes involved in vascular 
endothelial growth under hypoxia, 
autophagy and NK regulation).

•	 A possible link between the dis-
ease and cancer has been explained 
through a downregulation of LncR-
NA, involved either in regulating 
genes engaged in tumour prolifera-
tion, or in tissue fibrosis and vascular 
alteration.

•	 A number of cytokines and 
chemokines have been linked to 
SSc and different disease expres-
sions (up-regulation of IL18, IL 17, 
IL 6, CX CL4, down-regulation of 
RNX3).

•	 Finally, it has been confirmed that 
environmental factors, such as vi-
ruses (HHV6) and heavy metals 
contribute to the onset of the disease.

Clinical manifestations and 
organ involvement
The heterogeneity of SSc has long been 
discussed. Some limitations have been 
raised about the common sub-classi-
fication based on cutaneous subsets. 
There are clues suggesting that cutane-
ous subsets may indeed not capture the 
complete heterogeneity of the disease. 

An unbiased clustering analysis has 
been performed using 6,927 patients 
and 24 clinical and serological data 
from the EUSTAR registry. The first 
analyses provided a delineation of 2 
clusters showing moderate stability. 
In an exploratory attempt, 6 homoge-
neous groups that differed with regard 
to their clinical features, autoantibody 
profile, and mortality were identified. 
Some groups resembled usual dcSSc 
or lcSSc prototypes, but others exhib-
ited unique features, such as a major-
ity of lcSSc patients with a high rate of 
visceral damage and antitopoisomerase 
antibodies. This opens the door to re-
vising sub-classification and improve 
patient stratification (36).
SSc internal organ involvement may 
be present from the early and asymp-
tomatic phase of the disease, dramati-
cally determining the prognosis. For 
this reason, many studies analysed pos-
sible markers of disease progression. 
Recently Becker et al. identified age, 
active digital ulcer (DU), lung fibrosis, 
muscle weakness and elevated C-reac-
tive protein (CRP) level as predictors 
of severe disease worsening (defined as 
organ failure within a period of 12±3 
months) in dcSSc patients. The factors 
identified in this study could be used to 
select patients at risk of progressive or-
gan involvement for clinical trials (37). 
Another study recently supported the 
use of mRSS as an end point in clini-
cal trials suggesting fibrosis short-term 
progression (defined as an increase in 
mRSS >5 and ≥25% within 1 year) as-
sociated with long-term decline in lung 
function and worse survival with an in-
crease of all-cause mortality in dcSSc 
(38). Therefore, organ involvement 
represents a challenge for the clinician 
and prompt detection and treatment of 
this complication is mandatory (39). In 
the last decades, the survival of SSc was 
improved and causes of death related to 
SSc-internal organ involvement have 
drastically changed. The frequency of 
deaths due to scleroderma renal cri-
sis (SRC) has significantly decreased 
since treatment for this has become 
possible (40) and lung involvement 
(both ILD and pulmonary hypertension 
(PH)) represents the leading causes of 
morbidity and mortality in SSc.
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Cardiopulmonary involvement
– Interstitial lung involvement and new
   patterns of interstitial lung disease 
Pulmonary involvement in SSc most 
frequently presents as ILD with mainly 
a non-specific interstitial pneumonia 
(NSIP) or less commonly usual intersti-
tial pneumonia pattern (UIP) on high-
resolution CT (HRCT) chest scans. 
SSc-ILD places a large burden on the 
healthcare system: ILD severity and the 
presence of coexistent pulmonary arte-
rial hypertension (PAH) are confirmed 
to be the main determinants of overall 
healthcare costs above the median for 
an SSc-ILD cohort (41).  Chest HRTC 
still remains the gold standard for the 
identification of ILD. However, in the 
last few years lung ultrasound (LUS) 
has been investigated for the study of 
lung involvement from the early phases 
of the disease and in the follow-up; B-
Lines have been proposed as the sono-
graphic hallmark of connective tissue 
disease-associated ILD (42). Reyes-
Long et al. recently performed LUS in 
68 SSc patients without respiratory in-
volvement showing a positive correla-
tion between the findings of HRCT and 
LUS with a high sensitivity and speci-
ficity (91.2% and 88.6%, respectively). 
The prevalence of ILD was 41.2% and 
the mRSS was associated with LUS 
and HRCT findings (43). In addition to 
the early identification of lung involve-
ment, the possibility to characterise 
lung lesions assessed by CT represents 
another challenge for the clinician to 
distinguish fibrotic and probably irre-
versible alterations from inflammatory 
ones. In this context, a possible role of 
18F-FDG-PET/CT scan has recently 
been proposed. In this study the au-
thors reported that morphologically 
‘positive’ GGO segments presented a 
clear 18F-FDG uptake, suggesting the 
existence of an increased metabolic 
activity of GGO, potentially due to in-
flammation (44). A large, nationwide, 
population-based SSc study confirmed 
that the presence of ILD at baseline af-
fects outcome in SSc, suggesting that 
all SSc patients should undergo screen-
ing for ILD (pulmonary function tests 
(PFTs) and HRTC) in order to diag-
nose ILD early. In this study, 50% of 
patients with SSc had ILD on HRCT 

and 46% displayed ILD progression 
defined as pulmonary function decline. 
Mortality correlated with the extent 
of lung fibrosis and was inversely re-
lated to baseline Forced Vital Capacity 
(FVC)% (45). Interestingly, a recent 
study enrolling 8013 lcSSc and 4786 
dcSSc patients, recommended system-
atic screening and follow-up for lung 
involvement both in lcSSc and in dc-
SSc. This suggests that lcSSc-ILD may 
be progressive as in dcSSc subset and 
supports the inclusion of lcSSc patients 
in SSc-ILD trials as they may benefit 
from anti-ILD drugs (46).
A new pattern of ILD has recently been 
described in 11 patients with SSc. This 
pattern is pleuroparenchymal fibroe-
lastosis, defined as fibrotic thickening 
of the visceral pleura and subadjacent 
parenchymal areas of the upper lobes. 
This pattern seems to be rare but char-
acterised by negative prognosis (47) 
and, for this reason, patients with this 
pattern require a close, multidiscipli-
nary follow-up. Another distinct pul-
monary manifestation in SSc is the 
combined pulmonary fibrosis and em-
physema (CPFE) syndrome, associated 
with higher morbidity and mortality. 
Last year, two large multicentre studies 
on CPFE syndrome were performed. 
Ariani et al. confirmed that CPFE may 
increase the mortality risk in SSc to-
gether with a highly impaired lung 
function in 470 patients compared with 
SSc-ILD and other-SSc (48). Another 
study reported that CPFE-SSc patients 
more frequently developed precapil-
lary PH, experienced more frequent 
unscheduled hospitalisations, and had 
a decreased survival rate compared to 
ILD-SSc controls (49). The detection 
of these particular pulmonary features 
(PPFE and CPFE) can be useful in or-
der to select SSc patients with a more 
severe lung involvement, particularly 
when associated with a progressive 
course. In addition to interstitial chang-
es, small airway dysfunction may be a 
feature of SSc-related lung involve-
ment and recently small airways dys-
function has been demonstrated in 21% 
of 94 enrolled SSc patients, revealing a 
prevalence almost 5-fold higher than in 
controls (93 healthy subjects enrolled 
in the study). Bonifazi et al. proposed 

using impulse oscillometry combined 
with HRCT to detect the dysfunctions 
of the small airways, which is not eval-
uable by PFTs. Approximately one-
third of SSc patients (mainly lcSSc) 
presented with at least one feature sug-
gestive of small airway involvement. 
In addition, suggestive radiological 
features were detected in 25% of SSc 
patients and mostly occurred in the 
absence of underlying ILD, suggest-
ing that peripheral airways might be 
an early target of the SSc lung disease 
rather than a consequence of parenchy-
mal architectural distortion (50). In this 
context, interest has increased also in 
the use of the nitrogen single-breath 
washout test for early diagnosis of 
small airway involvement and for the 
assessment of ventilation distribution 
heterogeneity in SSc-ILD. Andrade et 
al. recently showed heterogeneity in 
ventilation distribution in a group of 
SSc-ILD patients with limited pulmo-
nary parenchymal involvement and 
without PH, suggesting that this het-
erogeneity is a factor that contributes 
to a shorter distance walked during the 
six-minute walking test (6MWT) (51). 
The presence of ILD or of initial fi-
brotic change may compromise gas ex-
change, however, SSc patients without 
detectable fibrosis may already present 
an alteration in gas transfer. Zhai et al. 
reported that impaired gas exchange is 
associated with alterations in pulmo-
nary vascular morphology. Chest CT 
scans of 77 SSc patients without de-
tectable pulmonary fibrosis were ana-
lysed and identified two parameters: 
relative contribution of small vessels 
compared with large vessels and ves-
sel tree capacity. Both parameters sig-
nificantly correlated with gas transfer. 
Moreover, systolic pulmonary artery 
pressure (sPAP), vessel tree capacity 
and forced expiratory volume in first 
second (FEV1%) were significant inde-
pendent predictors of diffusing capac-
ity for carbon monoxide (DLCOc%) 
predicted (52). Moreover, lung diffus-
ing capacity for nitric oxide (DLNO) 
has been recently proposed in clinical 
use as it seems to be more sensitive in 
the detection of alveolar membrane dif-
fusive conductance (DMCO) decrease 
than DLCO. A recent study on SSc pa-
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tients, showed that DLNO and DLCO 
were significantly correlated with CT 
measurements of ILD but only DLNO 
was consistently reduced in all subjects 
with fibrosis extent ≥5%. However, 
DMCO and pulmonary capillary blood 
volume (VC) partitioning do not seem 
to be useful to establish whether dif-
ferent results of DLNO and DLCO are 
primarily due to vascular or ILD in in-
dividual subjects (53).

– Pulmonary hypertension and 
   pulmonary arterial hypertension
As mentioned, PH and PAH together 
with ILD are the leading causes of 
mortality in SSc. In a cohort of 93 pa-
tients with SSc-associated ILD, 31.2% 
had RHC-proven coexisting PH, which 
often occurs early after SSc diagnosis. 
These patients often presented a dif-
fuse subtype and had features of WHO 
Group III PH due to their ILD, which 
may warrant the use of both immuno-
suppressive therapies and PAH-specif-
ic therapies with a good survival rate 
(54). Noviani et al. recently reported 
that patients with ILD-PH had the 
highest risk of death, followed by PAH 
and ILD, but after adjustment for con-
founders, only PAH was an independ-
ent risk factor of mortality in SSc, but 
not ILD-PH or ILD (55).
Last year a descriptive study of PH-
related data from the multicentre RES-
CLE registry was carried out. Estimat-
ed systolic pulmonary artery pressure 
(esPAP) was elevated (≥35 mmHg) in 
43.3% of patients and this group was 
mostly dcSSc. RHC was performed in 
114 patients with an esPAP ≥35 mmHg 
and PH was confirmed in 79 patients 
(a borderline mPAP was discovered 
in 9 subjects). Among these patients, 
35 presented a precapillary PH, 12 a 
postcapillary PH and in 32 the PCWSP 
value was not available. However, also 
9/20 patients with an esPAP <35 mmHg 
presented PH at the RHC (1 precapil-
lary, 4 postcapillary and in 4 patients 
the PCWP value was not available). 
Regarding clinical and laboratory fea-
tures, the group with elevated esPAP 
presented a greater prevalence of anti-
topoisomerase-1 antibodies compared 
to anticentromere antibodies and a 
higher rate of SRC was observed (56).

Early intervention and detection of PH 
associated with SSc may improve its 
prognosis. For this reason, Ninagawa 
et al. recently proposed an algorithm to 
predict mean pulmonary arterial pres-
sure (mPAP)>20 mmHg using non-
invasive examinations in SSc patients 
by modifying the DETECT algorithm, 
with good sensitivity (87.5%) and spec-
ificity (92%). They reported that the 
elevation of FVC/ DLCO in pre- and 
early stages of SSc-PAH, the weighting 
of FVC/DLCO and the right axis de-
viation may improve its predictability 
(57). In the last year, the first prospec-
tive study to assess and compare right 
ventricular output reserve and pulmo-
nary arterial compliance (PAC; ratio 
of stroke volume to pulse pressure) in 
SSc patients with mildly elevated mean 
PAP, with normal mean PAP, and with 
manifest PH was performed. The au-
thors reported that impaired 6-MWT 
distance and exercise capacity in SSc 
patients with mildly elevated mean 
PAP (and normal right ventricular 
function at rest) might be caused by re-
duced PAC and reduced right ventricu-
lar output reserve (reduced right ven-
tricular output during exercise). These 
findings suggest that the screening of 
SSc patients by RHC at rest and during 
exercise may lead to an identification 
of early pulmonary vascular disease 
(58). Left ventricular (LV) peak global 
longitudinal strain (GLS) is decreased 
in SSc but it is not known whether low 
GLS is due to SSc or PAH. Lindholm 
et al. reported that lower GLS in SSc 
patients is mainly determined by in-
creased pulmonary pressure and not by 
SSc per se. Moreover, low LV and right 
ventricular free wall GLS on cardiac 
MRI are indicative of increased mPAP 
and pulmonary vascular resistance 
(PVR), which propose non-invasive 
methods to select patients eligible for 
right heart catheterisation (59).

– Heart involvement
Early detection and treatment of heart 
involvement in SSc remains a chal-
lenge for the clinician, partly due to the 
wide heterogeneity of cardiac manifes-
tations.
Heart failure with preserved ejection 
fraction (HfpEF) is common in SSc 

and is associated with a worse prog-
nosis. Analysing 72 patients Porpáczy 
et al. showed that left atrial stiffness 
has the highest diagnostic performance 
in predicting NT-pro-BNP I increase 
(> 220 pg/ml), with a specificity of 89% 
and sensitivity of 42% (60). Interest-
ingly, a recent study evaluated 95 SSc 
patients by echocardiography including 
multilayer speckle-tracking, and to-
nometry-based pulse wave analysis of 
the peripheral arteries in order to verify 
if peripheral vasculopathy influences 
the possible early compromise of LV. 
The study reported that the impairment 
of right ventricle (RV) and LV was in-
dependently associated with specific 
SSc characteristics, namely the more 
severe diffuse subtype and disease du-
ration, respectively. The mechanics of 
RV early impairment in SSc progressed 
independently of the concomitant LV 
impairment, which, in turn, may be in-
fluenced by peripheral microvascular 
abnormalities in the absence of macro-
vascular damage (61). In a prospective 
study of 277 unselected SSc patients, 
Tennøe et al. described a higher preva-
lence of LV, RV and biventricular sys-
tolic dysfunction in SSc than expected. 
The study found that LV systolic func-
tion remained stable across the obser-
vation period, whereas RV systolic 
function deteriorated during the disease 
course and predicted mortality (62).
It is still debated whether SSc is spe-
cifically associated with an increased 
prevalence/incidence of coronary 
artery disease. Recently, epicardial 
adipose tissue (EAT) thickness was 
proposed to be a candidate for athero-
sclerotic risk assessment in these pa-
tients. EAT thickness was significantly 
greater in patients with SSc compared 
to healthy controls and correlated 
positively with age, erythrocyte sedi-
mentation rate (ESR), CRP, insulin, 
haemoglobin A1c and total and LDL-
cholesterol (assessed by Spearman’s 
rank correlation coefficient) (63). A 
nationwide retrospective cohort study 
suggested that patients with SSc had 
more established cardiovascular risk 
factors and an increased relative risk 
of developing cardiovascular diseases 
(such as myocardial infarction, periph-
eral vascular disease, aortic and mitral 
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regurgitation) at the time of diagnosis 
and during follow-up (64).
In the last few years there has been 
increasing interest in cardiac MRI as 
a technique to diagnose heart oedema 
and/or fibrosis. In this context, a recent 
study confirmed the role of cardiac 
MRI in the evaluation of SSc patients 
detecting myocardial inflammation 
on cardiac MRI in 73%. An increased 
risk of myocardial inflammation was 
associated with young age and high 
mRSS at onset. Neither the SSc sub-
set, internal organ involvement, in-
flammatory markers, nor cardiac and 
muscle enzymes were associated with 
myocardial inflammation in SSc (65). 
The identification of cardiac oedema 
and fibrosis might be of crucial impor-
tance in the management of patients. 
In fact, as indicated by a recent study, 
myocardial fibrosis seems to repre-
sent a predictor of cardiovascular out-
comes in SSc. The authors showed an 
association between CRP and mortal-
ity, and also that myocardial fibrosis 
in middle LV segments and older age 
were predictors of heart failure after a 
follow-up of 43 months (multivariate 
analysis). Interestingly, the data from 
this study suggested the importance of 
higher maximum mRSS as it seemed 
to be associated to coronary artery dis-
ease, however, only three patients de-
veloped this complication during the 
follow-up. Therefore, further studies 
will be necessary to better understand 
the association of mRSS and heart 
disease (66). Recent efforts have been 
made in order to identify serological 
markers for the early detection of car-
diac involvement and recently high-
sensitive cardiac troponin T (hs-cTnT) 
and NT-proBNP levels have been pro-
posed as biomarkers for heart involve-
ment and mortality in SSc. In the study, 
patients positive for both markers pre-
sented a lower left-ventricular ejection 
fraction (LVEF) and a higher rate of 
right bundle branch block (RBBB) on 
ECG (67). Autonomic dysfunction was 
identified as an early marker of SSc 
progression and could precede cardiac 
fibrosis occurrence, thus helping to 
identify subclinical cardiac involve-
ment. Sixty-nine SSc patients have 
recently been studied, the outcome of 

which revealed an impaired cardiac 
autonomic modulation compared to 
healthy controls. SSc patients showed 
a reduced vagal and increased sympa-
thetic modulation at rest and a blunted 
autonomic response to orthostatism 
compared to healthy subjects. Auto-
nomic impairment was mostly detect-
able in the advanced and fibrotic sub-
set of SSc and it is not an early maker 
of dysfunction in this population (68). 
Another important chapter of cardiac 
involvement concerns rhythm changes. 
An Iranian study reported that BBBs 
and the fragmented QRS complex were 
more prevalent in SSc patients (27% 
and 37%, respectively), without any 
association with the involvement of the 
other organs (69).
All together these recent data confirm 
the main role of cardiopulmonary in-
volvement in determining the prog-
nosis of SSc patients. A recent study 
suggested a more severe cardiopulmo-
nary manifestation in SSc men than in 
women, with men in particular present-
ing a higher incidence rate of RV dys-
function and ILD compared to women, 
even in the early phase of the disease 
(70). Hsu et al. tried to identify pre-
dictors of mortality and cardiopulmo-
nary hospitalisations in patients at risk 
for PH through the PHAROS registry. 
Male sex, low % DLCO, exercise oxy-
gen desaturation, anaemia, abnormal 
dyspnea scores and baseline pericardial 
effusion were strongly associated with 
higher mortality. Risks for cardiopul-
monary hospitalisation were associated 
with increased dyspnoea and pericardi-
al effusions, although PH patients with 
DLCO <50% had the highest risk of 
cardiopulmonary hospitalisations (71).

Renal involvement
Many efforts have been made during 
this last year in the evaluation of kidney 
involvement in SSc. A retrospective 
study analysed the demographic, clini-
cal and laboratory data of SSc patients 
who developed SRC after the disease 
diagnosis compared to control subjects 
(SSc without SRC events). The results 
of this study did not show a significant 
difference in the proportion of black 
race in SSc with SRC compared to con-
trols, and the two groups showed clini-

cal differences in the frequency of PH 
and cardiac involvement in SRC group. 
Patients who developed SRC presented 
a higher rate of anti-Ro and anti-RNA 
polymerase III antibodies and control 
subjects were characterised by anticen-
tromere and antinuclear antibody posi-
tivity. The authors also indicated the 
importance of monitoring blood pres-
sure, proteinuria and the estimated glo-
merular filtration rate in order to iden-
tify patients at risk for a future SRC, 
showing that the presence of three or 
more of the following laboratory al-
terations (proteinuria, chronic kidney 
disease, elevated erythrocyte sedimen-
tation rate, thrombocytopenia, anae-
mia, anti-Ro and anti-RNA polymerase 
III antibodies) and clinical manifesta-
tions (hypertension) was associated to 
SRC development (sensitivity 77% and 
specificity 97%) (72). Kidney involve-
ment may be subclinical or it may oc-
cur with several clinical manifestation 
ranging from mild proteinuria, reduc-
tion of estimated glomerular filtration 
rate and high renal resistive indices 
(RRI). The retrospective observational 
study by Bruni et al showed a positive 
correlation of RRI with age and sPAP, 
and a negative correlation with creati-
nine clearance and DLCO. In addition, 
the authors indicated the importance of 
creating age-SSc adjusted pathologic 
RRI cut-offs which were associated 
with diffuse skin fibrosis, history and/
or presence of digital ulcers, sPAP, 
presence of lung involvement with 
a correlation both with ILD on chest 
HRCT and lower FVC and DLCO by 
univariate correlation. The data from 
this study suggested the importance of 
RRI in the evaluation of SSc patients 
from the early phases of the disease: it 
has been suggested that the RRI value 
could predict mortality, thus indicating 
an association between a higher base-
line absolute RRI and death, cardiac 
and renal worsening (73). Gigante et 
al. recently subjected 92 SSc patients 
and 40 healthy subjects to renal ultra-
sound (US), evaluating renal morpho-
logical variables. A significant higher 
renal length, parenchymal thickness 
and renal sinus was reported in healthy 
controls compared to SSc subjects. The 
Doppler analysis revealed a significant 
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difference of RRI, which was higher in 
SSc patients, and the glomerular filtra-
tion rate was significant lower in SSc 
patients. This study confirms the pos-
sible presence of a subclinical renal 
involvement indicating renal and Dop-
pler US as a fundamental screening ex-
amination to perform in SSc (74).

Gastrointestinal involvement
Gastrointestinal (GI) involvement is of 
paramount importance because it is a 
key contributor of impairment and dis-
ability leading to remarkable abnormal 
social functioning (75). Gastrointes-
tinal symptoms, in particular reflux 
and diarrhoea, are significantly more 
common in SSc patients compared to 
controls, confirming the need for early 
management of SSc patients complain-
ing of GI involvement (75).
The presence of gastroesophageal re-
flux disease (GERD) symptoms may 
also affect the quality of sleep and may 
be associated to an increase in fatigue 
with a deductible impact on quality 
life (76). Impaired quality of life due 
to GI symptoms may interfere in the 
social life of patients and in their rela-
tionships, with depression as a possible 
consequence, as remarked by the study 
of Türki et al. The data from this study 
indicated a certain correlation between 
malnutrition microstomia and bowel in-
volvement and suggested a correlation 
between the risk of malnutrition, skin 
involvement, depressive symptoms 
and ILD (77). GI involvement may be 
present from the early phase of the dis-
ease and in asymptomatic patients who 
may present an abnormal oesophageal 
manometry (78). Manometry for the 
study of motor disfunctions and en-
doscopy to investigate possible tissue 
alterations often consequent to dysmo-
tility are the main diagnostic tests used 
in SSc patients. In addition, the study 
of Fraticelli et al. studied 55 consecu-
tive SSc patients by videofluorography 
(VFG) (79) confirming the role of this 
examination in the morphological and 
functional evaluation of the swallowing 
phases in SSc patients. Interestingly, 
all patients presented an alteration of at 
least one of the three phases of swal-
lowing (oral, pharyngeal, oesophageal) 
revealed by VFG. The oral phase was 

the less frequently affected, while the 
pharyngeal phase presented alterations 
in a higher proportion of subjects. Af-
fection of the oesophageal phase was 
frequent in this population, in particu-
lar an abnormal motility of the upper 
oesophageal sphincter (UES) (12.7%) 
and lower oesophageal sphincter (LES) 
(76.4%), inadequate primary peristalsis 
(52.7%), abnormal secondary peristal-
sis (29.1%) and non-peristaltic contrac-
tions (40%) were detected. Interesting-
ly, patients with lcSSc and dcSSc pre-
sented some significant differences in 
the oesophageal phase as an inadequate 
primary peristalsis, and a deficit of oe-
sophageal clearance seemed to be more 
frequent in dcSSc. Conversely, hiatal 
hernia was significantly more frequent 
in lcSSc. Petcu et al. confirmed the 
importance of performing upper endo-
scopic examination in all SSc patients 
as endoscopic changes may be present 
also in a high percentage of asymp-
tomatic patients. In this study, 79 pa-
tients with or without gastroesophageal 
symptoms underwent upper GI endos-
copy. The authors showed a higher fre-
quency of hiatal hernia in symptomatic 
patients and a similar frequency of the 
other endoscopic and histopathological 
findings (gastric polyps, oesophageal 
ulcers, HP positivity, endoscopic gas-
tritis) among symptomatic and asymp-
tomatic subjects. Barrett’s oesophagus 
was confirmed by histological analysis 
in 5 patients (2 dcSSc and 3 lcSSc) and 
the presence of a watermelon stomach 
was revealed in 2 patients (80). Adarsh 
et al. confirmed the frequent detection 
of oesophagitis (19 patients/21, 83%) 
by oesophagogastroduodenoscopy 
(EGDS) in SSc patients. All enrolled 
patients also underwent manometry 
which revealed the known oesopha-
geal alterations and, in addition, the 
authors performed duodenal biopsies 
in SSc patients, and a normal histology 
was observed in only one patient. The 
most common duodenal abnormalities 
included an excess of mononuclear 
inflammatory cells in lamina propria 
and a partial villous atrophy. This latter 
alteration was more frequent in patients 
with a hypotensive LES, suggesting 
that the histological abnormality is part 
of the disease rather than a separate en-

tity (81). Kuribayashi et al. evaluated 
oesophageal involvement in more than 
100 SSc patients by EGDs and ma-
nometry. By multivariable analysis the 
authors showed a relationship between 
oesophageal motility alterations and 
skin involvement. In addition, previous 
studies suggested a correlation between 
ILD and abnormal oesophageal motil-
ity suggesting a possible double aeti-
ology of ILD: both due to the disease 
activity itself and to gastroesophageal 
reflux events. In this study, the authors 
did not evaluate the number of gastroe-
sophageal events, however they did not 
indicate any association between ILDs 
and oesophageal motility abnormalities 
or GERD (82).

Patient-reported outcomes
One of the main reasons for the low ap-
plicability of patient-reported outcomes 
(PROs) in real-life clinical practice 
outside RCTs is that collecting PROs 
is time-consuming and represents a sig-
nificant burden for patients and health 
operators. A novel method to shorten 
PROs without losing its face, content 
and construct validity has recently been 
proposed (83). In a statistical 3-step 
method including Optimal Test As-
sembly (OTA), a Generalized Partial 
Credit Model (GPCM) is included in 
the full-length PRO. A shortened set of 
items with low convergence is extract-
ed and subsequently, a series of deci-
sion rules is considered until the final 
set of reduced items is selected with 
optimal discrimination. This approach 
has been applied to the 13-item FACIT 
fatigue scale in a set of patients from 
the Canadian Scleroderma Research 
Group Registry (CSRGR), obtaining 
a 5-item shortened FACIT with high 
scores of correlation and optimal reli-
ability as measured by Cronbach’s al-
pha and Spearman’s Rho, respectively. 
This technique can be applied to differ-
ent other PROs and indeed it has so far 
been applied analogously to the Social 
Appearance Anxiety Scale in the SPIN 
cohort. This approach is likely to posi-
tively impact the patient’s burden and 
possibly increase the quality of the data 
collected in daily clinical practice (84).
The importance of obtaining PROs in 
the management of SSc has been ex-
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plored in a large Australian cohort in 
3 crucial clinical domains by analys-
ing the relationship between patients’ 
subjective perception of worsening of 
their Raynaud’s phenomenon (RP), 
increasing skin tightness and increas-
ing breathlessness in the last month 
with the presence of digital ulcers, 
mRSS and worsening lung and heart 
objective parameters (85). The patients 
were followed for a mean of 4 years 
and between each study visit the mean 
time span was around 1 year. In both 
the uni- and multivariate analysis, all 
PROs were significantly associated 
with their respective objective meas-
ures (all p<0.01) except for breath-
lessness and new onset LVEF <50%. 
In particular, for each clinical domain 
(vascular, skin, and cardiopulmonary) 
the respective PRO conferred a signifi-
cantly higher OR for the development 
of the clinical complication: worsening 
RP was associated with DUs (OR 1.53; 
95%CI:1.34–1.74, p<0.01), symptoms 
of worsening skin were associated with 
higher mRSS (OR 2.10; 95%CI:1.54–
2.86, p<0.01) and breathlessness 
with deteriorating PFT (OR 2.12; 
95%CI:1.70–2.65, p<0.01), new on-
set ILD (OR 1.91; 95%CI:1.40–2.61, 
p<0.01) and new-onset PAH (OR 5.08; 
95%CI:3.59–7.19, p<0.01). These re-
lationships were equally significant in 
the subset of patients with <2 years of 
follow-up, thus strengthening the gen-
eralisability of the results to different 
patient populations.
RP is a prototypical clinical domain in 
SSc and mainly relies on the patient’s 
subjective experience; PROs are a 
fundamental tool to evaluate its activ-
ity and severity. Unfortunately, as we 
already discussed in last year’s review 
(1), many psychological factors might 
influence the patient’s perception of 
RP. A recent cross-sectional study on 
Anglo-Saxon patients from the USA 
and UK analysed the presence of dif-
ferent patterns of severity and their 
evolution in SSc in an attempt to cat-
egorise its impact in the cross-sectional 
and longitudinal analysis of RP (86). 
Four different patterns were identified 
(A, B, C, D) according to the growing 
difficulties of patients in distinguish-
ing between attacks and normal phases 

with the last pattern, pattern D, indicat-
ing those who present with cold and 
discoloured fingers all the time and no 
perception of a recurring attack. Pattern 
A was more often associated to the time 
of symptom onset in their life. Progres-
sive disease tended indeed to identify 
with more severe patterns (C, D). The 
patterns well associated with physi-
cian and patient VAS scores for RP and 
Raynaud’s Condition Scores (RCS) di-
ary parameters. The longitudinal analy-
sis showed stable patterns in around 
40% of patients while another 40% de-
scribed a worsening pattern. The evo-
lution towards pattern D indicated the 
difficulty of a patient in distinguishing 
RP from background digital ischaemia. 
This last consideration is crucial for the 
future design of RP trials and the inclu-
sion of patterns of patients who might 
fail to detect an effective intervention if 
only evaluated with PROs such as the 
RCS or the SHAQ RP VAS (86).
The vascular domain of SSc PRO has 
been extended in 2020 with the intro-
duction of hand disability in systemic 
sclerosis digital ulcers (HDISS-DU), 
a novel instrument adapted from the 
Cochin Hand Function Scale (CHFS) 
following FDA guidance to develop a 
PRO questionnaire (87). The authors 
have obtained a specific instrument 
to evaluate the impact of DUs with a 
PRO. Questions include domains from 
daily activities in private and work life 
and ask the patient to rate their diffi-
culty in performing them, ranging from 
no difficulties at all to impossible. The 
final score is the mean of the respons-
es and correlates with other PROs of 
workability. The authors also identify 
the minimally significant threshold of 
change, represented by 0.25–0.5 in 
improvement, 0.19 in worsening con-
ditions. This offers a new contribu-
tion to the evaluation of the impact on 
hand function of DU in SSc with the 
addition of the substantial contribution 
from direct patients’ experience, which 
had been lacking up to now in this spe-
cific domain of SSc. To a similar end, 
Hughes et al. have evaluated the patient 
experience of SSc-DU by a multicentre 
qualitative research study (88). The 
method used applied the focus group 
(FG) methods with qualitative analysis 

in 3 different centres across the UK. A 
broad population of SSc-DU patients 
was used and after 4 FGs thematic 
saturation was reached for the themes 
that had emerged. Five themes were 
identified: disabling pain, emotional 
impact, physical and social impair-
ment, aggravating factors and adapting 
to ulcers. With regards to pain, interest-
ingly the description of its location was 
very variable, on the fingertips, over 
the small joints, under the nails or on 
the side of fingers, and there was also 
a high variability in the description of 
severity. Patients described a constant 
fear of new DU development and this 
led to numerous negative feelings such 
as anxiety, uncertainty for the future 
and anger. Patients also stressed their 
difficulties in doing simple activities 
that most people take for granted such 
as putting their hands in their pockets 
or purse, difficulty driving, sleeping or 
even shopping. Work was also affected 
for some patients who had to change 
the type of work they previously did 
or their job completely. Memory of the 
physical presence of an ulcer lasted 
long in patients’ minds as they were 
able to identify the exact location of 
past ulcer and even tell how the ulcer 
looked and/or felt. Patients also kept 
track of the effectiveness of treatments, 
time to heal or recurrence. They were 
able to detail all the practical meas-
ures used to reduce the burden of DU 
and the participation of their loved 
ones in adapting their private life with 
the complication. The study (89) had 
therefore the strength to identify mul-
tiple domains, also interrelated, that 
constituted the multifaceted experience 
of SSc-DU, which is a fundamental 
part of the clinical evolution of this 
complication despite the fact that it is 
often neglected in RCTs that explore 
therapeutic interventions for DUs. The 
richness and quality of the information 
obtained by FG should be integrated 
in the methods to obtain validated and 
useful PROs in this domain. We have 
already reported the application in SSc 
of the PROMIS29 in SSc from the NIH 
initiative to improve PROs report-
ing across different pathologies (2). A 
recent study by Fisher et al. (90) de-
scribed the responsiveness to change of 
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the PROMIS-29 in a cohort of SSc pa-
tients with ILD. Unfortunately, while 
it well correlated with other PROs 
and notably with SF-36, Saint George 
Respiratory questionnaire (SGRQ) or 
Leicester Cough Questionnaire (LCQ), 
the PROMIS-29 did not show any cor-
relation with the severity of the restric-
tive disease nor the change in static 
volumes (FVC) or DLCO in the exam-
ined cohort, attesting the difficulty of 
capturing a valid PRO in SSc-ILD with 
enough responsiveness to change and 
indirectly explaining why big RCTs 
in this complication need to focus on 
better measures to demonstrate a sig-
nificant change in patients quality of 
life, which even more recent successful 
trials have not attained. Implementing 
general measures to create a network 
supporting SSc patients might improve 
and strengthen their management. A 
recent RCT has investigated the use of 
internet-based support to improve edu-
cation and self-awareness in patients 
(91). Regardless of the method applied, 
the patient population in the study was 
globally enthusiastic about such an ini-
tiative that needs promotion and diffu-
sion in the scleroderma community.

Take home messages
•	 The heterogeneity of SSc warrants 

growing efforts aimed at improving 
the current available classification 
system, taking into account not only 
pace and extension of skin involve-
ment, but also clinical features and 
serological disease subsets.

•	 Early major organ involvement (par-
ticularly heart and lung) remains the 
cardinal poor outcome feature of the 
disease. Thus, scientific community 
is engaged in making urgent efforts 
to improve the detection, prognostic 
stratification and treatment of these 
complications.

•	 Feasible, cost effective and non-in-
vasive techniques, such as LUS and 
multilayer speckle tracking echocar-
diogram, have gained growing atten-
tion in the evaluation of the disease.

•	 Composite measures to assess the 
risk of poor outcome of disease are 
refining the best approach for pro-
filing the patient affected by SSc at 
each assessment. 

•	 It is important not to neglect the 
evaluation of the GI, kidney and vas-
cular system, since the severity of re-
flux may be correlated to the extent 
of lung fibrosis, and kidney RRI are 
an early surrogate marker of more 
severe and poor outcome disease.

•	 Last but not least, PROs are an es-
sential part of the correct evaluation 
of SSc subjects and should became 
part of the standard of care.

Treatment
EULAR recommendations for SSc 
treatment were updated in 2017 (92), 
and a recent online survey (93) high-
lighted a high worldwide expert agree-
ment on their contents, considering that 
physicians involved in this field come 
from heterogeneous settings and experi-
ences. Great progress has been made in 
developing effective therapeutic options 
in the last few years. However, efforts 
are still needed to delineate standardised 
protocols and to acquire pharmacologi-
cal and non-pharmacological strategies 
that can control the disease progression.

Immunosuppressive treatment
A descriptive, retrospective cohort 
claims analysis made in a healthcare 
insurance database found that 30.8% 
of 7812 patients received immunosup-
pressants (IMT) during the first year 
after SSc diagnosis. Of them, 43.8% 
received at least hydroxychloroquine 
and 21.1% methotrexate (94). Moreo-
ver, 46.5% of the total were treated 
with corticosteroids (CS). Despite their 
widespread use, there are no controlled 
clinical studies evaluating the effi-
cacy of CS as a monotherapy in SSc, 
whereas reports are available about an 
improvement or stabilisation of lung 
function and skin involvement in com-
bined therapy. Furthermore, the safety 
of CS is controversial, since they are 
sometimes associated with an increased 
mortality and morbidity risk due to 
their side effects (95). An ongoing 
double blind RCT is investigating the 
effect of high dosage of methylpredni-
solone in thirty patients with very early 
SSc. The hypothesis to verify is that 
CS have the power to efficiently stop 
inflammation and arrest disease pro-
gression (96). An experimental study 

(97) on 21 SS patients evaluated in 
vitro effects of dexamethasone on cy-
tokine production in peripheral blood 
mononuclear cells (PBMC). The au-
thors documented a downregulation 
of several cytokines of patients as well 
as in PBMC from healthy volunteers, 
apart from IL-2, which did not change 
significantly. A previous study of the 
same group evidenced a reduced effect 
of methylprednisolone on cytokine ex-
pression in scleroderma patients com-
pared to healthy donors, suggesting 
different mechanisms of the two CS 
molecules and the existence of a resist-
ance pathway to methylprednisolone in 
scleroderma patients.
One of the most studied immunosup-
pressive agents is cyclophosphamide 
(CYC). Although some retrospective 
studies enhance CYC effectiveness in 
reduce skin thickening (99, 100), its 
main application remains in ILD treat-
ment, for which it was the first line 
choice, according to the latest EULAR 
guidelines on progressive patients. Ef-
forts are being made to find alternative 
drugs, since the available data show that 
the duration of its benefits after suspen-
sion (101) is short and it accounts for 
many and severe sides effects.
Rituximab (RTX), a monoclonal anti-
body targeting CD20, was compared to 
CYC in an open RCT evaluating both 
skin and lung outcomes (102). The 
study enrolled 60 patients with skin and 
lung involvement, randomly receiving 
monthly pulses of CYC 500 mg/m2 or 
RTX 1000 mg at baseline and after 15 
days. At 6 months, FVC in the RTX 
group significantly improved, while it 
declined in the CYC; moreover, mRSS 
improved significantly more in the RTX 
group. Also, the safety profile was in fa-
vour of RTX, with major adverse events 
observed only in patients receiving 
CYC. However, a longitudinal cohort 
by Elhai et al. (103) did not highlight 
significant improvements on lung fibro-
sis in patients treated with RTX.
As already known, mycophenolate mo-
phetil (MMF) is being considered as an 
alternative to CYC. In the SLS II study, 
the two treatments produced similar 
improvements in FVC% predicted at 
24 months, with better tolerability and 
safety given by MMF. The only sig-
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nificant between-treatment differences 
were that the DLCO %-predicted and 
DL/VA %-predicted decreased less dur-
ing treatment in the MMF arm than in 
the CYC arm. The authors hypothesised 
a benefit of MMF in moderating the 
destructive effects of SSc-ILD on gas 
transfer (104). Moreover, Volkmann et 
al. (105) dosed CCL-18 and KL-6 – two 
pneumoproteins considered as predic-
tors of ILD progression – at baseline 
and after 24 months in the two SLS II 
arms and they found that their level in 
patients assigned to MMF experienced 
the greatest decline. This could be a 
consequence of adherence difference or 
it may be explained by different mecha-
nisms of action in the two molecules. 
Finally, volumetric HRCT scans were 
performed at baseline and at the 2-year 
follow-up in the two groups and transi-
tional radiographic changes in patterns 
of ILD have been analysed by Kim et 
al. (106). The authors calculated the dif-
ferences in the probabilities of changes 
from one ILD pattern to another by us-
ing voxel-by-voxel transitional scores 
on paired HRCT scans – considering 
as patterns lung fibrosis, ground glass 
(GG), honeycombing (HC), and normal 
lung – and they observed changes in the 
extent of ILD patterns, indicating com-
parably significant net transitions from 
both fibrotic reticulation and GG opacity 
to a pattern of normal lung. They found 
no difference between the two treatment 
arms, thus indicating a comparable ef-
ficacy of CYC and MMF in improving 
radiological evident lung damage.
IL-6 promotes fibrosis, causing activa-
tion of the transcription factor STAT3, 
and stimulating the differentiation of 
naïve T lymphocytes to Th17 cells, 
which in turn secrete IL-17. This sug-
gested the use of tocilizumab (TCZ), 
a monoclonal antibody targeting IL-6 
receptor, in treating the disease. Re-
sults from a multicentric, double-blind, 
randomised, placebo-controlled study 
(the faSScinate study) involving TCZ 
evidenced a decrease in mRSS although 
significant between-group differences 
were not observed. A significant lesser 
reduction in FVC was also evident in 
the treated group at week 24 but it was 
not maintained at week 48. The results 
of a recently completed phase III trial of 

TCZ (focuSSced trial) (107) in 212 SSc 
patients suggest that while TCZ therapy 
did induce a trend of efficacy similar to 
the one of the phase 2 trial, there is po-
tential retardation of the progression of 
lung fibrosis in these patients. It must 
be pointed out that these patients were 
early active DcSSc at risk of ILD but 
selected for skin disease (some were 
free of ILD, while others had early 
ILD). The interpretation is that in these 
at-risk patients, tocilizumab offered 
some lung preservation. Finally, a ran-
domised parallel group study was con-
ducted comparing 6 patients maintained 
on conventional therapy with 7 patients 
who received an additional 8mg/kg/
month infusion of TCZ. The observa-
tion lasted 6 months and it revealed a 
non-significant reduction of mRSS in 
the TCZ-receiving patients. Neverthe-
less, the authors were able to identify 
in patients with short disease duration, 
high CRP, low IL-13 and low CCL5, 
a possible SSc endotype responsive to 
TCZ therapy (108).
Intravenous immunoglobulins (IVIg) 
have immunomodulatory properties and 
their use is gaining attention in several 
autoimmune conditions as well as in 
many SSc manifestations (skin fibrosis, 
ILD, GI involvement). Although con-
sistent clinical studies are still lacking 
and IVIg are not yet included in recom-
mended treatments, the available data 
are promising, showing clinical benefits 
with few adverse events (109). A recent 
retrospective study on 52 patients with 
SSc-associated myopathy was conduct-
ed. Having a significantly higher maxi-
mal CS dose at baseline, IVIg-treated 
patients showed a greater decrease of 
CS at 3 months, and a lower CS dose at 
one year and at the end of follow-up so 
that, in presence of an acceptable toler-
ance profile, this study supports the use 
of IVIg as a CS-sparing agent (110).

Vasoactive treatment
Vascular alterations play a key role in 
SSc pathogenesis of PAH, RP, DUs and 
renal crisis. Vasoactive pharmacologic 
molecules targeting different pathways 
are available (111). Nevertheless, from 
the DeSScipher study (112) it emerged 
that 33.8% of patients with previous 
or current DU were treated with CCBs 

alone. According to the PROSIT study 
(113), iloprost, a synthetic analogue 
of prostacyclin PGI2, is the first-line 
choice for the management of severe 
RP and DUs, when oral therapy fails. It 
represents an effective and quite well-
tolerated option, as it also emerged 
from the treatment satisfaction ques-
tionnaire scores analysed in the study.
Schioppo et al. (114) also assessed the 
patient’s point of view through HRQoL 
by comparing two different infusion 
protocols with no evidence of dif-
ferences. A standardised posology in 
terms of infusion velocity and frequen-
cy is still needed to uniform different 
centres’ practice. An Expert Consensus 
based on a systematic literature review 
(115) suggests a 1–3-day monthly regi-
men for RP and DU healing, while 1 
day monthly for DU prevention. Rioc-
iguat is an elective soluble guanylate 
cyclase stimulator, currently approved 
for treatment of PAH and PH due to 
chronic thromboembolism. A multicen-
tre randomised, double-blind, placebo-
controlled pilot study (116) evaluated 
the effect of riociguat on DU burden, 
but with no evidence of efficacy dur-
ing the 16-week FU period. Neverthe-
less, during the open-label extension, 
the patients treated saw the complete 
healing of their DUs, suggesting that a 
longer duration of therapy is needed to 
obtain results.
An observational study (117) aimed 
to assess the role of bosentan in func-
tional impairment, RP and DU-related 
symptoms, reported an improvement in 
HAQ-DI, VAS-R and VAS-DU scores 
in response to bosentan therapy over 
the 1-year follow-up period. However, 
2 of the 41 patients had to stop treat-
ment due to elevated liver enzymes, 
with rapid normalisation after sus-
pension of the therapy. Baseline QoL 
scores were lower and they showed less 
improvement in patients with dyspnea, 
confirming that PAH-related symptoms 
have a high functional impact and are 
difficult to treat. EDITA, a randomised, 
controlled, double-blind, parallel group 
study, investigated the efficacy of ear-
ly use of ambrisentan in patients with 
mildly elevated mPAP did not signifi-
cantly differ in treated patients and the 
control group, but the authors found 
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significant improvements in the cardiac 
index and pulmonary vascular resist-
ance (PVR) at rest and during exercise 
(118).

Antifibrotic treatment
Fibrosis represents the ultimate phase 
of the SSc pathologic pathway; phar-
macological agents against fibrosis 
are poor in number and lack validated 
studies. Recently, nintedanib, a tyros-
ine kinase (TK) inhibitor approved for 
idiopathic lung fibrosis, is being in-
vestigated also in ILD related to scle-
roderma with favourable results, as 
the SENSCIS study (92) has shown. 
In particular, 576 patients with SSc-
related ILD were 1:1 randomised to 
receive 150 mg bid nintedanib or pla-
cebo. In both groups, patients with dif-
fuse and limited cutaneous SSc were 
equally represented, and about half of 
the entire population was taking MMF. 
The outcomes were evaluated after 52 
weeks, evidencing a lower rate of de-
cline in FVC in the nintedanib group 
(p=0.04). Differences between groups 
were fewer than expected also because 
FVC in the placebo groups showed a 
minor decrease with respect to the one 
observed in the placebo group of the 
study performed in IPF (132) The au-
thors speculated that the presence of 
patients with limited cutaneous SSc, 
as well as the use of MMF, may con-
stitute bias in SENSCIS. The study did 
not demonstrate any efficacy of this 
molecule in other scleroderma-related 
fibrosis such as skin.
Nintedanib interacts with the ATP- 
binding pocket of many TK receptors 
including PDGFR, fibroblast growth 
factor receptors (FGFR), and vascular 
endothelial growth factor (VEGFR) 
(119). An in vitro study (120) using 
this molecule on lung fibroblasts de-
rived from scleroderma patients dem-
onstrated the ability of nintedanib to 
reduce lung fibroblast proliferation and 
migration. Moreover, it can reduce ex-
tra-cellular matrix (ECM) molecule ex-
pression and the transition of LF to ac-
tivated and contractile myofibroblasts 
which are correlated to the progression 
of the fibrotic process. This phenom-
enon has been previously observed in 
fibroblasts from patients with ILF but 

at higher concentrations. In the present 
study the in vitro exposition amount of 
drug needed to reach the outcome is 
consistent with the in vivo therapeutic 
range of nintedanib, suggesting that 
this drug could have a stronger antifi-
brotic effect for scleroderma patients.

Cell transplantation
Autologous haematopoietic stem cell 
transplantation (auto-HSCT) is shown 
to be effective in severe and rapidly pro-
gressive form of the disease, regarding 
cutaneous and pulmonary involvement 
(121-123). A standard protocol in terms 
of induction phase, transplanted cell ty-
pology and successive immunosuppres-
sion is not still available. A post-hoc 
analysis (124) on a phase I/II clinical tri-
al conducted on 19 patients with severe 
SSc was performed to evaluate whether 
the transplantation of CD34-selected 
cells (11 patients) instead of unmanipu-
lated HSCs (8 patients) is more effec-
tive in improving disease activity and 
in maintaining the obtained results. The 
group treated with CD-34 selected cells 
experienced a higher benefit in mRSS 
and in FVC and its duration was longer 
(8 years vs. 3 years). Even if studies on 
the mechanisms by which HSCT halts 
disease progression are scarce, it is pos-
sible that CD-34 selected cells prevent 
the reinfusion of autoreactive lym-
phocytes that may be associated with 
SSc pathogenesis. Recently, Assassi et 
al. (125) published an analysis of the 
global molecular changes at the whole 
blood transcript and serum protein lev-
els of 62 participants (27 HSCT and 
35 CYC) of the SCOT study, as well 
as of 62 matched unaffected controls. 
The authors found that individuals 
with SSc, compared to controls, have 
a marked IFN, neutrophil, and inverse 
cytotoxic/NK cell transcript signatures 
which were corrected by HSCT but not 
by CYC. These changes correlated with 
improvement in the lung volumes and 
skin fibrosis. This gave a molecular ba-
sis on sustaining the immune system 
“resetting” power of the HSCT.
Autologous adipose stem cell (ADSC)-
enriched lipotransfer is a surgical in-
tervention proposed in the treatment of 
SSc-related oro-facial fibrosis and has 
recently been evaluated in a cohort of 

62 SSc patients (126). The enrolled sub-
jects achieved a significative improve-
ment in all domains of mouth function 
assessed by the MHISS score. Also, 
aesthetical and psychological benefits 
were observed following the treatment. 
In 3 patients, an in vitro analysis of fi-
broblasts extracted and cultured with 
ADSC was also performed, resulting in 
a reduced expression of proinflamma-
tory and profibrotic mediators.

Physiotherapic treatment
Physiotherapy, occupational therapy, lo-
cal treatment and electromedical devic-
es are gaining attention in the manage-
ment of SSc, on top of pharmacological 
options. Self-administered stretching 
programmes have been created for both 
face and hands trying to help maintain 
function. Although some data regarding 
the efficacy of these interventions are 
available, the importance of patients’ 
adherence is crucial as well as a careful 
training process (127), often requiring 
dedicated professional figures (128). 
Moreover, long-term maintenance of 
the results obtained is scarce, as it has 
been evaluated in a 9-year follow up 
study performed on a Japanese cohort, 
in which the improvement of ROM in 
the fingers was lost in 14% of the par-
ticipants at the end of the follow-up 
(129). Another area of investigation is 
low-level light therapy (LLLT) (130), 
the interest of which comes from the 
treatment of refractory skin (diabetic, 
pressure, and venous) ulcers. Its action 
consists in increasing local perfusion, 
oxygenation, neoangiogenesis, as well 
as in an antimicrobic effect. A recent 
feasibility study was performed to as-
sess the safety, tolerability and benefit 
in the management of DUs in SSc. At 
the end of the 46 applications, good 
tolerability was appreciated in the 8 
enrolled patients, together with a reduc-
tion in pain and an improvement of the 
vascularisation measure by laser Dop-
pler perfusion imaging.
A physical medicine regimen provides 
benefits also in the management of RP 
in SSc2. Carbon dioxide (CO2) hand 
immersion has proven its efficacy in in-
creasing distal digital blood flow in pa-
tients with peripheral arterial occlusive 
disease and it has also been considered 
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in primary and secondary Raynaud’s 
syndrome. Lange et al. (131) evaluated 
the effect on acral perfusion of CO2 
enriched hand bath in 12 SSc patients 
and in 12 healthy volunteers; a control 
group of 12 patients instead received a 
hot water bath. Doppler ultrasound with 
measurements of the resistance index 
(RI) of digital arteries was performed 
with evidence of significant reduction 
of the RI in the CO2-receiving patients 
but not in the patients treated with hot 
water or in the healthy controls.

Take home messages
•	 SSc treatment is still an open chal-

lenge since older therapies gave 
unsatisfactory results and no novel 
treatments completely fulfilled the 
expectations; furthermore, the num-
ber of well-conducted clinical trials 
is still too low.

•	 Several immunosuppressive drugs 
are available to treat the disease and 
its complications (mainly ILD), such 
as CYC, MMF, rituximab and tocili-
zumab.

•	 HSCT is a promising treatment for 
skin and lung involvement, however, 
there is still uncertainty regarding 
the best protocol and the subsequent 
maintenance treatment. Therefore, 
HSCT remains a treatment that 
should be managed only in centres 
of high expertise.

•	 Iloprost, bosentan and other vasoac-
tive drugs remain the mainstay for the 
treatment of vascular involvement. 

•	 Nintedanib, an anti-fibrotic drug, has 
recently been approved in Europe 
for the management of SSc-ILD and 
has proven to slow down the decline 
of forced vital capacity in treated pa-
tients as compared with placebo.

•	 An unmet need is the profiling of 
standardised multicentre protocols 
in order to define the best therapeu-
tic regimen, targeted to the stage of 
the disease and the type of organ 
involvement. Furthermore, in the fu-
ture it would be desirable to define 
the right timing for immunosuppres-
sive and antifibrotic treatments – par-
ticularly for ILD –, finding the best 
combination and sequence of drugs 
aimed at maximising effectiveness 
and tolerability.

Conclusions
Knowledge in this appalling condition, 
SSC, is rapidly growing. Genetics and 
epigenetics are providing insights into 
potential targets for innovative thera-
pies and precision medicine. The inter-
play between various players is start-
ing to be better understood, helping to 
design future trials. The heterogeneity 
of the disease remains a challenge for 
research and management. Several at-
tempts have been published this last 
year to try to improve patient stratifica-
tion and risk prediction. The prognosis 
has been clarified and it is now clear 
that the heart and lungs are the leading 
causes of disease-associated deaths. In 
this field also, subsets are becoming 
better delineated and news tools avail-
able for stratification. One key question 
that remains is the balance between in-
flammation and fibrosis for heart and 
lung involvement, which needs to be 
carefully measured to guide the man-
agement. If major organ involvement 
is still a concern, for a large proportion 
of patients, quality of life impairment 
and disability are the primary conse-
quences of the disease. The 2019 pub-
lications of oesophageal involvement 
must be highlighted because it is in 
this part of the disease that improve-
ments are needed. Finally, with a better 
understanding of the pathogenesis and 
the availability of targeted therapies, it 
is hoped that the management will im-
prove soon. The recent results have also 
allowed the labelling of a new drug in 
scleroderma for associated interstitial 
lung disease, which opens avenues for 
many patients and for the stimulating 
field of new therapeutic strategies with 
future upfront or sequential combina-
tions of therapies which should enable 
a better fight against scleroderma.
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MÜLLER-LADNER U: The effects of a sin-
gle carbon dioxide and hot water hand bath 
on acral perfusion in systemic sclerosis: A 
randomized, clinical study. J Scleroderma 
Relat Disord 2019; 4: 160-2.

133. RICHELDI L, DU BOIS RM, RAGHU G et al.: 
Efficacy and safety of nintedanib in idio-
pathic pulmonary fibrosis. N Engl J Med 
2014; 370: 2071-82.


