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ABSTRACT
Systemic sclerosis is a rare and chronic 
connective tissue disease with a multi-
faceted pathogenesis characterised 
by heterogeneous multi-organ clinical 
manifestations. Every year, many stud-
ies contribute to enrich the knowledge 
on the pathogenesis, organ involvement 
and treatment of this complex and se-
vere disease. We herein provide an over-
view on the most relevant contributions 
published in the literature in 2020.

Introduction
Systemic sclerosis (SSc) is a chronic 
autoimmune connective tissue disease 
characterised by distinctive pathoge-
netic features, ultimately leading to a 
heterogeneous clinical profile. Follow-
ing the previous editorial initiatives of 
Clinical and Experimental Rheumatol-
ogy to present novel relevant insights 
on rheumatic diseases in the form of 
“One year in review” (1, 2), we here-
with provide a narrative overview on 
the most significant contributions re-
garding SSc. A MedLine search was 
performed using the term “systemic 
sclerosis” (MeSH terms and semantic 
search), focusing on pathogenesis, clin-
ical manifestations, patient-reported 
outcomes and treatment. We included 
articles in English regarding adult SSc 
patients published between January 1st, 
2020 and December 31th, 2020. Among 
these papers, we have selected 69 as the 
most innovative in the field.

Pathogenesis of SSc
Genetics and epigenetics
The role played by genetic background 
in SSc represents an increasingly in-
depth topic. Indeed, recent genetic in-
vestigations allowed the identification 
of novel genes closely associated with 
the disease, such as insulin-like growth 
factor binding protein 7, whose serum 
protein is up-regulated in SSc patients 

and it is thought to contribute to fibrosis 
by inducing cell adhesion and activat-
ing fibroblasts (3). FLI1 is another sus-
ceptibility gene that was investigated in 
a large cohort of Japanese SSc patients. 
FLI1 gene contains a microsatellite 
repeat polymorphism constituted by 
GA dinucleotide repeat sequence, and 
its protein acts as a suppressor of col-
lagen transcription. It was discovered 
that FLI1 alleles with many (more than 
22) GA repeats determined lower FLI1 
mRNA levels and were significantly as-
sociated with susceptibility to SSc (4).
Since HLA genes were reported to have 
the strongest influence on SSc predis-
position and with specific autoantibody 
subsets, their associations were exam-
ined in a large cohort of African-Amer-
ican (n. 662) and European-American 
(n. 723) SSc patients. In the former 
population, African ancestry-predom-
inant HLA-DRB1*08:04 and HLA-
DRB1*11:02 alleles were associated 
with overall SSc risk, the former allele 
being strongly related to antifibrillarin 
antibody subset. This could partially 
explain the increased SSc prevalence 
among African-Americans. In the 
European-American cohort, HLA-
DPB1*13:01 and HLA-DRB1*07:01 
alleles were strongly associated with 
antitopoisomerase-1 (ATA) and anti-
centromere (ACA) antibody subsets, 
respectively. In addition to reiterating 
the importance of HLA in defining SSc 
autoantibody subtypes, this study used 
HLA α/β allelic heterodimers to bioin-
formatically predict immunodominant 
peptides of the different self-antigens 
recognised by SSc autoantibodies. It 
was discovered that they are homolo-
gous to viral protein sequences from 
Mimiviridae and Phycodnaviridae 
families. Hence, it gives rise to the hy-
pothesis that SSc-specific autoantibod-
ies may originate through molecular 
mimicry, thus outlining a link between 

Review

One year in review 2021: systemic sclerosis
M. Di Battista1, S. Barsotti1, M. Orlandi2, G. Lepri2,  

V. Codullo3, A. Della Rossa1, S. Guiducci2, F. Del Galdo4



S-4 Clinical and Experimental Rheumatology 2021

One year in review 2021: systemic sclerosis / M. Di Battista et al.

HLA alleles, autoantibodies and spe-
cific viral triggering antigens (5).
An international multicentre study per-
formed a whole blood transcriptome 
analysis on RNA (RNA-seq) collected 
from 162 SSc patients. Alongside a de-
regulation in tumour suppressor p53 
function, they found a significant de-
regulation of several interferon (IFN)-
related pathways, especially in the Toll-
like receptor (TLR) cascade. This rein-
forces the pivotal pathogenic role that 
IFN-I, TLR and inflammasome play in 
SSc (6). Similar results were obtained 
in a study that performed RNA-seq on 
lung microvascular endothelial cells 
from SSc patients affected by intersti-
tial lung disease (ILD). The findings 
revealed an over-expression of numer-
ous IFN-related genes and of genes 
encoding antiviral immune response, 
suggesting that IFN pathway and anti-
viral response proteins could contrib-
ute to the pathogenesis of SSc-ILD. 
Moreover, the additional finding of an 
over-expression of mesenchymal cell-
specific genes confirms the presence of 
endothelial to mesenchymal transition 
in SSc-ILD (7).
Genetic and immunofluorescence anal-
yses were recently used to elucidate one 
of the most important profibrotic path-
ways that involves fibroblast growth 
factors (FGFs) and their associated re-
ceptors (FGFRs). It was clearly dem-
onstrated that the profibrotic cytokine 
transforming growth factor β (TGF-β) 
selectively up-regulates both FGFR3 
and its ligand FGF9 in SSc skin fibro-
blasts. FGF9 binds to FGFR3 in an au-
tocrine/paracrine fashion, and FGFR3 
consequently induces downstream 
multiple profibrotic pathways medi-
ated by the transcription factor CREB. 
The prominent FGFR3 signature in SSc 
skin fibroblasts highlighted in this study, 
characterises aberrant FGF9/FGFR3 as 
an upstream regulator of a wide network 
of profibrotic mediators, thus making it 
a potential target for antifibrotic thera-
pies in SSc (8).
A considerable part of the research 
efforts regarding SSc pathogenesis 
is lately focusing on epigenetics. En-
hancer of zeste 2 (EZH2) is an enzyme 
known to operate the methylation of 
histone 3, thus silencing target genes, 

ultimately leading to an epigeneti-
cally stable activation of SSc dermal 
fibroblasts. The EZH2 pathway in SSc 
was recently elucidated by Wasson et 
al., who found that HOTAIR, a long 
non-coding RNA, drives the specific 
methylation profile of EZH2 both in 
vitro and in vivo SSc fibroblasts. It 
was demonstrated that such an epige-
netic intervention leads to an activation 
of NOTCH pathway through down-
regulation of miRNA-34a, a NOTCH 
suppressor (9). The HOTAIR/EZH2/
NOTCH profibrotic pathway was fur-
ther investigated by the same group, 
finding that HOTAIR overexpres-
sion in SSc myofibroblasts, through 
NOTCH activation, determines a sta-
ble up-regulation of GLI2, the main 
transcription factor of the Hedgehog 
pathway, hence mediating the expres-
sion of profibrotic markers. This puta-
tive interaction between Hedgehog and 
NOTCH pathways expands the possi-
ble molecular interactions that lead to 
profibrotic activation (10).
Another epigenetic alteration that leads 
to a persistently activated pathologic 
phenotype of fibroblasts was recently 
described and involves TGF-β. In fact, 
it was demonstrated that TGF-β induces 
promoter hypermethylation, with con-
sequent silencing, of the gene suppres-
sor of cytokine signalling 3 (SOCS3). 
SOCS3 down-regulation strongly fa-
cilitates TGF-β aberrant activation of 
JAK2/STAT3 signalling, which ulti-
mately leads to myofibroblasts transi-
tion (11).
ATAC-seq (Assay for Transposase-Ac-
cessible Chromatin using sequencing) 
is a technique used to assess genome-
wide chromatin accessibility, which is 
one of the most important epigenetic 
processes. ATAC-seq was recently used 
to analyse eight different cell types in 
skin biopsies from healthy controls 
and SSc patients. It was observed that 
dendritic cells (DCs) have the great-
est changes in chromatin accessibility 
between normal, SSc unaffected and 
SSc affected skin. DCs also exhibited 
the highest enrichment of SSc-associ-
ated single nucleotide polymorphisms 
(SNPs). The fact that DCs possess great 
epigenetic differences in strong corre-
lation with skin fibrosis, suggests that 

these antigen-presenting cells could be 
one of the most important drivers of 
SSc pathogenesis (12).
RNA-seq performed on SSc skin biop-
sies enabled the identification of H19X, 
a long non-coding RNA, whose expres-
sion in fibroblasts is strongly induced 
by TGF-β. H19X mediates the profi-
brotic effects of TGF-β by promoting 
extracellular matrix (ECM) production 
and myofibroblasts survival. ATAC-seq 
revealed that H19X exerts its effects 
by changing chromatin accessibility of 
DDIT4L, a gene that acts as an inhibi-
tor of the TGF-β pathway. Therefore, in 
SSc skin, TGF-β-induced H19X medi-
ates a profibrotic effect by disabling the 
transcription of DDIT4L, thus avoiding 
the inhibition of TGF-β signalling (13).

Cells and cytokines
Different studies sought to investigate 
the mechanisms of activation of fibro-
blasts into myofibroblasts. In particu-
lar, the intracellular chloride channel 
4 (CLIC4) is regulated by TGF-β and 
seems to be overexpressed in SSc fibro-
blasts. The inhibition of CLIC4 leads to 
reduced expression of the myofibroblast 
markers collagen type 1 and α-smooth 
muscle actin, probably interfering with 
the differentiation of fibroblasts and 
thus opening a novel target for thera-
peutic interventions (14). Addition-
ally, the expression of dypeptildypepti-
dase-4 (DDP-4) may also be linked to 
fibroblast activation in SSc patients. 
DDP-4 positive fibroblasts were found 
to be increased in SSc skin in a TGF-β 
dependent manner, expressing high 
levels of myofibroblast markers and 
collagen. The inhibition of DPP-4, a 
pharmacological approach already used 
for patients with diabetes mellitus, may 
therefore represent a potential therapy 
for fibrosis (15).
The role of mesenchymal stromal 
cells (MSCs) was recently investi-
gated by Taki et al. in SSc skin biop-
sies. In those skin samples, MSC-like 
cells undergoing megakaryocytic divi-
sion were identified in both involved 
and uninvolved skin, and exposure to 
dermal blister fluid caused MSC acti-
vation, inducing a myofibroblast phe-
notype. This suggests that the disease 
microenvironment may influence the 



S-5Clinical and Experimental Rheumatology 2021

One year in review 2021: systemic sclerosis / M. Di Battista et al.

differentiation of MSCs toward a pro-
fibrotic phenotype, being responsible 
for the establishment of the disease 
(16). It is also likely that the microen-
vironment is involved in the activation 
of SSc macrophages toward a profi-
brotic pattern with overexpression of 
CCL2, IL-6 and TGF-β. Interestingly, 
when the differentiation of healthy do-
nors’ monocytes takes place in plasma 
from SSc patients, the resulting mac-
rophages express the SSc immunophe-
notype, which suggests that soluble 
factors in SSc microenvironment may 
consistently influence different cellular 
phenotypes (17). 
The analysis of skin biopsies also al-
lowed the identification of a specific 
population of cytotoxic CD4+ T cells 
with enhanced metabolic activity, that 
are clonally expanded in SSc patients. 
These cells are able to induce the apop-
totic death of several cellular subtypes, 
including the endothelial cells. Such 
cellular loss followed by exuberant tis-
sue repair eventually leads to fibrosis 
and organ dysfunction (18).
Among the many studies carried out 
on different cell subtypes in SSc, the 
analysis of monocyte-derived DCs of 
patients with ATA positivity identified 
a common set of 10 topoisomerase-1 
epitopes that are associated with the 
presence and severity of lung fibrosis, 
thus suggesting a role of these epitopes 
in SSc-ILD pathogenesis (19). 
Cytokine imbalance may also be re-
sponsible for different SSc organ in-
volvement. Cathepsin S is a lysosomal 
proteolytic enzyme involved in the 
regulation of intracellular signalling 
and in ECM remodelling, therefore its 
reduction could contribute to an aber-
rant fibrotic process. A recent study 
demonstrated that cathepsin S serum 
levels are significantly lower in SSc 
patients, especially those with diffuse 
cutaneous SSc (dcSSc), than in healthy 
controls. Moreover, reduced serum 
cathepsin S seems to strongly associate 
with SSc-ILD, since it also negatively 
correlated with other ILD biomarkers 
such as serum Krebs von den Lungen-6 
(KL-6) (20). 
Protein convertase subtilisin/kexin 
type 9 (PCSK9), a molecule linked 
with cholesterol metabolism, was 

found downregulated in SSc patients 
compared to controls and its serum 
levels directly correlated with carotid 
intima-media thickness. PSCK9 could 
therefore represent a candidate to ex-
plain the link between subclinical ath-
erosclerosis and SSc (21).

Take home messages
•	 HLA alleles strongly associate with 

different SSc autoantibodies and 
ethnic susceptibility (5).

•	 There is increasing evidence on the 
pivotal pathogenic role of the IFN 
pathway in SSc (6, 7).

•	 SSc epigenetic studies highlight the  
HOTAIR/EZH2/NOTCH profibrotic 
pathway and SOCS3 down-regula-
tion (9-11).

•	 DCs may potentially represent one 
of the most important drivers of SSc 
pathogenesis (12, 19).

•	 ECM and soluble factors in SSc mi-
croenvironment are gaining grow-
ing importance in SSc profibrotic 
activation (13, 16, 17, 20).

Clinical manifestations
Although widespread microvascular 
impairment and tissue fibrosis of the 
skin and internal organs represent the 
clinical hallmarks of SSc, the disease is 
characterised by a wide clinical hetero-
geneity. Classically, SSc has been clas-
sified according to skin involvement in 
two subsets: limited cutaneous (lcSSc) 
and dcSSc. However, this classifica-
tion does not seem to be able to cap-
ture the broad heterogeneity of disease 
phenotypes in its manifestations and 
progression. In fact, data from the EU-
STAR database point out that severe 
organ involvements as ILD, should not 
be neglected in lcSSc patients, who 
may present an ILD as progressive as 
in dcSSc forms (22). In this context, 
data from a Spanish registry suggest 
that major SSc cardiopulmonary com-
plications are more frequently attribut-
able to the type of autoantibody rather 
than to the skin subset (23). Moreover, 
patients with similar clinical manifes-
tation may present different disease 
trajectories and survival. Therefore the 
possibility to subset SSc patients over-
coming classical cutaneous groups will 
likely ameliorate the disease manage-

ment and prognosis of this condition 
(24). Data from the Italian SPRING 
registry confirmed in male patients 
the known higher prevalence of dc-
SSc, severe vascular involvement and 
ILD. In addition, the short time be-
tween Raynaud’s phenomenon onset 
and disease diagnosis emerged as an 
unfavourable prognostic factor (25). A 
EUSTAR analysis on more than 1700 
patients, revealed that dcSSc also rep-
resents an independent risk factor for 
the development of severe vascular 
complications ultimately leading to 
gangrene (26). Data from the French 
national cohort confirmed the different 
individual course of skin involvement 
in 198 SSc patients (49.7% dcSSc) 
and suggested the possibility to predict 
mortality with the early detection of 
modified Rodnan skin score (mRSS) 
change over time. In fact, patients with 
a low baseline mRSS and no significant 
change over time were unlikely to de-
velop major organ involvement and to 
die prematurely in comparison to pa-
tients with higher baseline mRSS and/
or skin worsening or improving over 
time (27). This study highlights the im-
portance of an early evaluation of skin 
involvement: in this context, attention 
is beginning to be focused on high fre-
quency skin ultrasound that seems to 
be a valid and reproducible method for 
skin assessment in SSc patients. This 
technique is especially valuable for the 
detection of early subclinical involve-
ment, given the proven correlation with 
histological skin thickness (28, 29).

Pulmonary involvement
In 2019 a new haemodynamic defini-
tion of pulmonary arterial hypertension 
(PAH) was proposed, lowering the cut-
off of mean pulmonary arterial pressure 
(mPAP) to 20 mmHg, in addition to 
pulmonary arterial wedge pressure ≤15 
mmHg and pulmonary vascular resist-
ance (PVR) ≥3 WU at right heart cath-
eterisation. Although it should allow an 
increase in PAH diagnosis, an interna-
tional study demonstrated that out of 
55 SSc patients with mPAP between 21 
and 24 mmHg, only 4 can be classified 
as having PAH-SSc according to the 
new criteria. Approximately half of the 
patients with mPAP 21-24 mmHg and 
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PVR ≥2 WU already presented with 
early functional and imaging pulmo-
nary vascular disease. In those subjects 
a PVR ≥2 WU was significantly associ-
ated with reduced long-term survival. 
Data from this study point out that also 
the PVR cut-off should be lowered to 
≥2 WU, since a PVR threshold ≥3 WU 
is too high to enable an early diagnosis 
of SSc-PAH (30).
ILD, together with PAH, still represents 
the most feared complication in SSc, 
since it is associated with a high rate of 
morbidity and mortality and also with a 
substantial increase in healthcare costs 
(31). The analysis of more than 800 
SSc-ILD patients from the EUSTAR 
database demonstrated how lung in-
volvement may present heterogeneous 
course and patterns, often alternating 
phases of stability and progression. The 
strongest predictive factors for forced 
vital capacity (FVC) decline over 5 
years were found to be male sex, higher 
mRSS and reflux/dysphagia symptoms 
(32).
Given its pivotal role, SSc-ILD evalua-
tion requires different and increasingly 
sophisticated methods from laboratory, 
instrumental and imaging fields. For 
example, KL-6 has increasingly estab-
lished itself as the leading biomarker 
in ILD. A recent study on retrospec-
tive and prospective SSc cohorts high-
lighted that even after a multivariate 
analysis, KL6 was significantly and in-
dependently associated with diffusing 
capacity for carbon monoxide (DLCO) 
decline. It was then suggested a clinical 
utility of KL-6 in risk stratification for 
progressive SSc-ILD (33).
Pulmonary function tests (PFTs) are 
largely used in clinical practice for 
the assessment of ILD. However, a 
retrospective analysis by Bernstein et 
al. shed a light on the scarce sensitiv-
ity of PFTs in detecting ILD on high 
resolution chest tomography (HRCT) 
imaging in an early dcSSc population, 
confirming the fundamental role of 
baseline HRCT and the inadequacy of 
PFTs as a sole screening tool for ILD 
diagnosis (34). In this context, the pos-
sibility to quantify normal parenchyma, 
ground glass opacity, reticular altera-
tion and honeycombing by the analysis 
of HRCT images through a quantitative 

CT algorithm (the most widespread be-
ing CALIPER) is emerging in clinical 
practice. These algorithms are useful 
not only for quantifying lung damage, 
but also pulmonary vascular volume 
(PVV). It was recently demonstrated 
that in SSc-ILD patients PVV values, 
both absolute and normalised for lung 
volume (PVV/LV), positively corre-
lated with the various ILD patterns and 
negatively with functional parameters 
in PFTs. It clearly emerged a progres-
sive increase in PVV/LV as DLCO 
decreases (35). Pleuroparenchymal fi-
broelastosis (PPFE) is an uncommon 
fibrotic condition which predominantly 
affects upper lobe pleural and subjacent 
parenchyma (36). The prevalence of 
PPFE was recently investigated with 
HRCT in 359 SSc from two different 
cohorts. PPFE was found in 18% of 
them and it significantly correlated with 
free-standing bronchial alterations and 
with a worse survival, independently of 
ILD severity (37).
Lung ultrasound (LUS) is a helpful 
tool in the evaluation of ILD and B-
lines are considered the main sign of 
an interstitial syndrome. Data from 396 
SSc patients confirmed a higher num-
ber of B-lines in patients with dcSSc, 
ATA positivity and ILD at HRCT. At 
a multivariate analysis, the presence 
of ≥5 posterior B-lines was associated 
with onset of ILD in patients without 
lung involvement at baseline HRCT or 
with ILD worsening (38). These data 
suggest the utility of LUS not only in 
baseline screening but also as a tool 
able to guide the use of HRCT in the 
follow-up of SSc patients.

Cardiovascular involvement
Among all instrumental techniques, car-
diac magnetic resonance (CMR) plays a 
pivotal role in SSc heart involvement de-
tection, especially in subclinical forms 
where echocardiography shows normal 
parameters. T1 mapping is emerging as 
a CMR sequencethat is able to objec-
tively distinguish normal from diseased 
myocardium, thus better characterising 
the composition of myocardial tissue. 
T1 lengthens with interstitium expan-
sion caused by oedema or fibrosis, 
hence T1 mapping proved to be helpful 
in detecting SSc myocardial fibrosis. In 

a study on 40 consecutive SSc patients, 
higher T1 values were observed more 
frequently in dcSSc and were associ-
ated with ILD and more frequent car-
diac events during follow-up (39). Data 
from 24h Holter electrocardiogram and 
CMR on 150 SSc patients were recently 
compared in the multicentre Scleroder-
ma Arrhythmia Clinical Utility Study 
(SAnCtUS). The results showed an as-
sociation between CMR abnormalities 
and ventricular rhythm disturbances, 
since T2 ratio and the percentage of late 
gadolinium enhancement are the most 
significant predictors of such arrhyth-
mias (40). Taken together, these results 
suggest CMR not only as a fundamental 
tool in heart assessment, but also in the 
prediction of major complication in SSc 
patients.
In a similar way, great efforts have been 
made trying to predict the development 
of digital ulcers (DUs). In the field 
of nailfold videocapillaroscopy, the 
NEMO score evaluates the cumulative 
number of microhaemorrhages and mi-
crothromboses, and has already proved 
to be a good indicator of disease activ-
ity in SSc. In a 2-year follow-up study 
on 98 SSc patients, it was demonstrated 
that the NEMO score at baseline was 
significantly higher in those who de-
veloped DUs with respect to those who 
did not (41). When DUs are already in 
place, laser speckle contrast analysis 
(LASCA) can be of help in their prog-
nostic stratification. A prospective study 
on forty SSc-DUs revealed that the ratio 
between the blood flow at the ulcer area 
and the finger base evaluated with LAS-
CA was strictly correlated to the time of 
healing. The presence of infection of the 
wound bed greatly influenced LASCA 
parameters and the healing time (42). 
Another insidious complication of DUs 
is the presence of calcinosis, which was 
recently well characterised in 55 SSc 
patients with DUs. Skin calcinosis was 
prevalent in subjects with lcSSc and 
longer disease duration, mainly local-
ised at the fingertip. Noteworthy, the 
healing time of DUs was significantly 
longer in patients with calcinosis (43). 

Gastrointestinal involvement
Gastrointestinal involvement is one of 
the most frequent complaints in SSc, 
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and it is often present from the earlier 
phase of the disease. It can ultimately 
lead to malnutrition, which strongly 
impairs quality of life, negatively af-
fecting morbidity and mortality. Hence, 
early detection of SSc patients at risk 
for malnutrition becomes a crucial is-
sue for successful early management of 
this condition. It was highlighted that 
the assessment of gastrointestinal com-
plaints and nutritional status in SSc 
using symptom-based questionnaires 
can reflect the severity of the gastro-
intestinal condition and the associated 
malnutrition, but is frequently prone to 
some limitations (44). In this context, 
bioelectrical impedance vector analy-
sis (BIVA) proved to be a reliable, 
low-cost, quick and bedside technique, 
emerging as a method of choice for 
assessing nutritional status. When ap-
plied in a SSc cohort with the clinical 
suspicion of malnutrition, BIVA, un-
like body mass index, allowed an ac-
curate characterisation of SSc patients 
at risk of malnutrition, correlating 
with serological malnutrition markers, 
with SSc-specific organ manifesta-
tions (cardiopulmonary involvement 
and microvascular damage), and with 
mortality. BIVA variables might, there-
fore, represent a surrogate marker of 
damage accrual that leads to malnutri-
tion, thus playing a leading role in the 
prognostic stratification of SSc patients 
(45). A strong link between sarcopenia, 
impaired body composition and local 
microvascular failure characterised by 
a late capillaroscopic pattern with sig-
nificant reduced number of capillaries 
was recently elucidated (46). Another 
aid in the assessment of malnutrition 
comes from laboratory analysis. It has 
been demonstrated that deficiencies in 
micronutrients (folic acid, zinc, sele-
nium) and/or prealbumin are a frequent 
burden in patients with SSc, since they 
are present from the very early phases 
of the disease and become more and 
more significant with the worsening of 
the SSc clinical manifestations (47). 
Gut microbiota is arousing interest in 
all chronic conditions. Analysing stool 
samples from SSc patients, it was found 
that microbial richness was lower for 
patients with long-standing disease, 
with dcSSc and for those who reported 

a recent weight loss. A deviation of the 
intestinal microbial composition in SSc 
patients compared to healthy controls, 
with a greater expression of Lactoba-
cillus and Streptococcus and a deple-
tion of Sutterella has been noted. Nutri-
tional status appeared to have a marked 
impact on the gut microbiota (48).

Take home messages
•	 Although still important in the prog-

nostic stratification of SSc, the sub-
division into the classic cutaneous 
subsets no longer seems to have a 
main role but rather being comple-
mentary to the autoantibody profile 
and to the change over time of the 
cutaneous involvement (23, 24, 27).

•	 In addition to mPAP, also a lowering 
of PVR threshold was proposed in 
order to enable an early diagnosis of 
SSc-PAH (30).

•	 SSc-ILD evaluation requires differ-
ent and increasingly sophisticated 
methods from laboratory (KL-6) 
and imaging (HRCT algorithms, 
LUS) fields (33, 35, 38).

•	 CMR is emerging as a fundamental 
tool for a complete evaluation of 
SSc heart involvement (39, 40).

•	 Malnutrition is a major issue in SSc, 
and its early detection could benefit 
from novel reliable and disease-spe-
cific tools as BIVA (45).

Tretment
SSc treatment is still an open challenge 
since older therapies gave unsatisfac-
tory results and no novel treatments 
completely fulfilled the expectations. 
The goal of treating is stabilisation and 
the prevention of progressive disease. 
Combining therapies to address the 
individual SSc manifestations is a cor-
nerstone to the comprehensive manage-
ment of this condition. Controlling the 
complex biological network, progres-
sive vasculopathy and fibrosis, as well 
as manifestations of end-organ dys-
function are all critical considerations 
when determining the best treatment 
approach for SSc.

Immunosuppressive treatments
The recent years have witnessed a great 
number of immunosuppressive and an-
tifibrotic therapeutic strategies in SSc-

ILD. An analysis on 497 SSc patients 
from a European multicentre cohort re-
vealed that a considerable proportion of 
them may be under-treated, thus mak-
ing risk stratification and individualised 
evidence-based treatment mandatory 
in daily clinical practice. This study 
also reported that methotrexate was the 
most administered immunosuppres-
sive agent, followed by cyclophospha-
mide (CYC), mycophenolate mofetil 
(MMF), and azathioprine, whereas only 
a small number of patients were treated 
with biologic agents (49). To elucidate 
potential differences between intrave-
nous and oral CYC, an analysis on pa-
tients from the EUSTAR register and 
from Scleroderma Lung Studies I and II 
with a one year of follow-up was con-
ducted. No significant differences were 
found between the two routes of CYC 
administration regarding lung function 
(change in FVC% and DLCO%) or 
cutaneous sclerosis (mRSS). Instead, 
discrepancies emerged with regard to 
side effects. Leukopenia, haemorrhag-
ic cystitis and alopecia occurred more 
frequently with oral CYC, whereas in 
the intravenous group, more severe ad-
verse events and need for oxygen sup-
plementation were reported (50). Since 
MMF is an established therapy for SSc, 
a Swedish study tried to unravel its 
pharmacokinetics and found a consid-
erable inter-individual variation in drug 
exposure. Plasma levels of MMF active 
metabolite were inversely related to 
body weight and renal function, where-
as lower levels were associated with 
ATA positivity, male sex and strongly 
with chronic usage of proton-pump in-
hibitors. Therefore, body weight, renal 
function, sex, serology, gastrointestinal 
manifestations and concomitant ther-
apy should be considered when using 
MMF for SSc (51). 
Among biologic therapies, a longitudi-
nal retrospective observational study on 
24 SSc-ILD patients with ongoing lung 
function impairment despite treatment 
with CYC or MMF, evaluated the use 
of rituximab (RTX) as a rescue add-on 
therapy to MMF. After 1 year of treat-
ment with RTX, a significant improve-
ment in FVC and DLCO was observed 
in most of the patients, but a sub-analy-
sis revealed that improvement occurred 
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mainly in those without a UIP pattern 
on HRCT. These data support the use 
of RTX as a rescue add-on treatment 
to MMF in patients with a more ag-
gressive SSc-ILD phenotype (52). To-
cilizumab (TCZ), an anti-interleukin-6 
receptor antibody, showed preliminary 
evidence of efficacy in SSc in a phase 
II trial; in 2020 Khanna et al. reported 
data about a multicentre, randomised, 
double-blind, placebo-controlled, phase 
III trial in 104 dcSSc-ILD patients. At 
week 48, TCZ treatment was not able 
to significantly modify the skin fibro-
sis (primary endpoint) in comparison 
with placebo but could preserve lung 
function (FVC% predicted) in patients 
with early SSc-ILD and elevated acute-
phase reactants. Safety was consistent 
with the known profile of TCZ (53). A 
phase II trial evaluated weekly subcuta-
neous abatacept (ABA) versus placebo 
in dcSSc. ABA was well tolerated but a 
change in mRSS at 12 months (primary 
end point) was not achieved. Secondary 
outcome measures, such as Health As-
sessment Questionnaire Disability In-
dex (HAQ-DI) and a composite meas-
ure, showed evidence in support of 
ABA (54). The safety and effectiveness 
of ABA was analysed in 27 SSc patients 
from the EUSTAR database. The most 
frequent reason for ABA treatment was 
articular involvement followed by my-
ositis. Data after 6 and 12 months of 
treatment showed significant improve-
ment in the number of tender and swol-
len joints, in the HAQ-DI and in morn-
ing stiffness (55).
Janus kinase (JAK) inhibitors are a 
family of small drugs that target vari-
ous possible isoforms of JAK (JAK1, 
JAK2, JAK3 and/or TYK2), thus block-
ing the signalling of pro-inflammatory 
cytokines. The efficacy of tofacitinib 
on skin fibrosis was confirmed in a pi-
lot study on 10 dcSSc patients with skin 
thickening refractory to conventional 
immunosuppressants. The mRSS sig-
nificantly improved the first month after 
tofacitinib treatment: these results sug-
gest that tofacitinib may be at least as 
effective as intensive conventional im-
munosuppressants, with a quicker and 
higher response rate in refractory dcSSc 
patients with progressive skin thickness 
(56).

Vasoactive treatments
DeSScipher is the largest European 
multicentre observational real-life study 
with the aim of working out what the 
optimal management of SSc is, and its 
first observational trial evaluated the 
efficacy of different drugs for the pre-
vention and healing of DUs. Data from 
905 SSc patients with DUs (previous 
or ongoing) pointed to calcium channel 
blockers (CCB) as being the most used 
drug (71.6%), followed with a remark-
able gap by intravenous iloprost, en-
dothelin receptor antagonists and phos-
phodiesterase-5 inhibitors (≤20% for all 
of them). Noteworthy, even in the most 
expert centres, the proportion of patients 
with DUs on combination therapy with 
more than one vasoactive drug was quite 
low. Although 65% of the patients with 
recurrent DUs were treated with bosen-
tan and/or sildenafil, almost one out of 
four patients with current and recurrent 
DUs was on CCB alone (57).
There is growing evidence regarding 
combination therapy as a better option 
than monotherapy to treat SSc-PAH. A 
recent post-hoc analysis of the modi-
fied intention-to-treat population of the 
AMBITION study reported that initial 
combination therapy with ambrisentan 
and tadalafil provided greater benefits 
compared with initial monotherapy 
with either agent alone in patients with 
PAH secondary to connective tissue 
diseases, especially in SSc-PAH. A sig-
nificant reduction of the risk of clinical 
failure with combination therapy was 
observed particularly in patients whose 
baseline risk was low or intermediate 
(at a simplified risk stratification score 
using non-invasive parameters from 
ESC/ERS guidelines) (58). The superi-
ority of combination therapy in terms of 
survival rate emerged also from a retro-
spective analysis of the Spanish regis-
try RESCLE (59). Taken together, these 
data reinforce the indication to treat the 
initial forms of SSc-PAH more aggres-
sively, starting from the beginning with 
a combination therapy, for the sake of 
obtaining better outcomes.
ACE inhibitors (ACEi) are the main-
stay of therapy in scleroderma renal 
crisis (SRC). The effect of ACEi on the 
incidence of this fearful complication 
was investigated in a retrospective anal-

ysis on 7648 patients without prior SRC 
from the EUSTAR database. Interest-
ing yet controversial results emerged: 
ACEi in SSc patients with concomitant 
systemic arterial hypertension appeared 
as an independent risk factor for the 
development of SRC. Although ACEi 
are still the first choice in SRC treat-
ment, these data warrant further studies 
in order to be clarified and to look for 
alternative safe antihypertensive drugs 
in SSc (60).

Antifibrotic treatments
After the publication of the results of 
the SENSCIS trial in 2019, nintedanib 
(NIN), a tyrosine kinase inhibitor ini-
tially approved for idiopathic lung fi-
brosis, received approval in many coun-
tries, also for the treatment of SSc-ILD. 
A post-hoc analysis of SENSCIS trial 
classified SSc patients on the basis of 
FVC% change and found that at week 
52, in subjects treated with NIN and 
placebo, respectively, 13.6% and 20.1% 
had an FVC decline >5%-≤10% predict-
ed, and 3.5% and 5.2% had an FVC de-
cline >10%-≤15% predicted. The haz-
ard ratio for an absolute decline in FVC 
≥5% predicted or death with NIN versus 
placebo was 0.83, and the hazard ratio 
for an absolute decline in FVC ≥10% 
predicted was 0.64, supporting the clini-
cally meaningful effect of NIN on slow-
ing the progression of SSc-ILD (61). 
The adverse events profile of NIN is 
mainly characterised by gastrointestinal 
complaints, especially mild-moderate 
diarrhoea, which is usually managed by 
reducing the dose to 100 mg bid. Data 
from the SENSCIS trial revealed that 
SSc-ILD patients with gastrointestinal 
involvement are not more likely to have 
gastrointestinal adverse events from 
NIN than those without. Dose adjust-
ment appears as an important strategy to 
minimise the impact of adverse events 
and to avoid treatment interruption, es-
pecially since it was demonstrated that 
the rate of FVC decline is similar in 
all NIN-treated patients irrespective of 
dose adjustments (62).

Other treatments
One of the most debilitating gastroin-
testinal complication in SSc is small 
intestinal bacterial overgrowth (SIBO). 
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Cyclic administration of antibiotics is 
the most widely used therapy for im-
proving symptoms and time intervals 
for relapses of SIBO. An open pilot 
clinical trial performed in forty SSc pa-
tients with SIBO evaluated the efficacy 
and safety of Saccharomyces boulardii 
alone or in combination with metro-
nidazole. This probiotic is a strain of 
yeast resistant to antibiotics, so it can 
be administered along with any anti-
bacterial. After 2 months of treatment, 
the combination group reported the 
higher rate of SIBO eradication (55%), 
with a significant decrease of diarrhoea, 
abdominal pain, and gas/bloating/
flatulence. Hence, these data indicate 
S. boulardii as the add-on probiotic 
of choice for the treatment of SIBO 
(63). Gastroesophageal reflux disease 
(GERD) is another gastrointestinal 
manifestation that sometimes can be 
resistant to conventional anti-acid treat-
ments, significantly impairing the qual-
ity of life. In this context, encouraging 
results were obtained with vonoprazan, 
an H+/K+ ATPase blocker. SSc patients 
with GERD refractory to proton-pump 
inhibitors, experienced a significant im-
provement of symptoms after treatment 
with vonoprazan (64).
The efficacy and safety of autologous 
fat grafting for the treatment of skin 
and peripheral microvascular involve-
ment in SSc was recently established 
in 25 patients with mouth and/or hand 
involvement (microstomia, xerostomia, 
skin sclerosis, Raynaud’s phenomenon 
and long-lasting DUs). The surgical 
procedures were repeated in each pa-
tient every 6 months for a total of two 
or three times. The results at 6 months 
after the last session reported improve-
ment of xerostomia, reduction of the 
skin thickness around the mouth and on 
the hands, reduction of the Raynaud’s 
phenomenon and improvement of the 
perception of disability. DUs healed 
completely in 8 out of 9 patients (65).
Lenabasum is a synthetic orally admin-
istered agonist of cannabinoid recep-
tor-2 that modulates the endocannabi-
noid system to activate the resolution 
phase of innate immune responses. 
Lenabasum was tested (as an add-
on therapy) in 27 dcSSc patients in a 
phase II study for 16 weeks, proving to 

be safe and well-tolerated. Compared 
to placebo, treatment with lenabasum 
determined improvements in mRSS, 
patient reported outcomes and, on his-
tologic evaluation of skin biopsy speci-
mens, an improvement in inflammation 
and fibrosis directly related to a reduc-
tion of their respective gene expression 
pathways (66). It is worth mentioning 
that topline data of the Phase III study 
for lenabasum in dcSSc, although not 
published in MedLine, have been dis-
closed by the Sponsor as not meeting 
the primary endpoint.

Take home messages
•	 Even if the therapeutic choices 

among immunosuppressants have 
greatly expanded, classic DMARDs, 
especially MMF and CYC, are still 
important first-line therapies, and 
their correct dosage management 
can make the difference in the thera-
peutic outcome (49, 51).

•	 Safety and efficacy of RTX in SSc 
is now well established, at the same 
time encouraging data are being col-
lected on TCZ, ABA and JAK inhib-
itors (52-56).

•	 Combination vasoactive therapy 
should be strongly encouraged in 
SSc-PAH from the beginning: an ag-
gressive early approach leads to bet-
ter survival outcomes (58, 59).

•	 NIN proved to be effective in slow-
ing the progression of SSc-ILD, thus 
dose adjustment appears as an im-
portant strategy to minimise the im-
pact of adverse events and to avoid 
treatment interruption (61, 62).

Patient reported outcomes (PROs)
The importance of obtaining PROs in 
the management of SSc has been rec-
ognised in an important recent initia-
tive, the Collaborative National Quality 
and Efficacy Registry for Scleroderma 
(CONQUER). This longitudinal cohort 
has been instituted for SSc patients with 
no longer than 5 years duration from 
first non-Raynaud’s symptom. It envis-
ages the collection of a biobank and it 
is intended as a validation cohort for 
upcoming studies. Most relevantly, bio-
logical and clinical data are paralleled 
by PROs questionnaires administered 
to participants. Questionnaires include 

Patient Global Assessment, Scleroder-
ma Health Assessment, the UCLA GIT 
2.0, the PROMIS 29, patient skin as-
sessment, dyspnoea assessment and, fi-
nally, the resource utilisation question-
naire (RUQ), which asks to report on 
time spent in health care, the number of 
healthcare professionals seen in the last 
period, treatments and devices used for 
the disease, hospitalisations, etc. The 
completion rate was above 88% for all 
questionnaires. Noteworthy, no clinical 
feature, age or social status prevented 
their finalisation (67). PROs emerged 
therefore as reliable variables to in-
clude patients’ perspective in biologi-
cal and clinical studies. A subsequent 
multivariate analysis of the CONQUER 
cohort demonstrated that the only clini-
cal features which influenced ques-
tionnaires completion were the pres-
ence of calcinosis and acro-osteolysis. 
The most affected PRO was the RUQ, 
whereas all the others maintained high 
percentages of performance (68). This 
analysis allows two considerations. 
First, the RUQ is helpful in understand-
ing healthcare policies and burden of 
chronic diseases but it is probably too 
lengthy for SSc patients and difficult to 
administer, especially in longitudinal 
cohorts. Second, hand complications 
deserve special and further attention 
when addressing intervention as spe-
cific PROs should be formulated and 
their completion assisted (by electronic 
administration of questionnaires, use of 
finger-friendly devices, etc).
DUs are a common SSc feature whose 
emotional burden comprises a com-
plex interplay of experiences associ-
ated with significant pain and morbid-
ity. Existing PROs fail to capture this 
in full. In a recent qualitative study, 
focus groups of patients were asked 
to describe their personal experience 
of DU-related pain. It emerged quite 
unanimously that describing their ex-
perience through figurative images, 
comparisons to other relatable physical 
events or detailing strategies for cop-
ing was extremely effective in com-
municating with partners and health-
care professionals (69). Descriptive 
tools (metaphors, graphic contents, 
similitudes, etc) captured the burden of 
DUs in SSc patients better than semi-
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qualitative or multidimensional scales 
(70). Therefore, this modality should 
be taken into consideration to improve 
the approach to something as multifac-
eted as DUs.
Finally, in the year of the pandemic 
from Sars-Cov-2 infection, an inter-
national mental health survey inves-
tigated whether this situation could 
differently affect patients with a pre-
existing condition such as SSc, which 
is considered to be more at risk of com-
plication from COVID-19. The results 
obtained with the PROMIS anxiety 
scale and the Patient Health Question-
naire (focused on depression) in the 
same cohort of SSc patients in the pre-
COVID period were compared with 
those in the COVID period. Symptoms 
of depression did not change signifi-
cantly, whereas quite homogeneously 
in all the participating countries an in-
crease in anxiety exceeding the mini-
mal clinically important difference in 
the PROMIS anxiety scale was noted. 
It was mainly influenced by time since 
diagnosis and revealed higher percent-
ages in Anglo-Saxon countries (UK, 
US) with respect to France or Canada 
(71). Mental health status is an aspect 
not to underestimate when assessing 
the vulnerability of SSc patients to the 
current pandemic.

Conclusions
This brief, not exhaustive narrative 
overview of some of the most innova-
tive studies published in 2020 clearly 
indicates a considerable step forward 
in understanding and managing an 
extremely complex pathology such as 
SSc. More and more refined studies 
are allowing us to unravel its patho-
genesis, providing insights into hith-
erto unknown mechanisms and often 
opening the path for new therapeutic 
approaches. From a clinical point of 
view, a common theme has been the 
effort to obtain an increasingly early 
diagnosis and early treatment, with the 
overall aim of improving the prognosis 
and the quality of life of SSc patients. 
Advances in understanding this pathol-
ogy and disease outcome heterogeneity 
will help to better design future trials, 
following the winning path of preci-
sion medicine.

Abbreviations
(in order of appearance):
SSc: systemic sclerosis
ATA: antitopoisomerase-1
ACA: anticentromere
IFN: interferon
TLR: toll-like receptor
ILD: interstitial lung disease
FGF(R): fibroblast growth factor (receptor)
TGF-β: transforming growth factor-β
EZH2: enhancer of zeste 2
SOCS3: suppressor of cytokine signalling 3
ATAC-seq: Assay for Transposase-Accessible
                   Chromatin using sequencing
DC: dendritic cell
SNP: single nucleotide polymorphism
ECM: extracellular matrix
CLIC4: intracellular chloride channel 4
DDP-4: dypeptildypeptidase-4
MSC: mesenchymal stromal cell
dcSSc: diffuse cutaneous SSc
KL-6: Krebs von den Lungen-6
PCSK9: protein convertase subtilisin/kexin  
              type 9
lcSSc: limited cutaneous SSc
mRSS: modified Rodnan skin score
PAH: pulmonary arterial hypertension
mPAP: mean pulmonary arterial pressure
PVR: pulmonary vascular resistance
FVC: forced vital capacity
DLCO: diffusing capacity for carbon 
             monoxide
PFT: pulmonary function test
HRCT: high resolution chest tomography
PVV/LV: pulmonary vascular volume / lung
                volume
PPFE: pleuroparenchymal fibroelastosis
LUS: lung ultrasound
CMR: cardiac magnetic resonance
DU: digital ulcer
LASCA: laser speckle contrast analysis
BIVA: bioelectrical impedance vector analysis
CYC: cyclophosphamide
MMF: mycophenolate mofetil
RTX: rituximab
TCZ: tocilizumab
ABA: abatacept
HAQ-DI: Health Assessment Questionnaire  
                 Disability Index
JAK: janus kinase
CCB: calcium channel blockers
ACEi: ACE inhibitors
SRC: scleroderma renal crisis
NIN: nintedanib
SIBO: small intestinal bacterial overgrowth
GERD: gastroesophageal reflux disease
PRO: patient reported outcome
RUQ: resource utilisation questionnaire
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