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ABSTRACT

Systemic sclerosis (SSc) is an autoim-
mune disease characterised by micro-
vasculopathy, immune dysregulation,
and skin and visceral organ fibrosis.
Every year novel insights into the
pathogenesis, organ involvement and
treatment of this severe disease are
published in the scientific community.
In this review we report an overview of
some of the most relevant contributions
published in 2021 .

Introduction

Systemic sclerosis (SSc) is a rare, com-
plex, and chronic disease. Diagnosing
the disease at an early stage is crucial
for the treatment of diffuse cutaneous
involvement and of other troublesome
complications, such as interstitial lung
disease (ILD) and pulmonary arterial
hypertension (PAH) (1). Following the
previous editorial initiatives of Clini-
cal and Experimental Rheumatology
to present novel relevant insights on
rheumatic diseases in the form of “One
year in review” (2, 3), we provide a re-
view of the most significant contribu-
tions published in 2021 regarding SSc
affecting adult patients. A MedLine
search was performed using the term
“systemic sclerosis” (MeSH terms and
semantic search), focusing on patho-
genesis, clinical manifestations, and
treatment. We included 109 articles
in English published between January
Ist, 2021 and December 31th, 2021.

Pathogenesis of SSc

Genetics

Clark et al. analysed the transcriptome
of skin biopsies of patients with early
diffuse cutaneous SSc (dcSSc) and
found 61 genes whose expression dif-
fered between patients with anti-RNA
polymerase III antibodies (ARA) and
those with anti-topoisomerase I anti-
bodies (ATA). Those with ARA seemed

to be more influenced by impairment of
local connective tissue and adipocytes,
whereas those with ATA seemed to re-
flect more persistent or refractory im-
mune cell-driven skin fibrosis (4). A
comparison of mRNA extracted from
SSc myofibroblasts and non-myofi-
broblastic cells revealed a higher ex-
pression of NBPF genes in the former,
suggesting a role of the NBPF cluster
in SSc pathogenesis (5). A Japanese
study found that CD16+ monocytes
differed between SSc and healthy con-
trols, and that they expressed a group
of inflammatory genes that is thought
to be relevant in SSc pathogenesis (6).
A Spanish study analysed 59 SSc pa-
tients with PAH and identified patho-
genic or likely pathogenic mutations in
potassium channel genes (KCNKS5 and
ABCCS) (7). It was demonstrated that
homozygosity for rs2235611, a SNP of
SRp55, which is the regulatory splicing
factor responsible for the switch from
proangiogenic VEGF-A165 to antian-
giogenic VEGF-A165b, significantly
influences the predisposition to develop
SSc. Furthermore, it was strictly as-
sociated with ILD and with a nailfold
videocapillaroscopy (NVC) “late” pat-
tern (8). Another study investigated
the expression of quantitative trait loci
(eQTL) potentially specific to SSc and
found that some transcription factors
are differentially expressed in disease-
relevant tissues: ELF1 and MGA were
upregulated in SSc blood cells, KLF4
and ID4 were downregulated in SSc
skin, and TBX4 was upregulated in SSc
lungs (9). A multi-centric study generat-
ed a GRS (genomic risk score) based on
the allelic effects identified in the larg-
est SSc genome-wide association study
to date; this proved able to discriminate
between SSc and healthy controls with
a remarkable predictive value, and be-
tween SSc and other immune-mediated
inflammatory diseases (10).
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Regarding epigenetics, Zehender et al.
demonstrated that TGF-f determined
a SMAD3-dependent downregulation
of MYSTI, a histone acetyltransferase
that normally downregulates the ex-
pression of core components of the
autophagy machinery in fibroblasts, ul-
timately leading to an aberrant activa-
tion of autophagy in SSc and promot-
ing collagen release (11).

Cells and cytokines

Several studies have focused on the dys-
regulation of the innate immune system
occurring in SSc. Andreucci et al. dem-
onstrated that SSc dermal fibroblasts
(DFs) were largely dependent on glyco-
lysis, with consequent large production
of lactates and acidification of the mi-
croenvironment. In this acidic microen-
vironment, endothelial cells upregulated
matrix metalloproteinase-12 (MMP-12)
and caused an increased degradation of
urokinase-type plasminogen activator
receptor (UPAR), leading to an impaired
angiogenesis in SSc. Furthermore, acid-
ic pH promoted the differentiation of
endothelial cells into myofibroblasts, in
a process called endoMT (12). Rudnik
et al. co-cultured CD14+ monocytes
with DFs from SSc patients and from
healthy controls (HCs) and observed
a significantly increased expression of
profibrotic genes (ACTA2, COLIAI,
alfaSMA and FN1) in the monocytes
of the SSc culture (13). Another study
analysed the mechanism of adhesion
and infiltration of CD14+ monocytes.
SSc monocytes had a higher expres-
sion of adhesion molecules (CCL2 and
CCL3, CXCR1 and CXCR2, SELPLG,
and ITGB2) and downregulated expres-
sion of CD52. The study demonstrated
that CD52 blockade with the anti-CD52
antibody Alemtuzumab resulted in in-
creased adhesion. Interestingly, the ex-
posure to type I and type II Interferon
(INFs), regulated by the histone dea-
cetylase (HDAC) family, diminished
the expression of CD52. A selective
inhibition of HDAC Ila resulted in an
upregulation of CDS52, identifying an
IFN-HDAC-CD52 axis that could be
targeted by specific therapy (14).

A Japanese group investigated the role
of interleukin-31 (IL-31), which had
previously been implicated in fibrosis
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and in T-helper (Th) 2-mediated im-
munity. Serum IL-31 levels were sig-
nificantly elevated in SSc patients com-
pared with HCs and were positively cor-
related with modified Rodnan skin score
(mRSS), and negatively correlated with
% diffusing capacity for carbon monox-
ide (DLco). Samples of skin damaged
by SSc showed significantly higher
mRNA levels of IL-31 and IL-31RA
compared with the skin of HCs (15).
A French study found that the absolute
number of circulating type 2 innate lym-
phoid cells (ILC2) were approximately
three times lower in SSc compared with
HCs, whereas a significant increase in
ILC2 was observed in SSc patients, with
a positive correlation with skin fibrosis.
SSc skin samples showed a low per-
centage of KLRG1, a marker associated
with the inflammatory form of ILC2. In
a mouse model of SSc, therapeutic in-
tervention combining pirfenidone with
IL-10 reduced the numbers of skin-in-
filtrating ILC2, enhancing their expres-
sion of KLRG1 and strongly alleviating
skin fibrosis (16).

Take home messages

® Several mechanisms involved in SSc
pathogenesis have been investigated,
such as the high expression of NPBF
cluster genes in myofibroblasts (5),
potassium channel dysfunction (7),
TGF-f-induced enhancement of au-
tophagy (11), and pathways involving
immune-mediated fibrosis (13, 16).

® The acidic microenvironment in SSc
may lead to transition of monocytes
into myofibroblast-like cells, to the
impairment of neoangiogenesis, and
to the transition of endothelial cells
into myofibroblasts (12).

® Dysregulated innate immune re-
sponse in SSc may represent a po-
tential target for novel therapies,
such as alemtuzumab (14).

Clinical manifestations and

organ involvement

Early diagnosis is important to avoid
irreversible damage, and the identifica-
tion of more homogeneous subsets of
SSc patients is a crucial target in SSc
research (17). Results from the multi-
centric SSc cohort of 2281 patients
- including 247 men - recruited in the

Italian Systemic Sclerosis PRogression
INvestiGation (SPRING) registry were
published. The study showed significant
sex-related differences in several aspects
of SSc, including more severe disease
in men, who presented with extensive
skin involvement, digital vasculopathy,
and internal organ involvement, and a
higher prevalence of sicca syndrome
and an autoantibody profile character-
ised by serum ANA, anti-ENA, anti-
CENP-B, and anti-La/SSB antibodies
in female patients (18). The analysis of
the largest cohort of anti-PM/Scl+ pa-
tients from the European Scleroderma
Trials and Research Group (EUSTAR)
database identified a specific clinical
subset of SSc patients characterised by
muscle involvement, dermatomyositis,
calcinosis and ILD with a good progno-
sis (19). Long-term data from a recent
retrospective study on 375 SSc patients
confirmed male sex, DLco <70%, cardi-
ac involvement, and C-reactive protein
(CRP) >5mg/l as independent predic-
tors of mortality. Sine scleroderma sub-
type had better survival than diffuse or
limited cutaneous subtypes (20).
Lescoat et al. summarised symptoms
and domains mentioned by 1cSSc pa-
tients to design a future combined re-
sponse index dedicated to 1cSSc. The
most salient reported domains were
skin, musculoskeletal, cardiac, pulmo-
nary, GI manifestations, sleep, fatigue,
Raynaud’s phenomenon (RP), and dig-
ital ulcers (DUs) (21).

Pain is one of the most common chief
complaints in patients with SSc and cor-
relates with age, gender, DUs, small-
joint contractures, and GI symptoms
(22). Disease-specific determinants that
influence health-related quality of life
have been described in 492 SSc patients.
PAH, DUs, RP and GI involvement sig-
nificantly contributed to the worsening
of quality of life over time (23).
Patients with SSc may require consid-
erable healthcare resources with a no-
table economic impact over time (24).
A recent systematic review showed that
the management of the dcSSc subtype
had higher costs than 1cSSc (25).

Vascular manifestations
Vascular complications are still re-
sponsible for significant mortality and
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morbidity in patients with SSc (26).
Recently, bilateral Doppler ultrasonog-
raphy of carotid, vertebral, and periph-
eral arteries was performed on 88 SSc
patients; atheromatous plaques were
found in 67.7% of 1936 arteries exam-
ined by Doppler ultrasonography. Of
these, 37.4% demonstrated a narrowing
of the intraluminal diameter, whereas
the carotid intima-media thickness was
increased in 55.7% of the patients. This
degree of thickness correlated with dis-
ease duration, mRSS, and the Medsger
Disease Activity Score, but not with
cardiovascular risk factors (27).

Early detection at a subclinical stage
with carotid femoral pulse wave veloc-
ity may be helpful in SSc therapeutic
planning and management (28).

NVC is a well-established tool that can
quantify structural vascular abnormali-
ties in SSc. Digital thermal monitoring
was tested in 31 SSc patients for the as-
sessment of microvascular dysfunction
related to thermoregulation. Vascu-
lar reactivity index was progressively
higher in SSc patients with early, ac-
tive, and late NVC patterns of micro-
angiopathy, with a significant negative
correlation between vascular reactivity
index and microhaemorrhage scores.
NVC and digital thermal monitoring
may quantify different aspects of vas-
culopathy and may enrich each other
as diagnostic tools (29). Furthermore,
digital thermal monitoring may iden-
tify patients at risk for DUs, as recently
confirmed in a study on 90 patients
where the vascular reactivity index
was lower in patients with DUs (30).
Gigante et al. proposed laser speckle
contrast analysis (LASCA) as a method
for the evaluation of peripheral blood
perfusion of the hands, suggesting that
it could be used along with NVC to
define different vascular phenotypes
of SSc. In their retrospective study on
176 SSc patients, proximal-distal gra-
dient predicted major vascular compli-
cations (DUs, PAH, SRC) and 5-year
mortality of SSc patients (31). Another
recent study found that arterial stiffen-
ing and cardiovascular risk scores were
positively associated with the degree of
progression of peripheral microvascu-
lopathy assessed with NVC, suggest-
ing an association between NVC ab-
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normalities and higher cardiovascular
risk in SSc patients (32). Cassius et al.
assessed the frequency of lower limb
arterial impairment in SSc patients by
measuring ankle-brachial index, toe
pressure, and toe-brachial index, show-
ing that 76% of SSc patients had hemo-
dynamic arterial lower limb abnormali-
ties related to macro- and/or microvas-
cular impairment, and that 28% had
vascular stiffness (33).

Pulmonary arterial hypertension

PAH is currently the main cause of death
in SSc. A systematic review and meta-
analysis reported an overall PAH preva-
lence and incidence of 6.4% and 18.2
cases per 1000 person-years, respective-
ly (34). The main tool to screen for PAH
is transthoracic echocardiography with
a sensitivity of 90%, even if definitive
diagnosis should be confirmed by right
heart catheterisation (RHC) (35).

The DETECT algorithm is an evi-
dence-based screening algorithm cre-
ated in 2013 which can be used as a
screening tool for SSc-PAH because
of its high sensitivity and negative pre-
dictive value in patients with a DLco
=60% (36).

Showalter et al. evaluated the number
of hospital readmissions among indi-
viduals with SSc and PH enrolled in
the PHAROS (Pulmonary Hyperten-
sion Assessment and Recognition of
Outcomes in Scleroderma) registry, a
large North American registry of SSc
patients at risk for or with incident
PAH, and reported that 34% of the in-
dividuals with SSc-PH (or with SSc at
high-risk for PH) had =1 hospital read-
mission within 12 months (37).

Tona et al. reported that ventricular-ar-
terial coupling by 3-dimensional echo-
cardiography could be significantly
higher in deSSc patients than in 1cSSc
patients, despite normal LVEF (38).
Although 2-dimensional echocardiog-
raphy is a useful screening tool in PAH
given its high specificity and high posi-
tive predictive value, right ventricular
dysfunction and emerging PAH are of-
ten undetected or underestimated until
late in the disease course. A novel non-
invasive metric of regional and global
right ventricular contractile function
called right ventricular longitudinal

systolic strain was recently shown to
identify SSc patients with limitations
in right ventricular reserve and poor
clinical outcomes (39).

A morphological evaluation using
echocardiography and cardiac MRI
compared with hemodynamic evalua-
tion by pulmonary arterial wedge pres-
sure could better reflect the copresence
of left heart disease phenotype in pa-
tients with SSc and PH (40). Dumitru
et al. used cardiovascular MRI to char-
acterise predictors of subclinical SSc-
PAH in 83 SSc patients with no history
of cardiovascular disease or PAH. Sub-
clinical SSc-PAH was characterised by
myocardial microvasculopathy, diffuse
and focal myocardial fibrosis but pre-
served myocardial contractile function.
This subclinical phenotype of SSc-
PAH was associated with high-sensi-
tivity troponin I, N-terminal pro-brain
natriuretic peptide (NT-proBNP), SSc
disease severity and DUs (41).

Lui et al. proposed electrocardiogra-
phy (ECG) as an inexpensive, widely
available, non-invasive test for the
evaluation of PAH in SSc patients,
which could be potentially useful for
risk stratification. They retrospectively
evaluated the ECGs from 169 SSc pa-
tients: right axis deviation and left axis
deviation was observed in 28.4% and
30.8% of patients with SSc-PH, re-
spectively; both were associated with
poor prognosis and with an increased
hazard for mortality (42).

Cardiac involvement

Primary cardiac involvement in SSc in-
cludes conduction blocks, arrhythmias,
and non-ischaemic cardiomyopathy. In
a cohort of 806 SSc patients, disease
duration, DLCO =60% and a history of
SRC were associated with an increased
risk of diastolic dysfunction (43). Heart
failure with preserved ejection fraction
(HFpEF) is a clinically relevant com-
plication of SSc, and was reported in
25% of 155 SSc patients (44). Dumitru
et al. evaluated cardiac MRI and NT-
proBNP for the assessment of primary
heart involvement in 74 SSc patients.
The presence of cardiovascular disease
was considerably higher in those with
NT-proBNP >125 pg/mL, and a trend
for poorer time-to-event was noted in

1913



Systemic sclerosis: one year in review 2022 / G. Lepri et al.

those with higher extracellular volume
and hs-Tnl levels (45). A prospective
Chinese multi-centric cohort of 784
SSc patients showed a prevalence of
left ventricular diastolic dysfunction of
31.4%, and identified advanced age of
onset, PAH, anti-RNP antibodies, in-
creased WBC count, and adverse meta-
bolic status as risk factors for SSc-relat-
ed left ventricular diastolic dysfunction
(46).

Heart involvement in SSc may also
be related to myocarditis. Serum anti-
heart and anti-intercalated disk autoan-
tibodies are organ- and disease-specific
markers of isolated autoimmune myo-
carditis; they have recently been report-
ed in asymptomatic SSc patients, sug-
gesting underdiagnosed autoimmune
heart involvement. In a recent study,
they were associated with ILD, history
of chest pain, abnormal troponin, and
concurrent immunosuppression (47).
The diagnostic work-up for myocardial
impairment is usually conducted in the
late stage. Novel sensitive methods are
required for early diagnosis of myocar-
dial impairment in SSc. In one study,
global longitudinal strain measured by
2D speckle-tracking echocardiology
(2D-STE) was proposed as a sensitive
and practical method for early cardiac
damage assessment, as approximately
25% out of 95 SSc patients presented
a subclinical cardiac impairment that
could be detected only by 2D-STE (48).
Patients with SSc have a 4-fold in-
creased prevalence of moderate/severe
valvular heart disease at diagnosis and
during follow-up compared to HCs.
Aortic stenosis was the most prevalent
valvulopathy along with secondary tri-
cuspid regurgitation (49, 50).

Musculoskeletal manifestations

Two large French cohorts studied the
prevalence of autoantibodies associated
with erosive arthritis. Among 448 SSc
patients, 25% had rheumatoid factor
(RF), 9% had anti-citrullinated proteins
antibodies (ACPA), and 14% had anti-
carbamylated proteins (anti-CarP) an-
tibodies. After a multivariate analysis,
RF, ACPA, and anti-CarP antibodies
resulted significantly associated to vas-
cular complications, synovitis/tenosyn-
ovitis, and skin fibrosis, lung disease
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and DUs, respectively (51). Among 120
SSc patients enrolled in a recent cross-
sectional study, acro-osteolysis was
common in patients at early onset of
the disease; it was positively associated
with ATA, hand deformity and dyspha-
gia, and negatively associated with skin
oedema (52). In a cohort of patients
with early disease (defined as <5 years
of disease duration), acro-osteolysis
and calcinosis were associated with
lower patient-reported outcome meas-
ure (PROM) completion rates (53).

Cutaneous manifestations

The gold standard method for skin
assessment in SSc is mRSS, which
however is characterised by high in-
terobserver variability. In a study on
53 patients, high-frequency ultrasound
allowed objective assessment of cuta-
neous fibrosis in SSc with an excellent
interobserver agreement and reproduc-
ibility for all parameters, along with
the detection of subclinical abnormali-
ties. These observations suggested the
use of high-frequency ultrasound as an
alternative to mRSS in clinical trials
(54). In a study with 43 SSc patients,
ultrasound was highly specific but less
sensitive compared to radiographs for
the detection of calcinosis cutis (55).

Neurological manifestations

Pure sensory polyneuropathy is the
most prevalent type of neuropathy in
SSc; other observed patterns are mixed
sensory and motor polyneuropathy
and mononeuritis multiplex. Recently,
peripheral neuropathy was reported in
36.7% of 60 SSc patients. Of them,
polyneuropathy and focal neuropathy
were found in 23.3% and 13.3% of the
patients, respectively (56). Recently,
a case-control study reported an inci-
dence rate of trigeminal neuralgia of
5.8 per 1000 person-years (57).

Renal manifestations

The risk of end-stage renal disease in
a cohort of 2012 SSc patients was ap-
proximately two times higher than in
the control group; male and younger
patients were the most susceptible
groups (58).

In one study from the EUSTAR data-
base, it was reported that estimated

glomerular filtration rate (¢éGFR) repre-
sented a predictive risk factor for over-
all survival in SSc but did not represent
a risk factor for death from SRC (59).
In arecent study, eGFR resulted to be a
predictive marker of mortality for SSc,
whereas RRI (renal resistive index)
was a predictive marker of mortality
for all causes (60). Cianci et al. report-
ed higher RRI values in SSc patients
(with renal scleroderma vasculopathy)
with respect to IgA nephropathy pa-
tients (with glomerular injury), thereby
reflecting that RRI expressed not only
kidney damage but also microvascular
alterations (61).

SRC is a severe manifestation of SSc,
and is independently associated with
African American ethnicity, which ap-
pears to also have a higher prevalence
of anti-Ro antibodies (62).

Pulmonary involvement

ILD is a common manifestation of SSc
and is associated with older age and
male gender. HRCT and pulmonary
function tests (PFTs) are crucial for di-
agnosis and for monitoring disease pro-
gression (63). Landini et al. performed
a systematic review on chest CT find-
ings as predictors of mortality or ILD
progression in SSc-ILD. Extensive ILD
may be a predictor of need for supple-
mental oxygen or of lung transplanta-
tion (64). Even if HRCT imaging, to-
gether with PFTs, is currently the gold
standard for a cost-effective and non-
invasive assessment of ILD, the inter-
reader variability remains an issue.
In contrast, radiomics is an objective
imaging-based tool that enables a more
detailed and reliable quantitative as-
sessment of lesion features. Schniering
et al. proposed a binary radiomic risk
score composed of 26 features which
accurately predicted progression-free
survival (65). In a cohort of 60 patients,
Martini et al. speculated that radiomics
might capture features indicating sever-
ity of SSc-ILD on HRCT and claimed
that radiomics could predict gender,
age, and pulmonary function stage with
a sensitivity of 84% and a specificity of
almost 100% (66). Quantitative com-
puted tomography (qCT) may become
an objective tool for the assessment of
ILD in SSc, complementary to PFTs
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and visual fibrosis scores. The lung
density and volume of 135 SSc patients
were compared to HCs by a software-
aided image segmentation method. It
was demonstrated that lung density was
higher in SSc patients with signs of ILD
than those without ILD or HCs. It was
also shown that, even in the absence of
signs of pulmonary fibrosis on HRCT,
lung density was higher in patients with
dcSSc compared with both 1cSSc pa-
tients and HCs (67). Furthermore, they
reported that qCT parameters differen-
tiated SSc patients with ILD showing
a good correlation with visual fibrosis
scores (68). Carnevale et al. showed
that repeated HRCT after 12-24 months
seemed useful for the longitudinal char-
acterisation of ILD evolution in pa-
tients with stable pulmonary function.
Moreover, they demonstrated that the
OMERACT criteria might overlook
patients with radiological progression
(69). Roofeh et al. recently evaluated
FVC and DLco using the OMERACT
Filter 2.1, an evidence-based algorithm
used to identify outcome measures that
are truthful, feasible, and able to dis-
criminate between groups of interest;
they identified FVC to be endorsed for
use in the setting of SSc-ILD clinical
trials and longitudinal observational
studies. DLco was not endorsed based
on the working group’s vote (70).

Lung ultrasound (LUS) and MRI were
recently proposed for screening and
follow-up in ILD-SSc patients (71).
The UTE MRI sequence was tested
in 54 patients with SSc, showed high
sensitivity  (92.8%) and specificity
(75.0%), and proved reliable in assess-
ing ILD and the extent of ground-glass
opacities in patients with SSc and ILD
(72). LUS emerged as a safe and cheap
imaging technique for the evaluation of
ILD through the assessment of B-lines
and pleural line alterations. Gargani et
al. confirmed a very high sensitivity
in detecting SSc-related ILD in 69 pa-
tients. In this study, B-lines were more
numerous in patients with deSSc and
ATA. A cut-off value of >10 B-lines
on the whole chest or >1 B-line on the
postero-basal chest was proposed for
the screening of SSc-ILD. Moreover,
assessing only the postero-basal chest
seemed effective at combining high
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sensitivity with a less time-consuming
approach (73).

The use of bronchoalveolar lavage
(BAL) for the assessment of ILD sec-
ondary to SSc remains controversial. Ina
retrospective study on 68 SSc patients, a
high percentage of neutrophils in FBAL-
3 was significantly associated with the
development of end-stage ILD (74).
Bronchiectasis in SSc may be caused
by aspiration related to oesophageal
dysmotility, to the use of immunosup-
pressant therapy, and to the direct effect
of collagen deposition on airway diam-
eter. Results from the Australian Scle-
roderma Cohort Study reported that
16.4% and 95.7% out of 256 patients
had bronchiectasis and oesophageal
dysmotility, respectively. A negative
association between bronchiectasis and
ILD was observed (75). Ostojic et al.
reported the presence of small airway
obstruction in 66.6% of SSc patients.
HRCT patterns of ILD were found
more frequently in patients with small
airway obstruction and decreased lung
diffusing capacity, indicating a possible
prominent bronchiolar involvement in
SSc-ILD (76).

In a multi-centric retrospective cohort
study on 210 patients with SSc, cumu-
lative occupational exposure to toxi-
cants seemed to predict decline of FVC
(= 10% from baseline) over time in SSc
independently of gender (77).

Gastrointestinal involvement

The oesophagus is the most affected GI
organ with up to 50-80% of patients
having dysmotility or gastroesophageal
reflux disease (GERD). The impaired
lower oesophageal sphincter (LES)
function and the altered oesophageal
clearance leads to significant reflux. A
study on 172 women with SSc who un-
derwent esophagogastroduodenoscopy
(EGDS) and high-resolution manom-
etry reported a prevalence of Barrett’s
oesophagus of 12.8%. These women
were significantly more likely to have
absent contractility with hypotensive
LES findings on high-resolution ma-
nometry (78).

Oesophageal dilation (defined as >10-
mm diameter on coronal HRCT im-
ages) in patients with SSc is associated
with dysmotility. The presence of oe-

sophageal dysfunction is a poor prog-
nostic indicator in SSc due to its impact
on pulmonary disease through reflux,
aspiration, and lung fibrosis. Wang-
kaew et al. reported that a worsening
of oesophageal dilation predicted pro-
gression of lung fibrosis determined by
HRCT score at 1-year follow-up in ear-
ly SSc-ILD patients (79). To determine
the effect of oesophageal dilation on
SSc-ILD progression, Showalter et al.
examined a cohort of 138 patients with
SSc who had undergone HRCT and
serial PFT, reporting that oesophageal
dilation on axial chest HRCT was as-
sociated with a minimal and clinically
insignificant decline in DLco, without
any change in FVC during a 5-year fol-
low-up period (80). A comprehensive
assessment of oesophageal motility on
32 SSc patients applying high-resolu-
tion manometry and functional luminal
imaging probe Panometry showed that
both primary peristalsis and secondary
peristalsis were heterogeneous in SSc.
It was proposed that a complementary
approach of evaluating primary peri-
stalsis with high-resolution manometry
and secondary peristalsis with Func-
tional luminal imaging probe Panom-
etry facilitated the characterisation of
oesophageal function in SSc (81). In a
study on 130 SSc patients, the presence
of oesophageal dysmotility was associ-
ated with abnormal DLco (82).
Transabdominal oesophageal ultra-
sound was tested in a pilot study on
38 SSc. Abdominal oesophagus length
was significantly shorter, whereas the
gastro-oesophageal angle and the angle
change before and after drinking water
were larger in the SSc group. Abdomi-
nal oesophagus length was negatively
correlated with larger oesophagus di-
ameters (83).

Recently, a prospective cohort of SSc
patients with GI symptoms completed
a scintigraphy-based whole gut tran-
sit study. Among the 100 enrolled pa-
tients, 48% had slow colonic transit.
After a multivariate analysis, the as-
sociation between slow colonic transit
and telangiectasia and less restrictive
lung disease on PFTs remained statisti-
cally significant (84).

GI tract involvement may lead to mal-
nutrition, however, its prevalence in SSc
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was found to be lower than expected in
a study on 102 SSc patients (85).
Karalilova et al. reported significantly
higher spleen stiffness in 34 SSc pa-
tients especially with dcSSc. Their study
showed that ultrasound elastography was
a reliable and easy-to-implement meth-
od for detecting early fibrous changes in
the spleen of SSc patients (86).
Although rare, primary biliary cholan-
gitis (PBC) is the leading cause of liver
disease in SSc. Patients with PBC had
more limited forms of SSc and were less
frequently affected by ILD but required
early initiation of treatment with ursode-
oxycholic acid to prevent cirrhosis (87).

COVID-19 and SSc

The COVID-19 pandemic affected the
management of SSc-ILD. The strik-
ing radiological similarities between
the two diseases make it difficult to
distinguish a worsening of SSc-ILD
from a COVID-19 superinfection (88).
Orlandi et al. showed that the presence
of consolidations in the lower lobes re-
mained independently associated with
COVID-19 pneumonia, whereas signs
of fibrosis in ground-glass opacities in
the lower lobes remained independent-
ly associated with SSc-ILD (89).

Take home messages

® Nailfold videocapillaroscopy (NVC),
laser speckle contrast analysis (LAS-
CA) and digital thermal monitoring
may distinguish different vascular
phenotypes of SSc (29-31).

® An active screening programme for
PAH may improve survival and re-
duce the annual rate of hospital re-
admissions of SSc patients (37).

® Patients with SSc are at higher risk
for diastolic dysfunction, myocardial
fibrosis, arrhythmias, and moderate/
severe valvulopathy (44, 46, 48-50).

® Positive RF, ACPA, and anti-CarP
antibodies were associated with dif-
ferent musculoskeletal comorbidi-
ties in SSc patients (51).

® High-frequency ultrasound allows
objective assessment of cutaneous
fibrosis and detection of subclinical
abnormalities of the skin and may be
preferably employed in clinical tri-
als as opposed to mRSS (54).
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® African American ethnicity is inde-
pendently associated with a higher
risk for SRC and a higher preva-
lence of anti-Ro antibodies (62).

® Radiomics and lung ultrasound
(LUS) are precise, sensitive, and
specific tools able to improve the
detection and the characterisation of
SSc-ILD severity (65, 66,72, 73).

® The extent of oesophageal dilation
may predict the rate of progression
of lung fibrosis in SSc patients (79).

Treatment

A combination therapy approach
should be considered to target different
pathways at the same time. The iden-
tification of new pathogenetic inflam-
matory and fibrotic pathways led to the
approval of new drugs, such as tocili-
zumab and nintedanib (1).

Interstitial lung disease

and pulmonary hypertension

The efficacy of CYC in the SSc-ILD
treatment has been largely recognised.
Yilmaz et al. compared the effective-
ness of CYC to that of rituximab (RTX)
in a study on 61 patients. RTX may be
more effective than CYC at relieving
cough, DUs, dysphagia, diarrhoea and
RP. A significant increase in forced vi-
tal capacity (FVC) was observed in pa-
tients treated with CYC but not in the
RTX group (90).

Recent data from the phase 3 Safety
and Efficacy of Nintedanib in SSc
(SENSCIS) reported that Nintedanib,
an intracellular inhibitor of tyrosine
kinase, slowed the progression of SSc-
ILD (91). Another post-hoc analysis
from the SENSCIS trial compared pa-
tients treated with nintedanib to those
taking placebo and confirmed the
higher percentage of patients exhibit-
ing decline in FVC% predicted in the
placebo group corroborating the effec-
tiveness of nintedanib in SSc-ILD (92).
Kuwana et al. confirmed its effective-
ness both in the Japanese and in the
non-Japanese population (93).
Tocilizumab showed promising results
in the treatment of ILD in patients with
early dcSSc. A recent analysis of pa-
tients enrolled in the focuSSced trial
aimed to evaluate the effectiveness of
tocilizumab on FVC and quantitative

HRCT assessment compared to pla-
cebo. Out of 210 patients, 136 patients
had ILD at baseline and in most cases,
it was moderate or severe (>10% lung
involvement). As expected, patients
with greater quantitative ILD and
quantitative lung fibrosis had a lower
% predicted FVC, and patients treated
with Tocilizumab showed a better pres-
ervation of FVC over 48 weeks com-
pared to the placebo group (94).

Skin and musculoskeletal involvement
Karalilova et al. evaluated the efficacy
of tofacitinib, a JAK1/JAK3 inhibitor,
compared to methotrexate (MTX) on
skin and musculoskeletal involvement
in SSc patients. Data from this study re-
vealed a significantly lower ultrasound
skin thickness and a significant reduc-
tion of mRSS mean change and mean
percent change at 26 and 52 weeks in
patients treated with Tofacitinib (95).
You et al. showed that patients treated
with tofacitinib had a significant de-
crease in mRSS and a shorter response
time than the control group (96). Ago-
stini et al. reported a significant de-
crease in mRSS at 6 months of follow-
up and a stabilisation after one year
in 24 patients with refractory dcSSc
treated with immunoglobulins (IVIg)
(97). Perkovic et al. recently reported
complete resolution of DUs, a reduc-
tion in mRSS, and an improvement of
DLco in a population of SSc patients
after adding IVIg to CYC (98).

Gastrointestinal involvement

A study involving 65 SSc patients
suggested polidocanol injections as a
useful and possible treatment for SSc-
related small-bowel angioectasia (99).
Hii et al. reported a significant im-
provement of heartburn in SSc patients
with GERD at 3 months, and at 1 and 3
years after partial fundoplication (100).

Vascular involvement

The management of DUs in SSc re-
quires a multidisciplinary approach and
includes local wound bed treatment to-
gether with systemic drugs (101). In a
multi-centric prospective study on 63
SSc patients, endothelin receptor antag-
onists (ERA) were more effective at re-
ducing the appearance of new DUs com-
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pared to phosphodiesterase type S5 in-
hibitors (PDEis), showing a similar time
for DU healing (102). Botulinum toxin
(BTX-A) may be effective in the treat-
ment of RP and DUs (103). Shenavan-
deh et al. compared the effectiveness of
BTX-A injection to iloprost and alpros-
tadil; both groups (95.5% in the BTX-A
population and 90.5% in the prostaglan-
din one) experienced a healing of DUs
and a significant decrease in pain (104).
Data from a retrospective study on 47
patients with SSc reported a worse toler-
ability and a higher dropout rate for the
daily scheme compared to the continu-
ous outpatient protocol (105).

Other treatments and future
perspectives

An improvement of hands function
with Maitland’s joint mobilisation and
therapeutic exercises was recently re-
ported by a study on 24 patients (106).
Waszczykowski et al. showed a signifi-
cant improvement in hand function and
in pain in 27 patients treated with su-
pervised rehabilitation compared to 24
controls that performed a home exer-
cise programme (107). Hesselstrand et
al. conducted a multi-centric study on
treatment with Paquinimod on 9 SSc
patients with rapidly progressive dis-
ease, and showed a mild reduction of
myofibroblasts in skin biopsies (108).

Take home messages

® Rituximab, nintedanib and cyclo-
phosphamide are effective in the
management of SSc-ILD by slowing
the progression rate (90-92).

® Recent studies reported a more sig-
nificant decrease in mRSS in pa-
tients treated with tofacitinib (95,
96). Intravenous immunoglobulins
(IVIg) provide promising results in
the treatment of skin involvement
(97, 98).

® Fundoplication is an effective sur-
gical approach in SSc patients with
GERD refractory to pharmacologi-
cal therapy (100).

® Treatment of DUs requires a multi-
disciplinary approach with special-
ised nursing. Botulinum toxin (BTX-
A) and prostanoids were equally ef-
fective at managing ischaemic DUs
(104).
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® Supervised rehabilitation therapy
is essential for the improvement of
hand motility and pain (106, 107).

Patient-reported outcomes (PROs)
A very important step forward in PRO
evaluation in SSc has been made with
the development and validation of a
SSc-specific questionnaire, called the
EULAR SSc Impact of Disease (Scle-
rolD), in a multicentric project involv-
ing 11 European expert SSc centres.
Ten health dimensions with the highest
ranking were selected, and each of them
was assigned a weight following patient
assessment. The experts translated each
health dimension into one question with
Numeric Rating Scales (NRS); these
questions formed the final SclerolD
questionnaire, which was validated in
a cross-sectional international valida-
tion cohort study performed on 472
patients. The validation study showed a
better sensitivity to change over a mean
follow-up of 12.2 months than compar-
ators such as Short Form-36 (SF-36),
EuroQol Five Dimensional (EQ-5D),
and the SSc-Health Assessment Ques-
tionnaire (HAQ). The SclerolD ques-
tionnaire proved easy to apply, had high
internal consistency, and showed good
correlation with the patient global as-
sessment (109).

Take home message

® The ScleroID questionnaire is a new,
SSc-specific, and patient-derived
PRO measure which has proven
superior to comparators and is thus
suitable for clinical use (109).

Conclusions

This review provides some innovative
studies published in 2021. Substantial
progress was made in the understand-
ing of SSc pathogenesis, clinical mani-
festations, and therapy. Only a compre-
hensive knowledge of SSc will allow
to refine the prognostic stratification of
SSc patients, and thus a better predic-
tion of the clinical outcome and rate of
progression for each patient.

Take home messages

® SSc is a challenging disease, with
prominent cardiovascular and lung
impairment, variable onset and

course, and highly heterogeneous
clinical presentation, with conspicu-
ous healthcare costs (1, 24).

® The effort of clinicians should be
aimed at the early diagnosis to target
clinical manifestations when still re-
versible (17).

® Novel protocols for old medications
and promising new treatments are
emerging (90-92, 94-98, 108).

® Growing interest is raising towards
non-pharmacological  treatments,
such as rehabilitation interventions
(106, 107).
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