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Abstract

Systemic sclerosis (SSc) is a chronic immune disorder of unknown origin, dominated by
excessive fibrosis responsible for cutaneous and pulmonary fibrosis, and by vascular
endothelial dysfunction at the origin of skin ischemia, renal and pulmonary artery lesions.
Renal and pulmonary complications are mainly responsible for the severity of the disease.
Recent advances led to a better understanding of pathological mechanisms and a more
accurate classification of patients according to clinical and biological (auto-antibodies)
phenotype. Recent trials provided interesting data on different therapeutic strategies,
depending on organ involvement. These data are of particular importance in such disease, still
characterized by increased mortality and morbidity rates. In this review, we aim to synthetize
recent advances in diagnosis and prognosis leading to better classification of SSc patients, and

in therapeutic management.

Key points:

e Recent revised classification criteria of the American College of Rheumatology
provide important advances to identify early SSc patients or SSc patients with unusual
features.

e Biological markers (autoantibodies) are useful to better define the phenotype and the
prognosis of SSc patients.

e Based on better understanding pathophysiology, targeted therapies (anti-fibrotic
agents, anti-CD20 antibodies...) are currently investigated, depending on organ

involvement.



Systemic sclerosis (SSc) is a chronic immune disorder of unknown origin,
characterized by vascular damages and extensive fibrosis. Women are more frequently
affected. It is the auto-immune rheumatic disease with the highest disease-related mortality
and morbidity with an impaired quality of life [1]. Diffuse SSc cases, defined by a skin
thickening involving the proximal limbs or trunk, have a higher frequency of heart, lung or
kidney involvement. There have been advances in understanding of pathogenesis. This
remains incompletely understood but has reached a point where key cell types and potential
mediators can be defined and has started to inform clinical development and trials.
Consequently, there have been advances in the management of systemic sclerosis that have
led to better overall survival, especially for the most severe diffuse form of the disease. In this
review, we aim to synthetize recent advances in diagnosis, in prognosis leading to better

classification of SSc patients and in therapeutic management.

1. Clinical features

In the EUSTAR register on 9,149 SSc patients, the female/male sex ratio was 6 [2]. Female
prevalence was lower in patients with a diffuse cutaneous form (4/1) and young patients (8:1
before 30 years vs. 5:1 after 60 years). Main features of SSc are indicated in Table 1,
according to clinico-biological phenotypes of the disease. Besides these specific symptoms,
SSc is associated with a high frequency of fatigue, depression, sleeping disorders and sexual

dysfunction that also lead to disability and a reduced quality of life[1,3].

Skin lesions

The Raynaud's phenomenon is almost constant (95%). It often precedes other signs of
scleroderma. It is bilateral and can also affect feet, nose and ears. The capillaroscopy helps
clinicians to evoke a SSc pattern (see diagnosis section). In prospective registries of patients
followed for a Raynaud's phenomenon (VEDOSS cohort, EUSTAR study), the association of

puffy fingers and antinuclear antibodies showed a positive predictive value of 88% for



developing scleroderma [4]. Skin thickening begins in fingers (sclerodactily), extending
proximal to metacarpophalangeal joints. The extension and degree of sclerosis is quantified
using the modified Rodnan score [5]. Cutaneous sclerosis can affect the limbs, the back and
the face. The fibrosis limits mouth opening and makes the face inexpressive. Digital ulcers
and fingertip pitting scars are found in 42 % of diffuse scleroderma and 33% in the limited
forms. They can lead to a severe discomfort such as pain, infection, functional impairment,
gangrene and amputation [6,1]. In a recent study from EUSTAR database (n=4,288 SSc), the
presence of digital ulcers at presentation was associated with worsening of cardiovascular
status (elevated systolic arterial pulmonary pression and left ventricular failure) and decreased
survival [7]. Many other cutaneous signs are frequently found as limbs ulcerations (40%),
telangiectasia (75%), hyperpigmentation of thickened skin (30%), and cutaneous
calcifications affecting soft tissues, fingers, forearms, elbows and knees (25%). Less
frequently, patients may present achromic areas.

Pulmonary involvement

Main pulmonary manifestations of scleroderma include interstitial lung disease and
pulmonary hypertension, with or without lung fibrosis. The pulmonary hypertension (defined
as a mean pulmonary arterial pressure> 25mmHg [8] may be secondary to vascular disease

associated to scleroderma (SSc-PAH), or to pulmonary fibrosis, with different prognosis.

The pulmonary arterial hypertension, related to direct vascular involvement of scleroderma
(PAH-SSc), is defined by a capillary pressure equal or less than 15mmHg. It is related to the
occlusion and the remodelling of small pulmonary arterioles. The prevalence of PAH-SSc is
variable according to the screening tool, found in 8-12% of patients when using right
catheterization and in up to 38% when using echocardiography [9,10]. In a French
prospective study, the incidence of SSc-PAH was 0.61/100 person-years [10]. The symptoms

are non-specific, consisting in dyspnoea, chest pain or syncope. In SSc patients, main risk



factors for developing a pulmonary arterial hypertension are summarized in Table 2 [11]. The
major poor prognostic factors of SSc-PAH include impaired function of the right ventricle at
diagnosis, the presence of a pericardial effusion and a decreased cardiac output. Making early
SSc-PAH diagnosis remains a challenge in order to initiate early the appropriate treatment and
to improve the prognosis. Recently, a new algorithm (DETECT study) was proposed to
reduce the rate of undiagnosed SSc-PAH [12]. Indeed, among patients with a high risk of
PAH [i.e. more than 3 years of SSc evolution, DLCO (Diffusing Capacity of Carbon
Monoxyde) <60%, FVC (Forced Vital Capacity) >40%] and a diagnosis on right
catheterization, 36% had a tricuspid regurgitation velocity below 2.8 mm/s on
echocardiography. This algorithm showed negative and positive predictive values of 98% and
35%, respectively. Only 4% of SSc-PAH patients would not have been diagnosed while a
right catheterization would have been performed in 62% of patients and negative for 65%.
With current recommendations of the European Society of Cardiology, 29% of SSc-PAH
patients would not have been diagnosed and right catheterization would have been performed

in 40% patients [12].

The prevalence of pulmonary parenchymal lesions is variable depending on the subgroups
studied (25 to 90%) [11]. The cutaneous diffuse disease with positive anti-Scl70 antibody is
known to be associated with interstitial lung disease [6]. In a large study including more than
3,500 SSc patients, 50% of patients with diffuse SSc showed interstitial lung disease versus
34% of those with a limited form [6]. Factors associated with the occurrence of pulmonary
fibrosis were diffuse cutaneous form [relative risk (RR 1.7)], the presence of anti-
topoisomerase | antibodies (RR 1.8), a forced vital capacity <65% (RR 3.2) and a DLCO
<55% (RR 3.0) [13]. The most frequently described features include a nonspecific interstitial
pneumonia pattern (NSIP) and a pulmonary fibrosis pattern [usual interstitial pneumonia

(UIP)]. Among 22 patients with scleroderma and pulmonary interstitial disease who had a



pulmonary histology, 64% had a NSIP pattern and 36% a UIP pattern, with a median survival
of 15 versus 3 years, respectively [14]. The presence of an extensive pulmonary fibrosis,
defined by lesions extent above 20% on high resolution-CT scan and/or FVC below 70%, was

associated with a 5-year mortality rate of 60% [15].

Digestive involvement

An oesophageal involvement concerns 70% of SSc patients. The symptoms include retro-
sternal burns, dysphagia, atypical chest pain, nausea, vomiting, regurgitation... They are
mostly related to gastro-oesophageal reflux or peristaltic disorders of the oesophagus. They
are revealed on oesophageal manometry by a decreased amplitude of contractions in the lower
third of the oesophagus and a hypotonic lower oesophageal sphincter (which can lead to
oesophagus dilatation). Gastric motility disorders (25%) may lead to food stasis. Gastric
bleeding are rare and may be related to telangiectasia sometimes leading to a so-called
"watermelon” stomach. The small intestine involvement (20%) can result in a chronic
intestinal pseudo-obstruction syndrome and/or a malabsorption promoted by bacterial
overgrowth. The findings of a recent study suggest that fecal calprotectin may be a helpful
test in identifying the group of SSc patients at high risk for small intestinal bacterial
overgrowth (SIBO) requiring glucose breath tets and to assess SIBO eradication [16]. A colic
involvement is less frequent and is responsible for constipation, colic pain, alternating

diarrhea and constipation. Anal incontinence may be observed.

Heart involvement

The cardiac involvement, probably underestimated, concerns the pericardium and
myocardium. The pericardial disease is manifested by acute pericarditis, chronic pericarditis
and rarely constrictive pericarditis. Myocardial damages are most often linked to ischemic
injury associated to disorders of the coronary microcirculation that may lead to myocardial

fibrosis. Up to 60% of patients showed perfusion defects on myocardial scintigraphy [15]. In



a large international series of 3,656 SSc patients, 24-27% of patients had palpitations, 11-13%
a conduction block, 15% a diastolic dysfunction and 5% a reduced left ventricular systolic
function [6]. In a French multicenter study of 570 SSc patients, 22% had left ventricular

hypertrophy and 17% a diastolic dysfunction [17].

Articular involvement

Joint involvement is very frequent (45-90%), including arthralgia and less frequently
symmetrical arthritis, affecting small joints of the hands, wrists, knees and ankles. Joint
stiffness may also be related to the cutaneous thickening or to calcified peri-arthritis. Arthritis
are usually non-erosive. Synovitis and tendon friction rubs are more common in diffuse
cutaneous forms [4], and are associated with rapid skin progression and early kidney disease

onset [18]. Osteolysis of the distal phalanx of the fingers is present in 20% of patients.

Kidney disease

Renal involvement is a rare (4-6%) but severe manifestation in patients with SSc and is more
frequent in cutaneous diffuse (4%) than in cutaneous limited form (2%) [4]. Severe
hypertension (90%), sometimes associated with hypertensive encephalopathy or heart failure,
rapid deterioration of renal function and thrombotic microangiopathy (40 %), are the main
manifestations of scleroderma renal crisis. Biological abnormalities include frequently non-
nephrotic proteinuria, hematuria and moderate thrombocytopenia. Scleroderma renal crisis is
defined by: (i) a severe or worsening arterial hypertension >150/85mmHg twice in twenty
four hours, without another explanation AND (ii) a rapidly progressive kidney failure,
sometimes oligo-anuric, without further explanation [19,20]. The elements supporting the
diagnosis are the presence of mechanic hemolytic anemia, hypertensive retinopathy, renal
sodium overload or pulmonary oedema, oligo-anuria and suggestive abnormalities on renal
biopsy. The typical renal lesion is the “onion bulb” aspect related to endothelial injury,

associated with intimal proliferation and vascular remodeling, leading to the obstruction of the



vascular lumen and to the reduction of glomerular filtration rate. Platelet activation is
observed, leading to the formation of thrombosis. The lesions are localized in small and
medium arteries, i.e. arterioles and inter-lobular arched, with adventitial fibrosis and intra-
glomerular thrombosis. The main risk factors of scleroderma renal crisis are a diffuse and
rapidly progressive cutaneous form, the presence of anti-RNA polymerase Il antibodies, a
new onset of anemia, a recent cardiovascular event, the administration of high doses of

corticosteroids (> 15mg per day) and a recent development of scleroderma (<4 years) [15,16].

Neurological involvement

In a recent meta-analysis on 6,028 SSc patients, 177 (2.9%) patients had a central
neurological disorder. Main reported features included headache (23.7%), epilepsy (13.6%),
and cognitive disorders (8.5%). In addition, 442 (7.3%) patients presented with a peripheral
neuromuscular disorder, i.e. myopathy, trigeminal nerve disorder, motor and sensory
neuropathy and carpal tunnel syndrome [21]. Psychiatric signs were found in 1,490/2,712

(54.9%) patients, consisting in depressive symptoms (73.2%) and anxiety (23.9%).

Specific forms

Scleroderma sine scleroderma

Scleroderma without skin thickening is an uncommon form of the disease (2-8%). Such
pattern may be related to an initial misclassification of patients with a discrete skin disease
and a relatively slow evolution. Patients with scleroderma sine scleroderma share clinical
features with those with cutaneous limited form, i.e. lower frequency of telangiectasia, digital
ulcers, anti-topoisomerase | and anti-RNA polymerase Il antibodies. However, anti-
centromere antibodies are frequently observed. The prevalence of visceral involvements
seems similar in forms with or without skin sclerosis i.e. oesophageal disorders (56-83%),

lung involvement (25-57%), and scleroderma renal crisis (2.5-3.7%) [22,23].



Muscular involvement

Patients with anti-PmScl antibodies have overlap syndromes between myositis and
scleroderma. They are more likely to have myopathy and pulmonary disease [24]. Patients
with scleroderma and anti-PmScl antibodies had fewer digital ulcers and cutaneous thickening
or diffuse form while they had better pulmonary prognosis [25]. In the EULAR register [6],
muscle weakness and creatinine phosphokinase increase were significantly associated to
diffuse cutaneous form (37.1% vs. 11.3%) and anti-Scl70 antibodies (32.2% vs. 8.7%).
Myopathy predicted deaths of all origins and scleroderma-related deaths [2]. A creatinine
phosphokinase increase was associated with the development of heart disease [RR 2.64 (95CI

1.2; 5.81)].

2. Pathophysiology of systemic sclerosis

Systemic sclerosis is characterized by vasculopathy, fibrosis and inflammation. To date,
mechanisms contributing to fibrosis and vasculopathy are not completely elucidated.

Environmental factors may contribute to SSc occurrence. SSc occurrence was associated with
silica exposure, chlorinated solvents, trichloroethylene, welding fumes for men, aromatic
solvents and ketones for women and white spirit for both genders [26]. In U.S cohorts, first
degree relatives were identified to have increased susceptibility to develop SSc with a RR 10
to 16. Several studies found an association between SSc and genes implicated in immune
system, notably polymorphisms of the interferon-regulatory factor 5 (IRF5) involved in
activation of interferon targets and the ligand of CD134 (OX40L) involved in antigen
presentation and T and B cells activation. The combination of signal transducer and activator
of transcription 4 (STAT4) and IRF5 was associated with an increased risk of pulmonary
fibrosis occurrence. Genome wide association studies identified an association with a variant

of c-src tyrosine kinase (CSK) which modulates signalling through the T-cell receptor and
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CD247 (encoding a sub-unit of the T cell receptor) [27,28]. Other studies have shown an
association between BANK1 (B-cell gene) variants and diffuse phenotype of SSc in
Caucasians, confirming the major role of B cells [29,30]. Studies of polymorphisms of the
Major Histocompatibility Complex found associations with SSc in Caucasians and Hispanics
for DRB1*1104, DQA1*0501, and DQB1*0301 [31]. In addition, DRB1*1101 and
DPB1*1301 alleles were associated with the presence of anti-topoisomerase | antibodies
while DRB1*0401-22 and DRB1*0801-11 alleles were associated with anti-centromere

antibodies. [32]

SSc patients display arterial hyper-reactivity and remodelling with myo-intimal proliferation,
which can lead to arterial occlusion in skin, heart, lung and kidney. Several mechanisms have
been proposed to explain perturbation of vascular tone. Increased endothelin-1 levels, known
to enhance vasoconstriction, inflammation and vascular remodelling, were found in sera, lung
or kidney biopsies as well as defective prostacyclin synthesis. Patients with diffuse SSc,
without fingertips ulcers and anti-Scl70 antibody positive were found to have higher levels of
vascular epidermal growth factor (VEGF) compared with healthy controls and SSc patients
with digital ulcers [33]. Excess levels of VEGF have been shown to aggravate fibrosis and
might lead to impaired angiogenesis [34]. Increased serum levels of the anti-angiogenic
VEGF165b isoform have been reported which could explain the lack of sufficient
angiogenesis despite elevated VEGF levels [35]. Sufficient angiogenesis depends on the tight
regulation of VEGF expression. Prolonged exposure may have deleterious effects on
angiogenesis while very high concentrations of pro-angiogenic VEGF isoforms are needed to
overcome the inhibitory effects of anti-angiogenic factors (to have beneficial effects in the
prevention and therapy of fingertip ulcers). Elevated levels of pentraxin 3 was found as an
independent factor associated with the presence of digital ulcers and pulmonary hypertension

and as a predictor of future occurrence of new digital ulcers, suggesting its suppressing effect
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on vasculogenesis [36]. Increased MCP-1 (Monocyte Chemoattractant Protein 1) and VCAM-
1 (Vascular Cell Adhesion Molecule 1) expressions by endothelial cells enhance leucocytes
recruitment and promote inflammation. Anti-endothelial cell antibodies have been reported to
induce endothelial cell apoptosis [37].

Oxidative stress plays a major role in the pathogenesis of SSc. Endothelial cells and
fibroblasts exposure to sera of SSc patients has been shown to induce Reactive Oxygen
Species (ROS) production, which is associated to increased fibroblasts proliferation. SSc is
characterized by collagen accumulation in skin, the consequence of fibroblast activation.
Phenotypical changes of fibroblasts in SSc have been observed, with an increase of
differentiation into myo-fibroblasts. Transforming growth factor (TGF-p) plays a major role
in fibroblast activation and phenotypical modifications. Increased TGF-B levels have been
shown in lung and dermal SSc lesions [38]. Other actors as the platelet derived growth factor
(PDGF-R) and the connective tissue growth factor (CTGF) are involved in late stage fibrosis
development in scleroderma. IL-4, a Th-2 cytokine, is pro-fibrotic and has been shown to be
increased in SSC patient sera. It is over-expressed by activated TCD8" lymphocytes in

bronchoalveolar fluid and skin of SSc patients [39,40].

Immune system is also implicated in vasculopathy and in skin fibrosis observed in SSc
patients.  The presence of specific auto-antibodies (anti-centromere, anti-topoisomerase |,
anti-RNA polymerase II1...) indirectly suggests a role of B cells in the SSc pathogenesis. SSc
patients display phenotypical changes of B cells, with over-expression of CD19 and CD21
[two activation co-receptors of the B cell receptor (BCR)] and of CD86 and CD95 in memory
B cells [41]. Levels of anti-endothelin A receptor and anti-angiotensin type 1 receptor
antibodies were significantly higher in patients with SSc-PAH (n = 81) and connective tissue
disease-associated PAH (n=110) compared with other forms of PAH/pulmonary hypertension

(n=106). High levels of angiotensin type 1 receptor and endothelin A receptor antibodies
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predicted the development of SSc-PAH and SSc-PAH-related mortality. The transfer of SSc-
IgG containing both auto-antibodies into healthy C57BL/6J mice led to more abundant
vascular and airway o-smooth muscle actin expression and inflammatory pulmonary
vasculopathy [42]. Serum levels of IL-6 levels, known to stimulate collagen secretion by
fibroblasts, were also found to be increased in SSc patients and correlated with skin fibrosis
[43]. TNFa also plays a role in the recruitment of inflammatory cells. T cells also appear to be
involved in mechanisms of SSc, with a Th-2 bias leading to IL-4 and IL-13 secretion and B
cells stimulation. 1L-4 antibody might prevent skin fibrosis [44]. Proteome-wide analysis
showed that CXCL4 is the predominant protein secreted by plasmacytoid dendritic cells in
systemic sclerosis, especially in early SSc, both in the circulation and in the skin. High levels
of CXCL4 were associated with lung fibrosis and pulmonary hypertension. CXCL4 predicted
the risk of progression of systemic sclerosis. In vitro, CXCL4 induces endothelin-1 and
potentiates responses of toll-like receptors. In vivo, CXCL4 induces the influx of

inflammatory cells and skin thickening [45].

3. Biomarkers, diagnostic criteria and prognostic factors

a. Biomarkers

The most frequently found autoantibodies are anti-centromere (ACA) in 15-43% of patients,
anti-topoisomerase | (anti-Scl70) in 21-34%, anti-RNA polymerase 111 in 5% and anti-RNP in
5% [46,47]. Anti-Scl70 antibodies were positive in 47% of diffuse cutaneous forms versus
14% of limited cutaneous forms, whereas anti-centromere antibodies were found only in
limited forms (69%) [48]. The ACA prevalence varies from one population to another, with
lower rates among African/Americans. The ACA are associated with limited cutaneous forms
and with a longer time to onset of visceral complications. Patients ACA-positive often have

pulmonary hypertension, but have less frequently digital ulcers, parenchymal lung disease,
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myocardial and kidney involvements and lower mortality rate [46]. Anti-Scl70 (anti-
topoisomerase 1) antibodies recognize the 70 kDa protein of topoisomerase |, and are
associated with diffuse cutaneous disease. These antibodies appear to be associated with a
poor prognosis, increased lung and heart involvements and higher mortality rates. Patients
with anti-topoisomerase | antibodies develop Raynaud's phenomenon earlier and have a more
severe cutaneous presentation. The prevalence of anti-RNA polymerase 11l antibodies was
11% with a great geographical variability, i.e. 20% in South America,16-20% in North
America, 11-15% in Asia and <10% in Europe. In a recent French study, the anti-RNA
polymerase Il antibodies overall prevalence was 6 to 9% in 133 SSc patients, i.e. 11-19% in
diffuse cutaneous versus 3-5% in limited cutaneous forms [48]. The presence of anti-RNA
polymerase | and Ill is associated with diffuse cutaneous forms (OR 6.4), scleroderma renal
crisis (OR 3.8), tendon contractures (OR 2.5) and a cancer diagnosis within the 5 first years
after SSc diagnosis (OR 4.2) [49,50]. After a mean follow-up of 1.9 years, in patients without
anti-RNA polymerase 11l antibodies, the probability of occurrence of scleroderma renal crisis
and cancer was of 2 and 4%, respectively [50]. The presence of anti-RNA polymerase Il
antibodies was significantly associated with the occurrence of cancer, i.e. 14.2% of patients
with anti-RNA polymerase 1l versus 6.3% of those with anti-Scl70 and 6.8% of those with
ACA. Patients with anti-RNA polymerase Il antibodies were 6 times more likely to have a
cancer within 3 years following the first signs of scleroderma [51]. Anti-ULIRNP antibodies
are found in 90% of mixed connective disease and are often associated with the presence of
other antibodies (anti-SSA, anti-SSB). They are associated with the onset of pulmonary
arterial hypertension whereas renal disease is less common. Patients with arterial pulmonary

hypertension and anti-U1RNP antibodies have a poorer prognosis than those with ACA [52].

Other autoantibodies are more rarely found in SSc patients. Anti-Th/Tho antibodies (0.2-6%)

are associated with limited cutaneous SSc, renal crisis and a reduced survival rate [53].
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Patients with anti-Th/Tho antibodies develop more frequently interstitial lung disease and
pericarditis but less frequently digital ulcers [53,54]. Anti-Fibrillarin/U3 ribonucleoprotein
antibodies (4-18%) are associated with African/American people, muscular involvement,
increased risk of PAH, a younger age at onset, higher frequency of digital ulcers, pericarditis
and severe lower gastrointestinal involvement, but less severe lung involvement. The impact
of anti-fibrillarin antibodies on survival rates is conflicting [55,56].

b. Diagnostic criteria

Diagnosis of SSc is based on a set of clinical, immunological (specific antibodies) and
capillaroscopic features. The first classification criteria of the American College of
Rheumatology in 1980, defined scleroderma by the presence of a proximal cutaneous
sclerosis associated with at least 2 of the 3 following criteria: sclerodactyly, digital ulcers, and
pulmonary fibrosis. Such criteria did not take into account immunological parameters,
patients with limited cutaneous involvement or with an early form. Criteria established by
LeRoy et al. in 1988 included capillaroscopic and immunological features. Diffuse forms
have been defined as they include a proximal and distal skin thickening, capillary loss on
capillaroscopy and the absence of ACA. They are more often associated with anti-
topoisomerase | antibodies and early visceral involvements as pulmonary, renal, myocardial
and gastrointestinal damages. Limited cutaneous forms include a distal skin involvement,
systemic vascular disorders such as late onset PAH and a high ACA prevalence. To enable
earlier diagnosis, criteria for "early" scleroderma were proposed as Raynaud's phenomenon
associated with suggestive capillaroscopic abnormalities and/or the presence of specific
antibodies (ACA, anti-Scl70, anti-RNA polymerase Ill, anti-PmScl or anti Th/To) [57].
Typical capillaroscopic scleroderma abnormalities include the presence of enlarged capillaries
and capillary loss with or without peri-capillary haemorrhages. Patients meeting these criteria

have a high risk of developing scleroderma in the following twenty years, i.e. 79.5% for
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patients with Raynaud's phenomenon, specific antibodies and capillaroscopic abnormalities
and 35.4% among those having a Raynaud’s phenomenon and specific antibodies without
capillaroscopic specific abnormality [58]. Of note, systemic involvement (cardiac, pulmonary,
digestive ...) was present in 42% of patients with an “early” scleroderma [59]. Recently, new
classification criteria have been proposed by the EULAR in order to further increase the
sensitivity of SSc criteria including early forms or those without skin thickening (Table 3)
[47]. These criteria concern patients with a suspicion of scleroderma and exclude patients
with cutaneous sclerosis sparing fingers or with a “scleroderma-like disorder” better explained
by another disease (i.e. nephrogenic sclerosing fibrosis, generalised morphea, eosinophilic
fasciitis, scleredema diabeticorum, scleromyxedema, erythromyalgia, porphyria, lichen
sclerosis, graft-versus-host disease, diabetic cheiroarthropathy...).
c. Prognostic factors

Male gender was significantly associated with some clinical features: myopathy (RR 1.93),
diffuse cutaneous forms (RR 1.68), digital ulcers (RR 1.28), pulmonary hypertension (RR
3.01), and proteinuria (RR 1.54). Male gender was also reported to be predictive of new onset

of pulmonary hypertension (RR 2.66) and heart failure (RR 2.22) [2].

Data from the EUSTAR database indicated that more than half of deaths are attributed
directly to SSc i.e. pulmonary fibrosis (35%), PAH (26%) and cardiac causes (26%). Non-SSc
causes of deaths included infections, malignancies and cardiovascular diseases. Independent
risk factors for mortality included proteinuria, the presence of PAH on echocardiography,
pulmonary restriction or dyspnoea or decreased DLCO, an eclevated age at Raynaud’s
phenomenon onset and an increased modified Rodnan score.

Despite similar hemodynamic indices, patients with SSc-PAH have a higher mortality rate
and are less responsive to specific therapy than patients with idiopathic PAH [60]. In the

REVEAL register, patients with SSc-PAH (n=500) showed higher mortality rates than
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patients with non SSc-CTD-PAH (1 year survival of 82% vs 94-96% in systemic lupus
erythematosus and rheumatoid arthritis) [61]. Predictors of mortality in the SSc-PAH group
were male gender, age>60 years, a low systolic blood pressure or 6-min walk distance
(6MWD), and a high mean right atrial pressure (mRAP) or pulmonary vascular resistance
(PVR) [62].

The extent of lung disease on high resolution CT scan independently predicted both mortality
and Interstitial Lung Disease (ILD) progression in SSc patients. Other parameters found to be
associated with mortality or ILD progression included male gender, presence of
honeycombing, elevated KL-6 values (a mucinous high-molecular weight glycoprotein,
expressed on type 2 pneumonocytes) and increased alveolar epithelial permeability [63,64].

4. Treatment of systemic sclerosis complications

a. Management of Raynaud’s phenomenon (RP) and digital ulcers

Besides pharmacological treatments, the eviction of aggravation factors remains a major
issue. Patients should stop smoking, avoid the use of vasoconstrictive drugs and protect
his/her hands against cold and keep them warm. Proximal arterial lesions should be always
investigated and treated.

In SSc patients presenting with RP, calcium antagonists are recommended as first line
therapy. Intravenous prostanoids should be used in severe refractory RP. Nifedipine and
intravenous iloprost reduced the frequency and severity of SSc-RP attacks [65]. One meta-
analysis, including six randomised placebo-controlled trials [nifedipine (n=5), 59 SSc
patients] showed over a 2-week period that calcium antagonists compared with placebo
reduced the number of ischaemic attacks by 8.3 (95% CI 0.9-15.7) and were associated with a
35% improvement of RP severity score [65,66]. A second meta-analysis included five
randomized controlled trials with intravenous iloprost, one randomized controlled trial with

oral iloprost and one randomized controlled trial with oral cisaprost (332 SSc patients).
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lloprost i.v. (0.5 to 3 ng/kg/min for 3 to 5 consecutive days) or orally (50 to 150 mg twice a
day) improved the RP severity score in comparison with placebo. [67]. Two other randomized
controlled trials showed that i.v. iloprost (0.5 to 3 ng/kg/min, every 6-8 weeks) was superior
to nifedipine (30-60 mg/day) in improving SSc-RP symptoms [68,69]. A meta-analysis
analysed main results with PDE-5 inhibitors, including six randomized controlled trials
[sildenafil (n=1), modified-release sildenafil (n=1), tadalafil (n=3) vardenafil (n=1)]. Use of
PDE-5 inhibitors significantly improved Raynaud’s score and the daily frequency and
duration of RP attacks [70]. Finally, treatment with fluoxetine was shown to be superior to
nifedipine to reduce both RP attack frequency (P = 0.003) and attack severity (P = 0.0002)
[71].

For the treatment of SSc-digital ulcers, i.v. iloprost (3 to 5 consecutive days) proved to reduce
the number of digital ulcers in comparison with placebo [72]. Bosentan should be considered
to avoid ulcers recurrences in patients with multiple digital ulcers, after failure of calcium
antagonists. Bosentan (62.5 mg twice a day for 4 weeks, followed by 125 mg twice a day for
another 12 weeks) reduced the number of new digital ulcers by 48% compared to placebo
[73]. The efficacy of bosentan was confirmed, especially in diffuse SSc patients with a 61%
reduction of new digital ulcers over 16 weeks [74]. Bosentan did not prove to be effective in
healing of SSc-related active digital ulcers. The available evidence concerning calcium
antagonists and prostanoids in the prevention of new digital ulcers in SSc patients is less
robust and long term clinical experience suggests a good safety profile. A meta-analysis
showed a benefit of PDE-5 inhibitors [sildenafil (50 mg or 100 mg) or tadalafil (20 mg)]
compared to placebo on both digital ulcers healing [RR 3.28 (95CI 1.32-8.13)] and
improvement [RR 4.29 (95CI 1.73-10.66)] [75]. The randomized placebo-controlled

SEDUCE study showed a significant decrease in the number of digital ulcers in the sildenafil
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group compared with placebo at week8 and week12 [76]. Tociluzimab was shown to be

efficient in ulcers healing in some case-reports [77].

b. Kidney involvement
Glucocorticoids should be avoided as they are associated to scleroderma renal crisis (SRC)
occurrence; if absolutely necessary glucocorticoids should be given at low doses (<15 mg/d of
prednisone). Use of ACE inhibitors remains important for SRC treatment, although controlled
data are not available. A case control study of 108 patients with SRC showed that patients on
ACE inhibitors had better 1- and 5-years survival rates compared to patients not on ACE
inhibitors (76% vs. 15% and 66% vs. 10%, respectively, p=0.001) [78]. An ACE inhibitor
treatment should be continued even while the patient is on dialysis, as patients have the
potential to improve their renal function after a SRC [79]. Patients who develop a
normotensive renal crisis should also receive ACE inhibitors, as these drugs can be lifesaving
during acute SRC. A recent prospective cohort showed an increased mortality rate in patients
with SRC who were already receiving ACE inhibitors [hazard ratio 2.42 (95CI 1.02-5.75);
p<0.05] but results were no more significant after adjustment for pre-existing hypertension
[hazard ratio 2.17 (95CI 0.88-5.33); p=0.09] [80].
c. Scleroderma-related PAH

Management of SSc-related PAH remains challenging for clinicians. Most studies included
idiopathic PAH with a minority of SSc patients and subgroup analysis were not always
performed. Tolerance of treatments, especially combination therapies, might be poorer in SSc
patients due to oesophageal dysmotility, gastroparesis, malabsorption, hepatotoxicity, renal
disease... Recent findings have shown that variation of 6MWT did not predict change in
haemodynamics in SSc patients with PAH [81].

Endothelin receptor antagonists such as bosentan and ambrisentan are associated with

improved exercise capacity, hemodynamics and time to clinical worsening in idiopathic-PAH.
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The efficacy of bosentan in SSc patients seems to be less important, with poorer survival rates
compared to I-PAH patients [82]. In the SERAPHIN study, macitentan was shown to reduce a
composite endpoint that included death, atrial septostomy, lung transplantation, initiation of
intravenous prostanoids and worsening of PAH [83]. Treatments implicated in the nitric oxide
pathway such as PDE-5 inhibitors [sildenafil, tadalafil] showed increased exercise capacity,
hemodynamics and time to clinical worsening in PAH and in the subgroup of CTD-PAH
patients. Riociguat, a soluble guanylate cyclase stimulator, enhances the NO-cGMP pathway
by stimulating cGMP production. Riociguat showed favourable results on exercise capacity,
hemodynamics and time to clinical worsening in PAH including CTD-PAH patients. Of note,
the combination of riociguat and PDE-5 inhibitors is contra-indicated (risk of hypotension).
Drugs involved in the prostacyclin pathway include i.v. epoprostenol, iloprost and treprostinil.
Epopronestol improves exercise capacity, respiratory symptoms and hemodynamics. It is the
only treatment that proved to reduce mortality rate in a randomized trial in I-PAH, but not in
SSc-PAH patients [84]. The difficulty of administration (infusion pump) can be challenging
for patients whose manual dexterity may be impaired. Inhaled iloprost has also been evaluated
but requires frequent administration.

Recently Galié et al have proposed a treatment algorithm of PAH, according to World Health
Organization functional class [85]. First line treatment should include general measures as
rehabilitation and exercise training within symptoms limit, to improve functional capacity and
quality of life. However, exercise training may difficult in SSc patients with musculoskeletal
involvement with joint and muscle involvements. Anticoagulation is recommended for PAH
patients with advanced disease, although the risk of bleeding is increased in SSc patients.
Diuretics and oxygen use are recommended. Acute vasoreactivity should be searched in all
PAH-patients, and vasoreactive patients should receive calcium channel blockers. However,

vasoreactivity concerns only a minority of SSc patients (<1%). No evidence-based treatment
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can be proposed in WHO-functional class Il or Il patients. In WHO-functional class IV
patients, i.v. epoprostenol is recommended as first-line therapy and most experts consider
other treatments as a second line or in case of impossible use of epoprostenol.
Given the synergic effects of the available specific PAH treatments, combination therapies
have become a more common practice. Studies have shown efficacy of combination therapy,
notably sildenafil plus bosentan in PAH. A double or triple combination therapy is suggested
in case of inadequate clinical response or in severely ill patients (WHO functional class 111 or
V).
Lung transplantation is the ultimate therapeutic option. Although CTD is not an absolute
contraindication to lung transplantation, as SSc patients tend to have multi-organ disease and
many comorbidities that increase peri- and post-operative risk and mortality, such approach is
rarely feasible.

d. Lung disease
Cyclophosphamide (CYC) is recommended as first-line therapy in SSc patients with ILD.
Two high quality randomized controlled trials tested the efficacy of oral (the Scleroderma
Lung Study) [86] or pulse (Fibrosing Alveolitis in Scleroderma Trials) CYC compared to
placebo [87]. Tashkin et al, reported in a double blind, randomized placebo-controlled trial on
158 SSc patients with active and symptomatic ILD, that one year of oral CYC had a
significant beneficial effect on lung function tests, dyspnea and health-related quality of life.
The effects on lung function were maintained through the twenty-four months follow-up [86].
Hoyles et al., in a randomized placebo-controlled trial on 45 ILD-SSc, did not find
improvement in the primary (forced vital capacity or DLCO) or secondary end points in the
i.v. CYC group [87]. A meta-analysis of three randomized trials and six observational studies
did not find significant change in forced vital capacity [2.83% (95CI 0.35-5.31] or DLCO

[4.56% (95CI -0.21-9.33)] after 12 months of CYC therapy (iv or oral) [88]. The efficacy of
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azathioprine or mycophenolate mofetil has been suggested by small cohorts in uncontrolled
studies [14,89,90]. In patients with severe CTD-ILD (median FVC 44%) refractory to
immunosuppressants, rituximab was found to significantly improve FVC after 12 months
[91]. Rituximab has been reported to increase both FVC and DLCO in open-label
uncontrolled studies [92,93]. Rituximab prevented further decline of FVC in SSc patients with
interstitial lung disease compared with matched controls (0.4 £ 4.4% vs. - 7.7 = 3.6%,
respectively; p=0.02) [94].
Anti-fibrotic agents have been evaluated in SSc associated-lung fibrosis. In a phase I/11a pilot
study [95], Imatinib (up to 600 mg/day) did not show improvement in FVC and DLCO. In
addition, five (25%) patients discontinued the treatment due to imatinib-related adverse
events. Imatinib (200 mg/day) have been tested in a phase Il study of 30 SSc patients with
active ILD unresponsive to CYC. It showed an improvement or stabilization of lung disease
in 15% and 58% of patients, respectively [96].

e. Skin disease
Two randomized controlled trials suggested that methotrexate may improve skin scores in
early diffuse SSc [65]. Cyclophosphamide has been shown to improve skin fibrosis in a
randomized placebo-controlled trial [86]. Mycophenolate mofetil showed, only in
uncontrolled trials, to improve significantly skin thickness [97,98]. Intravenous
immunoglobulins have been shown to improve skin fibrosis in few case-reports and small size
open-label trials [99]. However, Takehara et al., did not demonstrate efficacy of one course of
intravenous immunoglobulins compared to placebo in a randomized placebo-controlled trial
[100].
Rituximab improved the mean skin score in 20 SSc patients during the 48 months follow-up
(mRss 9.8 £ 7.2 vs. 22.3 + 9.5; p<0.0001). All but one patient experienced an improvement of

more than 10%, with a median decrease of 50.2% [101]. A case-control study in patients with
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severe diffuse SSc showed that mRSS changes were greater in the rituximab group than in
controls (- 24.0 £ 5.2% vs. - 7.7 = 4.3%, respectively; p=0.03)[94]. Other studies confirmed
the efficacy of rituximab on SSc skin involvement [93]. Tocilizumab was shown to decrease
skin scores in some case-reports [77].
Anti-fibrotic agents have also been evaluated in SSc skin fibrosis. Nintedanib, a tyrosine
kinase inhibitor, was able to prevent in a dose-dependent manner bleomycin-induced skin
fibrosis in mice and was effective in the treatment of established skin fibrosis. Treatment with
nintedanib ameliorated fibrosis in the chronic graft-versus-host disease model and in mice
[102]. In an open pilot clinical trial of ten patients with diffuse and early SSc treated with
nilotinib (a tyrosine kinase inhibitor), three patients discontinued the treatment due to drug-
related adverse events (two due to nilotinib-related prolonged QTc and one due to coronary
artery disease), and seventy one adverse events were observed. The mRSS improved by a
mean of 4.2 points (16 %) at 6 months and by 6.3 points (23%) at 12 months (p=0.02 and
0.01, respectively) [103]. An open-label trial evaluated the benefit of fresolimumab (a TGF-$
inhibitor) in fifteen patients with early diffuse cutaneous SSc. Skin fibrosis dramatically and
rapidly decreased after only one injection of 5mg/kg or two injections of 1mg/kg of
fresolimumab. TGF-p-regulated biomarker genes and dermal myofibroblast infiltration
significantly decreased. However, drug-related adverse events were frequent [104].

f. High-dose immunosuppressive therapy and autologous hematopoietic

stem cell transplantation

In phase 1 and small-size phase 2 trials, high-dose immunosuppressive therapy and
autologous hematopoietic stem cell transplantation (HSCT) seem promising in the treatment
of SSc. Non-myeloablative autologous HSCT improved skin and pulmonary function in 10
patients with SSc, without increase of mortality rate [105]. A phase 3, multicenter,

randomized, trial, [Autologous Stem Cell Transplantation International Scleroderma (ASTIS)]
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including 156 patients with early diffuse cutaneous SSc, have evaluated the benefit of HSCT
compared to i.v. pulse CYC. HSCT was associated with an increased treatment-related
mortality within the first year although it conferred a significantly better long-term event free
survival after the first year. HSCT significantly improved some SSc-related involvements at 2

years such as skin thickness and lung disease [106].

In summary, systemic sclerosis is an immune disease dominated by excessive fibrosis
responsible for cutaneous and pulmonary fibrosis, and vascular endothelial dysfunction at the
origin of skin ischemia, renal and pulmonary artery lesions. Renal and pulmonary
complications are responsible for the severity of the disease. The different autoantibodies
disease help to better define the phenotype and prognosis of patients. Therapeutic strategy
depends on organ involvements. Further prospective and controlled studies are warranted in

SSc patients, in particular in lung and pulmonary artery diseases.
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Table 1 : Main clinical features of Systemic sclerosis (SSc) according to phenotypes and
auto-antibodies [6,52,107]

Limited Diffuse Anti- Anti- Anti-RNA
cutaneous | cutaneous | centromeres | Topoisomerase | polymerase
SSc SSc antibodies | i
antibodies antibodies
Digital ulcers 33-38% 43% 18-42% 40-45% 20%
Interstitial lung 35% 53% 13-21% 30-60% 20%
disease
Renal crisis 1% 4-11% 1% 2-4% 20%
Pulmonary arterial 9% 6% 5-10% 13-17% 10%
hypertension
(without pulmonary
fibrosis)
Oesophagus 67% 68% 64-71% 68% 60%
involvement
Cardiac involvement 6% 8% 9% 17% 15%
Muscular 22% 37% 23-40% 32-50% 50%

involvement
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Table 2: Risk factors/parameters associated to pulmonary arterial hypertension (PAH)
in patients with systemic sclerosis (SSc) [11]

Clinical parameters
e Limited cutaneous SSc
e Older age at SSc symptoms onset
e Digital ulcers
e Capillary loss on capillaroscopy
e Multiple telangiectasia

Respiratory parameters
e Decreased DLCO (Diffusion)
e FVC/DLCO >1.6

Biological parameters
e High serum NT-pro BNP levels (brain natriuretic peptide)
e Anti-RNP antibodies
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Table 3: Systemic sclerosis (SSc) classification criteria by the American College of
Rheumatology/European League Against Rheumatism” in 2013 [47]

Item Sub-item Score
Skin thickening of the fingers of 9
both hands extending proximal to

the

metacarpophalangeal joints
(sufficient criterion)

e Puffy fingers (2) 2
Skin thickening of the fingers e Sclerodactyly of the fingers 4
(only count the highest score) (distal to the

metacarpophalangeal joints but
proximal to the proximal
interphalangeal joints)

Fingertip lesions e Digital tip ulcers (2) 2
(only count the highest score o Fingertip pitting scars (3) 3
Telangiectasia 2
Abnormal nailfold capillaries 2
Pulmonary arterial hypertension e Pulmonary arterial 2
and/or interstitial lung disease hypertension (2) (maximum)
e Interstitial lung disease (2)
Raynaud’s phenomenon 3
SSc-related auto-antibodies e Anti-centromere (1) 3
e Anti-topoisomerase | (anti-Scl- | (maximum)

70) (1)
e Anti-RNA polymerase I11) (1)
[maximum score is 3]

The total score is determined by adding the maximum weight (score) in each category.
Patients with a total score of >9 are classified as having definite systemic sclerosis. Sensibility
91% [C195% 87%; 94%] and Specificity 92% [CI195% 86%; 96%].



