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Abstract Systemic sclerosis (SSc) is a highly heterogeneous
disease caused by a complex molecular circuitry. For decades,
clinical and molecular research focused on understanding the
primary process of fibrosis. More recently, the inflammatory,
immunological and vascular components that precede the ac-
tual onset of fibrosis, have become a matter of increasing
scientific scrutiny. As a consequence, the field has started to
realize that the early identification of this syndrome is crucial
for optimal clinical care as well as for understanding its pa-
thology. The cause of SSc cannot be appointed to a single
molecular pathway but to a multitude of molecular aberrances
in a spatial and temporal matter and on the backbone of the
patient’s genetic predisposition. These alterations underlie the
plethora of signs and symptomswhich patients experience and
clinicians look for, ultimately culminating in fibrotic features.
To solve this complexity, a close interaction among the patient
throughout its Bjourney,^ the clinician through its clinical as-
sessments and the researcher with its experimental design,
seems to be required. In this review, we aimed to highlight
the features of SSc through the eyes of these three profes-
sionals, all with their own expertise and opinions. With this

unique setup, we underscore the importance of investigating
the role of environmental factors in the onset and perpetuation
of SSc, of focusing on the earliest signs and symptoms pre-
ceding fibrosis and on the application of holistic research ap-
proaches that include a multitude of potential molecular alter-
ations in time in an unbiased fashion, in the search for a
patient-tailored cure.
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Introduction

Systemic sclerosis (SSc) is a chronic immune-mediated dis-
ease characterized by immune system activation, vasculopa-
thy, altered collagen deposition and cellular matrix remodel-
ing culminating in widespread fibrosis. While any organ of the
body can virtually be affected by the disease, fibrosis of the
skin represents the archetypical feature of SSc, whereas car-
diopulmonary complications (interstitial lung disease, ILD;
pulmonary arterial hypertension, PAH) currently represent
the main cause of morbidity and mortality in SSc patients [1,
2].

An increasing body of the literature is currently focusing on
the patients’ disease perception of SSc. These studies clearly
demonstrate that physicians and patients have a different per-
ception of the disease [3], as caregivers focus mainly on organ
complications and pay less attention to fatigue and pain,
which are the major source of complain and distress for pa-
tients. Indeed, SSc affects the patients’ quality of life to a
higher extent than other chronic autoimmune conditions [4].
In particular, bodily changes not only bear the consequences
of progressive disability affecting the different domains of
daily life (work and career, family partnering and parenting,
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loss of social role) but also have deep effects on the perception
of self [5]. The loss of self-recognition and the feeling of
shame which develop often lead to progressive social isola-
tion. Patients feel poorly understood as SSc is rare, often not
known in the general population and sometimes among health
professionals as well. The delay in recognizing early symp-
toms and in the diagnosis, the unpredictability of the different
courses of evolution and prognosis and the lack of disease-
modifying medications all contribute to an overall perception
of great uncertainty and anxiety. SSc is perceived as obscure
in its pathogenetic process and in the randomness through
which it so heterogeneously affects patients yet falling under
the same diagnostic pillar. These topics are also all highlighted
in the thematic synthesis of a recent systematic review
concerning qualitative studies on patients’ perception in SSc
[6].

An empathetic doctor-patient relationship embedded in a
regular follow-up structure which ideally begins in the earliest
stage of disease and in which communication of information
is clear and complete greatly adds to the confidence of patients
in the management of care and improves the adherence to
treatment. Nevertheless, several qualitative studies all point
out a strong demand from patients for a more multidisciplin-
ary, holistic and personalized approach in the SSc field, in
which the burden of disease can be better addressed.

Measures such as the implementation of patient-reported
outcomes (PROs) could help to establish a more patient-
centered approach [7]. However, only a few SSc-specific
PROs exist. These are listed in the European League Against
Rheumatism (EULAR) Outcomes Measures Library (OML)
initiative [8] and have been validated to different extents [9].
Moreover, their proposed use is usually confined to clinical
trials and disregarded in daily clinical settings. Domains such
as fatigue and anxiety are evaluated only with generic PROs,
and others, such as the perception of physical changes and
identity or the self-esteem in SSc, are not addressed at all.

As physician-scientists devoted to the care of patients as
well as to research, here we want to underline how the
abovementioned unmet needs of SSc patients mirror research
questions regarding pathogenetic mechanisms, adequate pa-
tient classification and treatment possibilities. The struggle of
patients in facing the bodily changes developed as end result
of the fibrotic process calls for a better understanding of the
enigma hidden in the events which drive the progression from
early endothelial damage and immune dysregulation to
disfiguring and life-threatening fibrotic tissue remodeling.
The awareness of patients on the heterogeneity of disease
and on the uncertainty about the prognosis highlights the need
for a better clinical, molecular and prognostic patient stratifi-
cation. The lack of satisfaction and trust on the available ther-
apeutic options as well as the demand for a more individual-
ized management of care reflects the strive to develop new
targets and treatment strategies among the experts.

In this review, we aim at illustrating the current knowledge
on the pathogenic events in SSc, with a focus on early immune
and vascular modifications. These alterations bear the poten-
tial to drive fibrosis, whose pathways will not be discussed as
these have recently been elegantly described [10]. We will
rather focus on those events that may help to answer the
disturbing and often unanswered questions: Bwhy me?^ and
Bhow did it happen?^ We will then discuss the current classi-
fication approach and the open questions to address in terms
of disease monitoring and identification of progressors.
Finally, we will provide an overview of the current therapeutic
approaches and discuss future options in the light of the con-
cept of personalizedmedicine. Unique to this review is that we
have included the patient perspective in every part of this
work, thereby trying to underscore a unique vantage point
on what still needs to be done in research and clinical care
for patients with SSc.

A Patient’s View

One always tries to understand ‘How could this happen to
me?’ What happened and what caused this avalanche in my
immune system?Was it an insect bite? Avaccination perhaps?
Didn’t I sleep enough? Or is it just as my husband puts it ‘Your
immune system is just quickly distressed.’ For all patients I
hope researchers find the cause of all of this some day, so we
can try to avoid these stressors.

Early Pathophysiology in SSc: What Is Happening
to the (My) Immune System?

The clinical complexity reflects the multifactorial etiology of
SSc. In fact, the most accredited hypothesis on SSc pathogen-
esis indicates a role for unknown environmental triggers
(chemicals, infectious agents) in genetically predisposed indi-
viduals to elicit a wide range of epigenetic modifications, con-
ceivably the cause of microvascular damage and immune dys-
regulation and initiating events which culminate in fibrosis in
different patterns and severity degrees [11].

Environmental Factors, Genetic Susceptibility
and Epigenetic Modifications

SSc patients often refer to clinicians their interpretation of the
events that led to SSc. Supported by information openly avail-
able, they establish links between facts and personal circum-
stances in a timely manner and propose to their specialist
theories that can possibly explain how the disease found its
way in their life and ideally identify factors that - once re-
moved - can revert or halt disease evolution. These involve
pollutants, infections, diet modifications, occupational factors,
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stress, and more broadly, all those experiences (big life chang-
es, losses, grief) that are difficult to cope with.

Accordingly, in the literature, there are several reports
linking the exposure to different chemicals to the development
of SSc and SSc-spectrum symptoms. Silica [12, 13] and sol-
vents [14] (those are mainly linked to an increased risk for
men), vinyl chloride [15], gadolinium used as contrast mate-
rial for magnetic resonance imaging [16], chemotherapeutical
bleomycin [17] and pentazocine [18] have all been associated
to some extent with an increased risk for SSc or SSc-like
syndromes.

Infectious agents such asHelicobacter pylori [19] and sev-
eral viruses have been claimed to play a role in the pathogen-
esis of the disease, either by molecular mimicry, by providing
super antigens -by that triggering immune response and tissue
damage— -or by the direct toxic effect on fibroblasts, endo-
thelial cells (EC) and mononuclear cells. In particular, the
higher prevalence of Parvovirus B19 in the bone marrow of
patients with SSc [20] and the association with increased vas-
cular injury in these patients [21] have been documented.
Cytomegalovirus (CMV) and Epstein-Barr virus (EBV) are
very prevalent in the general population; the biological likeli-
hood of their role in the pathophysiology of SSc is sustained
by their ability to cause persistent infections of monocytes,
endothelial cells and fibroblasts, and it is corroborated by as-
sociation and in vitro studies [22–24]. The composition of the
intestinal microbiome as a result of diet, probiotic/antibiotic as
well as overall medication intake is being claimed to exert a
potentially crucial role in several diseases among which are
immune-mediated diseases [25]. The interaction between the
microbiome and the immune system is thought to be pivotal
for immune homeostasis through direct cell-microbe interac-
tion at the mucosa and indirectly through the release of me-
tabolites which influence a wide variety of biological process-
es. Therefore, it is logical to hypothesize that also in the path-
ophysiology of SSc, dysbiosis could be relevant. To date, a
very limited number of studies have looked at microbiome in
SSc, yet showing with different methodologies (fecal analysis
versus mucosal wash and biopsies) consistently overlapping
alterations of the intestinal flora [26, 27]. Notably, patients in
early stadia (within 2 years from onset) showed the same
prevalence of dysbiotic alterations as patients in the late phase,
indicating that these might establish before major fibrotic in-
volvement. The association of microbiomemodifications with
gastrointestinal involvement in SSc does not help to discrim-
inate whether those should be considered cause or conse-
quence for it or to which extent they contribute to disease
activity. The field certainly requires further development to
ascertain the weight of dysbiosis in SSc pathogenesis.

As for all environmental triggers proposed so far— -to date
often referred to as the exposome -the data are intriguing but
circumstantial and sometimes conflicting to different degrees.
Therefore, hitherto, it has not been possible to establish any

true causative relation between the exposome, genetic suscep-
tibility factors and disease onset and/or progression. A major
part of this challenge lies in the fact that patients who attend
the outpatient clinics have potentially far progressed in the
multihit model that led to their disease, making it impossible
to understand the series of events, and more importantly, the
order of events that might have led to the disease stage they are
in when initiating clinical care programs.

To date, the major risk factor for the development of SSc is
the presence of a first degree relative with SSc [28]; indeed,
SSc heritability is a major concern often leading to anxiety
among patients [5]. However, the low concordance for SSc
exhibited by homozygotic twins described in the landmark
study of Feghali-Bostwick et al. [29] challenges the concept
of SSc as a Bheritable^ condition and rather highlights the
relative weight of the epigenetic changes and the need for a
broader approach in considering the factors that drive the on-
set of SSc. Bossini-Castillo et al. have elegantly shown that
only 20% of the estimated SSc heritability is to date docu-
mented in terms of highly significant and robustly replicated
single nucleotide polymorphisms (SNPs) associations [30].
The majority of the SNPs identified resides in the human
leukocyte antigen (HLA) region indicating that anomalies in
antigen presentations could be important in the pathogenesis
of SSc. The other SNPs mainly concern genes involved in the
regulation of the immune response [31, 32]. Many of these
candidate genes are shared with other autoimmune diseases
(AID) though, in particular, the highest overlap (77%) is ob-
served with systemic lupus erythematosus (SLE). Notably,
among the numerous loci so far identified and replicated, per-
oxisome proliferator-activated receptor gamma (PPARG,
antifibrotic and involved in adipogenesis [33]) and IL-12 re-
ceptor beta 1 (IL-12RB1, mediating IL-12-induced Th1
skewing and natural killer [NK] cell activation) are uniquely
represented in SSc and not in SLE, rheumatoid arthritis (RA),
primary biliary cirrhosis, or celiac disease [30], therefore ad-
vocating for preferential functional investigation and targeting
in SSc. The functional relevance of these genetic variants in
the multihit process leading up to SSc, however, remains
enigmatic.

Accumulating evidence emerging from fields outside of the
scope of SSc underscores the role of epigenetic changes as a
result of the interplay between environmental factors and ge-
netic predisposition, those including DNA methylation, post-
translational histone modifications, microRNAs (miRs) and
long noncoding RNAs all influencing gene expression with-
out altering DNA sequence.

Among multiple reports for altered DNA methylation in
SSc and more specifically affecting fibroblast biology, Wang
et al. provided the first direct association between methylation
status and immune modifications in SSc [34]. They showed
that hypermethylation of the regulatory region of the forkhead
box protein 3 (FOXP3) gene -transcription factor crucial for
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CD4+ regulatory T (Treg) cell development -was linked to
reduced mRNA expression and circulating Treg cells in SSc
and demonstrated that in vitro treatment of CD4+ Tcells with a
methylation inhibitor restored Foxp3 gene expression and
Treg development. Regarding the possible role of DNAmeth-
ylation on vascular injury, hypermethylation of the promoter
of the bone morphogenetic protein receptor type-2 (BMPR2)
gene has been shown to downregulate the expression of
BMPR2 -whose impaired signaling is thought to promote
PAH in SSc [35] -on microvascular endothelial cells
(MVECs) isolated from affected skin of patients with SSc,
therefore exposing them to apoptosis [36]. Histone modifica-
tions as well as the expression of a range of miRNAs have
been extensively investigated in the context of SSc fibrosis,
but hardly in immune cells subsets (reviewed in [11]).
Recently, our group showed how miR-618 upregulation in
plasmacytoid dendritic cells (pDC) of SSc patients since their
prefibrotic stage halts their development and boosts their abil-
ity to produce interferon (IFN)-α [37]. The effect of miR-618
on pDCs fits with the presence of type I IFN signature docu-
mented in SSc patients since the earliest phase of disease [38]
and supports a role for miRs and epigenetic modifications in
SSc pathogenesis.

A Patient’s View

I think people with SSc are people with an immune sys-
tem that is easily dysbalanced. During their lifetime they
encounter certain triggers that cause a kind of avalanche
in the immune system. Sometimes it’s exposed in a form
of eczema, the other time your body reacts very fierce on
an insect bite, infusion, vaccination, medication or even a
facial treatment (the perfume in the day cream gives you
red and swollen eyes for example). But also stress takes
its toll; not immediately, but after some time (headaches
in the weekend after a stressful week). I have always been
aware of the sensitiveness of my body. Therefore, I al-
ways asked the doctors to reduce the dose of medication
and first see how my body responded. They were always
surprised by the minimal dose that I needed on several
occasions.

I believe, my immune system went on hollow several
times, for instance after vaccinations or medication to reduce
my cholesterol (preventative). But the doctors always told me
that there was no connection between the SSc I now have and
that it all happened by chance.

I hope that someday the connection between the type of
immune system and the aforementioned triggers are found, to
prevent SSc for other people (our children) in the future. And
perhaps the sensitiveness of the immune system can become a
thing to dose drugs/medication, more closely resembling what
is nowadays called personalized medicine.

The Interplay Between Vascular Damage and Immune
Dysregulation in SSc

Endothelial damage expressed as EC activation and apoptosis
in response to unknown triggers is considered a primary event
in SSc since LeRoy formulated the Bvascular hypothesis^ in
1975 [39, 40]. In such view, through the years, the focus has
been posed on the disturbed biology of endothelial cells (ECs)
and on the consequent vascular remodeling resulting in inti-
mal hyperplasia, medial thickening and obliteration of the
lumen, loss of capillaries and impaired neoangiogenesis,
perivascular inflammation, and prothrombotic state. In partic-
ular, endothelial activation markers such as intercellular adhe-
sion molecule (ICAM), vascular cell adhesion molecule
(VCAM) and E-selectin are upregulated in the serum and skin
of SSc patients [41, 42]. Notably, their expression is increased
locally on EC in the early, prominently edematous stage of
SSc in respect to the late sclerotic phase, and specifically
where mononuclear infiltrates are detectable. Moreover,
ICAM and VCAMmediate mononuclear adhesion on dermal
fibroblasts in SSc-affected skin, by that further substantiating
the link with immune activation and EC damage in SSc [43].

The vascular dysfunction in SSc is expressed also by the
lack of balance between vasoconstriction and vasodilation.
This phenomenon is illustrated biologically by the upregula-
tion of vasoconstrictive endothelin-1 (ET-1) [44] and altered
endothelial nitric oxide (NO) metabolism [45], and it is clin-
ically expressed by Raynaud’s phenomenon (RP) attacks. The
consequent repeated ischemia-reperfusion damage results in
reactive oxygen species (ROS) release and episodic hypoxia,
which becomes chronic as the obliteration of the lumen pro-
gresses. Hypoxia and ROS release increase inflammation and
tissue destruction and promote fibrotic modifications in the
tissues [46].

Vascular endothelial growth factor (VEGF) is a media-
tor of vascular formation, but it is upregulated in the skin
and circulation of SSc patients, where it represents a
marker of defective angiogenesis [47, 48]. The chronic
upregulation of VEGF in response to hypoxia— -as op-
posed to acute release -exerts the opposite effect of halt-
ing vascular formation. An explanation could be given by
the fact that prolonged exposure to VEGF induces the
expression of type 1 receptor (VEGFR1) rather than type
2 (VEGFR2), the one actually mediating neoangiogenesis
[49]. Alternatively, the preferential expression of
antiangiogenic VEGF isoforms in SSc has been docu-
mented and could explain the paradoxical effect [50].
VEGF is especially elevated in patients with long disease
duration, while circulating endothelial progenitor cells
(EPCs) mobilized from the bone marrow (BM) and need-
ed for in situ differentiation into EC appear to be in-
creased in the circulation only in the early stage of fibrotic
SSc and not in the late ones [51].

Clinic Rev Allerg Immunol (2018) 55:312–331 315



The evidence for vascular dysfunction in SSc relies mainly
on studies in definite SSc patients. As described, though, dis-
ease duration is a discriminatory factor when looking at the
increased local expression of vascular activating factors
ICAM, VCAM and E-selectin on EC of the early inflamma-
tory phases, while VEGF, linked to impaired neoangiogenesis,
is prominently upregulated in the late fibrotic stage. Valentini
et al. reported increased levels of E-selectin already in pre-SSc
patients (or early SSc, EaSSc) [52, 53], the ones with a higher
risk to develop SSc in comparison to the general population
[54, 55]. However, approximately half of the pre-SSc patients
they considered had puffy fingers and would be likely now
classified as definite SSc patients without fibrotic features,
following the new ACR/EULAR classification criteria
established in 2013 [56]. In a more recent work from the same
group, the new criteria were applied and an increase in the
serum levels of ICAM-1 among other circulating chemokines
(CXCL8, CCL2) already in the preclinical group in compari-
son with the healthy control population was reported, with
concentrations reaching the highest levels in the definite SSc
subsets [57]. VCAM-1 was elevated only in the definite SSc
patients group but not in the preclinical subjects. We recently
also measured different markers of vascular dysfunction, not
only in the EaSSc subsets but also stratifying SSc patients on
the basis of the presence or absence of fibrotic features [58].
Our results confirm in a more numerous and strategically
stratified cohort the results of Valentini, showing a gradual
increase of angiopoietin-2, CXCL16, E-selectin, and ICAM-
1 fromEaSSc to SScwithout fibrotic features and reaching the
highest levels in the fibrotic subsets, while levels of VEGF
differed from HC only with regard to the fibrotic subsets.
These markers of vascular damage should be functionally in-
vestigated in the earliest stages of disease, before fibrosis and
permanent tissue remodeling occur.

EC activation and adhesion molecule expression allow ex-
travasation of immune cells. Apoptotic ECs in SSc skin were
found in early inflammatory stages but not at the latter stage of
disease [59], confirming that the endothelial damage is mostly
relevant in the initial phase of SSc. Perivascular infiltration of
oligoclonal T cells was observed in lesional skin of SSc pa-
tients [60], which suggests antigen-driven expansion. The ma-
jority of T cells was shown to be CD4+; the highest degree of
infiltration was observed in early stadia and not only correlat-
ed with the extent of fibrotic involvement but predicted fibrot-
ic progression [61]. In contrast, Fuschiotti et al. found that
perivascular CD8+ Tcells were prevalent in early stages; these
cells produced pro-fibrotic IL-13 and their presence was sug-
gested to potentially contribute to EC killing [62]. The seem-
ingly contrasting findings could be due to the different
methods used for the identification of the T cell subsets and
only reinforce the contribution of T cells since the early stage
of SSc. Perivascular infiltrates composed of monocytes/
macrophages and CD4+ T cells in nonlesional skin of SSc

patients [63] as well as activated (CD69+) T cells and macro-
phages in affected skin at a higher extent within the first year
from SSc onset [64] and of γ/δ T cells prominently in the
early, edematous phases [65] are also described. Klein et al.
also showed that the percentage of Treg within the CD4+

population was diminished when compared to other skin in-
flammatory diseases [66], while indirect proof of the potential
of IL-2-activated CD56+ NK in mediating antibody-
dependent EC cytotoxicity has been provided [67], corrobo-
rating the hypothesis of increased inflammation and poor im-
mune regulation in affected skin in very early fibrotic stages.
The skin infiltration could be a direct consequence of the
endothelial damage, possibly due to viral infection [68]
among the possible triggers, or reflect a primary disturbance
in the immune system in SSc.

As in other autoimmune diseases, the type I IFN signature
is present in the skin and immune cells of SSc patients. In
particular, the expression levels of IFN-induced genes in skin
correlate with the severity of skin involvement, as assessed by
the modified Rodnan skin score (mRSS) [69]. Most strikingly,
we also showed that the type I IFN signature is already present
in the circulation of the individuals with increased risk for
SSc, the EaSSc subset, and in SSc patients without signs of
fibrosis [38]. Noteworthy, in these earliest phases of disease -
and in the nonfibrotic patients to the greatest extent -the
highest prevalence of type I IFN signature and the highest
averages of IFN scores were observed. Type I IFN signature
is common in many autoimmune conditions, in SLE in partic-
ular [70]), but in contrast to SLE, in SSc, this signature seems
to mark more potently the early phases of disease character-
ized by the absence of fibrosis, suggesting an early activation
of the pDC compartment and possibly driving all further mo-
lecular events leading to the establishment of what we call SSc
and its progression.

The presence of IFN signature directly inflicts Toll-like
receptor (TLR)-mediated activation via immune complexes
formed by autoantibodies and/or an exaggerated response to
virus triggers or endogenous ligands. There is accumulating
evidence supporting a hyperactivated state of pDC and of
myeloid cells in SSc, as well as an enhanced response to
TLR-mediated stimuli. For instance, CXCL4, a biomarker
correlating with the presence and progression of skin fibrosis,
ILD, and PAH in SSc, seems preferentially and spontaneously
released by pDC [71]. The monocyte/macrophage lineage in
both its M1 (classical activated, proinflammatory) and M2
(alternatively activated, tissue-remodeling and pro-fibrotic)
components is considered to contribute to the pathology of
SSc in different fashions, likely reflecting the heterogeneity
of the disease over time (summarized in [72]). Furthermore,
SSc monocytes and dendritic cells (DC)— -and more specif-
ically myeloid (mDC) and monocyte-derived (moDC) sub-
sets— -have shown augmented response to different TLR
stimuli when compared to healthy donors [73], and
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interestingly, the cytokine production was clearly distinct
when comparing the early (< 2 years from onset) and late
disease states and throughout the different SSc subsets, again
highlighting the complexity of SSc and the presence of diverse
biological processes being at play during the different disease
states. TLR ligands are expressed by several pathogens and
are also derived in inflammatory processes as a result of tissue
damage/cell death; also in SSc, the presence of circulating
endogenous TLR4 ligands has been shown [74]. TLR-
mediated hyperactivation and release of type I IFN and pro-
inflammatory cytokines could itself trigger a break of toler-
ance in predisposed individuals [75] promoting the activation
of autoreactive T cell clones.

T cell polarization toward Th2 and Th17 has been docu-
mented in SSc and linked to the fibrotic process. The role of
Th17 cells, though, is very controversial and in humans could
reflect more the inflammatory phase than being causative in
fibrosis. In fact, although IL-17 and Th17 cells have been
found to be increased in the circulation and in the skin of
SSc patients -most intriguingly in the early stage of disease -
to date, there is no clear evidence showing the direct role of
Th17 cells in fibrosis [76, 77]. Th17 cell supernatants rather
seem to trigger a proinflammatory phenotype both in healthy
and SSc dermal fibroblasts [78], supporting a proinflammato-
ry role for Th17 in the initial stadia of SSc. The profibrotic role
carried by Th2 cells is far more established and finds evidence
for CD4+ [79], CD8+ [62], and CD4+CD8+ [80] T cell activa-
tion in the circulation and affected tissues of SSc patients. The
Th2 Bsupremacy^ could represent a form of excessive attempt
to repair endothelial damage, as Th2 expansion is well docu-
mented in wound-healing processes [81]. Nevertheless, a Th1
skewing -as suggested by the involvement of the
abovementioned IL-12 pathway -cannot be excluded in SSc
[82] and could be a signature of the latest phases during fibro-
sis resolution. Alongside the clues toward a hyperactivation of
the immune system, a defect in the feedback mechanisms
limiting the magnitude of the immune response has being
addressed. In particular, T regulatory cells [83] and CD56+

NK cells [84] have been shown to exert an impaired function
in SSc. In NK cells, the defective cytotoxicity is described in
the fibrotic form of disease. Recently, we have shown that
EaSSc individuals and patients with definite SSc without fi-
brosis show an enhanced response of NK and NKT-like
CD56+ cells to TLR stimuli [85], which rather points toward
a state of hyperactivation for both cell populations. It would be
of great interest to assess the cytotoxicity capability in the
early, prefibrotic stages and the TLR response in the late,
fibrotic phase, to gain more insights into the function of NK
and NKT-like cells in a timely manner. The proinflammatory
phenotype exhibited in the early disease could lead the same
cell populations to exhaustion in a chronic activation setting
and contribute to impaired immune regulation in more ad-
vanced, fibrotic SSc. CD56+CD3+ NKT-like cells have hardly

been studied in the context of SSc -where their number has
been shown to be reduced in the circulation of definite SSc
patients, but not EaSSc individuals [86]— -and deserve fur-
ther research in the field.

A great debate has developed over the question whether
SSc should be considered an autoimmune disease, given the
presence of specific autoantibodies even before the clinical
onset and their accuracy in predicting disease phenotype and
prognosis (discussed in the next paragraph of this review). A
pathogenic role has been claimed for some of them, as in the
case of anti-endothelial cell antibodies [87], where EC apo-
ptosis would indicate a direct cell damage through specific
antigen recognition. The potential of immune complexes
formed by anti-topoisomerase I antibodies bound to nuclear
extracts in the serum of SSc patients has been explored by
Kim et al., showing their capacity to enhance type I IFN re-
sponse in pDC [88], by that amplifying the inflammatory loop
in SSc. Certainly, the presence of autoantibodies reflects an
activation of the B cell compartment in SSc, but their role in
initiating or maintaining pathogenetic pathways requires fur-
ther exploration.

In conclusion, a substantial body of evidence that has ac-
cumulated over the years suggests the presence of a complex
spatial and time-dependent, multilayered molecular system
starting with vascular damage somehow leading to ongoing
inflammation and culminating in fibrosis. Hitherto, most of
the research aimed at unraveling this complex system focuses
on single molecules and/or pathways of interest. On the con-
trary, evidence is building that such focused approach is not
going to lead to a full understanding of disease process and
suggests that a more holistic approach is needed to do so. For
instance, more recent papers show that the power of omic
wide analysis of the transcriptome [89], proteome [90],
methylome or combinations of these [91, 92] in cellular sub-
sets rather than whole blood provides paradigm shifts in our
understanding of cellular biology. These techniques are in its
infancy in terms of being applied to decipher human diseases
but will show their relevance in improving disease under-
standing within the coming years.

A Patient’s View

When I read all the results of years of study and hard work of
doctors, researchers and all those involved, one just can only
have deep respect. It’s a complex matter, that’s for sure.

For me as a patient it is a complex disease to describe to a
doctor for several reasons.

At first, an immunological disease presents itself in many
ways, and dependent on the form of that moment you are
referred to a different doctor. Or the doctor picks out one thing
and leaves the rest for the moment, but maybe that might
actually be the reason to attend the doctor. Most of the time
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you experience your body in an unwillingly way, you leave it
be, take some rest and often it will go away, or not.

Secondly, dependent on the knowledge of the specialist
you meet, there is another part of the puzzle unrevealed, or
not. But now I see that each intervention could have triggered
some aspects of the malfunctioning of my body and I can also
understand that even when you present the right complaint to
the right doctor, and in a proper way so he/she can link it to -at
least a piece of -the disease, still the knowledge and the ex-
pertise of the physician are crucial for a correct diagnosis, to
refer the patient to a center with expertise for SSc.

Lastly, I take good care of my body, always did; eat healthy,
sport enough (but that’s easy, because I like that), take com-
plaints seriously by going to a doctor when the complaints
don’t vanish by themselves. Is SSc iatrogenic? Shouldn’t I
had been so persistent on a good diagnosis, because I always
knew it couldn’t be just rheumatoid arthritis? A high level of
cholesterol by familial hypercholesterolemia? Did I make it
worse myself?

I am left with all these questions. What impact has stress in
childhood or puberty or childbirth etcetera in this play of the
cells of the immune system? How many diseases can we con-
nect to just one overall dysfunctioning immune system?

Classification of Disease: Who to Fit Where

Raynaud’s Phenomenon and the Concept of BEarly SSc^

The clinical spectrum and prognosis of SSc are highly hetero-
geneous, but strikingly in at least 95% of the cases, the onset
of disease is preceded -sometimes by years -by the occurrence
of Raynaud’s phenomenon (RP) [93]. RP reflects an impaired
balance between vasoconstriction and vasodilation in re-
sponse to different stimuli -mainly cold or emotional stress -
and it is characterized by episodic color changes of the ex-
tremities (predominantly the digits) turning white (ischemia),
blue (cyanosis), and red (reperfusion). RP is common also in
the general population and is most often harmless (primary,
PRP) [94], but in a small percentage of cases, RP is the alarm
bell for an underlying disease. In several autoimmune condi-
tions, RP is a presenting sign or a complication of a long-
lasting disease, including SLE, RA, Sjogren’s syndrome
(SjS) or other connective tissue diseases in general.
However, it is SSc that accounts for most of the cases of the
so-called secondary RP whose occurrence in a previously
healthy individual should always raise the suspicion of a de-
veloping sclerodermatous condition. This, of course, naturally
leads to a key question: is it possible to identify the source of
RP and early identify the presence of an underlying patholog-
ical conditions? Several lines of evidence indicate that in PRP,
vascular abnormalities are mostly functional, while in second-
ary RP, especially in SSc-related RP, structural endothelial

alterations can be observed [95]. Nailfold videocapillaroscopy
(NVC) has slowly emerged as a necessary tool to visually
highlight microvascular alterations and the endothelial de-
rangement which characterize SSc. The NVC patterns of
SSc-related microangiopathy are now well characterized and
formalized from a qualitative and quantitative point of view
[96].

With the recognition of vasculopathy as a pivotal sign of
SSc along with the presence of typical laboratory markers of
autoimmune system activation, LeRoy andMedsger proposed
a set of criteria to characterize a secondary RP bearing the
prototypical characteristics of SSc [52]. In these criteria, the
combination of RP with the presence of SSc-specific antinu-
clear autoantibodies (ANA) -such as anti-topoisomerase I
(ATA), anti-centromere (ACA) and anti-RNA polymerase III
(RNAPIII) -and SSc-specific NVC changes was sufficient to
define a clinical entity which was labeled as Bthe most limited
form of SSc^, lSSc (limited SSc) or early SSc (hereto referred
as BEaSSc^). These criteria were controversial and raised the
provocative question Bwhen is scleroderma really
scleroderma?^ as it was doubtful whether subjects without
other symptoms or sclerodermatous characteristics were really
likely to progress toward a clinically manifest SSc [97]. The
landmark study from Koenig et al. [54] mostly addressed this
issue. In a 20-year prospective study of 586 RP patients, they
confirmed SSc-specific autoantibodies and NVC modifica-
tions as independent predictors of SSc (adjusted hazard ratios
for ANA positivity, SSc-specific autoantibodies, and NVC
changes, respectively, 5.67, 4.7, and 4.5) [54]. In particular,
the presence of both specific autoantibodies and NVC changes
conferred a 60-times increased risk to develop SSc when com-
pared to patients with RP without these features, with progres-
sion rates to definite SSc of 47% at 5 years, 69% at 10 years
and 79% at 15 years. Intriguingly, these authors concluded
that Bgiven enough time most early SSc patients will develop
definite SSc^. These findings are of paramount importance as
the early recognition of this preclinical subset may constitute a
Bwindow of opportunity^ to finally answer to the Bwhy me?^
questions formulated by patients or to provide some form of
prognostication eagerly awaited by patients and relatives. It is
now recognized that EaSSc patients are not a homogenous
group and that different subjects progress toward a definite
SSc with different rates, sometimes earlier and sometimes
later, in some cases toward a severe and aggressive disease,
and in other cases toward a smoldering condition. The study
of EaSSc may thus solve several questions related to the fac-
tors are that are associated with faster or worse evolutions and
to the understanding of the molecular pathways that lead to
organ damage.

Since the work of Koenig et al., many studies tried to pro-
vide an optimal characterization of EaSSc patients and of the
factors associated with disease progression. Ingegnoli et al.
confirmed that NVC alterations and that the occurrence of
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SSc-specific autoantibodies are predictors of progression from
RP to SSc after 5 years from the initial evaluation; the authors
also proposed a predictive model based on these alterations
with good internal prognostic discrimination accuracy, albeit a
thorough internal or external validation was not made [98].
The importance of NVC and autoantibody determination in
the transition from EaSSc to a definite SSc was also confirmed
by two other independent Italian groups [55, 99]. In [99], as in
Koenig et al., it was observed that the risk of progression
toward a definite SSc was higher for those patients with both
NVC alterations and SSc-specific autoantibodies, while the
risk was markedly reduced in the absence of immunological
alterations. Vigone et al. also showed that a more severe
capillaroscopic pattern is associated with higher rates of pro-
gression and faster evolution times to definite SSc; similarly,
patients with or without ACA had different evolution rates,
with ACA associated with a slower evolution over time (me-
dian evolution time 55 versus 23 months for ACA-positive
versus ACA-negative patients). In the same work, the DQ5-
DR1 haplotype strongly reduces the risk of progression and
lengthens the time to evolution independently of the presence
of ACAs. These results strengthen the notion that factors
influencing and linked to immune activation, as also reviewed
in the pathogenesis chapter, may have a role in disease
progression.

SSc Classification: a Paradigm Shift from Old to New
Criteria

Since the publication of the 1980 SSc classification criteria, it
was recognized that these lacked enough sensitivity to recog-
nize patients with early disease, especially with no or limited
skin involvement [100]. After the publication of these criteria,
the importance of endothelial alterations in the pathogenesis
and progression of SSc has been steadily recognized as sug-
gested by the relevance of NVC findings in this context.
Similarly, it was observed that the 1980 criteria did not give
any weight or importance to the determination of autoanti-
bodies, whose patterns are indeed relevant to disease progres-
sion or to determine the risk of internal organ involvement
[101]. Attempts to incorporate NVC and autoantibody find-
ings as well as other early features of SSc in the preexisting
classification criteria proved effective in increasing their sen-
sitivity and specificity [102]. In 2013, the European League
Against Rheumatism (EULAR) and the ACR joint endeavor
produced a new set of classification criteria capable of identi-
fying with higher sensitivity patients with limited or no cuta-
neous sclerotic features. In the 1980 criteria for the classifica-
tion of SSc, fibrosis was the anchor sign of SSc, and to be
classified, a patient had to show typical sclerodermatous
changes proximal ly to metacarpopha langea l o r
metatarsophalangeal joints (major criterion) or, alternatively,
present with at least two between sclerodactyly, pitting scars/

digital ulcers, and bibasilar lung fibrosis (minor criteria) [100].
The 2013 ACR/EULAR criteria include a higher number of
features (vascular, immunologic, fibrotic) which determine
the classification on the basis of a weighted score that each
feature bears; a score ≥ 9 is sufficient for SSc classification
[56]. In this new system, the major criterion of the 1980 clas-
sification is still valid and sufficient for SSc classification,
because alone it accounts for 9 points. RP, SSc-specific auto-
antibodies and SSc-specific NVC features which define
EaSSc account for 8 points (3, 3, and 2 points, respectively).
The occurrence of any extra scored item on top of the 8 points
(EaSSc score) automatically classifies the patient as SSc
[103]. An overview of the different features considered as
classification criteria in the different systems adopted through
time is provided in Table 1.

The main novelty of the new classification system resides
in the fact that other nonfibrotic features of SSc such as puffy
fingers (PF), telangiectasia, and digital ulcers are actually
among the weighted items and, when in combination with
the triad that defines EaSSc patients, are sufficient to classify
an individual as definite SSc patient. Thus, the application of
these criteria may allow the identification of those subjects
without skin involvement or, most importantly, from a pro-
spective and temporal point of view, of those patients with
prefibrotic features (PF). The 2013 ACR/EULAR classifica-
tion criteria can identify patients with early disease (< 2 years
from onset) and the ones with lcSSc subset with high sensi-
tivity [104], which allows the inclusion in clinical trials and
research studies also of patients with milder disease.

From a biological and clinical perspective, patients with
EaSSc and definite SSc without fibrotic features and patients
with limited (lcSSc) and diffuse (dcSSc) cutaneous involve-
ment have well distinct characteristics [58]. A number of vas-
cular dysfunction markers show a linear increasing trend
along these subsets. Similarly, other clinical and laboratory
parameters, such as the erythrocyte sedimentation rate, C-
reactive protein levels, hypergammaglobulinemia, diffusing
capacity for carbonmonoxide, and forced vital capacity, wors-
en from EaSSc to definite SSc to the subsets with overt
fibrosis.

The Challenge of Identifying Progressors

The identification of factors that may help to identify patients
at higher risk of progression from EaSSc to definite SSc is a
young field of research and many discoveries are still to come.
Hopefully, these discoveries will allow early prognostication
and disease interception, albeit it is still doubtful how and
when to treat subjects with EaSSc and to what extent the
current therapies may slow the evolution of SSc. Besides these
considerations, the diagnosis of EaSSc remains challenging,
due to the poor awareness about the potential consequences of
RP in the general population, by general practitioners or the
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difficulties in accessing NVC or autoantibody testing and/or
the costs of these exams for low-income people.
Prognostication still remains a fundamental exercise in every
SSc patients, including those with a definite diagnosis, overt
fibrosis and a long-lasting disease. The prognosis in SSc pa-
tients with severe skin and internal organs involvement is
poor, as the 9-year cumulative survival does not reach 40%,
whereas in patients withmilder clinical phenotypes, the 9-year
cumulative survival can attain 80% [105]. Therefore, a thor-
ough stratification of SSc patients is crucial for an adequate
medical follow-up; moreover, as pointed out in [106], Bboth
patients and their families may later regret being over-
optimistic about their prognosis^ and Bpatients are willing to
have access to accurate prognostic information.^ At the best
of the current knowledge, the scientific community is trying to
identify the different stages in SSc, with the aim to stop, re-
verse or prevent the fibrotic process, the major cause of mor-
bidity and disability in SSc.

As already stated, autoantibody specificity is fundamental
to guide the clinical follow-up and monitor more closely for
diffuse cutaneous involvement (Scl-70ATA, RNAPIII speci-
ficities), ILD (anti-topoisomerase I), SSc renal crisis
(RNAPIII), and PAH (ACA) [101]. There is a growing litera-
ture to promote the use of NVC not only in the diagnostic

stage but to monitor the changes of the patterns through time
in correlation with the progression of disease and the devel-
opment of specific features. Several morphologic nailfold
changes mirroring different aspects of microangiopathy in
SSc have been described in combined patterns (Bearly,^
Bactive^ and Blate^) [96, 107]. These patterns are specific
for SSc and are defined as Bscleroderma pattern^. They se-
quentially document not only the progression of vascular
damage through time but also the development of clinical
complications [54, 108]. In particular, among the patients
who evolve from the Bearly^ to the Bactive^ and finally to
the Blate^ pattern, the prevalence of internal organ involve-
ment is higher and there is correlation with disease severity,
when compared to patients with slower capillaroscopic turn-
over who for a longer time exhibit the Bearly^ pattern and
whose clinical evolution is milder [109, 110]. Specific NVC
modifications and patterns have been associated with the de-
velopment of distinct SSc features (reviewed in [111]) and
have shown to predict organ involvement, more specifically
of ILD, with increasing risk from Bearly^ to Bactive^ to Blate^
pattern [112]. The gradually increasing predictive value from
Bearly^ to Bactive^ to Blate^ pattern was later attested for all
nine organ systems [110] according to the Medsger disease
severity scale [113]. Currently, the use of capillaroscopy and

Table 1 Comparison of different
classification criteria considered
in different classification systems

1980 SSc (ARA) 2013 SSc (ACR/EULAR)

RP N Y

NVC (SSc patterns) N Y

Autoantibodies N Y

ANA (aspecific) na N

ATA na Y

ACA na Y

RNAPIII na Y

Skin involvement

Sclerodermatous, proximal to MCP Y (major) Y (suff)

Sclerodermatous, distal to MCP

Sclerodactyly Y (minor) Y

PF N Y

Fingertip lesions

DU Y (minor) Y

PS Y (minor) Y

Telangiectasia N Y

Internal organs involvement

ILD Y (minor) Y

PAH N Y

1980 SSc (ARA) 1980 Preliminary criteria for the classification of systemic sclerosis (SSc) [100], 2013 SSc (ACR/
EULAR) 2013 American College of Rheumatology/European League Against Rheumatism classification criteria
for systemic sclerosis [56], RP Raynaud’s phenomenon, NVC nailfold videocapillaroscopy, ANA antinuclear
autoantibodies, ATA anti-topoisomerase I antibodies, ACA anti-centromere autoantibodies, RNAPIII anti-RNA
polymerase III autoantibodies,MCPmetacarpophalangeal joint, PF puffy finger,DU digital ulcer, PS pitting scar,
ILD interstitial lung disease, PAH pulmonary arterial hypertension,N not considered as criteria, na not applicable,
Y considered as criteria. suff sufficient criteria for classification
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of a prognostic scoring system to predict DU development at
6 months has been ascertained and validated [114, 115], as
determined by scoring the magnitude of capillary loss (quali-
tatively described in the Blate^ pattern) combined with the
presence or the absence of digital ulcers and critical ischemia
at baseline. The implementation of videocapillaroscopy in
clinical practice seems critical for an accurate follow-up.

It is widely accepted to classify SSc patients into different
subsets based on the extent and localization of the prototypical
skin fibrotic changes. In particular, patients affected only dis-
tally to elbows, knees, and clavicles are referred to as having
the limited cutaneous (lcSSc) form and patients presenting
with proximal fibrosis are defined as having diffuse cutaneous
(dcSSc) SSc [116]. dcSSc patients have the shortest time to
first non-Raynaud symptom and the fastest rate of develop-
ment of complications [117]. dcSSc also presents more often
with clear signs of systemic inflammation, with increased cir-
culating C-reactive protein being itself associated with poor
survival and shorter disease duration in dcSSc [118], as op-
posed to lcSSc, where the course of disease is generally milder
with smoldering progression of fibrosis but still high chance to
develop critical disability and severe organ involvement in the
long run [119]. The separation into lcSSc and dcSSc helps the
clinician to plan diagnostic assessments and estimate the risk
of developing complications, by that improving the quality of
follow-up and surveillance. In particular, a prediction rule for
the development of the most severe dcSSc subset on the basis
of gender, time of first non-RP symptom, puffy hands/
sclerodactyly, and autoantibodies specificity has recently been
proposed [120]; with a sensitivity of 87% in recognizing
dcSSc cases and a specificity of 61% in excluding lcSSc cases,
the accuracy is not optimal but surely provides an easily ap-
plicable screening method for the initial risk stratification of
patients. Medical modeling has also been applied to early
dcSSc to find the predictor of mortality based on clinical pa-
rameters and simple laboratory tests, and internal and external
validation showed that these models can be applied to differ-
ent populations with promising results [121, 122].

Nevertheless, the subsetting into lcSSc and dcSSc does not
fully account for the clinical heterogeneity and the unpredict-
able, diverse response to therapy which characterizes SSc.
With the increasing knowledge about the molecular mecha-
nisms underlying SSc pathogenesis and the reduction in cost
of molecular biology techniques, a great emphasis is currently
placed on the discovery of biomarkers and on the reclassifica-
tion of diseases based on transcriptome, epigenome, genome,
cytokine and metabolome information [123], and SSc is no
exception. Using information from skin biopsies and gene
transcript, US researchers identified specific signatures asso-
ciated with the severity of interstitial lung involvement [124]
or with the extent of skin fibrosis [125]. Intriguingly, in the
latter report, it was observed that a specific signature could be
used to distinguish treatment responders from nonresponders

prior to change in skin fibrosis. While these studies clearly
demonstrate that a reclassification of SSc based on biomarkers
is feasible and could be used to stratify patients, the true value
of a molecular reclassification of SSc must be further exam-
ined. The complexity of the disease, and maybe SSc in partic-
ular, may require a more holistic approach to identify novel
mechanistic biomarkers. Such holistic— -otherwise called
omic-wide techniques— -have recently been shown to yield
novel data with high impact [92]. Such untargeted approach
has been applied in SSc before in terms of proteomics on
pDCs from different stages of SSc by which CXCL4 was
identified [71]. In the last years, CXCL4 has emerged as a
potential candidate in this setting as increased plasma levels
of CXCL4 can be observed in EaSSc patients as well as in
fibrotic subjects with plasma concentrations correlating and
correlate with disease severity [71]. Moreover, CXCL4 con-
centrations are affected by therapy [126] and a model that
incorporates CXCL4 has been proposed to stratify responses
to imatinib [127].

An adequate redefinition of SSc subset based on functional
classification, that is on factors that account for disease sever-
ity and progression, obviously requires an adequate definition
of disease severity and progression. To date, there is no con-
sensus on how to define progression in SSc, and activity in-
dexes are still preliminary and require extensive validation
before they can be used on a wide SSc population
encompassing also preclinical subjects [128]. Recent en-
deavors have provided new tools to assess pharmacological
responses in clinical trials [129]; the newly developed com-
posite response index in dcSSc (CRISS) includes core items
that assess change in skin and lung domains, disability and
physician and patient global assessments. Despite the merits
and the novelty of this index that encompasses several aspects
of the disease, its application in a wide SSc population that
includes non-early dcSSc or lcSSc cases is controversial.
Moreover, as the same authors acknowledge, no input was
sought from patients during the construction of this index.
Hence, while the effect of drugs on several physical and func-
tional aspects of SSc is likely to be captured by the CRISS
index, the efficacy of the same drugs from the patient’s per-
spective is difficult to be ascertained. In general, these aspects
havemostly been neglected, and while several trials have used
some self-reported measures as secondary endpoints to mea-
sure treatment efficacy, such as the short form (SF-36) health
survey or the Euro quol questionnaire (EQ-5D), more focused
and structured PROs have seldom been used in SSc. Recently,
the Self-Efficacy for Managing Chronic Disease (SEMCD)
scale has been validated in SSc [130] and indeed, it will be
of interest to compare therapy responses by scales created by
the physician’s judgment with those indexes that take into
account fatigue, physical discomfort and pain, emotional dis-
tress, interference of health problems in daily life activities
and independence. More specific PROs that assess specific
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domains (gastrointestinal, circulatory to name a few) have
been validated and can be used to gauge disease progression
and response to therapy from the patient’s perspective [9];
however, more specific instruments to capture the complexity
of the disease or that combine clinical and patient-based end-
points are needed.

A Patient’s View

Disease criteria are important to diagnose, preferably at an
early stage, or even predict the course of the disease if not
intervened. I think that it’s always hard for a physician to
decide to let a disease take its course whilst there is great
uncertainty about its outcome. For instance, almost every time
I saw a new rheumatologist (people move houses, retire,
change jobs, etc.), they wanted me to get off my medication.
At first, I was cooperative and reduced medication, which
always ended up in a flare of the disease and me being a year
crippled, not really fit for work and a household that couldn’t
fully count on me, because I couldn’t walk or do something
else. Because of my family and my personal inconvenience, I
decided not to be so cooperative anymore in these experi-
ments. But what other ways are there for a doctor in ‘knowing
the patient’, experience the effects of interventions and so?
Every patient is different. Disease criteria are a very important
answer to this I think, as it can help even the more
unexperienced doctor to know what to do at what time in
the patient’s journey.

On the other hand, such criteria shouldn’t be followed as a
rule, they should be fit for each patient such as true personal-
ized medicine is truly meant.

Evidence-Based Approach to the Treatment of SSc
and the Need for Personalized Medicine

SSc is a highly heterogeneous disease. Differences in clinical
presentation among patients as well as the variable degree of
organ involvement that patients may experience make chal-
lenging the treatment of the disease and of its complications.
Currently, there is no single drug to treat SSc, and the phar-
macological approach is based on a combination of drugs that
may be effective in treating organ damage or in relieving
symptoms associated with visceral involvement. An individ-
ualized approach is often required to optimize the treatment of
SSc and the patient’s response yet with often unpredictable
responses.

In 2009, the EULAR issued a set of recommendations for
the treatment of SSc-related organ complications [131].
Overall, 14 recommendations were produced as a result of
literature review and of expert consensus, covering the follow-
ing aspects of the disease: Raynaud’s phenomenon (RP), dig-
ital ulcers (DUs), pulmonary arterial hypertension (PAH), skin

and lung disease, scleroderma renal crisis (SRC) and GI in-
volvement. At the end of 2016, these recommendations were
updated including in the expert panel the two patients nomi-
nated by the pan-European patient association for SSc
(Federation of European Scleroderma Associations
[FESCA]) (Table 2) [132]. The EULAR recommendations
are the result of a huge process of literature review: 8771
papers were considered (5436 already considered for the
2009 recommendations and 3335 for the updated recommen-
dations); of these, 462 were deeply analyzed (281 already
considered for the 2009 recommendations and 181 for the
updated recommendations). Despite this effort, no indications
and data were produced regarding immunosuppressive and
experimental therapies for which no published or complete
data existed at the time of literature review.

Currently, several trials are ongoing to evaluate the possible
effect of synthetic conventional drugs, mainly immunosup-
pressive therapies or newer drugs that specifically target po-
tential pathways of interest in SSc pathogenesis. The potential
candidate molecular therapies for the different aspects of SSc
are discussed in [133] and include therapies to restore endo-
thelial homeostasis and to treat vasculopathy, to tackle inflam-
mation and immune system activation, or to treat fibrosis and
aberrant collagen production and deposition.

Whatever the treatment and the statistical significance
reached by primary endpoints of clinical trials, the overall
responses are far from being dramatic and several patients
exposed in the real world to approved drugs have little or no
benefit from them. There are many reasons to explain disap-
pointing results of otherwise promising drugs in systemic scle-
rosis. As already discussed in the classification chapter, there
is no clear consensus on how to define disease severity, pro-
gression, activity, and in general, on what are the best tools to
assess pharmacological responses in a wide SSc population.
Secondly, patient selection in clinical trials may not reflect the
Btrue^ overall SSc population and often, results obtained in a
particular subset of patients, as for instance early dcSSc, are
translated to other subjects without clear evidence for a poten-
tial benefit. Thirdly, statistical significance may not always
coincide with a meaningful clinical difference; while for some
clinical domains the concept of Bminimally clinical important
difference^ is well-established [134–138], this is not true for
many aspects of SSc-related complications and not always
these are taken into account in designing clinical trials. Even
worse, and almost inevitably, these differences are learned
after a single pivotal trial has been concluded [134, 136],
leading to a waste of valuable information even if the neces-
sary groundwork for future trials is posed. Lastly, post hoc
analysis to identify the factors that cause some of the people
in a trial to be responsive is rarely performed. Hence, current
available guidelines and recommendations do not provide any
insight about patients’ stratification to optimize therapy out-
comes and responses.
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A major source of uncertainty in individual responses to
therapy resides in the way the trials themselves are designed
and conducted. Canonical trials involve a large number of
subjects, hopefully hundreds of people representative of the
general population of interest, which are exposed to active or
sham treatment and responses measured. Obviously, this de-
sign does not take into account all the environmental or the
individual factors (genetic, lifestyle) that may influence drug
availability, metabolism, and in general, pharmacological

responses. According to the personalized medicine principles,
every single individual is a universe. On the contrary, all the
nuances and characteristics of individual patients are barely
captured even by the most obsessive stratification of subjects
from conventional trials. Alternative approaches do exist to
tackle this issue and have been actively used in other areas
of life sciences, yet seldom in medicine. Among those, it is
worth citing the BN-of-1-trial^ approach where the single in-
dividual is the object of the trial and responses are evaluated

Table 2 EULAR recommendations for treatment of systemic sclerosis

Domain Recommendation Literature evidence

Raynaud’s phenomenon Dihydropyridine calcium antagonists (i.e., oral nifedipine)
should be considered as first-line therapy for Raynaud’s
phenomenon.

Two RCT

PDE-5 inhibitors should also be considered in the treatment
of Raynaud’s phenomenon.

Literature meta-analysis

Intravenous iloprost should be considered for severe Raynaud’s
phenomenon after failure of oral therapy according to experts’
opinion.

Literature meta-analysis

Fluoxetine might be considered in the treatment of SSc-RP attacks. Minor evidence from a small study

Digital ulcers Intravenous iloprost should be considered in the treatment of
digital ulcers in patients with SSc.

Results from 2 RCT

PDE-5 inhibitors should be considered in the treatment of digital
ulcers in patients with SSc.

Results from 1 RCT and meta-analysis
In one small RCT, PDE-5 inhibitors may

prevent the development of new digital
ulcers.

Bosentan should be considered for the reduction (prevention) of
new digital ulcers in SSc, especially in patients with multiple
digital ulcers despite use of calcium channel blockers, PDE-5
inhibitors, or iloprost therapy.

Results from 2 large RCT

Pulmonary hypertensions ERA, PDE-5 inhibitors, or riociguat should be considered to treat
SSc-related PAH.

RCT in PAH patients that include
PHA secondary to CTD

Intravenous epoprostenol should be considered for the treatment
of patients with severe SSc-PAH (classes III and IV).

RCTwith mixed PAH population

Prostacyclin analogues (inhalatory iloprost; subcutaneous treprostinil)
should be considered for the treatment of patients with SSc-PAH.

RCTs

Skin and lung Methotrexate may be considered for the treatment of skin manifestations
of early diffuse SSc; no data are available about the effect on
lung function.

Two RCTs

Cyclophosphamide should be considered for the treatment of interstitial
lung disease (especially if progressive).

One RCT

HSCT should be considered for the treatment of selected patients with
rapidly progressive SSc at risk of organ failure. Careful patient selection
is mandatory due to high risk of treatment-related side effects and of early
treatment-related mortality.

Two RCT comparing HSCT to
cyclophosphamide

Scleroderma renal crisis ACE inhibitors should immediately be used in the treatment of
scleroderma renal crisis.

Review of survival data and several
cohort studies

Glucocorticoids should be carefully used in patients at risk for scleroderma
renal crisis; blood pressure and renal function monitoring is required.

Retrospective data

Gastrointestinal PPI should be used to prevent esophagitis. None

Prokinetics should be used for the management of SSc-related
symptomatic motility disturbances.

Limited, small studies

Rotation antibiotics should be used to treat symptomatic small intestine
bacterial overgrowth.

Limited, small studies

Modified from [132]

RCT randomized controlled trials, PDE phosphodiesterase, CTD connective tissue diseases, HSCT hematopoietic stem cell transplantation
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on an individual basis, rather than on a population/cohort basis
[139, 140]. In N-of-1 trials, outcomes for treatments are com-
pared within patients so that the optimal treatment for each
subject can be established; comparisons are not carried be-
tween (or among) groups of patients, but rather each patient
acts as his/her own control. However, N-of-1-trials may not be
the panacea to solve any problem related to clinical trials. N-
of-1-trials have cost issues and also the outcome should be
clearly measurable, possibly in a short-time interval, as pa-
tients are repeatedly exposed to cycles of active or sham treat-
ment and measures are taken at the end of each cycle. This
clearly brings us back to the problem posed beforehand: what
is the optimal response in SSc? Are short-term responses ad-
equate to evaluate the long-term outcome a chronic disease?
This paradigm has already emerged in SSc from conventional
randomized controlled trials, where, for instance, cyclophos-
phamide has been associated with functional 12-month effects
in subjects with interstitial lung disease but not long-term
efficacy [141].

To gauge all the potential application and potentiality of
precision medicine, including N-of-1-trials, we should how-
ever consider how these approaches may incorporate molec-
ular data into patient care. A molecular stratification of pa-
tients may allow a better patient allocation to therapies,
allowing the choice of the most appropriate treatment in rela-
tion to deregulated pathways and to biological mechanisms
that contribute to disease phenotype. Previous work has al-
ready demonstrated that a population-based molecular strati-
fication of SSc patients is feasible [125, 127], but this clearly
does not meet the requisites of personalized medicine.
Moreover, this approach may not be readily applicable to
large-scale information frommolecular medicine, as statistical
power is obtained comparing one group against the other and
this requires a large number of individuals. Thus, a number of
potential pathways of interest may be overlooked because of
inadequate sample size. A recently described framework,
called BN-of-1-pathways,^ has been proposed to overcome
this issue and to focus on individual responses. Here,
deregulated pathways from single individuals are analyzed
and statistical power is obtained for a single patient with as
few as two samples. This approach is feasible whenever two
paired samples (healthy/diseased) are available from a single
patient and as such is not applicable in all the disease.
However, in SSc, this could be envisioned, as for instance
when molecular fingertips from affected/unaffected skin sam-
ples are considered.

SSc remains a challenging disease to treat and the array of
available molecules to treat scleroderma has not expanded
much during the last decades. With the exception of therapies
for the treatment of pulmonary hypertension, no recently dis-
covered drug proved effective in SSc and is unequivocally
recommended in the management of scleroderma [132]. The
increasing knowledge about SSc pathogenesis and better

patient allocation has however allowed a more suitable and
effective use of existing therapies. New targeted drugs are
currently being tested in phase 2 studies and are likely to
change the future perspective of SSc treatment. Despite these
encouraging premises, a lot of unanswered questions in the
management of SSc still remain, and better and tailored ther-
apies are likely to be discovered with the application of per-
sonalized medicine paradigms. This kind of approach is ea-
gerly awaited by patients that need individualized therapies to
solve their own problems besides numbers and statistics that
are seldom of importance when it is you to be affected by a
potentially devastating illness.

Conclusion

The Patient, Scientist and Clinician Strongly United:
a Glance into the Future -the Search for a Cure

As discussed extensively in this review, SSc is a highly com-
plex disease seen through the eyes of the patient, the scientist,
as well as the clinician, justifying an integrated approach for
the search of a cure. In line with what has becoming clearer in
the eyes of the researcher and clinician, the journey of a patient
with SSc is one that starts far before fibrosis becomes visible.
As a matter of fact, it is likely to be characterized by a multi-
tude of stressors that differs between patients in a temporal and
spatial manner. In this light, it is tempting to speculate that this
latter underlies the enormous heterogeneity in the clinical
spectrum rather than the variation in genetic factors. This is
underscored by the now widely accepted relative small con-
tribution of genetic factors to chronic diseases including SSc
which sheds light on the hypothesis that there is more than
genetics alone. For instance, epigenetic factors are likely to
play an essential role in the onset and perpetuation of SSc and
other diseases. An individual’s epigenetic makeup is deter-
mined by multiple factors that one encounters during life.
There is increasing interest in such factors which are all stud-
ied under the recently suggested concept of the exposome. To
emphasize the importance of a more complete evaluation of
environmental exposure, this concept called the exposome,
which includes the entirety of environmental exposure from
conception onwards, was introduced in 2005 [142]. The
exposome consists of three overlapping domains: (1) the gen-
eral external factors (socioeconomic), (2) specific external
factors (lifestyle, occupations and pollutant exposure) and
(3) internal factors (biological effects and response) [143].
As the exposome encapsulates time from conception to death,
it needs to be measured multiple times in life by applying
untargeted data-driven approaches in conjunction with com-
putational modeling and computer learning techniques, which
enables the reduction of dimension to make its outcomes use-
ful for science and clinics.
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There is cumulating evidence for the role of the exposome
in SSc considering the scientific reports on the toxic oil syn-
drome [144], the gadolinium [16], and silica exposure [12, 13]
among others, and taking into account the anamneses taken
from patients in daily practice. As discussed before, integrated
analysis of multiple omics layers (genome, transcriptome,
methylome, metabolome, microbiome, etc) is needed to un-
derstand the complex interactions between the exposome and
clinical features. Ideally, such approaches should entail SSc
patients having different phases of disease and encompass
multiple cell subsets (stroma cells as well as immune cells)
and embark on state-of-the-art computational analysis and
computer learning models to truly understand the molecular
changes leading up to the different aspects of SSc. Such ap-
proaches take a tremendous effort, but there are at least two
studies undergoing -at least known to the authors -that encap-
sulate these thoughts. One is the Precisesads consortium
(www.precisesads.eu) which investigates multiple omics
layers from different clinical conditions including SSc by
collecting biological samples from different centers
throughout Europe. The other initiative -performed at the
University Medical Center Utrecht (UMCU)— -focuses on
various immune cell subsets— -including plasmacytoid
dendritic cells, myeloid DC, monocytes, T cells, and B
cells -from the circulation and tissues obtained from > 700

patients covering 12 immune-mediated inflammatory dis-
eases. This cohort comprises now > 100 SSc patients in the
different phases of diseases and is expected to bring forward
the first results in the beginning of 2018. In an attempt to
include all possible patient parameters— including the
exposome, discussions with patients questioned in daily clin-
ical practice as well as those participating in the sounding
board of the UMCU are well integrated in data gathering.
The aim is to capture and integrate exposome data in a holistic
manner to understand SSc disease onset and progression in its
full extent. Ultimately, we want to provide personalized care
and disease intervention, for which the interaction of patient-
physician-scientists seems truly imperative in gaining molec-
ular as well as clinical insights into the different phases of SSc.
The future will tell whether a more integrated approach, taking
into account ideas and suggestions from all three sources, will
pave the way to predictive, preventative, personalized, and
participatory (4P) medicine (Fig. 1).

In conclusion, we hope to have highlighted all aspects of
the disease from a patient’s, science’s and clinician’s perspec-
tive. It is clear that the ideas on how SSc arises, persists and
progresses are very much alike. However, integration of these
through the various molecular and epidemiological data sets
into a patient-specific and, above all, targetable molecular net-
work is the ultimate goal.

Fig. 1 From clinical phenomena
to predictive, preventative,
personalized, and participatory
(4P) medicine. During the
patient’s journey, patients often
have good ideas about the
potential causes and complaints,
how they have changed over time,
why they have evolved, and how
to deal with them. The interaction
of patient-physician-scientists
seems truly imperative in gaining
molecular as well as clinical in-
sights into the different phases
(faces) of SSc. The future will tell
whether a more integrated ap-
proach, taking into account ideas
and suggestions from all three
sources, will pave the way to 4P
medicine
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For that, patients, researchers and clinicians need to work
even more closely together, united we stand.

A Patient’s View

I would like to make two final remarks:

How nice it would be that there was one doctor who
overviews all the different ways of SSc from the minute
it presents itself or earlier.
It gives me great confidence that there are such bright and
intelligent people, who are capable of unraveling all this.
The research to the answers we all need is in good hands.
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