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EDITORIAL

Recent advances steer the future of systemic sclerosis

toward precision medicine
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The term “precision medicine” has become increasingly pop-
ular by proposing a medical model which allows to choose a
personalized treatment. Hippocrates, almost 2500 years ago,
was himself a proponent of personalized medicine, in fact he
advised “give different ones (liquid medicines) to different
patients, for the sweet one do not benefit everyone, nor do
the astringent ones, nor are all the patients able to drink the
same things” [1]. The personalized approach has always been
of fundamental importance in the relationship between the
physician and the patient and still today continues to represent
a significant central part of precision medicine. Previously,
treatment choice was largely based only on signs and symp-
toms presented by patients. However, precision medicine in-
cludes an approach to patient with a wide array of individual
data including clinical features, lifestyle, genetic, and bio-
marker information as well as disease symptoms and signs
[2]. Hippocrates already suggested to evaluate factors like
physical appearance, a person’s age, and the time of the year
when prescribing medicines [3] to better target drug prescrip-
tion to individual patients. Therefore, this medical approach
may help to predict which is the best treatment in a specific
group/s of patients. It is clear that the development of preci-
sion medicine has fundamentally changed the treatment ap-
proach to several diseases, in particular in neoplastic diseases,
using genetic and molecular diagnostics with DNA
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evaluation. However, its role in every day healthcare is rela-
tively limited to date.

Recently, many significant efforts have been made to better
understand the pathogenetic [4] and genetic mechanisms in a
broad range of rheumatic diseases. This knowledge could al-
low to stratify patients and therefore potentially expand a pre-
cision medicine approach in the rheumatic diseases field.

Systemic sclerosis (SSc) is a connective tissue disease char-
acterized by autoimmune features, vasculopathy, and fibrosis
[4, 5]. Skin fibrosis is a well-known distinctive trait of the
disease and the severity of skin involvement has been reported
to be predictive of disease mortality [6]. Usually, the disease is
classified according to skin involvement extension in a limited
and a diffuse subset, but today it is clearly evident that this
subsetting does not express the practical reality of the disease
[7, 8]. In fact, the disease is characterized by a wide variability
in both the clinical phenotype and in progression. In daily
practice, clinical parameters are used to attempt to identify
homogeneous groups of patients, as the isolated diffusing ca-
pacity for carbon monoxide (DLco) reduction characterizing a
particular subset of SSc ACA positive patients [9]. An asso-
ciation of muscle involvement and autoantibody profile was
recently described suggesting that X-ray findings may identify
a precise subgroup of SSc patients [10]. It is also suggested
that racial differences can be associated with distinct subsets
[11]. However, patients within the same subset may show
substantial different disease evolution including organ in-
volvement as well as a heterogeneous response to treatment
[12, 13]. The current ACR/EULAR classification for SSc
which was proposed in 2013 has significantly higher sensitiv-
ity and specificity compared with existing classification
criteria [14]. Significant efforts have now been devoted in
establishing the very early diagnosis of SSc [15]. To date,
clinical trials to recruit homogeneous populations of SSc pa-
tients have selected (in general) patients with either early ac-
tive diffuse SSc or those patients with single internal organ
involvement, for example, pulmonary arterial hypertension
(PAH) or interstitial lung disease (ILD) [16]. Furthermore,
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recent work which included 11,318 patients from the
EUSTAR database using cluster analysis found that restricting
subsets to only skin involvement did not capture the hetero-
geneity of SSc and that organ damage/autoantibody status
identified homogenous groups of patients with different prog-
nosis [17].

Against this background, the recent advancements in this
field have tried to overcome this clinical picture by providing
a more homogenous approach through the genomic
emprinting of the patients examining specific drug therapies
[18]. Transcriptomics allow for significantly greater character-
ization of the disease process including the identification of
different SSc subsets through the use of intrinsic gene expres-
sion analysis [19]. Patients from the same intrinsic molecular
subset share common biological process and similar specific
signaling pathways.

To date, a total of four subsets have been recognized and
validated by multiple studies [20-22]: the fibroproliferative, the
inflammatory, the limited, and the normal-like subset. The
fibroproliferative subset is characterized by a significant prolif-
erative signature (mitotic cell cycle, chromosome segregation,
cell division, and microtubule cytoskeleton) and the platelet-
derived growth factor (PDGF) pathway has been suggested to
have a relationship with this subset [17]. In the inflammatory
intrinsic subset, the gene expression signature is addressing the
immune system process, the inflammatory and defense re-
sponse, and the vascular response. In this subset, a correlation
with interleukin 4 (IL-4) and tumor necrosis factor alpha
(TNF-x) has been suggested. Interestingly, transforming
growth factor beta (TGF-3) appears associated to the
fibroproliferative and inflammatory subsets. The limited subset
includes patients with “usual” 1cSSc, while those with the
normal-like subset presents like a clinically active SSc with a
molecular signature characterized by a lipid metabolic process,
lipid biosynthetic process, and fatty acid metabolism [19, 22,
23]. Of note, upper and lower esophageal biopsies in SSc
showed molecular subsets which were equivalent to the inflam-
matory and fibroproliferative subsets obtained from the exam-
ination of the skin [24] which could suggest the presence of
similar molecular mechanisms responsible for SSc in different
organs and tissues. In addition, previous studies have demon-
strated that the same intrinsic molecular subset may include
both 1cSSc and dcSSc, except for the limited that includes only
1cSSc subjects. These data suggest that the four SSc intrinsic
subsets span the two current clinically identified subsets of
1cSSc and dcSSc disease and that the molecular signaling path-
ways of each subset may elucidate the clinical phenotypic het-
erogeneity in SSc population. Recent studies demonstrated a
relationship between intrinsic subsets and a clinical response
to specific treatments. This evidence may thus introduce the
concept of “precision medicine” in SSc. The possibility to char-
acterize every single SSc patient in terms of peculiar molecular
pathways may help to identify those patients that could benefit
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from drugs targeting inflammation (inflammatory subset) and/
or fibrosis (fibroproliferative subset) [16, 21]. The inflammato-
ry subset has shown a significant response to immune modu-
lating therapies [13]. In a recent study, all enrolled patients
treated with mycophenolate mofetil (MMF), who reached a
modified Rodnan skin score (MRSS) improvement > 25% (de-
fined improvers) tended to have an inflammatory pattern at
baseline. In addition, their analysis demonstrated a decreased
expression of genes related to inflammation, innate immune
inflammation, innate immune response, leukocyte differentia-
tion, apoptotic process, and angiogenesis in improvers. Patients
with high inflammatory normalized enrichment scores (NES) at
baseline seemed to lose the inflammatory signature after MMF
therapy. Patients with an increase of inflammatory NES also
demonstrated an increase in MRSS after MMF discontinuation.
High level of the myeloid cell chemo-attractant CCL2 has been
found in the skin of SSc patients with the inflammatory subset
and both CCL2 mRNA and CCL2 serum levels decreased dur-
ing treatment with MMF. Finally, the same study confirmed the
role of macrophages [25] and myeloid dendritic cells (mDC) in
SSc pathogenesis, as their level seems to decrease during MMF
treatment and correlate with inflammatory NES [13]. The use
of belimumab and MMF for the treatment of SSc also showed
similar results [26], although, authors did not show significant
differences in mRSS improvement between patients treated
with belimumab compared with placebo. The analysis of dif-
ferentially expressed genes showed a decrease of genes in-
volved in defense response, inflammatory response, and com-
plement activation only in the belimumab arm. In addition, the
baseline difference between belimumab improvers and non-
improvers showed the expression of pathways included in
ECM-receptor interaction and TGF-3R (TGF-f3 receptor) sig-
naling. Therefore, authors suggested that a decrease in inflam-
matory pathways after belimumab therapy and a correlation
between the transition from the inflammatory and
fibroproliferative subsets to the normal-like one and the reduc-
tion in mRSS [26]. In SSc patients, treatment with abatacept
was associated with a significant mRSS improvement in partic-
ular in those with a baseline inflammatory intrinsic subset (four
patients out of five improvers) [27]. The improvers also showed
a difference in the expression of nearly 400 genes from baseline
to post-treatment. Out of these genes, those with an increased
expression after the therapy were related to DNA repair, micro-
tubule cytoskeleton, and mRNA processing. On the contrary,
gene associated with immune activation and CD128 signaling
were high at baseline and significantly decreased in the post-
treatment evaluation in improvers, consistent with the mecha-
nism of action of abatacept [27]. In patients with dcSSc,
nilotinib, a tyrosine kinase inhibitor (TKI), after 12 months of
therapy was associated with an improvement in mRSS (defined
as change > 20%) in patients with a high level of TGF-3R and
PDGFR-3 (PDGF-f3 receptor). Between the four improvers,
three were classified as non-fibroproliferative subset at baseline,
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two with the inflammatory subset and one the normal-like sub-
set. After the treatment, out of four improvers, three were clas-
sified as normal-like. Of note, the two non-improvers were
classified at baseline as fibroproliferative subset. These results
are in agreement with previously reported data suggesting that
TGFBR signaling seems to span the inflammatory and
fibroproliferative subsets [28]. In another study, the effects of
dasatinib in SSc patients with interstitial lung disease (ILD) [27]
was evaluated. Skin biopsies were assigned to one of the four
specific subsets; three subsets were observed (fibroproliferative,
inflammatory, and normal-like) as no 1cSSc patients were en-
rolled in the study. Four patients classified as clinical improvers
were all non-inflammatory presenting or the normal-like pattern
(two subjects) or the fibroproliferative one (one patient) which
suggests that dasatinib seems to more likely benefit SSc-ILD
patients with the non-inflammatory subset [29]. A meta-
analysis suggested that after treatment, improvers are typically
characterized by a decrease in immune and fibrotic signaling.
However, therapies classified as “immunomodulatory,” for ex-
ample MMF and abatacept, might act on different pathways.
On the contrary, fresolimumab (an anti-human TGF-f3 anti-
body) might be useful in patients with elevated levels of
TGF-3 at baseline but not in those with increased baseline
immune-related gene that could benefit from MMEF therapy.
These data could suggest that precision medicine could often
take advantages from a combination therapy approach [30].
On the other hand, it is also important to identify patients at
risk for disease progression in skin or internal organs involve-
ment. In practice, the severity of skin involvement may repre-
sent an important clinical feature indicating the evolution of
the disease. In this perspective, the relationship between
change in gene expression and mRSS progression has been
investigated [31]. With the aim to predict the trajectory of skin
disease in dcSSc, the skin gene expression has been investi-
gated from patients enrolled in the FASSCINATE study (a
phase 2 randomized controlled trial of tocilizumab). The re-
sults showed that skin genes associated with the progression
of skin disease correlated to TGF-f (SERPINE1, CTGF,
OSMR) or macrophages (CD14, IL-13RA1). In addition, pa-
tients with a “progressive trajectory” of skin score presented
with a higher mRSS at baseline and higher expression of the
abovementioned genes at baseline when compared with both
patients with regressive and stable trajectory [31]. This sug-
gests that patients at risk for a severe skin progression may be
identified based on genetic markers. In the same context, a
recent study investigated the possibility to distinguish patients
with PAH from those with ILD at molecular level [32].
Authors demonstrated that patients with PAH showed a dif-
ferent genomic signature from those with ILD reporting a
positive correlation of S100P, CCL2, and TIMP genes to
PAH when also patients with ILD were included in the anal-
ysis. When patients with ILD were excluded, the most predic-
tive gene of PAH was THBS|1, which is an important soluble

peptide for the activation of TGF-f3. Therefore, a change in
serum or skin levels of specific molecules or genes might
predict the response to drug therapies because baseline expres-
sion levels of pathways may be modulated by treatments [16].
A recent trial of idiopatic pulmonary fibrosis (IPF) showed a
reduction in circulating proteins, tRNA and citokines related
to senescence-associated secretory phenotype (SASP) after
treatment with desatinib, and quercetin (a kinase inhibitor
and a a natural flavonoid respectively) [33]. In SSc-ILD im-
provers (decrease > 5 points or >20% in mRSS from baseline)
from baseline to the post-treatment period, the skin SASP
gene signature levels significantly decreased after treatment
with dasatinib [29, 34].

Taken together, these results could represent an important
turning point in the management of SSc, highlighting the pos-
sibility to choose for each patient the best therapy based on
molecular subsetting. Using baseline expression analysis from
skin biopsies may represent a valuable tool to select the most
appropriate therapy to specific SSc-manifestation/s (e.g., ILD)
[29]. Recently, the possibility to classify molecular signatures
in intrinsic subsets [19] may offer the possibility to stratify
patients allowing the early treatment with the most effective
therapy based on their specific gene expression. In SSc, the
possibility to employ a precision medicine methodology could
become strategically important to provide the best tailored
therapy for the disease, including enriching the clinical trial
design.

In conclusion, the possibility to achieve a precision medi-
cine approach to SSc patient’s organ involvement and
subsetting is slowly becoming a reality. Molecular signatures
could identify specific disease subsets, driving the choice of
anti-inflammatory and/or antifibrotic drugs. The molecular
phenotyping of SSc patients might thus allow a precision
medicine approach to apply to every patient. Future studies
are warranted to confirm these exciting data and provide a
new vision about the subsetting of SSc patients in clinical
practice.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Potter P (1988) Hippocrates. Diseases II I. Hippocrates Vol VL.
Harvard University Press, Cambridge

2. Konoing IR, Fuchs O, Hansen G et al (2017) What is precision
medicine? Eur Respir J 50(4):1700391

3. Pray L (2008) Personalized medicine: hope or hype? Nat Educ 1:72

4. Varga J, Trojanowska M, Kuwana M (2017) Pathogenesis of sys-
temic sclerosis: recent insights of molecular and cellular mecha-
nisms and therapeutic opportunities. J Scleroderma Relat Disord
2:137-152

@ Springer



Clin Rheumatol (2020) 39:1-4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hamaguchi Y, Takehara K (2018) Anti-nuclear autoantibodies in
systemic sclerosis: news and perspectives. J Scleroderma Relat
Disord 3:201-213

Shand L, Lunt M, Nihtyanova S, Hoseini M, Silman A, Black CM,
Denton CP (2007) Relationship between change in skin score and
disease outcome in diffuse cutaneous systemic sclerosis: applica-
tion of a latent linear trajectory model. Arthritis Rheum 56:2422—
2431

Leclair V, Hudson M, Proudman SM et al (2016) Subsets in sys-
temic sclerosis: one size does not fit all. J Scleroderma RelatDisord
14(3):298-306

LeRoy EC, Black C, Fleischmajer R, Jablonska S, Krieg T,
Medsger TA Jr, Rowell N, Wollheim F (1988) Scleroderma (sys-
temic sclerosis): classification, subsets and pathogenesis. J
Rheumatol 15:202-205

Corzo P, Pros A, Martinez-Llorens J et al (2018) Isolated DLco/VA
reduction in systemic sclerosis patients: a new patient subset? Clin
Rheumatol 37(12):3365-3371

Sakata K, Kaneko Y, Yasuoka H et al (2019) Association of radio-
graphic findings in hand X-ray with clinical features and autoanti-
bodies in patients with systemic sclerosis. Clin Rheumatol
Mendes C, Viana VST, Pasoto SG et al (2019) Clinical and labora-
tory features of African-Brazilian patients with systemic sclerosis.
Clin Rheumatol

Panopoulos ST, Bournia VK, Trakada G, Giavri I, Kostopoulos C,
Sfikakis PP (2013) Mycophenolate versus cyclophosphamide for
progressive interstitial lung disease associated with systemic scle-
rosis: a 2-year case control study. Lung 191:483-489

Hinchcliff M, Toledo DM, Taroni JN, Wood TA, Franks JM, Ball
MS, Hoffmann A, Amin SM, Tan AU, Tom K, Nesbeth Y, Lee J,
Ma M, Aren K, Carns MA, Pioli PA, Whitfield ML (2018)
Mycophenolate mofetil treatment of systemic sclerosis reduces my-
eloid cell numbers and attenuates the inflammatory gene signature
in skin. J Invest Dermatol 138(6):1301-1310

van den HoogenF, Khanna D, Fransen J et al (2013) 2013 classifi-
cation criteria for systemic sclerosis: an American College of
Rheumatology/European League against theumatism collaborative
initiative. Arthritis Rheum 65(11):2737-2747

Bellando Randone S, Matucci Cerinic M (2017) Very early system-
ic sclerosis and pre-systemic sclerosis: definition, recognition, clin-
ical relevance and future directions. Curr Rheumatol Rep 19(10):65
Martyanov V, Whitfield ML (2016) Molecular stratification and
precision medicine in systemic sclerosis from genomic and proteo-
mic data. Curr Opin Rheumatol 28(1):83-88

Sobanski V, Giovannelli J, Allanore Y et al (2019) Phenotypes
determined by cluster analysis and their survival in the prospective
European scleroderma trials and research cohort of patients with
systemic sclerosis. Arthritis Rheum 71(9):1553-1570

Johnson SR, Hinchclif M, Asano Y (2016) Controversies: molecu-
lar vs. clinical systemic sclerosis classification. J Scleroderma Relat
Disord 1(3):277-285

Franks JM, Martyanov V, Cai G et al (2019) A machine learning
classifier for assigning individual patients with systemic sclerosis to
intrinsic molecular subsets. Arthritis Rheumatol Mar 28. https://doi.
org/10.1002/art.40898

Milano A, Pendergrass SA, Sargent JL et al (2008) Molecular sub-
sets in the gene expression signatures of scleroderma skin. PLoS
One 3(7):¢2696

@ Springer

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Pendergrass SA, Lemaire R, Francis IP, Mahoney JM, Lafyatis R,
Whitfield ML (2012) Intrinsic gene expression subsets of diffuse
cutaneous systemic sclerosis are stable in serial skin biopsies. J
Invest Dermatol 132(5):1363-1373

Mahoney JM, Taroni J, Martyanov V et al (2015) Systems level
analysis of systemic sclerosis shows a network of immune and
profibrotic pathways connected with genetic polymorphisms.
PLoS Comput Biol 11(3):¢1004133

Johnson ME, Mahoney JM, Taroni J et al (2015) Experimentally-
derived fibroblast gene signatures identify molecular pathways as-
sociated with distinct subsets of systemic sclerosis patients in three
independent cohorts. PLoS One 10(1):e0114017

Taroni JN, Martyanov V, Huang CC et al (2015) Molecular charac-
terization of systemic sclerosis esophageal pathology identifies in-
flammatory and proliferative signatures. Arthritis Res Ther 17:194
Banos-Hernandez CJ, Navarro-Zarza JE, Bucala R, Hernandez-
Bello J, Parra-Rojas I, Ramirez-Dueiias MG, Garcia-Arellano S,
Hernandez-Palma LA, Machado-Sulbaran AC, Mufoz-Valle JF
(2019) et al. Macrophage migration inhibitory factor polymor-
phisms are potential susceptibility marker in systemic sclerosis
from southern Mexican population: association with MIF mRNA
expression and cytokine profile. Clin Rheumatol 38(6):1643—1654
Gordon JK, Martyanov V, Franks JM et al (2018) Belimumab for
the treatment of early diffuse systemic sclerosis: results of a ran-
domized, double-blind, placebo-controlled, pilot trial. Arthritis
Rheum 70(2):308-316

Chakravarty EF, Martyanov V, Fiorentino D et al (2015) Gene
expression changes reflect clinical response in a placebo-
controlled randomized trial of abatacept in patients with diffuse
cutaneous systemic sclerosis. Arthritis Res Ther 17:159

Gordon JK, Martyanov V, Magro C et al (2015) Nilotinib
(Tasigna™) in the treatment of early diffuse systemic sclerosis:
an open-label, pilot clinical trial. Arthritis Res Ther 17:213
Martyanov V, Kim GJ, Hayes W et al (2017) Novel lung imaging
biomarkers and skin gene expression subsetting in dasatinib treat-
ment of systemic sclerosis-associated interstitial lung disease. PLoS
One 12(11):e0187580

Taroni JN, Martyanov V, Mahoney JM et al (2017) A functional
genomic meta-analysis of clinical trials in systemic sclerosis: to-
ward precision medicine and combination therapy. J Invest
Dermatol 137(5):1033—-1041

Stifano G, Sornasse T, Rice LM et al (2018) Skin gene expression is
prognostic for the trajectory of skin disease in patients with diffuse
cutaneous systemic sclerosis. Arthritis Rheum 70(6):912-919
Moll M, Christmann RB, Zhang Y et al (2018) Patients with sys-
temic sclerosis-associated pulmonary arterial hypertension express
a genomic signature distinct from patients with interstitial lung dis-
ease. J Scleroderma Relat Disord 3(3):242-248

Justice JN, Nambiar AM, Tchkonia T et al (2019) Senolytics in
idiopathic pulmonary fibrosis: results from a first-in-human, open-
label, pilot study. EBio Med 40:554-563

Martyanov VWhitfield ML, Varga J (2019) Senescence signature in
skin biopsies from systemic sclerosis patients treated with senolytic
therapy: potential predictor of clinical response? Arthritis Rheum
71(10):1766-1767

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://doi.org/10.1002/art.40898
https://doi.org/10.1002/art.40898

	Recent advances steer the future of systemic sclerosis toward precision medicine
	References


