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The most recent GWAS in SSc
• 9,095 SSc patients vs. 17,584
controls
• Significant signals involved 23
genomic regions
• 13 new genome-wide
significant loci
• 10 corresponded to previously
reported GWAS signals

• Specific patterns of associations for diffuse SSc vs limited SSc
and for autoantibodies (ACA, Scl-70, RNAP3)
• Links to autoimmunity, vasculopathy and fibrosis
• To identify clinical applications where this new molecular
knowledge may allow for targeted treatment and personalized
medicine approaches.

Clinical impacts

• Possible targets of drugs (abatacept, ustekinumab, dasatinib)

• Pulmonary arterial hypertension (PAH)
•
•
•

Interstitial lung disease (ILD)

Similar, but distinct, gene expression profiles.
Gene expression changes occur early in the disease course.
THBS1 - mediator in the development of PAH-predominant phenotype

Moll M et al:J Scleroderma Relat Disord. 2018 Oct;3(3):242-248.

• Genetic Interactions Affect Lung Function in Patients with Systemic
Sclerosis
416 SSc patients

•

Three-gene network: WNT5A, RBMS3, and MSI2

•

Combination influenced pulmonary pathology measures.

•

Tissue-specific interactions .

Tyler A, Mahoney JM et al: G3 (Bethesda). 2019 Nov 6

Accumulating evidence indicates an interaction between genetics
and epigenetics.
Nature vs Nurture in the pathophysiology of SSc.

Epigenetics is the study of heritable changes in gene expression (active versus inactive genes) that do not involve changes to
the underlying DNA sequence — a change in phenotype without a change in genotype — which in turn affects how cells read
the genes

Conclusions
• 35 genetic regions - associated with SSc.
• Genetics ?
? disease pathology

• A holistic approach (multi-omics) is likely to provide more tangible results.
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Association Between Exposure to Heavy Metals and Systemic Sclerosis:
the Levels of Al, Cd, Hg, and Pb in Blood and Urine of Patients

•
•
•
•

Al, Pb in blood, Al in urine of SSc subjects - different from controls.
↑↑↑ urinary Hg - severe disease.
↑↑↑Al, Pb, and Cd in females.
Risk factors: i) smoking - high blood Hg and Pb
ii) hobby exposure – higher blood Al
iii)ingestion of contaminated food - urinary Cd
iv) job exposure - higher blood Pb.

• Giovanni Forte, Carlo Fadda et al: Biological Trace Element Research (2019) 190:1–10

High serum levels of silica nanoparticles in systemic sclerosis patients with
occupational exposure: Possible pathogenetic role in disease phenotypes.

Ferri C, Artoni E: Seminars in Arthritis and Rheumatism 48(2018) 475-481
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Survival and
prognosis factors in
systemic sclerosis:
data of a French
multicenter cohort,
systematic review,
and meta-analysis
of the literature.

•
•
•
•
•
•
•
•
•

Poor prognostic factors:
Age at diagnosis > 60 years
Male sex
scleroderma renal crisis
6-min walking distance (6MWD)
pulmonary hypertension
Telangiectasia
Malignancy
CRP > 8 mg/l

diffuse cutaneous SSc
African origin
dyspnea
FVC< 70%
DLCO < 70%
valvular disease
anemia
anti Scl70+

• Pokeerbux MR et al: Arthritis Res Ther. 2019 Apr 3;21(1):86

Racial differences
in systemic
sclerosis disease
presentation: a
EUSTAR study

• Compared with white pts, and mostly independent
of geographical location:
• Asian pts: faster and earlier disease onset
• ↑ prevalence of Scl-70, pulmonary HTN and FVC
impairment
↑mortality.
• Black pts: the fastest disease onset
• ↑↑ prevalence of diffuse skin involvement
↑↑↑ mortality.
• Jaeger VK et al:Rheumatology (Oxford). 2019 Nov 4

Gender differences
in early systemic
sclerosis patients: a
report from the
EUSTAR database.

• 1,027 patients, 90% Caucasian, 80% women, 40%
= diffuse cutaneous disease.
• Men in early stages of SSc:
• active disease
• diffuse cutaneous
• anti-Scl-70 Abs
• acute phase reactants
• muscle
• lung involvement.
• In early stages of SSc, men present signs and
symptoms of more severe disease
• Carreira PE et al: Clin Exp Rheumatol. 2018 Jul-Aug;36 Suppl
113(4):68-75

Changes in skin score in early diffuse cutaneous systemic sclerosis are
associated with changes in global disease severity
• At 2 years, 64 (50%) patients improved skin (mRSS decrease of ⩾5points and/or
⩾25%).
• Skin improvers: better physician global assessments of disease activity, severity and
damage (all P ⩽0.003); better HAQ-DI (P = 0.001) and SF-36 PCS (P = 0.005).

• At 1 and 2 years, overall disease improvement parallels skin improvement in early
dcSSc.
• MRSS - outcome measure in trials.
• Zheng B et al; Canadian Scleroderma Research Group:Rheumatology (Oxford). 2019 Jul 29.

Predictors of disease worsening defined by progression of organ
damage in diffuse systemic sclerosis: a EUSTAR analysis
• Diffuse SSc and follow-up over 12±3 months.
• Disease worsening/organ progression: new renal crisis; decrease of lung or heart
function; new echocardiography-suspected pulmonary hypertension or death.
Age

High
CRP

Muscle
weakness

Disease
progression

Active
DU

Lung fibrosis

• Becker M et al: Ann Rheum Dis. 2019 Sep;78(9):1242-1248

Predictors to develop definite Systemic Sclerosis: results from an international multicentre study on Very Early DiagnOsis of Systemic Sclerosis (VEDOSS)
S Bellando Randone, G Lepri, D Huscher, T Minier, S Guiducci, C Bruni, L Czirjak, M Cutolo, V Smith, J
Avouac, D.E. Furst, Y Allanore, O Distler, M Matucci Cerinic & VEDOSS co-workers

Scleroderma Renal Crisis: Risk Factors for an
Increasingly Rare Organ Complication
The German Network for Scleroderma: 70/2873 pts developed SRC (2.4%)
Predictive independent factors with the highest probability for SRC

• anti-RNAP3 +
• diminished DLCO

• proteinuria prior to SRC onset
• history of hypertension

Moinzadeh P et al: . J Rheumatol. 2019 Apr 1

Systemic sclerosis medications and risk of
scleroderma renal crisis.
•
•
•
•

Retrospective cohort study - military EMR (2005 - 2016)
ACEi, ARB, CCB, NSAID, ERB, fluticasone, and MMF after SSc diagnosis
31 SRC vs 322 SSc without SRC.
ACEi was associated with an increased risk for SRC adjusted for age, race, and
prednisone use [OR 4.1, 95% CI1.6-10.2, P = 0.003].

• Gordon SM et al:BMC Nephrol. 2019 Jul 25;20(1):279

Short-term progression of interstitial lung disease in systemic
sclerosis predicts long-term survival in two independent clinical
trial cohorts.
• SSc-ILD patients who participated in the Scleroderma Lung Studies (SLS) I and II.
• Median follow-up - 8 years
• 42% of SLS I patients died
• death was most often attributable to SSc
• A decline in FVC and DLCO over 2 years was a better predictor of mortality than
baseline FVC and DLCO
• Volkmann ER et al: Ann Rheum Dis. 2019 Jan;78(1):122-130

Progression of Interstitial Lung Disease in Systemic Sclerosis:
The Importance of Pneumoproteins Krebs von den Lungen
6(KL6) and CCL18
• Scleroderma Lung Study II (cyclophosphamide versus mycophenolate mofetil)
• KL-6 and CCL18 levels correlated with ILD severity.
• KL-6 and CCL18 levels declined with immunosuppression.
• ↑ baseline KL-6 and CCL18 levels → disease progression despite treatment.

• KL-6 and CCL18 levels could be used to identify patients with a progressive ILD
phenotype who may benefit from a more aggressive initial treatment approach.
• Volkmann ER et al:Arthritis Rheumatol. 2019 Jun 24

Progressive skin fibrosis is associated with a decline in lung
function and worse survival in patients with diffuse cutaneous
systemic sclerosis in the EUSTAR cohort
• Pts with dcSSc, baseline mRSS ≥7, valid mRSS at 12±3 months after baseline and
≥1 annual follow-up visit
• Progressive skin fibrosis: an increase in mRSS >5 and ≥25% from baseline to 12±3
months.
• 78/1021 pts (7.6%) - skin progressors.
• Median follow-up 3.4 years
• Skin progression within 1 year:
• FVC decline ≥10% (HR 1.79, 95% CI 1.20 to 2.65)
• all-cause death (HR 2.58, 95% CI 1.31 to 5.09).
• Wu W et al: Ann Rheum Dis. 2019 May;78(5):648-656

Quantitative videocapillaroscopy correlates with functional respiratory
parameters: a clue for vasculopathy as a pathogenic mechanism for lung
injury in systemic sclerosis
• Patients ILD:
• ↓median capillary density (4.86/mm vs 5.88/mm, p = 0.005)
• ↑ median of neoangiogenesis (0.56/mm vs 0.31/mm, p = 0.005).
• patients with pulm HTN → ↑ neoangiogenesis capillaries (0.70/mm vs
0.33/mm,p = 0.008).
• Correlation between neoangiogenesis and decreased FVC (p < 0.001)
• A late pattern as defined by Cutolo associated with lower FVC (p = 0.018)
• Guillén-Del-Castillo A et al: Arthritis Res Ther. 2018 Dec 19;20(1):281

Cardiac outcomes
• Results of the DeSScipher inception cohort study.
• Vasodilator therapy: ↓ incidence of ventricular arrhythmias (p=0.03)
• Low-dose acetylsalicylic acid (ASA): ↓incidence of cardiac blocks and/or Q waves
and/or pacemaker implantation (p=0.02)
• Active disease: ↑ incidence of LVEF <55% and/or CHF and cardiac blocks and/or Q
waves and/or pacemaker implantation (p=0.05)
• Valentini G et al:Ann Rheum Dis. 2019 Nov;78(11):1576-1582

Left Ventricular Diastolic Dysfunction Predicts Mortality in
Patients With Systemic Sclerosis
• At baseline, 46/275 SSc patients (17%) - diastolic dysfunction (DD).
• Median follow-up of 3.4 years (interquartile range: 1.6 to 6.2 years):
• DD increased from 17% to 29%.
• 57% of patients with DD at baseline died vs 13% with normal diastolic function
• DD is frequent in SSc, and the presence of DD is associated with high mortality.
• DD exceeds Pulm.HTN with respect to predicting mortality (HR 3.7 vs 2.0.
• Tennøe AH et al. J Am Coll Cardiol. 2018 Oct 9;72(15):1804-1813

Cardiac troponin T and NT-proBNP as diagnostic and prognostic
biomarkers of primary cardiac involvement and disease
severity in systemic sclerosis: A prospective study
• Hs-cTnT and NT-proBNP levels were higher in SSc-patients than in healthy
controls.
• Associated with diffuse skin involvement and directly correlated with the skin
score
• A higher incidence of impaired systolic function, ECG abnormalities and a poor
outcome

• Bosello S et al: . Eur J Intern Med. 2019 Feb;60:46-53.

Severe gastrointestinal disease in very early systemic
sclerosis is associated with early mortality
• SSc subjects with <2 years of disease duration - two multicentre cohorts.
• Severe GI disease:
• malabsorption, hyperalimentation, pseudo-obstruction and/or ⩾10% weight loss in
association with the use of antibiotics for bacterial overgrowth or oesophageal stricture.
• The probability of developing severe GI disease
• 9.1% at 2 years
• 16.0% at 4 years
• Severe GI disease associated with
• inflammatory myositis
• telangiectasias
• mRSS
• >2-fold increase in the risk of death and worse health-related quality of life [Short Form
Health Survey physical (β = -2.37, P = 0.02) and mental (β = -2.86, P = 0.01)component
summary scores].
• Richard N et al: Rheumatology (Oxford). 2019 Apr 1;58(4):636-644

Evaluation of risk factors for pseudo-obstruction in systemic
sclerosis.
• Retrospective analysis of patients seen at the Johns Hopkins
Scleroderma Center between February 2003 and September 2017
• 175 /2637 SSc pts with pseudo-obstruction
• Risk factors:
Older age
Male

Diffuse cutaneous disease
Myopathy

Opioid use
• Dein E et al: Semin Arthritis Rheum. 2019 May 23

Using autoantibodies and cutaneous subset to develop
outcome-based disease classification in systemic sclerosis
• 1325 subjects
ACA+,limited

Scl70+,limited

• ↑↑↑ 20-year
survival (65.3%)
• ↓↓↓pulmonary
fibrosis (csPF,
8.5%)
• ↓↓↓Scleroderma
renal crisis (SRC,
0.3%)
• ↓ cardiac SSc
incidence (4.9%)
• Pulm HTN

• ↑survival
(61.8%)
• ↑↑↑csPF
incidence
(86.1%)
• ↓↓↓pulm
HTN(6.9%)

Scl70+,diffuse
• ↓↓↓survival(3
2.4%)
• ↑↑↑csPF
incidence (84%)
• ↑↑cardiac SSc
(12.9%)

RNAP3+
• ↑↑↑SRC
(28.1%)

DcSSc patients with other antibodies (n=166) had poor prognosis
Nihtyanova SI et al:Arthritis Rheumatol. 2019 Nov 4

antiU3RNP+
• ↑↑↑Cardiac SSc
(13.2%)
• ↑↑↑Pulm HTN
(33.8%)

Autoantibody status in systemic sclerosis patients
defines both cancer risk and survival
• The Clalit-Health-Services medical database in a case-control study, age and sex-matched
controls
• RNAPIII and Scl-70 autoantibody - associated with an increased overall cancer risk
• ANA+ SSc-patients with cancer - better prognosis than ANA - (p = 0.0001).

• The anti-Scl-70+ with cancer – poor survival
• Watad A et al: Oncoimmunology. 2019 Mar 24;8(6)

Significance of anti-neutrophil cytoplasmic
antibodies in systemic sclerosis
• 116 /1303 pts (8.9%) were ANCA positive.
• Anti-PR3 - 13.8% , anti-MPO - 11.2% (of ANCA-positive patients).
• Only 3 ANCA-positive patients had AAV
• ANCA associated with:

• increased prevalence of ILD (45-50%)
• PE (8.6-16.7%)
• increased mortality
• Moxey J et al: Arthritis Res Ther. 2019 Feb 14;21(1):57.
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Nintedanib for Systemic Sclerosis-Associated
Interstitial Lung Disease.
• Tyrosine kinase inhibitor - antifibrotic and
antiinflammatory
• A randomized, double-blind, placebo-controlled trial
• First non-Raynaud's symptom within the past 7 years
+ fibrosis ≥10% of the lungs on HRCT
• 576 pts, 51.9% diffuse SSc, 48.4% received MMF

• The annual rate of decline in FVC was lower with
nintedanib than with placebo (-52.4 ml per year vs 93.3 ml per year)
• No clinical benefit for other manifestations
• Distler O et al: . N Engl J Med. 2019 Jun 27;380(26):2518-2528

Safety and Efficacy of Lenabasum in an Open-label Extension of a Phase 2 Study
in Diffuse Cutaneous Systemic Sclerosis
Robert Spiera, Laura Hummers, Lorinda Chung, Tracy Frech, Robyn Domsic, Vivien Hsu, Daniel E. Furst, Jessica
Gordon, Maureen Mayes, Robert Simms, Elizabeth Lee, Nancy Dgetluck, Scott Constantine, and Barbara White

• Lenabasum is a preferential CB2
agonist that activates resolution of
innate immune responses
• Lenabasum reduces inflammation and
fibrosis in animal models of SSc, and
TGFβ and collagen production by
isolated SSc fibroblasts

• Lenabasum has been safe and well-tolerated in study JBT101SSc-001 through Week 108 of the OLE.
• ACR CRISS scores remain ≥ 0.95 from year 1 in the OLE
onward
• Improvement from baseline in multiple efficacy outcomes
occurred in the OLE
• A Phase 3 study testing safety and efficacy of lenabasum in
SSc is ongoing

Tofacitinib in Early Diffuse Cutaneous Systemic Sclerosis—Results of Phase
I/II Investigator-Initiated Double-Blind Randomized Placebo-Controlled Trial
Dinesh Khanna, Erica Bush, Vivek Nagaraja, Andrew Koenig, Puja Khanna, Amber Young, Jeffrey Moore, David
Fox and Robert Lafyatis

• Phase I/II, proof of concept,
investigator-initiated, 2-center trial
funded by Pfizer, Inc.
• ♦ Primary objective – Safety:
Proportion of participants who
experience Grade 3 or higher
adverse events occurring at or
before week 24
• ♦ Secondary objectives – Clinical
outcomes – Mechanistic studies

♦ Tofacitinib was well tolerated
during the double blind phase with
no grade 3 or higher AE’s
♦ Trends in clinical efficacy
♦ During open label extension – 3
SAE’s in Tofa Tofa vs. one in Pla
TOFA
– Continuing beneficial effect on the
clinical outcome measures
– Ongoing analyses of the skin and
blood markers
♦ Data supports targeting JAK
pathway in early SSc

Safety and Efficacy of B-cell Depletion with Rituximab for the Treatment of
Systemic Sclerosis-Associated PAH in a Multi-Center NIH Clinical Trial.
Roham Zamanian, David Badesch, Lorinda Chung, Robyn Domsic, Thomas Medsger, Ashley Pinckney, Lynette Keyes-Elstein, Carla D'Aveta,
Meagan Spychala, R James White, Paul Hassoun, Fernando Torres, Jerry Molitor, Dinesh Khanna, Holden Maecker, Beverly Welch, Ellen
Goldmuntz, Mark Nicolls

• Proof of Concept - Prospective, double-blind,
placebo-controlled, multicenter, phase 2
randomized trial •
• Adults 18 – 75 y/o, SSc-PAH diagnosed < 5
years
• Mean PAP ≥ 25 mmHg, PVR > 3 WU
• NYHA II-IV, on stable background PAH therapy
• Screening 6MWD of > 100 meters
• TLC > 70% or 60-70% with a mild degree of
lung disease by HRCT

• First ever RTC of immune therapy / cell-depletion
for PAH
• Long recruitment period under-enrolled
insufficient power
• Data suggestive of an improvement in 6MWD
(from secondary endpoint analysis)
• Administration of rituximab appears to be
relatively safe in patients with severe PAH
• Unique features SSc-PAH B cell immunity. (De
Bourcy et al. Science Immunology 2017 Sep 29;2(15))

Evaluation of the Highly Selective Endothelin A Receptor Antagonist
Zibotentan in Systemic Sclerosis Associated Chronic Kidney Disease
Edward P Stern, Lauren Host, K Jane Escott, Peter Gilmour, Ivy Wanjiku, Rachel Ochiel, Aine Burns, Robert Unwin, Voon H Ong,
Christopher P Denton

• Zibotentan Better Renal Outcome in Scleroderma
(ZEBRA 1) trial
• Zibotentan: highly selective endothelin A receptor
antagonist
• Phase 2 double-blind, placebo-controlled trial: 10mg
zibotentan tablet daily versus placebo
• Subjects with confirmed diagnosis of SSc and MDRD
eGFR 45-60 6 month treatment period, final visit at 12
months
• Endpoints: eGFR, urine MCP-1 at 12 months

• Conclusions:
• First placebo-controlled randomised trial in
renal scleroderma
• Significant benefit of selective Endothelin-A
antagonist on eGFR and experimental urine
biomarker in our small patient group
• Maximal benefit 6 months after end of
treatment implies true physiological benefit on
renal function not just a hemodynamic effect
• Reduced MCP-1 expression in urine suggests
potential modification of SSc disease activity in
kidney
• Findings support further evaluation of ERA in
SSc renal disease — acknowledging the
recruitment challenges of rare disease group

Abatacept in Early Diffuse Cutaneous Systemic Sclerosis - Results of a
Phase 2Investigator-Initiated, Multicenter, Double-Blind Randomized
Placebo-Controlled Trial.
•
•
•
•

12-month, randomized, double-blind, placebo-controlled trial
1:1 ratio to either abatacept 125 mg SC or placebo
Escape therapy at six months for worsening disease.
Skin biopsy (3 mm) of the involved forearm skin at baseline and at months 3 and 6.
(Inflammatory, Normal-like or Fibroproliferative intrinsic gene expression subsets)

• Decline in mRSS over 12 months was higher in abatacept vs.
placebo for the inflammatory (p<0.001) and normal-like skin
gene expression subsets (p=0.03)
• Better HAQ-DI and composite measure in abatacept group
• Khanna D et al: Arthritis Rheumatol. 2019 Jul 24

Association between immunosuppressive therapy and course
of mild interstitial lung disease in systemic sclerosis.
•
•
•
•

Retrospective cohort of SSc subjects with ILD
Mild ILD - baseline FVC % predicted>85%
116/294 pts with mild ILD, mean (s.d.) disease duration 3.7 (2.0) years
11.2% received cyclophos or MMF at baseline

•
•
•
•

One-year FVC - higher in treated vs untreated
No clinical progression over two years in treated vs progression in 24.6% of untreated
A window of opportunity to preserve lung function in SSc-ILD.
Hoa S et al: Rheumatology (Oxford). 2019 Sep 19.

To assess the safety and efficacy of rituximab in systemic sclerosis
(SSc) in clinical practice
• Prospective study including patients with SSc from the EUSTAR network
treated with rituximab and matched with untreated patients with SSc
• 254 pts treated with rituximab, 58% for lung and 32% for skin
involvement
• Patients treated with rituximab:
• Skin fibrosis improvement (22.7 vs 14.03 events per 100 person-years;
OR:2.79 [1.47-5.32]; p=0.002).
• More prone to stop or decrease steroids (OR: 2.34 [1.56-3.53], p<0.0001).
• RTX+MMF - a trend for better outcome
• No change on lung???
• Elhai M et al: Ann Rheum Dis. 2019 Jul;78(7):979-987

Blockade of CCL24 with a monoclonal antibody ameliorates
experimental dermal and pulmonary fibrosis
• Expression of the CCL24 chemokine in SSc
• Efficacy of an anti-CCL24 mAb, CM-101, in inhibiting
cell activation, dermal and pulmonary inflammation
and fibrosis in experimental animal models.

• CM-101 decreased the inflammatory and fibrotic
features of bleomycin-induced experimental dermal
and pulmonary fibrosis mouse models
• CCL24 plays an important role in pathological
processes of skin and lung inflammation and
fibrosis. Inhibition of CCL24 by CM-101 mAb can be
potentially beneficial for therapeutic use in SSc
patients.
• Mor A et al: Ann Rheum Dis. 2019 Sep;78(9):1260-1268

Stem cell enriched lipotransfer reverses the effects of fibrosis
in systemic sclerosis.
• Adipose derived stem cells (ADSCs) within the engrafted adipose tissue have been shown
to be anti-fibrotic in SSc
• A cohort of 62 SSc patients with oro-facial fibrosis were assessed before and after stem
cell enriched lipotransfer treatment
• Clinical evaluation + SSc derived fibroblasts and ADSCs from the patients were cocultured in direct and indirect culture systems
• Mouth function (MHISS) was significantly improved (6.85±5.07) (p<0.0001).
Improvement in psychological measures
• Protein secretion of transforming growth factor (TGF-β1) and connective tissue growth
factor (CTGF) was significantly reduced in co-culture compared to monoculture (p <
0.0001).
• Autologous stem cell enriched lipotransfer significantly improved the effects of oro-facial
fibrosis in SSc in this open cohort study.
• Lipotransfer may reduce dermal fibrosis through the suppression of fibroblast
proliferation and key regulators of fibrogenesis including TG-β1 and CTGF.
• Almadori A et al: PLoS One. 2019 Jul 17;14(7)

Take home messages

• Different pathogenetic mechanisms: inflammatory vs vascular vs fibrotic gene
signatures
Tailored therapy

• Poor prognostic factors:

AGE

SILICA

MYOSITIS

• GENDER
• RACE

• SKIN SCORE
• DIASTOLIC
DYSFUNCTI
ON

• PROTEINURIA

• GI INVOLV
• ABS

• Early and more aggressive treatment
• Nintedanib for lung fibrosis, RTX for skin and PAH?, abatacept? Lenabasum?
anti-CCL24 mAb?

תודה רבה על ההקשבה

