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Abstract

Systemic sclerosis, also known as scleroderma, is a rare and complex autoimmune
connective-tissue disease. Once considered an untreatable and unpredictable condition, research
advancements have improved our understanding of its disease pathogenesis and clinical
phenotypes and expanded our treatment armamentarium. Early and accurate diagnosis is essential,
while ongoing efforts to risk stratify patients have a central role in predicting both organ
involvement and disease progression. A holistic approach is required when choosing the optimal
therapeutic strategy, balancing the side-effect profile with efficacy and tailoring the treatment
according to the goals of care of the patient. This Seminar reviews the multiple clinical dimensions
of systemic sclerosis, beginning at a precursor very early stage of disease, with a focus on timely
early detection of organ involvement. This Seminar also summarises management considerations
according to the pathological hallmarks of systemic sclerosis (eg, inflammation, fibrosis, and
vasculopathy) and highlights unmet needs and opportunities for future research and discovery.

Introduction

Systemic sclerosis is an orphan disease characterised by autoimmunity, fibrosis of the skin
and internal organs, and vasculopathy. Although the prevalence of systemic sclerosis is
relatively low, the burden of disease is substantial.12 Systemic sclerosis has the highest
mortality among all rheumatic diseases.3* The heterogeneous expression of this rare disease
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poses challenges to both the patient and clinician, particularly with regard to predicting the
development of serious internal organ involvement. Clinicians often struggle to diagnose
systemic sclerosis early in the disease course. Late referrals to specialty centres, scarcity
of optimal multidisciplinary care, and a paucity of policy concerning patient pathways

can hinder proper patient care. Furthermore, evidence-based clinical practice guidelines
concerning the treatment of certain organ complications, such as gastrointestinal tract and
cardiac involvement, do not exist.>

Patients with systemic sclerosis experience substantial uncertainty regarding systemic
sclerosis-related taxo nomy and management, and many have limited access to
knowledgeable health-care providers. In addition, patients with systemic sclerosis will
invariably incur considerable personal health-care expenses (eg, non-reim burse ment of
certain therapies) over the course of their disease, and it is not uncommon for patients
to have to stop working.8” In essence, the experience of having systemic sclerosis can
drastically alter quality of life and life expectancy.

Promisingly, the European Commission has recently launched European reference networks,
virtual networks involving health-care providers across Europe, to address some of the
aforementioned challenges.8

Clinical presentation

The earliest signs of systemic sclerosis include Raynaud phenomenon and fatigue, which
are non-specific for systemic sclerosis and can have several alternative causes.® Efforts have
been made to identify patients with Raynaud phenomenon who are at greatest risk of the
development of systemic sclerosis. Two validated sets of criteria exist to detect this early
stage of systemic sclerosis. In 2001, LeRoy and Medsgerl9 proposed criteria for the early
diagnosis of systemic sclerosis, which included Raynaud phenomenon, systemic sclerosis-
speci fic autoimmune antibodies, and scleroderma-type changes on nailfold capillaroscopy.
A recent prospective study demonstrated that a definite diagnosis of systemic sclerosis
occurred in 65-9% of patients at 5 years and 72-7% of patients at 10 years in those

with Raynaud phenomenon who had both a systemic sclerosis-specific antibody and a
scleroderma pattern on capillaroscopy (figure 1).12:13.15 |n 2011, very early diagnosis of
systemic sclerosis criteria were proposed and consisted of similar criteria to the LeRoy and
Medsger1? criteria for early systemic sclerosis, with the addition of puffy fingers.14.16

Rate of progression to definite systemic sclerosis varies on the basis of systemic sclerosis
subtype. Typically, patients with diffuse cutaneous systemic sclerosis develop their first
non-Raynaud phenomenon symptom of systemic sclerosis within 1-2 years of the onset of
Raynaud phenomenon; however, some patients with diffuse cutaneous systemic sclerosis can
develop non-Raynaud phenomenon symptoms in parallel to or within weeks of the onset

of Raynaud phenomenon. By contrast, patients with limited cutaneous systemic sclerosis
develop their first non-Raynaud-phenomenon symptom of systemic sclerosis between 5
years and 10 years after onset of Raynaud phenomenon.1” This temporal sequence of

events, although not universal, can help to establish disease subset early and improve

risk stratification. Each cutaneous subtype is associated with a different natural history of
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the disease, severity of organ involvement, and mortality rate.*18 Although no diagnostic
criteria exist, clinicians sometimes incorrectly use research classification criteria (figure 2)
to make a diagnosis of systemic sclerosis.11 However, fulfilment of research classification
criteria is not necessary for a systemic sclerosis diagnosis.

Clinical evaluation

Systemic sclerosis can affect multiple organ systems with varying degrees of severity.
Although some systemic sclerosis manifestations are clinically silent or insidious and
progress slowly over time, others can have an acute onset and progress rapidly.
Comprehensive clinical, radiographic, and laboratory analyses are necessary to phenotype
patients at initial presentation.>19

Serological profile

Although a positive antinuclear antibody as determined by indirect immunofluorescence is
observed in up to 95% of patients with systemic sclerosis, more specific systemic sclerosis-
related autoantibodies are found in distinct groups of patients with the disease, and their
presence helps to predict organ involvement and severity (table 1).2%-21 A subgroup of
patients can exhibit positive antinuclear autoantibodies without the presence of any systemic
sclerosis-specific autoantibodies. These patients can develop rapidly progressive disease and
have an associated high mortality rate.2

Patients with systemic sclerosis may have coexistent overlapping symptoms of other
autoimmune diseases (eg, rheumatoid arthritis, Sjégrens syndrome, myositis, and primary
biliary cholangitis). Although overlap syndromes remain poorly defined from a clinical
standpoint, broadening immunological assessment beyond systemic sclerosis autoantibodies
is prudent if symptoms of an overlap syndrome are present.

Biomarkers

Several candidate biomarkers have been studied in systemic sclerosis, of which a few are
available and feasible to measure in clinical practice. Among the biomarkers that are readily
available for measurement in most clinical practices, C-reactive protein (CRP) elevation is
present in a subset of patients with systemic sclerosis and is associated with increased risk

of progressive fibrosis, pulmonary arterial hypertension, and mortality.23-26 CRP elevation is
mediated by interleukin (IL)-6, and serum concentrations of IL-6 are associated with poorer
disease course in patients with interstitial lung disease.2’” CRP and IL-6 have been used

to stratify patients in clinical studies and are therefore of importance when applying these
studies in clinical practice.2® The serum biomarkers Krebs von den Lungen glycoprotein-6
and chemokine ligand 18 have also been found to predict interstitial lung disease severity
and progression.2930 Baseline elevations in these biomarkers, and persistent elevations in
these biomarkers despite treatment, might help guide therapeutic decision making in the near
future.
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N-terminal pro-B-type natriuretic peptide is a valid biomarker of early pulmonary arterial
hypertension. It is often used in conjunction with other disease characteristics to select
patients for right-heart catheterisation.3!

RNA sequencing represents a promising tool in systemic sclerosis research, including
biomarker discovery, characterisation of systemic sclerosis phenotypes, and precision
medicine. For example, a study demonstrated that specific baseline transcript-module scores
predicted response to treatment with mycophenolate in patients with systemic sclerosis
associated with interstitial lung disease.32

Screening for organ involvement

Screening for specific organ involvement is warranted both at disease onset and repeatedly
during disease course. Screening for disease manifestations over time can be modified on the
basis of dynamic patient-related factors, including disease duration and progression of organ
involvement.

Skin involvement

Wide heterogeneity in the extent of skin involvement exists between patients and within
the individual patient over time.16 The skin fibrosis in systemic sclerosis starts in the distal
fingers and toes and progresses proximally. In the initial phases, the fingers of the hands
become puffy as a result of microvascular changes and inflammation. Over time, excessive
collagen deposition leads to skin thickening and limited movement over joints resulting in
contractures of both large and small joints in some patients. After years of disease, the skin
can become tight, hide bound, and sometimes atrophic.

The modified Rodnan Skin Score (mRSS) is a physician-performed assessment measure
used to examine progression of cutaneous fibrosis over time. Although this tool has
acceptable reliability and interobserver variability in patients with diffuse cutaneous
systemic sclerosis, it is not able to distinguish early fibrotic skin from the hide-bound skin in
later disease.33

Several alternative tools for assessment of skin fibrosis have emerged, notably ultrasound
and durometry.34-37 Optical coherence elastography together with optical coherence
tomography is another promising tool which needs further exploration in systemic
sclerosis.®8 Finally, self-assessment of skin thickness has received increased interest during
the COVID-19 pandemic.3° This tool could empower patients to self-monitor their disease
in a manner that helps patients receive earlier medical follow-up if they detect disease
progression between clinic visits.

In addition to cutaneous fibrosis, approximately 25% of patients with systemic sclerosis

will develop cutaneous calcinosis.4? This manifestation is often painful as it can protrude
both inwards into deeper tissues and outwards to cause ulceration. Of note, a small subset
(<5%) of patients with established systemic sclerosis have no clinically detectable cutaneous
fibrosis; these patients are classified as having systemic sclerosis sine scleroderma.*!
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Lung involvement

Studies estimate that approximately 50-65% of patients with systemic sclerosis will exhibit
interstitial lung abnormalities on high-resolution computed tomography (HRCT).4243
Although some patients with systemic sclerosis and interstitial lung disease will have

a stable course of interstitial lung disease in the absence of treatment, others will have
progression of interstitial lung disease with some demonstrating rapid progression and others
slow progression over time.** Interstitial lung disease is now the leading cause of death

in systemic sclerosis.**-46 Observational studies have shown that certain systemic sclerosis
patient subgroups (eg, male individuals, African American people, and patients who possess
the Scl70 autoantibody) are more likely to have a progressive interstitial lung disease
phenotype.1747:48 However, a study demonstrated that African American and non-African
American participants of two systemic sclerosis and interstitial lung disease trials had
similar short-term and long-term outcomes, suggesting that confounding factors (eg, access
to care) should be considered when interpreting the results of observational studies.*

Non-specific interstitial pneumonia is the most common histological pattern observed in
systemic sclerosis; usual interstitial pneumonia is present in 10-25% of cases.>-52 HRCT
is the most sensitive way to detect early systemic sclerosis associated with interstitial lung
disease and can also identify other features of systemic sclerosis, including a patulous
oesophagus, dilated pulmonary artery, and comorbidities, such as pulmonary malignancy.>3

Pulmonary function testing (PFT) is also important in the initial assessment of a patient
with systemic sclerosis and should include measurement of the diffusing capacity for
carbon monoxide (DLCQ) and forced vital capacity (FVC). Although PFTs have limited
sensitivity in diagnosing interstitial lung disease, they are central to monitoring interstitial
lung disease progression.>* PFTs are associated with intraindividual variation during
repeated measurements and extrapulmonary factors (eg, oral fibrosis, thoracic fibrosis,
myopathy, fatigue, and cachexia) can influence the results. Proposed definitions of
progressive interstitial lung disease based on PFT and HRCT trends can help identify
patients with a progressive fibrosing phenotype who could benefit from more aggressive or
alternate therapies.>® A clinical practice guideline defined progressive pulmonary fibrosis as
fulfilling at least two of three criteria (worsening symptoms, radiological progression, and
physiological progression) within the past year with no alternative explanation in a patient
with an interstitial lung disease other than idiopathic pulmonary fibrosis.5¢ Involvement

of experienced thoracic radiologists is central to identifying more subtle progression of
interstitial lung disease on HRCT. Invasive procedures, including both broncho-alveolar
lavage and lung biopsy, are typically only done in cases of diagnostic uncertainty.

Renal involvement

The prevalence of renal crisis in systemic sclerosis ranges from 1% to 14% depending on
the geographical region, with the USA, the UK, and Australia reporting the highest rates

of renal crisis.>’~>9 Characterised by rapid deterioration of renal function and malignant
hypertension, renal crisis can progress to terminal disease requiring renal replacement within
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a few weeks from first clinical signs if untreated.5% 1-year mortality rates have decreased
considerably since the introduction of angiotensin-converting enzyme inhibitors.5!

Measurement of systolic blood pressure is paramount to the timely detection of this
complication. Risk factors for renal crisis include diffuse cutaneous systemic sclerosis, early
disease course, African American race, pericardial effusion, tendon friction rubs at clinical
examination, recent usage of prednisolone higher than 15 mg/day, and RNA polymerase

3 autoantibodies.52 Microangiopathic haemolytic anaemia together with thrombocytopenia
is common in this disease and initial investigations should include blood smear analysis.
Typical changes on kidney biopsy have been described, but this procedure should

be preserved for patients with diagnostic uncertainty.52 A proportion of patients with
scleroderma renal crisis are normotensive, which might reflect poor cardiovascular reserve,
and these patients have a poor prognosis.®3

Cardiac involvement

Although the advent of cardiac MRI has furthered our understanding of cardiac involvement
in systemic sclerosis, no standardised definition of systemic sclerosis cardiac involvement
exists.%4 Systemic sclerosis is associated with severe cardiac abnormalities, including
myocarditis, congestive heart failure, arrythmia, asymptomatic focal fibrosis, and impaired
ventricular relaxation. Systemic sclerosis cardiac involvement accounts for a substantial
proportion of systemic sclerosis-related deaths. Regardless of symptoms, patients with
systemic sclerosis should be evaluated with electrocardiogram and echocardiogram. MRI
should be considered when the findings of the aforementioned studies suggest cardiac
involvement.®5 Holter echocardiogram and implantable-loop recorder should be considered
in patients at risk for malignant arrythmia.6

Pulmonary arterial hypertension

Pulmonary arterial hypertension is a serious complication of systemic sclerosis that has

a 3-year reported mortality between 21% and 48%.57-89 Advances in both the treatment
and timely diagnosis of this complication have improved its prognosis. Although all
patients with systemic sclerosis are at an increased risk for this complication, it is more
prevalent in patients with anti-centromere antibodies, extensive telangiectasias, and longer
disease duration. Emerging evidence also suggests a higher prevalence of pulmonary
arterial hypertension in patients with Th/To autoantibodies.”® Compared with patients with
idiopathic pulmonary arterial hypertension, systemic sclerosis associated with pulmonary
arterial hypertension has a poorer prognosis, even in patients with similar haemodynamic
profiles.”!

In addition to pulmonary arterial hypertension (group 1), patients with systemic sclerosis
can exhibit elevated pulmonary artery pressure because of other causes (eg, left-heart
dysfunction [group 2], interstitial lung disease [group 3], and, less commonly, pulmonary
venoocclusive disease [group 1]).72 Right-heart catheterisation is the gold standard to
diagnose this pulmonary arterial hypertension, although echocardiogram can be used

in conjunction with PFTs to help screen for this disease. A decline in the DLCO
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disproportionate to a decline in FVC or an isolated decline in the DLCO can also

suggest pulmonary hypertension.”3 Given the invasive nature of right-heart catheterisation,
algorithms exist to help select appropriate patients for this procedure, including the
DETECT algorithm and the Australian Scleroderma Interest Group algorithm.”4-77

Gastrointestinal tract involvement

At least 90% of patients with systemic sclerosis have gastrointestinal tract involvement.’8
Systemic sclerosis gastrointestinal manifestations are heterogeneous and can occur at any
time in the disease course. Oesophageal dysfunction is common and can manifest with
reflux disease with or without oesophagitis. Oesophagitis can be asymptomatic and correct
diagnosis requires endoscopic examination.”® Dysphagia commonly occurs secondary to
oesophageal dysmotility.

Gastric antral vascular ectasias is a potentially life-threating complication, which can result
in rapid or slow blood loss over time. Upper endoscopy is therefore paramount in patients
with systemic sclerosis who have anaemia.8® In addition, patients can have delayed gastric
emptying, resulting in abdominal distension and bloating, particularly after meals.

Involvement of the lower gastrointestinal tract occurs in up to 50% of patients with systemic
sclerosis and is associated with increased morbidity and mortality.8 Manifestations include
small intestinal bacterial over-growth, malabsorption, constipation, diarrhoea, recurrent
pseudo-obstruction, and faecal incontinence.82-84 Intestinal pseudo-obstruction is a serious
clinical manifestation of systemic sclerosis, affecting between 4% and 10% of patients.85-89
Associated with delayed colonic transit, pseudo-obstruction presents with the inability to
move intestinal luminal contents forward, but in the absence of a mechanical true obstructive
process.9%-92 This condition is painful, often recurrent and, at times, life-threatening.%3

Anorectal dysfunction affects 22—77% of patients with systemic sclerosis, and faecal
incontinence is the most common symptom.?4.95 Rectal prolapse can also occur manifesting
with a bulging sensation in the anus and chronic stool leakage.

In severe cases of lower gastrointestinal involvement, patients might require total parenteral
nutrition. In addition to general malnutrition, micronutrient deficiency can also occur and
require specific testing.96:97

Musculoskeletal involvement

Musculoskeletal involvement in systemic sclerosis is common, but might be overlooked
when internal organs are severely affected. Although arthralgia is common, some patients
with systemic sclerosis will develop erosive arthritis. Clinical assessment of joint effusion
and range of motion might be challenging because of coexistent skin fibrosis or
subcutaneous oedema. Tendon friction rubs (ie, a crepitus originating from the moving
tendon inside the tendon sheath) occur predominantly in patients with diffuse cutaneous
disease early in their disease course and is a poor prognostic sign.%
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Patients with systemic sclerosis can have myopathy of various origins. Early in the course

of diffuse cutaneous systemic sclerosis, patients can exhibit mild elevations in creatine
kinase because of a systemic sclerosis-specific myopathy.%® These abnormalities typically
resolve once a patient starts immunomodulatory therapy for their diffuse cutaneous sclerosis.
However, a subgroup of patients will have a true overlap immune-mediated myositis
condition, manifesting with marked elevations in muscle enzymes.

Clinical challenges

Because systemic sclerosis affects several organ systems, a single treatment algorithm
cannot be applied to all patients as an individual patient will have unique needs over

the course of their disease. In addition, secondary complications can arise because of

the underlying disease, therapeutic interventions, or both. For example, malnutrition can
impair immune function, enhancing the risk of opportunistic infection, especially in patients
receiving immunomodulatory therapies that further diminish immune response. Oesophageal
dysfunction might hinder the ability of a patient to swallow prescribed medications.
Depression is also common among patients with systemic sclerosis, and this can reduce
compliance with treatment plans, and adversely affect quality of life.100

There are also manifestations of systemic sclerosis that are poorly understood with limited
treatment options. For instance, many male patients with systemic sclerosis have severe
erectile dysfunction, for which current therapies have limited success.191 Moreover, fatigue
remains a common and often refractory symptom of systemic sclerosis.102

Pregnancy in systemic sclerosis is associated with an increased risk of complications for
both the mother and fetus.103 Although historically patients with systemic sclerosis were
dissuaded from pregnancy, an increasing number of fertility options are available (eg,
surrogacy, donor eggs, and in-vitro fertilisation). Therefore, family planning discussions
are important to initiate early in the disease course.

Finally, studies have demonstrated that patients with systemic sclerosis are at heightened
risk for the development of certain malignancies, particularly patients who possess the anti-
RNA polymerase 3 antibody.194 Although no universally accepted malignancy-screening
protocols exist in systemic sclerosis, age-appropriate malignancy screening is vital for

all patients with systemic sclerosis, and malignancy screening (regardless of age) has

been suggested for patients who are positive for anti-RNA polymerase 3 at the time of
diagnosis.10°

Therapeutic strategies: immunomodulation

The distinguishing pathological hallmark of systemic sclerosis is aberrant and excessive
deposition of extracellular matrix, resulting in fibrosis in several organ systems.106
Various factors contribute to excessive matrix accumulation in fibrosis, including increased
myofibroblast activation, abnormal fibrotic signalling, and increased production and
crosslinking of extracellular matrix molecules.197-109 Specific cytokines, chemokines, and
growth factors can induce myofibroblast differentiation and dysregulation. For example,
transforming growth factor-B (TGF-B) is a potent profibrotic mediator.119 Historically,
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therapeutic agents for systemic sclerosis aimed to curtail inflammation, targeting both the
innate and adaptive immune system. Although the term immunosuppressant is often used
to describe these agents, this might represent an oversimplification of drug mechanism,
given that certain immunosuppressant agents (eg, mycophenolate and tocilizumab) can
exert anti-fibrotic effects, whereas anti-fibrotic agents, such as nintedanib, can possess
anti-inflammatory properties. Therefore, the present Seminar aims to avoid these superficial
labels and instead focus on the therapeutic agent, its purported biological target or targets,
and associated systemic sclerosis-related clinical outcomes (table 2). We focus our Seminar
on therapies with approved indications or therapies widely used in clinical practice on the
basis of robust clinical trial data (appendix p 1).

Cyclophosphamide

Cyclophosphamide is a type of nitrogen mustard drug that when administered in lower
dosages modulates regulatory T cells, leading to the decreased secretion of interferon -y

and 1L-12.111 The seminal randomised controlled trial (RCT) on cyclophosphamide for
systemic sclerosis was the Scleroderma Lung Study (SLS) 1,112 which demonstrated that 12
months of cyclophosphamide was associated with significant treatment benefits with respect
to FVC%-predicted, radiographic fibrosis, health-related quality of life and cutaneous
fibrosis.112 However, adverse events (eg, leukopenia, neutropenia, and haematuria) occurred
more commonly in patients randomly assigned to cyclophosphamide than placebo. This
was a high-quality study done at 13 scleroderma centres for excellence across the USA.
Although cyclophosphamide is still administered (more commonly intravenously) today

for the treatment of diffuse cutaneous systemic sclerosis and systemic sclerosis associated
with interstitial lung disease, particularly in regions with limited access to mycophenolate
mofetil (MMPF), it is typically not a first-line agent because of its unfavourable safety profile,
including the heightened risk of malignancy.113

Mycophenolate

MMF is a prodrug of mycophenolic acid, an inhibitor of inosine monophosphate
dehydrogenase. Through inhibiting de-novo production of guanosine nucleotides, MMF
impairs both T-cell and B-cell proliferation.114 In the SLS 2 (MMF for 24 months vsoral
cyclophosphamide for 12 months, followed by 12 months of placebo), treatment with MMF
was associated with significant improvements in F\VC%-predicted, radio graphic fibrosis,
self-reported dyspnoea, and the extent of cutaneous sclerosis in patients with systemic
sclerosis associated with interstitial lung disease.115-118 No between-treatment differences
were observed between MMF and cyclophosphamide with regard to efficacy endpoints;
however, MMF was better tolerated than cyclophosphamide.11> The most commonly
reported adverse events among patients randomly assigned to MMF (reported in eight [6%]
of 142 patients) was anaemia. Otherwise, adverse events were infrequent among MMF
users. SLS 2115 was a high-quality study done at 14 scleroderma centres for excellence
across the USA. On the basis of the findings of SLS 2, MMF has emerged as a first-line
therapy for systemic sclerosis associated with interstitial lung disease and diffuse cutaneous
sclerosis; as a result, subsequent systemic sclerosis trials have permitted background use of
MMF. These studies have provided additional evidence supporting the efficacy of MMF for
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the treatment of systemic sclerosis-related skin and lung disease, and the safety of this agent
when used in combination with other systemic sclerosis therapies, such as nintedanib.119-121

Tocilizumab

Tocilizumab is a humanised monoclonal antibody that blocks the IL-6 receptor. 1L-6
concentrations are elevated in some patients with systemic sclerosis and correlate with

the extent of skin involvement.122 The findings of a phase 2 trial of tocilizumab for

the treatment of relatively early diffuse cutaneous systemic sclerosis suggested a possible
treatment benefit on mRSS; however, neither the phase 2 nor phase 3 trial found a significant
difference in mRSS at 48 weeks (primary endpoint) between patients randomly assigned

to tocilizumab versus placebo.28:123 The latter study?8 showed a substantial difference

in the change from baseline in FVC%-predicted at 48 weeks, favouring tocilizumab.28
Tocilizumab appeared safe and well tolerated in both studies, with similar proportions of
patients having infection in the intervention and placebo groups. Furthermore, a post-hoc
analysis of the participants in this trial who had interstitial lung disease (136 [65%] of 210
total participants) reported that treatment with tocilizumab was associated with stabilisation
of FVC%-predicted.124

The aforementioned tocilizumab trials were of high quality and suggest that tocilizumab
might effectively treat systemic sclerosis associated with interstitial lung disease in patients
with relatively early (<5 years disease duration) diffuse cutaneous systemic sclerosis with
elevated acute-phase reactants and signs of progressively worsening skin disease. The
generalisability of the study findings to other populations of patients with systemic sclerosis
(eg, patients with limited cutaneous disease, patients that do not have elevated acute-phase
reactants, and patients with stable diffuse cutaneous disease) is unknown. It is unknown how
treatment with tocilizumab compares with treatment with existing therapies for systemic
sclerosis-associated interstitial lung disease, such as mycophenolate and nintedanib.

Rituximab

B-cell infiltration exists across several organ systems in systemic sclerosis, including the
skin, lungs, and gastrointestinal tract. Although B cells have various important roles in
immune function and homoeostasis in systemic sclerosis, B cells can promote profibrotic
T-helper-cell 2 responses through the induction of dendritic cell maturation.12> Moreover,
the discovery of several functional autoantibodies (eg, autoantibodies against angiotensin 2
receptor type-1 and endothelin-1 receptor type A) in systemic sclerosis has illuminated novel
insights into systemic sclerosis pathogenesis.126

Rituximab is an anti-CD20 monoclonal antibody that depletes peripheral B cells, but spares
plasma cells and haematopoietic stem cells that do not express the CD20 surface antigen.127
A 2021, relatively small (n=56) RCT demonstrated that treatment with rituximab at a dosage
of 375 mg/m2 once per week for 4 weeks led to a significant improvement in mRSS
compared with placebo (-6-3 vs+2-14) at 6 months in patients with both limited cutaneous
systemic sclerosis and diffuse cutaneous systemic sclerosis.128 Most of the patients in this
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study (89%) had underlying interstitial lung disease, and treatment with rituximab also had a
favourable effect on the change in FVC%-predicted at 6 months.12°

Another recent RCT compared rituximab (1 g administered intravenously weekly for 2
weeks) to cyclopho sphamide (administered every month at a dosage of 600 mg per m2
body surface area for 20 weeks) in patients with interstitial lung disease caused by systemic
sclerosis, myositis, or mixed connective-tissue disease.130 This study showed that treatment
with rituximab and cyclophosphamide led to similar improve ments in FVVC and quality

of life; however, rituximab was better tolerated than cyclophosphamide.131 Although the
quality of the aforementioned rituximab trials was limited because of their small sample
sizes, these findings provide compelling evidence that rituximab is a viable treatment
option for systemic sclerosis associated with interstitial lung disease and systemic sclerosis-
associated skin disease. Rituximab should be used judiciously in patients at high risk for
COVID-19 complications, because this agent is associated with impaired humoral responses
to COVID-19 vaccination.132

Nintedanib

Nintedanib inhibits several tyrosine-kinase receptors, including platelet-derived growth
factor receptors, fibroblast growth factor receptors, and vascular endothelial growth factor
receptors.133 In a large RCT for systemic sclerosis associated with interstitial lung disease
(n=576), nintedanib slowed the rate of decline of FVC over 52 weeks compared with
placebo (-52-4 mL per year vs—-93-3 mL per year).134 Approximately half of all patients
were receiving mycophenolate at a stable dosage for at least 6 months before enrolment.
Patients receiving mycophenolate at baseline who were randomly assigned to nintedanib
experienced the slowest decline in lung function. Treatment with nintedanib was not
associated with improvements in skin score nor self-reported dyspnoea. Changes in the
radiographic extent of interstitial lung disease were not reported in this trial. Consistent
with the known safety profile of nintedanib, the majority of patients (76%) randomly
assigned to nintedanib had diarrhoea. This study was a high-quality trial that enrolled

a large population of patients with systemic sclerosis and interstitial lung disease from
across the world. However, because treatment with nintedanib was not associated with
improvements in patient-reported outcomes or cutaneous fibrosis, nintedanib is not often
used as a first-line therapy for systemic sclerosis associated with interstitial lung disease.
Caution is needed when prescribing this medication to patients with systemic sclerosis with
underlying diarrhoea caused by the disease.

Haematopoietic stem-cell transplantation

Among all of the immunomodulatory strategies available for treating systemic sclerosis,
haematopoietic stem-cell transplantation (HSCT) may lead to the most profound
improvements in both cutaneous sclerosis and interstitial lung disease. The Autologous Stem
Cell Transplantation International Scleroderma trial*3> demonstrated a significant decrease
in mRSS at 2 years in patients with early diffuse cutaneous systemic sclerosis randomly
assigned to autologous HSCT compared with 1 year of intravenous cyclophosphamide (-20
vs -9 decrease in mRSS score). Another HSCT RCT (the Scleroderma: Cyclophosphamide
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or Transplantation trial),13¢ used a novel composite endpoint, which included both

objective (eg, death, event-free, survival, and FVVC endpoints) and subjective measures

(eg, patient-reported quality of life and mRSS), to compare outcomes between autologous
HSCT and 1 year of intravenous cyclophosphamide. Not only did this study demonstrate
superiority of HSCT compared with cyclophosphamide on the basis of the primary endpoint,
but a strikingly low number of patients randomly assigned to HSCT initiated disease-
modifying anti-rheumatic therapies by 54 months compared with those randomly assigned to
cyclophosphamide (9% vs44%).

A highly costly procedure associated with life-threatening adverse events, HSCT is
generally considered for patients with early diffuse cutaneous systemic sclerosis as a second-
line approach when other therapies fail or as a first-line approach in carefully selected
patients when the anticipated benefit of HSCT outweighs the potential risks.137:138

Therapeutic strategies: vascular modulation

Microvascular damage and endothelial cell dysfunction are crucial pathogenic mediators
of vascular modulation.139 Early in systemic sclerosis, perturbation of the endothelium
promotes the overproduction of vasoactive factors, such as the vasoconstrictor endothelin
1, along with platelet activation and increased expression of adhesion molecules.140.141
The result is recurrent ischaemiareperfusion injury, abnormal regulation of reactive oxygen
species, and microvascular damage.

Therapeutic strategies for addressing the vascular dimensions of systemic sclerosis (eg,
Raynaud phenomenon, digital ulcers, pulmonary arterial hypertension, erectile dysfunction,
and scleroderma renal crisis) have largely centred on vasodilation. However, there is a
growing recognition that vascular proliferation, rather than vasoconstriction, is a major
driver of the pathogenesis of the serious vascular manifestations of systemic sclerosis

(eg, pulmonary arterial hypertension).142 For instance, dysfunction of bone morphogenetic
protein receptor 2 (a member of the TGF- superfamily) signalling is associated with the
development of pulmonary arterial hypertension.143 Novel therapies that act as a ligand
trap for members of the TGF-B superfamily (eg, sotatercept) have been shown to reduce
pulmonary vascular resistance in patients with pulmonary arterial hypertension, probably via
vascular remodelling.144.145

Among the vascular therapeutic options for systemic sclerosis, the dihydropyridines,
amlodipine and nifedi-pine, are commonly used as first-line agents to manage Raynaud
phenomenon.146.147 Endothelin receptor antagonists (eg, ambrisentan, bosentan, and
macitentan) are approved for the treatment of pulmonary arterial hypertension and, among
these, bosentan might also prevent digital ulcers.148-150 Among the commercially available
phosphodiesterase isoenzyme 5 inhibitors, sildenafil and tadalafil are used for systemic
sclerosis associated with pulmonary arterial hypertension, with varying amounts of evidence
supporting their use for the treatment of Raynaud phenomenon and digital ulcers.151:152
Studies have demonstrated that combination therapy with a phosphodiesterase isoenzyme 5
inhibitor and endothelin receptor antagonist is associated with improved survival compared
with monotherapy for pulmonary arterial hypertension.153.154 As such, early combination
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therapy for systemic sclerosis associated with pulmonary arterial hypertension is often
favoured over sequential add-on therapy.

Analogues of prostaglandin 2 (eg, intravenous iloprost and epoprostenol or oral treprostinil),
are viable treatment considerations for patients with severe refractory Raynaud phenomenon
with digital ischaemia.1® Treatment with intravenous epoprostenol, subcutaneous
treprostinil, and selexipag, a prostaglandin 2 receptor agonist, is associated with improved
outcomes in systemic sclerosis associated with pulmonary arterial hypertension,156-161
Treatment with the soluble guanylate cyclase stimulator, riociguat, is associated with
improvements in haemodynamics, functional class, and 6 min walk distance in patients
with connective-tissue disease with pulmonary arterial hypertension (66 [59%] of 111
patients with connective-tissue disease and pulmonary arterial hypertension had systemic
sclerosis in this trial), and those with Raynaud phenomenon with diffuse cutaneous systemic
sclerosis,162.163

Treatment for systemic sclerosis associated with pulmonary hyper tension often involves
a multi-disciplinary approach that could include pulmonologists and cardiologists to help
identify the underlying cause or causes of pulmonary hypertension and to establish a
personalised treatment strategy. For example, patients with systemic sclerosis associated
with pulmonary hypertension caused by left-heart disease might derive minimal benefit
from pulmonary arterial hypertension-targeted therapies. However, patients with systemic
sclerosis associated with pulmonary hypertension and interstitial lung disease might have
increased risk of pulmonary veno-occlusive disease-like lesions (ie, obstructive intimal
fibrosis of small veins and venules) and, in such patients, starting vasodilators might
precipitate pulmonary oedema.164 However, certain vasodilators can be safe to use in such
patients as a bridge to lung transplantation.16°

Early intervention with angiotensin-converting enzyme inhibitors (ACEISs) has substantially
reduced the risk of mortality associated with scleroderma renal crisis, improving survival
from 10% to 85% at 1 year.53:166 paradoxically, studies investigating the prophylactic use

of ACElIs for prevention of scleroderma renal crisis have reported that previous exposure

to ACElIs is associated with worse outcomes after the onset of scleroderma renal crisis and
might even increase the risk for the development of scleroderma renal crisis.167:168 However,
this is a controversial topic because these data are based on observation trials subject to
confounding.

Therapeutic strategies: symptomatic management

Several clinical manifestations of systemic sclerosis do not have disease-modifying
treatment options, and management strategies largely focus on improving symptoms, but
with very scarce evidence (table 3). Future studies are needed to investigate whether
immunomodulatory and vasoactive therapies are disease modifying for these manifestations,
particularly for manifestations associated with high morbidity and mortality (eg, myocardial
disease and gastrointestinal disease).
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COVID-19: emerging research

Summary

The ongoing COVID-19 pandemic has presented unique challenges for patients with
systemic sclerosis and their providers.169.170 patients with systemic sclerosis represent a
vulnerable patient population with respect to COVID-19 infection given their propensity
for interstitial lung disease, immunocompromised status, and need for regular in-person
visits to monitor and manage their systemic sclerosis.1’! Although research on COVID-19-
related outcomes in patients with systemic sclerosis is largely limited to single-centre,
observational experiences, studies have demonstrated that the presence of interstitial lung
disease and certain medications (eg, rituximab) are associated with more severe COVID-19
infection, including a higher risk of mortality.172173 Reassuringly, patients with systemic
sclerosis appear to tolerate COVID-19 vaccinations, and the implementation of telehealth
has improved continuity of care and expanded the reach of speciality centres for systemic
sclerosis in many areas.1’4175 Future research is needed to better understand the long-term
sequelae of previous COVID-19 infection, and the impact of the pandemic on the mental
health of all patients with systemic sclerosis.1”6

Although systemic sclerosis is a heterogeneous disease, this condition should be suspected
in any patient with Raynaud phenomenon that starts or worsens near the time of antinuclear
antibody detection, particularly in patients who also possess systemic sclerosis-specific
autoantibodies, abnormal nailfold capillaries, puffy fingers, or all symptoms. The most
common organ systems affected in systemic sclerosis include the skin, gastrointestinal tract,
and lungs. In addition to a careful history and physical examination, all patients with newly
diagnosed systemic sclerosis should undergo comprehensive serological assessment for
systemic sclerosis-specific autoantibodies, HRCT of the chest to screen for interstitial lung
disease, and echocardiogram to provide a baseline estimation of pulmonary artery pressure.
In patients with interstitial lung disease, pulmonary function tests are also important to
obtain at diagnosis to establish a baseline for monitoring interstitial lung disease pro
gression over time. If feasible, referral to a scleroderma centre might not only improve
patient care through early diagnosis and risk stratification, but it might also afford patients
the opportunity to participate in clinical and translational research studies.

Future directions

Despite the substantial advances made in (very) early disease detection and drug discovery
for systemic sclerosis over the past 5 years, several unmet needs still exist. Clinical
evaluation has largely driven risk stratification early in the systemic sclerosis disease
course; however, integration of biological data (ie, genomics, proteomics, and intestinal and
skin micro-biome) might improve our ability to refine disease phenotypes and personalise
treatment options for patients. With approved therapies targeting different facets of the
immune system, an opportunity has emerged to study the safety and efficacy of combination
therapy, a cornerstone to the management of other complex rheumatic diseases. Studies

are specifically needed to better understand the risks and benefits of upfront combination
therapies versus sequential therapy for individual systemic sclerosis manifestations.
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There is also a growing need to understand why and how systemic sclerosis
disproportionately affects specific patient populations (eg, female patients and African
American patients), as these insights could illuminate new pathogenic targets and lead to

the application of precision medicine for managing this condition. Along these lines, it is
paramount to ensure that trials strive to enrol balanced proportions of male and female sexes,
different genders, and racial subgroups to ensure that we fully understand the safety and
efficacy of investigational products in all patients with systemic sclerosis.

The development of valid trial endpoints that are both meaningful to the patient and capture
the impact of the multiple clinical dimensions of systemic sclerosis is also greatly needed.
This development is particularly important as we consider recent trials that did not detect
significant differences in specific primary endpoints, such as the mRSS.28:123.177 |t js
conceivable that certain patients with systemic sclerosis may actually benefit from therapies
that failed to demonstrate significant treatment effects in clinical trials.

Finally, new therapeutic strategies are essential to prevent the development of organ
involvement in patients with very early systemic sclerosis. The validation of the very

early criteria provides an opportunity to identify patients with very early disease to

study preventive therapies. Lastly, as in all rare diseases, evidence-based, clinical practice
guidelines will help to improve the standardisation of multidisciplinary care across centres.
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Search strategy and selection criteria

Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines for scoping reviews, we searched PubMed for studies published between

Jan 15, 1990, and May 15, 2022, using the search terms “systemic sclerosis™ or
“scleroderma” in combination with the terms “treatment” or “management.” We largely
selected publications from the past 3 years; however, high-quality older publications
were included. No PubMed filters or limits were applied to maintain a broad search
strategy. We also did a manual search of references cited in original research studies and
reviewed articles on systemic sclerosis to identify additional relevant articles. Although
primary research publications were prioritised, review articles are also cited to provide
opportunities for further reading on specific topics. An in-depth review of randomised
controlled trials was provided if the inclusion criteria for the study included systemic
sclerosis diagnosis, and if the outcome of the trial led to either approval of a systemic
sclerosis indication or widespread use of the medication in clinical practice.
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A
Diffuse Limited
Raynaud Scleroderma pattern on Systemic cutaneous  cutaneous
phenomenon capillaroscopy sclerosis-specific systemic systemic
antibodies sclerosis sclerosis
65-9% transition to
definite systemic
sclerosis in 5 years
—>
B
Diffuse Limited
Raynaud Normal pattern on No systemic cutaneous  cutaneous
phenomenon capillaroscopy sclerosis-specific systemic systemic
antibodies sclerosis sclerosis
1-3% transition to
definite systemic
scleroris in 5 years
—> %

Figure 1: Clinical features of (very) early systemic sclerosis
(A) The proportion of patients fulfilling the 2013 American College of Rheumatology and

European Alliance of Associations for Rheumatology Classification Criteria for systemic
sclerosis!! at 5 years was as follows for the following combinations of criteria: in patients
with a scleroderma pattern on capillaroscopy plus systemic sclerosis-specific antibodies,
65-9% developed definite systemic sclerosis at 5 years;12:13 in patients with positive
antinuclear antibodies and puffy fingers, 79-0% developed definite systemic sclerosis at

5 years; in patients with systemic sclerosis-specific autoantibodies and puffy fingers, 94-1%
developed definite systemic sclerosis at 5 years; and in patients with capillaroscopic
abnormalities (both systemic sclerosis specific as well as non-specific abnormalities) and
systemic sclerosis-specific antibodies, 82:2% developed systemic sclerosis at 5 years.14 (B)
1-3% of patients with Raynaud phenomenon in the absence of scleroderma patterns on
capillaroscopy and systemic sclerosis-specific antibodies developed systemic sclerosis at 5
years follow-up.11
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Skin thickening proximal to MCPs

Sclerodactyly of the fingers (distal to
the MCPs but proximal to the PIPs)

Items Sub-items Score

Skin thickening of the fingers of both hands extending 9

proximal to the metacarpophalangeal joints

(Sufficient criterion)

Skin thickening of the fingers Puffy fingers 2A

(Only count the highest score) Sclerodactyly of the fingers (distal to 4
MCP but proximal to the PIPs)

Fingertip lesions Digital tip ulcers 2

(Only count the highest score) Fingertip pitting scars 3

Telangiectasia 2

Abnormal nailfold capillaries 2A®

Pulmonary arterial hypertension, interstitial lung disease*, Pulmonary arterial hypertension 2

or both Interstitial lung disease

Raynaud’s phenomenon 3A®

Scleroderma-related antibodiest Anti-centromere 3A®

(Any anti-centromere or anti-topoisomerase 1)

Anti-Scl70 or anti-RNA polymerase 3

A VEDOSS criteria®® for very early diagnosis of systemic sclerosis
#2001 LeRoy and Medsger criteria™* for very early systemic sclerosis

Anti-topoisomerase 1

Anti-RNA polymerase 3

Digital ulcers

Fingertip pitting scars

Figure 2: The 2013 American College of Rheumatology and European Alliance of Associations
for Rheumatology Classification Criteriafor systemic sclerosis

A total score of 9 or higher is sufficient to classify a patient as having definite systemic
sclerosis, in the absence of other causes for the individual criterion.18 These criteria

were developed for research purposes and do not represent diagnostic criteria. *Maximum
score of 2. TMaximum score of 3. MCP=metacarpophalangeal joint. PIP=proximal
interphalangeal joint. VEDOSS=very early diagnosis of systemic sclerosis.
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Autoantibodies associated with systemic sclerosis and their clinical correlates

Cutaneous subtype Clinical correlates
Anti-centromere Limited cutaneous systemic sclerosis  Pulmonary arterial hypertension
Anti-topoisomerase 1 (anti-Scl 70) ™ Diffuse cutaneous systemic sclerosis  Progressive interstitial lung disease
Anti-RNA polymerase 3 Diffuse cutaneous systemic sclerosis ~ Renal crisis and malignancy

Anti-U1 ribonucleoprotein (anti-ribonucleoprotein)  Limited cutaneous systemic sclerosis

Anti-U3 ribonucleoprotein (anti-fibrillarin) Diffuse cutaneous systemic sclerosis
Anti-Pm-Scl Limited cutaneous systemic sclerosis
Anti-Th/To Limited cutaneous systemic sclerosis

Mixed connective tissue disease
Pulmonary arterial hypertension and myositis
Myositis

Interstitial lung disease and pulmonary arterial
hypertension

Testing for systemic sclerosis-associated auto-antibodies is recommended early in the evaluation for systemic sclerosis because it can help establish
a systemic sclerosis diagnosis and inform risk-stratification strategies. Patients will seldomly produce more than one systemic sclerosis-related

auto-antibody concurrently.

*
Immunodiffusion is the preferred method for detecting anti-topoisomerase 1 antibodies, given that multibead assays are associated with high

false-positive rates.

Lancet. Author manuscript; available in PMC 2023 February 02.



Page 29

Volkmann et al.

sanIfew.ouqe
159) UOIIOUNY-J3AI] PUB BWIP30 ANLIBAXS 19MO]

saldelay} JoTe[IPOSeA JaU10 YIIM UOITeUIqUIOD
ul pasn uaym Aprejnarued ‘uoisusiodAH

saloueubIjew Alepuodas
pue ‘AljiJagul ‘uondasyul ansiunuoddo

elwaepidijsAp
asned Jybiw pue uondagul ansiunpoddo

uolneulddeA 6T-alNOD
01 asuodsal ayenbapeul pue ‘uo1aaul 6T-AINOD
9J9A3S JO ¥SII Pasealoul ‘uondayul ansiunyoddo

1wabe sy Buionpoul 81048 paen|eAs ag pjnoys
JUSLLIBAJOAUI [RUIISAIUI0IISED SIS0J8]IS J1WIAISAS
auljaseq pue AJuoWWOI SINJ20 B30YLIRIQ

SUJAIU0 OS[e aJe Aoueubijew pue elNyewaey
pue ‘Ajuowwod sIn220 uoissaiddnsojaAN

Ajatel s1nd20
uoissaiddnsojaAw pue pajeta]ol [jam Ajjeiause

sse|o Jeuonouny

pue ‘solweuApowsey ‘Anoeded asiolaxa panoiduw|

SSB|9 [euonoUNy
pue ‘solwreuApowsey ‘Aoeded asialaxe panoidw|

Burjeubis
103da231 g-U1]ayiopua pue \/-UljaLyiopus Haiyu| UBUSSLIqUIE pUE Uejuasog
JusWwadueyUs areydsoydouow auisouenb

9119K0-8PIX0 DLI}IU BIA UOIIR|IPOSEA 8]0WO0ld |lye[epE] pue [1yeusp|IS

saldelay} aulj-puodas se pasn ualyo I1sow ale Adesayy uljoAdelsold pue ‘renbroonl ‘Bedixa|as uoisuanadAy [erisue Areuowind yim
Pa1eIN0SSE SIS0J8]9S 21WAISAS 10} Adelay) aulj-1sily Se pash AJUOWLWIOD aJe UeIUSsLIGUIe pue UelUSsoq pue [1fe[epe) pue Jiyeuap]is yim Adesyl uoireuiquiod Jo Adelayjouow :uoisusnadAy [eriane Areuowind

apiweydsoydojoko
Yim pasedwod ainjiey Alojelidsal Jo sased
1amay pue DA Ul au1jaap ® JO s8]

ogaoe|d
Ul DAL Ul 3UIJ93P € Yim paredwod DA pasi|igels

ogaoe|d
Ul DAL Ul 3UIJ93P € Yim paredwod DA pasi|igels

0ga2e|d ynm patedwod DA Ul BUI[I3P BY} PAMOIS

eaoudsAp panodal-}|as pue ‘sisolqiy d1ydelboipel
‘DA Ul Juswanosdwi [nybuluesw Ajjeaiund

eaoudsAp
pauiodai-y|as pue ‘sisoiqiy olydesboipes ‘Ayoeded
|BUA padJo} ul uawanoldwi jnyButuesw Ajfeatund

Wa)sAs sunwWWI 81NHISU0D8I 0] S|[39
wials onsiodolewsey Jusjodinw o uonelue|dsues
Aq pamo|oy ‘Adelaylowayo pue uonorIIxa ||99-Wals

uonelue|dsue
1189-wWais anslodolewseH

J101d82al 9-7|

3y} $320] Jey3 Apognue [euojdo0uowW pasiuewnH gqewnzi|1o0L
s|199 g [etayduad

sa19]dap ey} Apognue [euojoouow zaQ-Nuy qewxniy

S3SBUIY| BUISOJA} [BJBASS SHOIYU| qluepsjuIN

ZT-711 pue A uoJaalul JO UOIIIIaS Pasealdap ay)
01 Buipes] ‘s||90 1 Aioreinbas seyejnpow AjaA11oa|as apiweydsoydojoAd
uonesayljold
1199-g pue |189-1 yroq Bunredw ‘sapnoajonu

auisouenb Jo uononpoid oAou-ap sHgIyu| alejouaydooAN

uoIeWIWRISUI D1WBaISAS aA10R JO suBIS ylim aseasip Bunj [ennsiaiul Alea yum swsied 1oy Adesay aulj-puosss 1o aulj-1siiy Se PaISpISUOD aq UeDd qelunzi|ioo] “asessip Bun| [ennsiaiul 1oy saidelsy)
UI|-PU0BS SB Pasn UaYo 1SoW ale | DSH pue ‘apiweydsoydojoko ‘qewixniil ‘qiuepaiulN ‘aseasip Bunj [ennsiaiul 1oy Adesay auij-1siiy se pasn Ajuowwod si ayejousydooAw :aseasip Bunj [ennsisiug

SANIPICIOWOD UIBLIdd YIM
sjuaized ul Aljeow paseaoul pue ‘sajoueubijew
Arepuo2as ‘Aljiagul ‘uondasyul ansiunuoddo

UOIRUIDIEA 6T-AIAOD 01 asuodsal
ayenbapeul pue uonIBUI T-AIAOD 818A8S
10 >SLI pasealoul pue uondajul ansiunyoddo

SUJa2U0I OS|e aJe Aoueubijew pue eLInyewsey
pue Ajuowwod sina20 uoissaiddnsojaAN

Ajatel s1n220
uoissaiddnsojaAw pue paela]o) |[am AjjelausD

apiweydsoydo]aAd
UM paledwod SSHYW Ul 9sea1dap 1ayeals)

0gaoe|d yum paledwod SSYW Ul 8seslsq

0qga2e|d yym pasedwod SSHW Ul asealdap
pue SSYW Ul aseaap |njbuluesw Ajfeatuljd

21008 UIYS UBUPOY
paiyIpowW Ul 8sealoap [ngburuesw Ajjeaiund

WasAs aunwIWI 81NHISU0D8I 0] S|[39
wials onvlodolewsey Juslodinw o uonelue|dsues
Aq pamo|o} ‘Adelaylowayo pue UonorIIxa ||99-Wals

uonelue|dsues
1189-wais anslodolewseH

s|199 g [esaydiiad

sa1e]dap 1ey) Apogiiue [euojoouOW 0ZaD-NUY qewIxmIy

ZT-711 pue A U0JaIalul JO UOINII3S Pasealdap
ay 01 Buipes) ‘sj90 1 AlorenBal sereinpoN apiweydsoydoohD
uonelayijold
1189-g pue [199-1 Yyroq Buuredwi ‘sapnosjonu

auisouenb Jo uononpold oAou-ap sHgIyu| arejousydodA

S1S0J3]2S 91WAISAS SNoaUEIND asnyIp A1010eI1a1-1UaWIeal] J0) Pasn Ua)o 1Sow aJe uoneiue|dsues)
1189-wia1s an3a1odorewaey pue ‘apiwreydsoydojoAd ‘gqewixnily 'sIS04ajds d1WalSAS SN0auUBIND asnylp 10y Adeiayl aulj-1siiy Se pasn Ajuowiwod si ayejousydooA SIS0J8J9S IIWLISAS SNOaURIND asnyldg

sanss| AvJes SI1S0.J8[0S 21WBISAS Ul J1jBueg uoioe Jo Wsiueyss N

S1S0.3[0S 21Wa)SAS 10J SUONAO JUsLILal) PISL]-80UaPIAT

‘¢ dlgeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2023 February 02.

Lancet. Author manuscript



Page 30

Volkmann et al.

*2100S UI{S UBUPOY PaIPOWI=SSHW Uynajisiui="| ‘Aioeded [enA padloy=J A4 'siad|n [enbip pue ‘uouswouayd pneukey pae|al-sisoa|os J1WalsAs ‘UoisuanadAy |erisue Areuowind yym payeroosse
S1S0J9]0S 1LWIBISAS ‘9seasip Bun| [eniIsIaiul YIM PateIoosse SIS0I3]IS JIWaISAS ‘aseasip UIXS SIS09]0S J1WB1SAS 10j JuaLIRall Y} U0 pasnaoy Ajafie| aney SISOIS]IS DIWBISAS Ul S[eLi) PaJ|0U0D Pasiopuey

sanIfewlouqe
158] UOIIOUN-JBAI] PUB BWSP30 ANLIBIIX3-18MO™]

uoisualodAy pue ayoepesH

sa1delay} JOTR[IPOSEA JaUI0 UIIM UOIFRUIqIOD
u1 pasn uaym Aprejnanued ‘uoisuslodAH

Adixue pue ‘yinow AIp ‘uonounysAp [enxas

ewspa0 b_Emme.._m\SOl_

$192|n [enbip Mau Jo Juswdojansp Ul uonanpay

189N
JenBip Bunsixa Jo Buijeay pue Mau JO UONUBABI

sl1aojn [eubip pue
uouawouayd pneuAey Jo uonusAsd pue Juswieas}
ay1 ul asn J1ays Loddns 03 82uapIAS BulAren

uouswouayd
pneuAey Jo A1JaAss pue Aduanbaly ur uononpay

uouswouayd
pneuAey Jo A1JaAss pue Aduanbaly ur uononpay

Burjeubis
101da281 g-U1]ayiopua pue \/-UljaLyopus siqiyul

Aemuyred uijoAaeisold eIA UOIIR|IPOSEA S310W0Id

JuawWaoueyUa areydsoydouow auisouenh
9119A2-8pIX0 JLINU BIA UOIR|IPOSEA SloWwold

uornebaibbe 19)91e|d
Jew.ou o uondnisip pue UoIe|IPOSeA S810Wo.d

30UB)SISa JB|NISeA
21Wa1SAS Ul LONONPaJ puB UOIEXE|a 3|oSNW-Y100WS
JenaseA ul Bunnsal sj199 ol Anua Wwniofed Ngiyu|

uejuasog

1504doj|

11§e[epe] pUe |Ifeusplls

aunaxon|4

$18%20]q [aUURYD WNId[RD

s199|n [enfip pue uouswouayd pneuAey A101oeIyai-1uslleal) Yum sjualied 1oy palapisuod Uayo ale 1soidojl pue urexon|4 "siadin [exbip Joy saidesayl aulj-1siiy pue uouswouayd pneukey Joy saidesayy
3UI|-pUOIaS Se Pasn UsL0 aJe UBIUASO( JO [Iyejepe) pue [1jeusp|IS "uouswouayd pneukey 1oj Adesay) aulj-1si1) Se pasn AJUOWILLIOD aJe S18X00|g [auueyd WNIofed :S1ad|n [enbip pue uouswousyd pneukey

BasneU pue ‘esoyielp ‘ayoepesH

ayoepeay pue ‘ssaulzzip ‘easneu
‘eaoyLlelp ‘aseasip xnjyal [eabeydosao-o.ises

BaSNEBU pUE ‘esoyLielp ‘ayoepesH

SSB|9 [euonoUNy
pue ‘solwreuApowsey ‘Aloeded asialaxe panoidw|

SSB|9 [euonoUNy
pue ‘solwreuApowsey ‘Aloeded asialaxe panoidw|

uoissaifoud aseasip
pue suolesifeldsoy Jo Jaguinu ay} Ul UoRINPay

sallape Areuow|nd JO UOIE|IPOSEA pUR
‘uoirefalbbe 19]a1e|d J0 UONIQIYUI ‘B]ISNW Y100WS
10 uonexejal sayowo.d yeyy 1siuobe uljoAoelsold

uolyejiposeA ui Bunnsal ‘ayeydsoydouow auisouent
211942 aJow 39npoid 0] ‘SUOITRLIUBIU0I BPIXO LU
10 ssa|pJebal ‘ase|aAd arejAuenb ajgnjos sere|NWNS

paq Jejnasen Areuow|nd 8y} JO UOIT[IPOSEA Ul S}NSal
ey 1s1uobe 10ydadal uljoAaelsold [elo aA1l8|eS

(3s04delaq pue ‘1soidoji ‘jouslsosdoda
‘lilunsoudau ‘6a) Adelayy uijoAoeisold

1enBioory

Bedixa|as

sanss| Apjes

SI1S0.8[0S 21WRISAS Ul JijpUBg

uoioe Jo Wsiueym W

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2023 February 02.

Lancet. Author manuscript



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Volkmann et al.

Page 31

Table 3:

Symptom-directed adjuvant treatment options for systemic sclerosis

Intervention

Dyspnoea
Cough

Dry mouth
Dry eyes
Microstomia

Pruritic rash

Telangiectasias
Heartburn and reflux

Distension and bloating
Diarrhoea

Constipation
Faecal incontinence
Joint contractures

Calcinosis

Pulmonary rehabilitation and supplemental oxygen

Antitussives

Cholinergic agonists, sugar-free lozenges, and frequent dental hygiene visits

Artificial tears, cyclosporine eye drops, and lymphocyte function-associated antigen-1 antagonists
Mouth stretching and oral augmentation exercises and botulinum toxin or hyaluronidase injections

Limit time in baths and showers and avoid hot water, minimise use of harsh soaps, particularly in dry areas of the
body, use simple oils (eg, olive oil and jojoba oil) to moisturise the skin, and avoid moisturisers with fragrance

Camouflage techniques, including specialised make-up, pulse dye laser, and intense pulse light
Proton pump inhibitors, histamine type-2 receptor antagonists, and dietary adjustments

Gastrointestinal promotility agents (eg, prucalopride), antibiotics if small intestinal bacterial overgrowth present, and
small, frequent meals

Dietary adjustments, antibiotics if small intestinal bacterial overgrowth present, fluid resuscitation if dehydration is
present, adjustment of medications known to cause diarrhoea, and anti-diarrhoeal agents (eg, loperamide)

Dietary adjustments, gastrointestinal promotility agents (eg, prucalopride), and laxatives
Physiotherapy, biofeedback, and sacral nerve stimulation
Physiotherapy, occupational therapy, and infrared heat

Surgical excision, bisphosphonates, and diltiazem

Rigorous trials are scarce for these important clinical dimensions of systemic sclerosis. The proposed therapies are recommended on the basis of
evidence from observational studies and the expert clinical opinion of the authors, and therefore should be used judiciously.
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