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Abstract
Scleroderma (or systemic sclerosis) is a rare disease associated with significant morbidity and mortality. Although previously thought to have a uniformly poor prognosis, the outlook has changed in recent years. We review recent insights into the pathogenesis, clinical features, assessment and management of scleroderma.
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INTRODUCTION
Scleroderma, also known as systemic sclerosis (SSc), is a disease characterized by fibrosis in skin and internal organs, most notably lungs, gastrointestinal tract (GIT), heart, kidneys and muscles. Until a couple of decades back, this rare disorder was associated with a poor clinical outcome, with mortality of up to 70% at 3 years, mostly from respiratory or renal involvement. Advances in understanding of pathogenesis, evolving criteria for early diagnosis and newer therapeutic modalities provide a new ray of hope in this disease. Herein, we have reviewed recent advances in this field. 

PATHOLOGY AND PATHOGENESIS

Scleroderma is characterized by excessive collagen deposition in skin, lungs, esophagus, intestines, heart (muscle and conduction system) and in and around small blood vessels (obliterative intimal proliferation and fibrosis with bland vasculopathy)[1]. Biopsies of skin show atrophy of the epidermis with increased collagen deposition in the epidermis and dermis. Affected dermal capillaries show obliterative intimal proliferation and fibrosis with bland vasculopathy. Biopsies from lungs of affected individuals show increased alveolar septal thickening with infiltrates of lymphocytes, eosinophils, macrophages and mast cells in the interstitium[1].

Two factors work in tandem - an inflammatory component with activation of innate and adaptive immunity and autoantibody production, with an additional component of endothelial dysfunction. The inciting event in pathogenesis is not known[2]. A genetic component is considered likely in view of increased risk of developing SSc (13-19 fold) in siblings and first degree relatives of individuals with SSc. However, lack of significant concordance in monozygotic twins suggests that environmental influences play a significant role in predisposing to SSc[2]. Candidate gene studies identified polymorphisms involved in T cell signaling (STAT4, TNFSF4, TBX21, NLRP1) and B cell signaling (FAM167A-BLK, BANK and IRAK1) as risk factors for SSc[2]. Genome wide association studies (GWAS) further confirmed associations with HLA DPB1, DPB2, IRF5 and STAT4, whilst identifying newer genes (CD247 - a co-receptor in B cell signaling; PRORS1C1 - previously identified in psoriasis GWAS studies; rhoB)[2]. Immunochip studies further implicated genes involved in DNA degradation (DNASE1L3), RNA degradation (TREX-DDX6) and autophagy (ATG5)[2]. In view of the significant environmental influence on SSc susceptibility, epigenetic modification is proposed to play a major role in SSc pathogenesis[2]. Global DNA hypomethylation in T lymphocytes and fibroblasts and increased FOXP3 methylationhave been shown in SSc[2]. Decreased histone3 lysine 27 methylation has been demonstrated[2]. Use of histone deacetylase inhibitor trichostatin resulted in decreased fibrosis in fibroblast cultures by decreasing COL1A1 synthesis, restoring expression of negative regulator of fibrosis FLI1 and inhibiting TGF- signaling through blockade of Smad3 and 4[2]. Recently, downregulation of miRNA 30b has been demonstrated in sera of patients with SSc, inversely correlating with skin scores measured using the modified Rodnan skin score (mRSS), possibly acting via modulation of PDGF receptor [2]. Increased miRNA 21 (with consequent upregulation of fibrosis related genes COL1A1, COL1A2 and FN1) and decreased antifibrotic miRNAs (miR29a, miR 150, miR 196a, let7a) have been found in patients with SSc[3-8]. The circulating profile of free microRNAs in sera of patients with SSc has been found to differ from the sera derived form both healthy controls as well as patients with systemic lupus erythematosus[9]. Gene profiling in skin biopsies from patients with scleroderma confirmed increased expression of genes in the TGF- and Wnt pathways, as well those involved in extracellular matrix synthesis and CCN family of proteins (encoding connective tissue growth factor - CTGF). These were expressed to a lesser extent in fibroblasts derived from these skin biopsy specimens, suggesting involvement of other cell types as well[10]. Hyaluronan levels have been found to be elevated in sera of patients with SSc compared with healthy controls, and these correlated with levels of anti-topoisomerase-I antibodies. This may possibly be of relevance considering that hyaluron acts a ligand for TLR 2 and TLR 4, thereby driving Type Ⅰ nterferon production and autoantibody production in scleroderma[11]. 
Environmental factors like exposure to organic solvents, silica, rapeseed oil and l-tryptophan have been implicated in causing skin thickening akin to scleroderma[1]. Drugs such as bleomycin and penta​zocine also cause a similar phenotype. Gadolinium administration in patients with renal dysfunction causes the rare complication of nephrogenic fibrosing sclerosis. Role of viruses (cytomegalovirus, parvovirus B19) has also been postulated[1]. 

The inciting event in pathogenesis is endothelial injury, mediated by as yet poorly-characterized environmental influences. This leads on to a leaky endothelium with fluid extravasation (corresponding to the edematous phase of early scleroderma)[1]. Anti-endothelial cell antibodies have been identified in almost 50% patients with scleroderma, and may drive the endothelial injury. Enhanced release of vasoconstrictors like endothelin 1 and impaired release of prostacyclins causes the endothelial dysfunction, resulting in an exaggerated vasospastic response to cold manifesting as Raynaud’s phenomenon (RP)[12]. There occurs apoptosis of endothelial cells and pericytes, with increased expression of integrins. Chemokines like CCL2 attract inflammatory cells (innate cells like macrophages, secreting type Ⅰ interferons, and adaptive immune cells - T and B lymphocytes). Nucleic acid from damaged cells is taken up by macrophages and other antigen presenting cells, and presented to T cells by means of B cells, causing their activation to a Th2 phenotype (secreting interleukin-4, -5, -13) and Th17 cells[1,12]. Simultaneously, B cells also differentiate to form plasma cells, and further form autoantibodies. Autoantibodies to centromeric proteins (specifically centromeric protein B - CENB), topoisomerase Ⅰ and RNA polymerase Ⅲ are identified in almost two-thirds of patients with SSc, and are mutually exclusive[1]. The reparative process induced by this tissue damage is dysregulated, and involves excessive fibroblast activation. These fibroblasts may be derived from endothelial or epithelial cells (epithelial or endothelial to mesenchymal transformation), resident tissue fibroblasts or circulating pericytes. Th2 cytokines (IL-4, IL-13), chemokines like CCL2, excessive platelet derived growth factor (PDGF) receptor, stimulating agonist antibodies to PDGF receptor, increased thro​mbin, endothelin 1 and TGF- levels in the milieu ultimately lead to increased signaling via the TGF- receptor[1,12]. Oxidative stress resulting from release of reactive oxygen species further drives augmented profibrotic signaling via Ras and ERK1/2, via a self-reinforcing loop. These culminate in increased collagen and alpha-smooth muscle actin (-SMA) synthesis as well as production of connective tissue growth factor (CTGF and surface receptors for PDGF and TGF-[1,12]. Hypoxia resulting from vasculopathy drives excessive production of angiogenic factors (PDGF, CTGF, VEGF) and the resulting neoangiogenesis is disordered[1,12].

Animal models of SSc help further our understanding of these pathogenic processes in vitro[13]. The four key components of SSc pathology are vasculopathy, fibrosis, inflammation and autoimmunity, and these are captured in different animal models. Induced models involve immunization of mice with bleomycin and topoi​somerase Ⅰ (lack vasculopathy), angiotensin Ⅱ (lack autoimmunity), collagen V and models of graft-vs-host disease involving immunization of RAG knockout mice with splenocytes from B10.D2 mice (encompass all features of SSc)[13]. Spontaneous models include the Tsk 1 mice (spontaneous mutation in fibrillin 1) and Tsk 2 mice (which have all the features except vasculopathy), constitutively active TGF- receptor Ⅰ and Ⅱ (all features except autoimmunity) and UCD 200/206 model in chicken (encompassing all features of human scleroderma)[13]. 

CLASSIFICATION CRITERIA

In 1980, the American College of Rheumatology (ACR) had proposed the preliminary classification criterion for diagnosis of SSc (Table 1)[14].

Either 1 major or 2 or more of the minor criterion had to be fulfilled for a patient to be classified as SSc. This criterion had 98% specificity but it lacks sensitivity as it was developed using patients who had long standing SSc. Later on with the advent of nailfold capillaroscopy and scleroderma specific antibodies it was found that this criterion is unable to detect a subset of patients with early disease and those who lacks skin changes. In 1988, LeRoy et al[15] proposed new criteria that included clinical features, autoantibodies, and capillaroscopy results, highlighting the differences between the 2 main SSc subsets. In 2001 revision of the classification criteria was proposed by LeRoy and Medsger[16] for the early diagnosis of SSc using nailfold capillary pattern and SSc-related autoantibodies. However neither the 1980 ACR criterion nor the LeRoy criterion was sensitive enough to diagnose very early/early phase of SSc. Internal organ involvement may be present from the earliest stages of SSc even before skin involvement- this necessitates that the diagnosis of SSc be made in the very early or at least early phase so that therapeutic options may be considered early[17,18]. In 2008-2009 experts from 85 EUSTAR (EULAR Scleroderma Trial And Research) centers participated in a Delphi exercise to develop criterion for the Very Early Diagnosis Of Systemic Sclerosis (VEDOSS)[19]. Three domains containing seven items were identified as follows: skin domain (puffy fingers/puffy swollen digits turning into sclerodactyly); vascular domain (RP, abnormal capillaroscopy with sclero​derma pattern) and laboratory domain (antinuclear, anticentromere, and antitopoisomerase-I antibodies). In 2013 following consideration of the definition of early SSc, the ACR and European League Against Rheumatism (EULAR) jointly proposed a new criteria for the diagnosis of SSc (Table 2)[20]. 

The criterion was tested in a validation cohort -sensitivity and specificity were 0.91 and 0.92 for the new classification criteria and 0.75 and 0.72 for the 1980 ACR classification criteria. The 2013 ACR criterion was tested in another cohort of 724 patients by the Canadian Scleroderma Research Group (CSRG) -sensitivity was consistent in subgroups of patients with lcSSc (98.8% vs 85.6%), anti-centromere antibodies (98.9% vs 79.8%), disease duration ≤ 3 years (98.7% vs 84.7%) or no skin involvement proximal to the metacarpophalangeal joints (97% vs 60%)[21]. The recent ACR classification criteria enable earlier diagnosis of patients, when the disease course may be potentially more amenable to modification with therapy.
AUTOANTIBODIES

Anti-Topoisomerase Ⅰ/Scl-70 antibody (ATA), anti-centromere antibody (ACA) and anti-RNA polymerase Ⅲ (anti-RNAP Ⅲ) are the three major autoantibodies in SSc, mutually exclusive and present in about 70% patients with SSc. Each of these are associated with distinct clinical phenotype[22]. ATA are associated with diffuse cutaneous involvement (although 30% patients can have limited cutaneous disease) and increased risk of interstitial lung disease (ILD) and mortality[22]. Anti-RNAP Ⅲ antibodies are also associated with diffuse skin involvement and higher risk of scleroderma renal crisis (SRC), but lesser risk of ILD[22]. ACA are associated with limited skin involvement, oesophageal dysmotility, calcinosis and pulmonary hypertension[22]. The presence of ACA in a patient with primary Raynaud’s predicts future development of limited cutaneous SSc (LCSSc). Lesser prevalent antibodies include antibodies to Th/To (limited skin involvement with severe ILD, SRC and poorer survival), anti-fibrillarin antibodies (severe Raynaud’s and pulmonary hypertension) and anti-U11/U12 RNP antibodies (severe ILD)[22].

CLINICAL FEATURES

Skin tightening in SSc characteristically is proximal to the metacarpophalangeal or metatarsophalangeal joints. Rarely, SSc can occur without skin tightening (only having Raynaud’s, digital ulcers, ILD or gastrointestinal manifestations in conjunction with autoantibodies), when it is called as SSc sine scleroderma[23]. When it is limited to areas distal to the elbow, knees or only involves the face and neck, the disease is characterized as limited cutaneous systemic sclerosis (lcSSc). More distal involvement of the extremities or skin tightening over the chest and trunk is defined as diffuse cutaneous systemic sclerosis (dcSSc). It is important to know these subsets due to characteristic differences in presentation and prognosis, as subsequently discussed[24]. Skin tightening is quantified clinically using the mRSS, wherein 17 areas are assessed (bilateral arms, forearms, hands, fingers, thighs, legs and feet; face, chest and abdomen anteriorly) and graded between 0 to 3 (0 if skin is normal and 3 if there is hide-bound skin)[24]. A greater mRSS portends a worse prognosis[25]. Skin tightening tends to resolve with time, and patients with advanced disease may have atrophic skin with lack of subcutaneous fat.Hence patients with dcSSc, when seen late at a time when most of the skin tightening has resolved, may be mistakenly classified as lcSSc[24].
The most characteristic feature of SSc is RP, which is defined as an exaggerated vasospastic response of the extremities to cold exposure[26]. It typically involves the fingers and toes, which during a classical attack of Raynaud’s progress through phases of pallor, cyanosis and reactive erythema (triphasic or complete Raynaud’s). More com​monly, the patient describes any two of these three color changes (incomplete Raynaud’s)[26]. RP is a major cause of morbidity in patients with SSc. Raynaud’s can be primary, usually affecting young females, with negative autoantibodies and younger age of onset, or secondary, when it occurs in conjunction with connective tissue diseases like scleroderma or mixed connective tissue diseases[26]. Secondary Raynaud’s is usually associated with antinuclear antibody positivity, nailfold capillary changes of dilated capillary loops (in the early phase) and capillary dropouts (in the later stages) and is often severe enough to cause digital ulcerations, digital pulp loss, resorption of distal portion of phalanges and digital gangrene. It is a manifestation of endothelial dysfunction in SSc[26]. Patients with lcSSc usually have onset of RP a few years prior to onset of skin tightening, whereas those with dcSSc have onset either concurrent with or just preceding skin tightening[26]. Abnormal angiogenesis is clinically manifest as telangiectasias in the skin, and stomach (gastric antral vascular ectasias or watermelon stomach; can result in severe upper gastrointestinal bleeding)[1].

The most common cause of morbidity and long term mortality in SSc is pulmonary involvement. Usually, this is in the form of pulmonary fibrosis, in a non-specific interstitial pneumonia pattern, affecting up to two-thirds of patients with dcSSc and a third of lcSSC patients[12]. Clinically, patients present with insidious onset of exertional dyspnea, fatigue and dry cough. A good screening test is reduction in forced vital capacity (FVC) below 70%, which further mandates a high resolution computerized tomogram (HRCT) of the thorax to document the extent of pulmonary involvement. Early changes include ground-glass appearance of the lung fields, followed progressively by fibrosis, traction bronchiectasis and honeycombing[27-30]. Pulmonary hypertension (PH) can result consequent to hypoxia resulting from ILD or it can occur de novo, more commonly in long-standing lcSSc (up to a fourth of patients at 10 years)[27-30]. Recently emerging biomarkers of ILD include lysyl oxidase, tenascin-C, thrombospondin 5, CXCL-5 in serum, and CXCL2, CXCL4, S100A8/9 in bronchoalveolar lavage. Positivity for ATA or anti-Th/To antibodies has been linked to development of ILD in SSc[27-30].

As described above, pulmonary hypertension can occur de novo (usually in lcSSc) or consequent to ILD. Pulmonary function testing may show a dispropor​tionate reduction in TLCO (diffusion capacity for carbon monoxide) compared to FVC, and a ratio of percentage predicted FVC to percentage predicted TLCO of greater than 1.6 has been proposed as a screening tool for further evaluation regarding PH[31]. Transthoracic Doppler echocardiography shows elevated right sided pressures, with a right ventricular systolic pressure (RVSP) of greater than 40 mmHg proposed to diagnose pulmonary hypertension[31]. Notably, resting pressures may be normal and right sided pressures may only be elevated during exercise, when the patient becomes short of breath. An elevation of RVSP should be confirmed with a right heart catheterization to document pulmonary arterial pressures, as well as to assess responsiveness of right sided pressures to calcium channel blockers[31]. Apart from PH, SSc can affect the heart due to fibrosis involving the conduction system (manifesting as conduction blocks, paroxysmal atrial tachycardia or rarely ventricular arrhythmias), myocardium (diastolic dysfunction, myocarditis) or pericardium[31]. Usually pericardial effusions are mild; moderate to severe symptomatic effusions portend a grave prognosis with increased mortality at 1 year. Cardiac involvement accounts for a third of deaths associated with SSc[31].

SSc involves much of the gastrointestinal system from the mouth to the anal canal. Luminal effects of the disease process are usually more common and symptomatic than effects on the hepatobiliary system and pancreas. The gastrointestinal manifestations add considerably to disease related morbidity[32]. About half the patients affected are symptomatic, while a vast majority has asymptomatic disease[32].

The clinical features and principles of management revolve upon the pathogenesis and site of disease. Like the skin, the GI tract also faces dysfunction of the small blood vessels producing ischemia and fibroblast proliferation producing collagen deposition. However, as a general rule throughout the lumen, smooth muscle dysfunction is the mechanism more relevant to production of symptoms[32]. Smooth muscle pathology in SSc goes through “stages”: An early stage of neural dysfunction which produces smooth muscle “paresis” and dysmotility. The reason of the neural dysfunction is under debate but has been postulated to be an autoimmune process[33]. In this stage, the smooth muscle itself is not weak and therefore may be amenable to prokinetic medications. The later stage constitutes one of smooth muscle atrophy, which does not respond much to drugs. The absorptive surface - the villi- are usually unaffected[33].

Involvement of the esophagus is usually the most clinically evident GI manifestation. The lower esophagus is more affected than the upper[34]. Symptoms of acid reflux are common when the lower esophageal sphincter is incompetent as a result of smooth muscle dysfunction. On the other hand, dysphagia may be seen in patients with diffuse esophageal spasm. In a patient with prominent regurgitation, disappearance of heartburn and a new onset dysphagia may herald a stricture forming in the area chronically exposed to acid[34]. Lower esophageal manometry is a sensitive investigation and has a role in diagnostic dilemmas[34]. Management involves Proton pump inhibitors in reflux disease; calcium channel blockers are best avoided. Strictures are usually amenable to endoscopic dilatation. An unusual manifestation in the esophagus is “esoph​ageal Raynaud’s” which refers to cold- induced vessel vasospasm producing pain[34].

Gastric involvement is rarely symptomatic. Patients may have ectasia of the vessels (GAVE) which can cause blood loss and anemia. The patient may present with functional worsening of respiratory status. Small intestinal disease is mainly because of abnormal electrical activity in the smooth muscles. Patients present with abdominal pain which occurs due to stasis and intestinal dilatation due to ineffective peristalsis[35]. A smaller number of patients present with symptoms suggestive of malabsorption- steatorrhea, diarrhea and weight loss. This is seen mainly in patients with bacterial overgrowth in dilated segments, possibly due to bacterial interference in micelle formation[36]. While radiography with luminal contrast demonstrates dilated intestinal loops, a positive glucose H2 breath test in a patient with chronic diarrhea suffices to make a diagnosis of SIBO[37]. Treatment entails rotational antibiotics- commonly used regimens include trimethoprim/sulfomethoxazole, ciprofloxacin and amoxicillin-clavulanate. Liver disease is relatively rare and represents an overlap phenomenon; usually with primary biliary cirrhosis. However, the prognosis is better than PBC and rarely progresses to end-stage liver disease[38]. Often, simple modes of treat​ment provide considerable symptomatic relief such as facial exercise in tight mouth and dietary modifications in amount and timings of meals[38].

Renal involvement is life threatening in SSc, and goes by the eponym of SRC. Typically, SRC occurs on a background of diffuse cutaneous disease[39,40]. Presence of antibodies to RNA Polymerase Ⅲ or treatment with steroids (greater than 15 mg prednisolone equivalent daily) increases the risk of developing SRC. The pathogenesis involves endothelial injury in the renal microvasculature, resulting in platelet aggregation and thrombotic microangiopathy with concomitant obliterative vasculopathy[39,40]. Reduction in renal blood flow causes hyperreninemic hyperaldosteronism, resulting in hypertension, creatinine elevation and acute kidney injury. A rise of blood pressure greater than 20% above the baseline should ring the warning bells in patients with SSc, although in up to 20%, SRC can be normotensive[39,40]. Urinalysis shows proteinuria with or without hematuria and casts. Peripheral smear shows thrombocytopenia with fragmented red cells resulting from microangiopathy. A few decades back, SRC was associated with a mortality of greater than 80% at 1 year and a high proportion of dialysis dependence[39,40]. The advent of angiotensin converting enzyme (ACE) inhibitors has revolutionized the therapy of SRC, with greater than 80% survival at 3 years. ACE inhibitors should be started immediately when SRC is suspected, and supportive care provided with maintenance of electrolyte balance and renal replacement therapy if needed[39,40]. An initial rise in serum creatinine may occur on starting ACE inhibitors in such patients; however this should not dissuade further use of the se agents and they should rather be continued with caution. Often, patients with SRC appropriately treated with ACE inhibitors regain baseline renal function by 6 to 18 mo[39,40]. In addition to SRC, patients with SSc who develop renal impairment may do so due to glomerulonephritis resulting from overlap with lupus, or pauci-immune glomerulonephritis resulting from overlap with ANCA vasculitis. The clinician needs to have a high index of suspicion to diagnose appropriately such overlap. Such scenarios should be suspected in the presence of active urinary sediments with serologic evidence of lupus or ANCA-associated vasculitis and require a renal biopsy for diagnosis[39,40]. They should be treated with immunosuppression as in the context of lupus or vasculitis[39,40]. 

Musculoskeletal involvement may be in the form of tendon friction rubs, which are usually felt in the long flexor and extensor tendons around the wrist or anterior compartment tendons of the leg[12]. They portend a grave prognosis with increased risk of subsequent SRC. Patients can have a symmetric inflammatory polyar​thritis of upper and lower limbs affecting small and large joints, treated in the same way as inflammatory arthritis in the context of rheumatic diseases. There can be myositis, either clinically evident as neck, trunk and proximal weakness, or subclinical with only muscle enzyme (creatine phosphokinase, lactate dehydrogenase, aspartate aminotransferase or alanine aminotransferase) elevation and electromyographic/biopsy evidence of inflammatory myositis[12]. Such patients with polymyositis-scleroderma overlap usually have antibodies to PM-Scl, and an overall better pro​gnosis. Long standing SSc can result in muscle and joint contractures which are a major cause of morbidity[12].

A proportion of patients with SSc may not have skin tightening (systemic sclerosis sine scleroderma). Such patients tend to be male and have less severe digital ulcers and telangiectasias[23]. Almost 80% have oesophageal dysmotility and more than half of these patients have evidence of interstitial lung disease[23]. 

OUTCOME MEASURES

Health related quality of life in patients with SSc can be assessed using the SF-36 questionnaire and Health assessment questionnaire-disability index[41]. A modified version of the HAQ has been devised for patients with SSc (Scleroderma HAQ - SHAQ) and includes visual analog scales (VAS) for 5 domains - general health, Raynaud’s, digital ulcers, dyspnea and gastrointestinal manifestations. These are rated on a scale of 0-15 and normalized to the nearest whole number between 0 and 3 to facilitate inclusion in the HAQ[41]. Other tools used are the Patient Reported Outcome Measures Information System and United Kingdom functional scale[41].
Measures of hand involvement include finger-to-distal palmar crease distance, an easily measurable index reflecting severity of impairment of hand function. Quantitative scales like Cochin Hand Mobility Scale and Hand Mobility in Scleroderma Scale are generally used in the setting of clinical trials[42,43]. Oral involvement in the setting of SSc (limited mouth opening, dryness resulting from sicca syndrome) can be quantified using the Mouth Handicap in SSc scale[44]. Pulmonary hypertension is quantified by right heart catheterization to measure pulmonary arterial pressures or measuring RVSP on transthoracic Doppler echocardiogram. Fun​ctional limitation due to the same can be assessed using the 6-min walk test and Borg dyspnea scale. Interstitial lung disease is measured using extent of involvement on HRCT thorax, VAS for dyspnea (as a component of SHAQ) and Mahler transitional dyspnea index. Severity of gastrointestinal involvement can be measured in day-to-day clinical practice using the VAS for gastrointestinal involvement as a component of the SHAQ, and in a clinical trial setting using the detailed questionnaire devised by the University College of Los Angeles (UCLA SCTC GIT 2.0). RP is measured by documenting frequency and severity of Raynaud’s attacks, documenting new-onset digital ulcers, VAS for Raynaud’s on the SHAQ and the Raynaud’s Condition Score (RCS)[41].

MANAGEMENT

The management of SSc shall be considered under the various subheadings regarding management of Raynaud’s, ILD, PH, skin fibrosis and gastrointestinal involvement.

RP AND DIGITAL ULCERS

RP and digital ulcers are the most dramatic features of SSc, and often the most distressing. They account for significant morbidity in these patients. Hence management of RP in SSc is an area of active research. Dihydropyridine calcium channel blocker nifedipine (10-20 mg three times a day) has been proven effi​cacious in management of RP in a meta-analysis[45]. Angiotensin receptor blockade with losartan (50 mg/d) has also been proven in RCTs to be comparable to nifedipine for this indication[46]. Intravenous iloprost (0.5-3 ng/kg per minutecontinuous infusion for 3-5 d, repeated at intervals of 6-8 wk) has shown efficacy in improving RP as well as preventing new digital ulcers inrandomized trials[47], however its use is limited by need for hospitalization, cost and availability. Oral dual endothelin receptor blockade with Bosentan (62.5-125 mg twice daily) has failed to improve RP but has shown efficacy in preventing onset of digital ulcers. However, it delayed the healing of existing digital ulcers[48].

Our group has done pioneering work in studying the role of phosphodiesterase-5 (PDE-5) inhibition in RP associated with SSc[49]. PDE-5 is a molecule involved in degradation of cyclic GMP (c-GMP), and its inhibition results in vasodilation due to persistence of action of c-GMP on the smooth muscle of the vasculature[49]. We studied the role of oral tadalafil at a dose of 20 mg alternate day in refractory RP due to SSc, as add-on to prior therapy with nifedipine or losartan, in a cross-over randomized controlled trial design, and demonstrated efficacy in reduction of frequency and severity of Raynaud’s attacks and improvement of RCS[49]. Surp​risingly, pre-existing digital ulcers healed quickly and it prevented development of new digital ulcers[49]. A meta-analysis of PDE-5 inhibition for secondary Raynaud’s (which included data from two trials done at our centre) concluded significant benefit in decreasing frequency and severity of Raynaud’s attacks as well as improvement in RCS[50]. These findings have reflected a change in clinical practice regarding the management of SSc-related RP, with the recent guidelines from the Scleroderma Clinical Trials Consortium (SCTC) and CSRG recommending PDE-5 inhibition as a second line therapy for this indication failing initial therapy with calcium channel blockade[51]. In our experience, use of PDE-5 inhibitors has significantly reduced morbidity due to RP and digital ulcers in our patients with SSc, especially during the winter months.
INTERSTITIAL LUNG DISEASE

SSc-associated ILD is a major cause of morbidity and mortality. Randomized trial evidence on this field is sparse. Two landmark trials published in 2006 explored the role of cyclophosphamide in SSc-ILD. The Scleroderma Lung Study compared oral cyclophos​phamide (at a dose up to 2 mg/kg) for 1 year vs placebo in patients with SSc-ILD with FVC less than 70% and HRCT evidence of fibrosis[52]. There was a small (2.5%) improvement in FVC on oral cyclophosphamide compared with a worsening on placebo therapy. In the subset with dcSSc, improvement in skin thickening was also demonstrated. Both groups did not differ significantly with respect to adverse events[52]. This effect was maintained until 18 mo and was lost by 24 mo in the absence of further immunosuppression, suggesting need for maintenance immunosuppression therapy[53]. Another study compared the role of intravenous cyclophosphamide at monthly doses of 600 mg/m2 for 6 mo with oral prednisolone (20 mg alternate day) followed by azathioprine with placebo in SSc-ILD. Although the findings did not reach statistical significance, there was a definite improvement of FVC by 4% in the group receiving intravenous cyclophosphamide[54]. A comparison of oral cyclophosphamide vs mycophenolate mofetil in SSc-ILD is currently under study (Scleroderma Lung Study Ⅱ - clinicaltrials.gov identifier NCT00883129). A recent publication from the EUSTAR group demonstrated potential benefit of rituximab in preventing progression of lung fibrosis in SSc based on retrospective data[55].

PDE-5 inhibition, in addition to vasodilation, has also shown a role in improving endothelial cell dysfunction and favorably affecting vascular remodeling in animal models of pulmonary hypertension. Also effects in decreasing activation of TGF- activation and amelio​rating fibrosis in bleomycin-induced pulmonary fibrosis have been reported[56,57]. This led us to hypothesize whether PDE-5 inhibition can be a therapeutic moda​lity in SSc-ILD. A recently-concluded double-blind, randomized placebo controlled trial of tadalafil 20 mg every alternate day vs placebo in SSc-ILD conducted at our centre showed significant improvement in patient-reported breathing scale, and a trend towards improvement in pulmonary function, breathing VAS and physician-assessed breathing scale (Abstract number 1679, ACR Annual Conference 2014)[58]. These pro​mising results suggest potential use of PDE-5 inhibition in SSc-ILD.

Pulmonary hypertension

Since most patients with SSc-related PH have poor response to calcium channel blockers during right heart catheterization, the same are not recommended for PH in SSc[59]. Endothelin-1 is a key molecule identified in the pathogenesis of vasculopathy in SSc[12]. Randomized controlled trials support use of non-selective endothelin receptor antagonist bosentan (at doses varying from 62.5 to 250 mg twice a day)[60,61] and the selective endothelin receptor A antagonist sitaxentan (at doses from 50 to 300 mg once a day)[60,62,63] in patients in SSc-associated PH. Newer oral endothelin dual receptor antagonist (macitentan) at doses of 3 or 10 mg od was found effective in connective-tissue disease-related pulmonary hypertension[64]. PDE-5 inhibitors have been widely used in treatment of PH. Shorter acting PDE-5 inhibitor sildenafil (at doses of 20, 40 or 80 mg thrice daily or 50 mg twice or thrice daily) has been proven efficacious in treatment of PH in the setting of SSc[65,66]. The disadvantage of short half life and hence frequent administration of sildenafil is overcome by using tadalafil (t½ 17.5 h) at a dose of 40 mg daily, which has shown efficacy in SSc-related PH[67]. In patients with NYHA Class de novo dyspnea (breathlessness at rest), intravenous epoprostenol therapy has been demonstrated to cause significant symptom relief. However its use is limited by need for continuous intravenous administration and rebound worsening on sudden withdrawal of therapy[68].

Skin fibrosis

Unfortunately, medical therapy for skin fibrosis has not been effective. Studies on skin tightening in response to therapy have to be interpreted with caution due to the fact that skin tightening spontaneously resolves in a majority of patients with time. Studies on use of methotrexate have provided conflicting data[69,70]. However the EULAR recommendations mention metho​trexate as a possible option for skin involvement in SSc[71]. Although cyclophosphamide, azathioprine, mycophenolate mofetil and cyclosporine have been reported to benefit skin tightening in SSc, isolated skin involvement is seldom an indication for their clinical use[71]. Recent studies have proposed a role for B-cell depletion therapy for reduction of skin involvement in SSc, however results from anecdotal reports and small case series has been conflicting[72].

Gastrointestinal involvement

Dryness of mouth is managed using sugar-free chewing gums, advise regarding oral hygiene, frequent brushing of teeth (including after meals), taking frequent sips of water and use of parasympathomimetics like pilocarpine and cevimeline. Patients with restricted mouth opening are advised to take small frequent, semisolid, energy-rich meals[32]. Esophageal dysmotility is managed in addition by use of proton pump inhibitors to reduce acid secretion in the stomach and prokinetic agents like metoclopramide, domperidone and itopride. Intestinal small bowel overgrowth is managed by use of rotational courses of antibiotics like quinolones[32].

Recent studies have shown a beneficial role of hematopoietic stem cell transplant in early severe SSc compared to placebo. The recent Autologous Stem Cell Transplantation International Scleroderma trial[73] trial showed that although autologous hematopoietic stem cell transplant was associated with greater mortality at 1 year, longer term follow up at 5.8 years showed a survival benefit compared to intravenous cyclophosphamide. The trial investigators recommended use of less intense conditioning regimens in future studies to attempt reduction of the early mortality. 

Despite advances in understanding of pathogenesis and early diagnosis and interventions, outcomes have not changed overall in SSc in the last 40 years, with a still unacceptably high standardized mortality rate of 3.5[74]. Cardiac and pulmonary diseases remain major causes of death[74].

CONCLUSION
With active research ongoing with respect to patho​genesis and newer emerging therapeutic modalities, scleroderma is no more an orphan disease. PDE-5 inhibi​tors and endothelin receptor antagonists are emerging as drugs with substantial benefit in management of SSc. The day does not seem far when there will be an efficacious disease-modifying agent for SSc.
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Table 1  American College of Rheumatology 1980 criteria for systemic sclerosis


Major criterion


�
Minor criterion


�
�
Scleroderma like skin change proximal to MCP or MTP joints


�
Sclerodactyly


�
�
�
Digital pitting scars of fingertips or loss of distal finger pad


�
�
�
Bibasilar Pulmonary fibrosis


�
�






Table 2  American College of Rheumatology/European League Against Rheumatism criteria for diagnosis of systemic sclerosis (2013) (Reproduced with permission)


Item


�
Sub-item(s)


�
Weight/score


�
�
Skin thickening of the fingers of both hands extending proximal to the metacarpophalangeal joints (sufficient criterion) 


�
-


�
9


�
�
Skin thickening of the fingers (only count the higher score) 


�
Puffy Fingers


�
2


�
�
�
Sclerodactyly of the fingers (distal to the 4 metacarpophalangeal joints but proximal to the proximal interphalangeal joints) 


�
4


�
�
Fingertip lesions (only count the higher score) 


�
Digital tip ulcers 


�
2


�
�
�
Fingertip pitting scars 


�
3


�
�
Telangiectasia 


Abnormal nail fold capillaries �
�
2


�
�
�
�
2


�
�
Pulmonary arterial hypertension and/or interstitial lung disease (maximum score is 2) 


�
Pulmonary arterial hypertension


Interstitial lung disease�
2


�
�
Raynaud’s phenomenon 


�
 


�
3


�
�
SSc-related autoantibodies [anticentromere, anti-topoisomerase Ⅰ (anti-Scl-70), anti-RNA polymerase Ⅲ] (maximum score is 3) 


�
Anticentromere


�
3


�
�
�
Anti-topoisomerase Ⅰ


�
�
�
�
Anti-RNA polymerase Ⅲ 


�
�
�
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