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ABSTRACT 

Objectives: The aim was to update the 2009 EULAR recommendations for the 

treatment of systemic sclerosis (SSc), with attention to new therapeutic questions. 

Methods: Update of the previous treatment recommendations was performed 

according to EULAR standard operating procedures. The task force consisted of 32 

SSc clinical experts from Europe and USA, two patients nominated by the pan-

European patient association for SSc (FESCA), a clinical epidemiologist and 2 

research fellows. All centers from the EULAR Scleroderma Trials and Research 

(EUSTAR) group were invited to submit and select clinical questions concerning SSc 

treatment using a Delphi approach. Accordingly, 46 clinical questions addressing 26 

different interventions were selected for systematic literature review. The new 

recommendations were based on the available evidence and developed in a 

consensus meeting with clinical experts and patients. 

Results: The procedure resulted in sixteen recommendations being developed 

(instead of 14 in 2009) that address treatment of several SSc-related organ 

complications: Raynaud’s phenomenon (RP), digital ulcers (DUs), pulmonary arterial 

hypertension (PAH), skin and lung disease, scleroderma renal crisis, and 

gastrointestinal involvement. Compared with the 2009 recommendations, the 2015 

recommendations include phosphodiesterase type 5 (PDE-5) inhibitors for the 

treatment of SSc-related RP and DUs, riociguat, new aspects for endothelin receptor 

antagonists, prostacyclin analogues, and PDE-5 inhibitors for SSc-related PAH. New 

recommendations regarding the use of fluoxetine for SSc-related RP and 

haematopoietic stem cell transplantation for selected patients with rapidly 

progressing SSc were also added. In addition, several comments regarding other 



5 

treatments addressed in clinical questions and suggestions for the SSc research 

agenda were formulated. 

Conclusions: These updated data- and consensus-derived recommendations will 

help rheumatologists to manage patients with SSc in an evidence-based way. These 

recommendations also give directions for future clinical research in SSc. 
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INTRODUCTION: 

Systemic sclerosis (SSc) is a connective tissue disease (CTD) which affects skin, 

blood vessels, heart, lungs, kidneys, gastrointestinal tract and musculoskeletal 

system. Involvement of internal organs results in significant morbidity and mortality of 

SSc patients. Clinical complexity and heterogeneity of SSc leaves treatment of this 

disease very challenging.[1] Establishing the first EULAR recommendations for the 

treatment of SSc in 2009 was therefore a milestone for improving care of SSc 

patients and they were well received by the international community of scleroderma 

experts.[2-3] In view of several recent developments regarding treatment of SSc-

related internal organ involvement, the need of an up-date of the 2009 EULAR 

recommendations has been recognized by the EULAR Scleroderma Trials and 

Research group (EUSTAR) and acknowledged by the European League against 

Rheumatism (EULAR). Following EULAR standardized operating procedures, an ad 

hoc expert committee was established by EULAR and EUSTAR.[4-5] As in previous 

recommendations, the global community of SSc experts cooperating within EUSTAR 

was involved.[6] 

Based on the published evidence and expert opinion, 16 up-dated recommendations 

regarding pharmacological treatment of SSc-specific organ involvement were 

formulated. It should be recognized that the field of management of SSc patients is 

larger than pharmacological management alone. Management of SSc also includes 

(early) diagnosis of the disease, early diagnosis of internal organ involvement, 

identification of patients at risk of development for new organ complications and 

deterioration of the disease, as well as non-pharmacological treatments, of which 

most of are beyond the scope of this project. There are also several (potential) drugs, 

including new promising therapies that might be helpful in management of patients 
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with SSc that could not be included in these evidence-based recommendations due 

to insufficient data at present. The actual recommendations are aimed to guide 

pharmacological treatment of SSc-specific organ involvement. These 

recommendations are not meant to replace the physician’s clinical judgement or the 

patient-physician shared decision. They should be viewed in light of the clinician’s 

understanding of the individual patient and the clinician’s and patients’ judgement of 

the balance between the efficacy and toxicity of a treatment. Although some 

treatment-related toxicities are mentioned in the text of the recommendations, it still 

is the responsibility of the physician to recognize and monitor all possible 

toxicities/side effects according to the information supplied by the producer and all 

other available sources. 
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METHODS: 

Design 

These recommendations are an update of the 2009 EULAR recommendations for 

treatment of SSc.[2] Evidence for existing recommendations was updated with new 

evidence published since then, all existing recommendations were newly judged, and 

reformulated if necessary. Existing recommendations could also be removed, for 

instance when a certain (class of) drugs was withdrawn from the market. New 

evidence-based recommendations were added. 

  

Expert panel 

An expert panel was established with 32 clinical experts in the field of SSc (29 

rheumatologists, 1 dermatologist, 2 paediatric rheumatologists with expertise in 

juvenile SSc), 2 patients with SSc (KF, JW) and 1 clinical epidemiologist (JF) overall 

representing 11 countries. The clinical experts had to be internationally recognised 

as specialists in SSc with several years of experience in diagnosing and treating 

patients with this disease. The two patient partners were nominated by the pan-

European patient association for SSc (FESCA). Potential conflicts of interest were 

declared by all participants. There was no involvement of third parties in the entire 

process of making these recommendations. 

   

Selection process of clinical questions 

To create a comprehensive list of topics of interest, clinical experts from all EUSTAR 

centres were asked by e-mail to contribute clinical questions relevant to the 

pharmacological treatment of SSc. As a result, 170 clinical questions were provided 

by experts from 41 EUSTAR centres. These questions were then categorised by 
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drug (class) and aggregated with the clinical questions from 2009; duplicates were 

removed. The clinical questions were phrased according to the ‘PICO’ format 

(Patients, Intervention, Comparator, Outcome). Subsequently, the clinical questions 

were submitted in a 3-round web-based Delphi exercise to members of EUSTAR 

centres, as previously described [6]. The Delphi exercise was completed until May 

2014. For more details regarding the Delphi exercise please see the online 

supplement. 

The results of the Delphi exercise were presented to the expert panel in a first face-

to-face meeting in June 2014. In this meeting the Nominal Group Technique was 

used, based on the results of the Delphi exercise. Finally the clinical questions were 

selected that were subjected to the systematic literature search (online 

supplementary Table S1). 

 

Systematic literature search  

The systematic literature search was performed by two fellows (AK, MB) supervised 

by a task force member (JA), guided by the clinical epidemiologist (JF). For new 

clinical questions, the literature search was performed on all articles published 

between 1966 and, as agreed by the panel, until September 30th, 2014 in Pubmed, 

EMBASE, the Cochrane Database for meta-analyses and the Cochrane Controlled 

Trials Register as well as the 2012 and 2013 EULAR and American College of 

Rheumatology (ACR) congress abstract archives. For clinical questions already 

included in the existing recommendations the same strategy was followed, searching 

from February 2007 to September, 30th, 2014. A standardized search strategy was 

used for all clinical questions (online supplementary table S2). Medical subject 

heading (MeSH) search (exploded) was used for PubMed and a keyword search was 
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used for 2012-2014 or if the MeSH term was not available. For every clinical 

question, the publications found were screened for eligibility by reading title and 

abstract. The reference lists of meta-analyses, reviews or systematic reviews were 

examined to find additional studies. 

For details regarding selection of studies, classifying and evaluation of evidence as 

well as data extraction see online Supplement. 

 

 

Recommendations 

The evidence of the individual studies was combined to achieve a recommendation 

in agreement with the GRADE system.[5, 12] Accordingly, an evidence profile and a 

summary of outcomes table were made for every clinical question by AK or MB. 

Using these results, a set of draft recommendations were prepared by OKB, JF, 

UML, YA and OD. The draft recommendations were sent to the expert panel in 

advance of the second face-to-face consensus meeting in October 2014. Draft 

recommendations were presented one-by-one together with the evidence profile and 

outcome tables, moderated by JF. Based on the nominal group technique, all 

recommendations were discussed, could be reformulated, and a level of evidence 

was attached, until consensus was reached among all participating experts. 
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RESULTS:  

The procedure as described above resulted in sixteen recommendations being 

developed (instead of 14 in 2009). These recommendations address treatment of 

several SSc-related organ complications: Raynaud’s phenomenon (RP), digital ulcers 

(DUs), pulmonary arterial hypertension (PAH), skin and lung disease, scleroderma 

renal crisis, and gastrointestinal involvement. The final set of recommendations, 

grouped according to organ systems and the future research agenda are 

summarized in tables 1 and 2, respectively. 

In addition to the main recommendations, the experts decided to formulate,  several 

comments addressing therapeutic modalities  in research questions, of which at 

present neither literature-based evidence nor clinical experience allowed precise 

recommendations to be made (Table S3 in online Supplement). 

 

I. Raynaud phenomenon in SSc patients (SSc-RP) 

1. A meta-analysis of RCTs on dihydropiridine-type calcium antagonists indicates 

that nifedipine reduces the frequency and severity of SSc-RP attacks. A meta-

analysis of RCTs indicates that PDE-5 inhibitors reduce the frequency and severity 

of SSc-RP attacks. Dihydropiridine-type calcium antagonists, usually oral nifedipine, 

should be considered for first-line therapy for SSc-RP. PDE-5 inhibitors should also 

be considered in treatment of SSc-RP. (strength of recommendation: A) 

   

One meta-analysis, including 8 randomized controlled trials (RCTs): seven with 

nifedipine and one with nicardipine, with 109 SSc patients involved, indicated that 

dihydropiridine-type calcium antagonists reduce the frequency and severity of 

ischaemic attacks in SSc-RP.[13-20] The weighted mean difference (WMD) of all 
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calcium antagonists versus placebo (six trials) for the reduction in the number of 

ischaemic attacks over a 2-week period was -8.31 (95% CI –15.71 to -0.91). When 

the five RCT evaluating nifedipine (10–20 mg three times a day) versus placebo were 

analysed separately, the reduction was greater with a WMD of -10.21 (95% CI -20.09 

to -0.34).  

None of the studies included into meta-analysis has directly examined the side 

effects of calcium antagonists in SSc. Hypotension, dizziness, flushing, dependent 

oedema, and headaches are believed to be fairly common side effects of these 

agents.[13] 

Another meta-analysis of 6 RCTs (2 with sildenafil, 3 with tadalafil and 1 with 

vardenafil) including 236 patients with CTD-related Raynaud’s phenomenon, of 

whom 95% were patients with SSc, showed that phosphodiesterase type 5 (PDE-5) 

inhibitors improve frequency, severity and duration of RP attacks.[21-27] The 

treatment effect (mean difference; 95% confidence interval (95%CI)) for daily 

frequency (-0.49; -0.71 to -0.28), severity (-0.46; -0.74 to -0.17) and daily duration of 

RP (-14.62; -20.25 to -9.00 min) although significant, was only moderate. 

Side effects associated with usage of PDE-5 inhibitors were common and include 

different forms of vasomotor reactions, myalgias, allergic reaction, chest pain, 

dyspepsia, nasal stuffiness, and visual abnormalities. 

Considering long term experience and good safety profile, experts recommend that 

calcium channel blockers should be used as first line therapy for SSc-RP and 

PDE-5 inhibitors in SSc patients with severe RP and/or those who do not 

satisfactorily respond to calcium channel blockers. 
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2. A meta-analysis of RCTs on prostanoids indicates that intravenous iloprost 

reduces the frequency and severity of SSc-RP attacks. Intravenous iloprost should 

be considered for severe SSc-RP (strength of recommendation: A). 

Experts recommend that i.v. iloprost should be used for treatment of SSc-RP attacks 

after oral therapy.  

 

One meta-analysis, including five RCTs with intravenous iloprost, one RCT with oral 

iloprost and one RCT with oral cisaprost, with 332 SSc patients in total, indicates that 

iloprost is effective in reducing the frequency and severity of SSc-RP.[28-35] Iloprost, 

given intravenously (0.5–3 ng/kg per minute for 3–5 consecutive days sequentially) 

or orally (50–150 µg twice a day) significantly reduced the frequency of ischaemic 

attacks, and improved the RP severity score in comparison with placebo (WMD; 95% 

CI: -17.46; -19.19 to -15.73 and -0.69; -1.12 to -0.26, respectively). Oral prostanoids 

seem to be generally less effective than intravenous iloprost in the treatment of SSc-

RP, although some beneficial effects could be seen with higher doses.[34-38] 

Two RCTs comparing intravenous iloprost (0.5–2 ng/kg per minute for 3–5 days, 

every 6–8 weeks) with nifedipine (30–60 mg/day) indicate that iloprost is only slightly 

superior to nifedipine in improving symptoms of SSc-RP.[18, 39] 

In view of costs and feasibility, the experts recommended that intravenous 

prostanoids are considered when oral therapies (including calcium channel blockers 

and PDE-5 inhibitors) have failed. As most drugs used for treating RP may induce 

vascular side effects, the experts recommend particular attention if prostanoids 

are combined with other vasodilators. 
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3. One small study indicates that fluoxetine might improve SSc-RP attacks. 

Fluoxetine might be considered in treatment of SSc-RP attacks. (strength of 

recommendation: C) 

  

One small study including subgroup analysis of 27 patients with SSc-related RP 

indicates that fluoxetine (p.o. 20 mg/day) was superior to nifedipine LA (p.o. 40 

mg/day) in reduction of severity of RP and comparable with nifedipine in reduction of 

frequency of RP attacks in patients with SSc.[40] The latter effect was not significant 

in SSc patients neither for fluoxetine nor for nifedipine, which could be due to the low 

number of SSc patients included. Safety results, available for the combined group of 

patients with primary RP (n=26) and SSc-related RP (n=27) indicated that fluoxetine 

was better tolerated than nifedipine: withdrawals due to adverse effects were more 

than twice higher in the nifedipine group as compared with fluoxetine. Main reasons 

leading to treatment withdrawals in the fluoxetine group were: apathy, lethargy and 

impaired concentration. 

Despite the relatively low quality of published evidence, experts recognize that 

fluoxetine is used in practice and believe that fluoxetine is a useful alternative 

for treatment of SSc-related RP, in particular in SSc patients who cannot tolerate or 

do not respond to vasodilators.  

Since the data regarding the use of fluoxetine in SSc patients is limited and 

fluoxetine, as a serotonin-specific reuptake inhibitor and antidepressant, may have 

potential effects on the central nervous system or heart it is important to consider 

potential contraindications before starting treatment and to carefully monitor patients 

for side effects when on fluoxetine, in particular during long-term treatment  
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[https://www.medicines.org.uk/emc/medicine/25737]. Of note, withdrawal symptoms 

when treatment is discontinued are common, particularly if discontinuation is abrupt. 

 

 

II. Digital ulcers in SSc patients 

4. Two RCTs indicate that intravenous iloprost is efficacious in healing digital 

ulcers in patients with SSc. Intravenous iloprost should be considered in the 

treatment of digital ulcers in patients with SSc. (strength of recommendation: A) 

 

Intravenous iloprost (0.5–2 ng/kg per minute for 3–5 consecutive days) significantly 

reduced the number of DUs in comparison with placebo in one small RCT (Jadad 

score 3), and improved DUs healing in another RCT (Jadad score 4) including 73 

SSc patients with active DUs (p=0.06 vs placebo for 50% improvement).[32-33] In 

addition, two RCTs comparing intravenous iloprost with oral nifedipine suggest that 

both medications have a beneficial effect on DUs but the number of patients with 

DUs in both trials was small.[18, 39] 

One meta-analysis published in 2013 included, in addition to the 2 abovementioned 

RCTs with intravenous iloprost, 2 additional RCTs, one with oral iloprost (100 µg/day 

or 200 µg/day versus placebo for 6 weeks) and one with oral treprostinil (slow 

release up to 16 mg bid for 20 weeks).[37, 41] This analysis revealed a trend towards 

a beneficial effect of prostanoids over placebo for healing of DUs (the pooled risk 

ratio (RR); 95%CI) for number of patients with DUs improvement or healing: 1.33; 

0.97 to 1.84, p=0.08).[42] The greatest mean effect was seen with intravenous 

iloprost (RR;95%CI: 3.00; 0.76 to 11.81). 

https://www.medicines.org.uk/emc/medicine/25737
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The results of this meta-analysis summarizing the effect of 4 RCTs (2 with iv iloprost, 

one with oral iloprost and one with oral beraprost) did not show significant effects of 

prostanoids for the prevention of new DUs in SSc (RR; 95%CI for number of patients 

with new DUs: 0.85; 0.68 to 1.08, p=0.19).[42] Again, the greatest effect was seen 

with iv iloprost (RR; 95%CI: 1.18; 0.30 to 4.72). When the results of the small study 

by Wigley et al. were evaluated separately, they suggest that intravenous iloprost 

may prevent new DUs in SSc patients (standardized mean difference (SMD); 95%CI 

for number of DUs: -0.77; -1.46 to -0.08, p=0.03).[32, 42] Moreover, a RCT with 

epoprostenol, administered continuously for severe SSc-related pulmonary arterial 

hypertension (SSc-PAH), revealed a tendency towards a reduction in the number of 

new digital ulcers (by 50%). 

Considering the fact that oral prostanoids showed lower efficacy for treatment of 

SSc-related Raynaud’s phenomenon, as compared with iv iloprost (see section on 

RP), the experts decided, based on the results of the above-mentioned 2 RCTs, to 

recommend intravenous iloprost as a treatment for DUs in SSc patients. Further 

studies are required to confirm beneficial effect of iv iloprost in prevention of 

development of DUs in SSc patients. In view of risk of side effects and route of 

administration usually requiring hospitalization, intravenous iloprost should be 

considered in particular in SSc patients with DUs not responding to oral therapy. In 

severe cases, combination therapy with oral vasodilator and i.v. iloprost can be used. 

However, the increased risk of side effects should be taken into account. 

  

5. A meta-analysis of RCTs and results of an independent RCT indicate that PDE-5 

inhibitors improve healing of digital ulcers in patients with SSc. Moreover, the 

results of one small RCT indicate that PDE-5 inhibitors may prevent development of 
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new digital ulcers in SSc. PDE-5 inhibitors should be considered in the treatment of 

digital ulcers in SSc patients. (strength of recommendation: A) 

 

One meta-analysis of 3 RCTs investigating various selective PDE-5 inhibitors 

(sildenafil 50 mg twice daily, modified release sildenafil 100 mg/day increased up to 

200 mg/day or tadalafil 20 mg on alternate days) in SSc patients with Raynaud’s 

phenomenon of whom 39 had baseline DUs indicated that selective PDE-5 inhibitors 

improve healing of DUs in SSc patients.[42] Although DUs healing was a co-primary 

outcome only in 1 of 3 RCTs included into the meta-analysis, and all 3 RCTs were 

underpowered to detect difference between active treatment and placebo, the pooled 

effect shows significant benefit of PDE-5 inhibitors over placebo on DUs healing.[23, 

42] Both, the number of patients with DUs healing and the number of patients with 

DUs improvement were significantly higher for PDE-5 inhibitors as compared with 

placebo (RR; 95%CI): 3.28; 1.32 to 8.13, p<0.01 for DUs healing and 4.29; 1.73 to 

10.66, p<0.002 for DUs improvement, respectively).[42] The results of this meta-

analysis are corroborated by an independent multicentre RCT evaluating the effect of 

tadalafil (20 mg/d on alternate day for 8 weeks as an add-on-therapy to previous 

vasodilators) on DUs healing, as one of two co-primary end-points together with 

effect on Raynaud’s phenomenon, in 31 SSc patients with baseline DUs.[26] After 8 

weeks of treatment, DUs healed completely in 14 out of 18 patients in the tadalafil 

group as compared to 5 out of 13 patients in the placebo arm (p<0.05). The results of 

this study including altogether 53 SSc patients with SSc-related Raynaud’s 

phenomenon indicate that tadalafil was also associated with significantly lower risk of 

new DUs: new DUs developed in 1 out of 27 patients from the tadalafil group as 

compared to 9 out of 26 patients from the placebo group (p<0.05). Tadalafil (20 mg/d 
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on alternate day for 6 weeks with one week wash out period, as add-on-therapy to 

previous vasodilators) prevented development of new DUs in another single-centre 

cross-over RTC including 24 SSc patients with secondary RP, 23 (95%) of whom had 

SSc, cited in the meta-analysis by Tingey at al.[25, 42] In this study, only 1 new DU 

developed under tadalafil treatment as compared with 13 new DUs which developed 

in 6 patients under placebo treatment (p<0.05).  

Side effects of PDE-5 inhibitors are discussed in the previous paragraph regarding 

PDE-5 inhibitors in treatment of Raynaud’s phenomenon. 

Based on these data, the experts concluded that PDE-5 inhibitors can be 

efficacious in treating SSc-related DUs. Whether other than tadalafil PDE-5 

inhibitors can prevent development of new DUs in SSc patients needs to be clarified 

in further studies.  

Annotation: The recently published SEDUCE trial did not reach statistical 

significance with respect to the influence of sildenafil (20 mg three times daily for 12 

weeks) on time to DUs healing, in part due to unexpectedly high healing rates in 

placebo group.[43] The study did show significant reduction in the number of DUs per 

patient at week 8 (1.23±1.61 in sildenafil group vs 1.79±2.40 in placebo group, 

p=0.04) and week 12 (0.86±1.62 vs 1.51±2.68, p=0.01 respectively) as a result of a 

greater healing rate. Since the experts discussed the impact of the study not 

unambiguously, and the sildenafil dose used in SEDUCE study was lower than in 

the studies included in the abovementioned meta-analysis by Tingey et al., the 

results of this study, which was published after data closure for the 

recommendations, did not change the respective recommendation [42-43]. 
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6. Bosentan has confirmed efficacy in two high-quality RCTs to reduce the number 

of new digital ulcers in SSc patients. Bosentan should be considered for reduction of 

the number of new digital ulcers in SSc, especially in patients with multiple digital 

ulcers despite use of calcium channel blockers, PDE-5 inhibitors or iloprost therapy. 

(strength of recommendation: A).  

 

The effect of bosentan, a dual receptor antagonist, on DUs prevention and healing 

was evaluated in two high quality RCTs (RAPIDS-1 and RAPIDS-2) including 

altogether 310 SSc patients with a history of or at least one active DU at baseline. 

Bosentan, given orally at a dose of 62.5 mg twice a day for 4 weeks followed by 125 

mg twice a day for 12 weeks in RAPIDS1 or 20 weeks in RAPIDS2, significantly 

reduced the number of new DUs in both trials.[44, 45] In a recent meta-analysis of 

RAPIDS1 and RAPIDS2, treatment with bosentan was associated with a significant 

reduction in the mean number of DUs per patient in the overall trials population 

(SMD; 95% CI: -0.34; -0.57 to -0.11, p=0.004) and in SSc patients with baseline DUs 

(SMD; 95% CI: -0.36; -0.61 to -0.11, p=0.005).[42] The effect of bosentan was most 

pronounced in SSc patients with multiple (4 or more) DUs at baseline (ES; 95%CI: -

0.52; -1.01 to -0.02) as compared with SSc patients with lower number of DUs at 

baseline (ES; 95%CI: -0.08; -0.44 to 0.28) in RAPIDS2.[45] 

The reduction in the number of patients with a new DU was not statistically significant 

in any of the RAPIDS trials or their meta-analysis.[44-45] 

Neither trial indicated that bosentan is superior to placebo in the healing of SSc-

related active DUs, as evaluated by the time to complete or partial healing of DUs 

present at baseline, the time to healing of all DUs, or the percentage of patients with 

complete DUs healing (p>0.05 vs placebo for all comparisons). At present, there is 
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insufficient evidence that endothelin receptor antagonists (ERA) have beneficial 

effects on SSc-RP attacks either. 

 

There are two major concerns related to the use of bosentan and other ERA: 

potential liver injury and teratogenicity. Hormonal contraceptives may not be reliable 

if co-administered with bosentan, because bosentan may reduce their efficacy by 

interference with the cytochrome P450 system. 

In view of the results of both RAPIDS trials and considering potential toxicities 

associated with bosentan, experts recommend usage of bosentan especially in 

patients who have multiple DUs despite treatment with other vasodilators such 

as calcium channel blockers, PDE-5 inhibitors and iloprost to prevent the 

development of new DUs. 

The results of the RAPIDS-2 trial which were published in full in 2011 did not support 

the difference in response to bosentan between patients with limited and diffuse SSc 

subsets, an aspect, which was suggested by the subanalysis of the RAPIDS-1 trail 

[44-45]. Because of these data, the experts decided that in the present 

recommendations bosentan should be considered for reduction of new DUs in all 

SSc patients with DUs, independent of the disease subset. 

 

Annotation: It should be noted that the effect of bosentan on the prevention of new 

DUs in SSc has not been proven for other ERA. The results of two double-blind 

RCTs (DUAL-1 and DUAL-2), which were published after closure of literature 

research deadline, did not show a significant difference between macicentan, a 

selective antagonist of ET-1 receptors, and placebo in prevention of new DUs over 

16 weeks in SSc patients with active DUS at baseline [Khanna D et al. Effect of 
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Macitentan on the Development of New Ischemic Digital Ulcers in Patients With 

Systemic Sclerosis: DUAL-1 and DUAL-2 Randomized Clinical Trials. JAMA 

2016;315:1975-88]
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III. SSc-PAH 

7. Based on the results of high-quality RCTs including heterogeneous population of 

PAH patients, including CTD-PAH, several ERA (ambrisentan, bosentan, and 

macitentan), PDE-5 inhibitors (sildenafil, tadalafil) and riociguat have been 

approved for treatment of PAH associated with connective tissue diseases, ERA, 

PDE-5 inhibitors or riociguat should be considered to treat SSc-related PAH. 

(strength of recommendation: B extrapolation from RCTs including SSc/CTD 

patients) 

 

High quality RCTs involving patients with different forms of PAH, including CTD-

related PAH, indicate that endothelin antagonists (bosentan, ambrisentan, and 

macitentan) improve exercise capacity and time to clinical worsening in patients with 

PAH.[46-48] Adverse events associated with ERA treatment in these clinical trials 

included abnormal liver function tests, peripheral oedema, palpitations, headache, 

chest pain, nasal congestion, and anaemia, but the safety profile differed for specific 

agents.[48]  

Sitaxentan, a selective endothelin receptor antagonist which was included in the 

2009 EULAR recommendations for the treatment of SSc, has been withdrawn from 

the market in December 2010 due to its hepatotoxicity.[2, 47]   

High quality RCTs involving heterogeneous PAH patients, including CTD-PAH, 

indicate that selective PDE-5 inhibitors (sildenafil, and tadalafil) improve exercise 

capacity in patients with PAH and (tadalafil 40 mg/day) reduce risk of clinical 

worsening (reviewed in ref 47 and 48).[47-48] The most common side effects 
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associated with PDE-5 inhibitors included flushing, dyspepsia, diarrhoea, headache, 

and myalgia. 

Another RCT including patients with different forms of PAH, including CTD-PAH 

patients, showed that riociguat, a soluble guanylate cyclase stimulator, improves 

exercise capacity, time to clinical worsening and hemodynamic parameters in PAH 

patients.[49] Drug-related serious adverse events included syncope, increased 

hepatic enzyme levels, dizziness, acute renal failure, and hypotension.[49] 

Based on the results of these high quality RCTs, endothelin receptor antagonists 

(bosentan, ambrisentan, and macitentan), selective PDE-5 inhibitors (sildenafil, and 

tadalafil) and riociguat have been approved for treatment of PAH associated with 

connective tissue diseases.[47, 50-51] The evidence regarding usage of these drugs 

specifically in SSc-related PAH is less robust. 

Experts recommend that ERA, selective PDE-5 inhibitors and riociguat should 

be considered in the treatment of SSc-related PAH in agreement with 

international guidelines regarding treatment of PAH.[47] This has been 

underlined by the publication of the recently published new guidelines of the 

pulmonology societies.[52] 

In severe or progressing PAH cases combination therapy with different PAH-specific 

drugs should be taken into account. Although at the time of developing these 

recommendations RCTs comparing combination therapy with PAH-specific drugs 

versus monotherapy in SSc-PAH patients were lacking, this approach is in line with 

recent guidelines of the European cardiology and pulmonology societies regarding 

management of PAH in general, and seems particularly important in SSc-PAH 

patients known to have more progressive disease that patients with other forms of 

PAH.[52]   
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8. One high-quality RCT in SSc patients indicates that continuous intravenous 

epoprostenol improves exercise capacity, functional class and haemodynamic 

measures in SSc-PAH. Intravenous epoprostenol should be considered for the 

treatment of patients with severe SSc-PAH (class III and IV). (strength of 

recommendation: A) 

Based on the results of high-quality RCTs including heterogeneous PAH patients, 

including CTD-PAH, other prostacyclin analogues (iloprost, treprostinil) have 

also been registered for treatment of PAH associated with connective tissue 

diseases. Prostacyclin analogues should be considered for the treatment of patients 

with SSc-PAH. (strength of recommendation: B: extrapolation from RCTs including 

SSc/CTD patients) 

  

One RCT (Jadad score 3), involving 111 SSc-PAH patients, showed that 

epoprostenol (continuous intravenous infusion, starting dose 2 ng/kg per minute and 

increased based on clinical symptoms and tolerability) in combination with 

conventional therapy (diuretics, oral anticoagulants, oxygen and glycosides), 

improves exercise capacity, functional status and haemodynamic measures in SSc-

PAH, compared with conventional therapy.[53] The median 6MWT distance improved 

by 108 m (95% CI 55m to 180m; p=0.001; epoprostenol vs control group), NYHA 

functional class improved in 21 (38%) patients treated with epoprostenol and none in 

the control group (NNT 2.7) and the Borg dyspnoea index and the dyspnoea fatigue 

score also improved significantly. The beneficial haemodynamic effects of 

epoprostenol included a statistically significant decrease in pulmonary vascular 
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resistance, mean pulmonary artery pressure and right atrial pressure, as well as a 

significant increase in cardiac index.[53] 

Based on the results of the RCT and two large long-term observational studies, 

which have documented an improvement in survival of patients with idiopathic PAH 

treated with epoprostenol, intravenous epoprostenol has been approved by the FDA 

for the treatment of severe (WHO class III or IV) PAH.[47-48, 54-55]. 

As a result of a very short half-life, epoprostenol is administered through a permanent 

indwelling central venous catheter, which may incite adverse events: infections, 

pneumothorax and haemorrhage.[56] Sudden disruption/withdrawal of intravenous 

epoprostenol (due to catheter/vein thrombosis and/ or patient’s decision) may lead to 

life-threatening PAH rebound. Based on overall risk-to-benefit considerations, 

and in agreement with the current guidelines, experts recommend intravenous 

epoprostenol as the treatment of choice in severe, therapy-resistant SSc-PAH, 

which are in line with those of recently published guidelines of other 

societies.[47, 52]  

Based on the results of high quality RCTs involving patients with different forms of 

PAH, including patients with CTD-PAH, other prostacyclin analogues such as 

treprostinil (intravenous, subcutaneous, or inhaled) and iloprost (inhaled), have been 

approved for treatment of PAH, including PAH associated with CTD.[47-48] Side 

effects associated with usage of iv treprostinil are similar to that reported with iv 

epoprostenol and include headache, jaw pain, diarrhoea, abdominal pain, anorexia, 

vomiting, photosensitivity, cutaneous flushing, and arthralgias, as well as the risk of 

complications associated with continuous infusion via catheter. Subcutaneous 

infusion of prostanoids is frequently associated with pain at the infusion site. Inhaled 

prostanoids can result in cough, headache, flushing, nausea, and syncope [48]. 
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Despite the lack of specific RCTs evaluating these drugs exclusively in SSc 

patients, experts recommend that these prostacyclin analogues should be 

considered for treatment of SSc-PAH, in agreement with international 

guidelines for PAH treatment.[47, 52] 

The experts concluded that combining different classes of PAH-specific 

therapies may be considered in the treatment of selected SSc-PAH patients, 

especially in those with severe or progressing disease. As discussed in previous 

paragraph, this approach is in line with recently published guidelines regarding 

management of PAH in general, and seems particularly important in SSc-PAH 

patients known to have more progressive disease that patients with other forms of 

PAH.[52] 

  

IV. Skin and lung disease 

9. Two RCTs and their re-analysis have shown that methotrexate improves skin 

score in early diffuse SSc. Positive effects on other organ manifestations have not 

been established. Methotrexate may be considered for treatment of skin 

manifestations of early diffuse SSc. (strength of recommendation: A) 

 

In one RCT (Jadad score 3), involving 29 SSc patients with diffuse SSc or limited 

SSc (mean duration of skin involvement 3.2 years), methotrexate (intramuscularly at 

a dose of 15 mg/week for 24 weeks) showed a trend towards improvement of the 

total skin score (p=0.06 vs placebo).[57] 

In the second RCT (Jadad score 5), involving 73 patients with early diffuse SSc, 

methotrexate, given orally at a dose of 10 mg per week for 12 months, decreased the 

University of California Los Angeles (UCLA) skin score (ES 0.5, 95%: CI 0.0 to 1.0) 
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and the modified Rodnan skin score (mRSS, ES 0.5; 95%: CI 0.0 to 0.9) compared 

with placebo in an intention-to-treat analysis.[58] A beneficial effect of methotrexate 

(over placebo) on skin manifestations has been confirmed by a re-analysis of the trial 

by Pope et al. which, using a Bayesian methodology, showed that the probability that 

methotrexate improves mRSS and the UCLA skin score were 94% and 96%, 

respectively.[58-59] No significant effects on other organ manifestations were shown. 

In the study evaluating early dSSc patients, eleven out of 36 patients (31%) in the 

placebo group and 12 out of 35 patients (34%) in the methotrexate group dropped 

out before study completion, mainly due to treatment inefficacy. There were few 

premature discontinuations due to adverse events (number needed to harm 16 and 

34.5 in both RCT, respectively). There were no significant differences in the mortality 

rate (three vs seven; p=0.18), although the trend was in favour of methotrexate.[58] 

Safety concerns associated with methotrexate include liver toxicity, pancytopenia, its 

potential teratogenicity and, possibly, the induction of lung injury.[60] It should be 

noted that in both RCTs evaluating methotrexate in SSc, relatively low dose of 

methotrexate was used. Whether higher doses of methotrexate, which are used in 

treatment of rheumatoid arthritis and other inflammatory diseases, could increase 

treatment effectiveness without significant increase in risk of side effects remains to 

be established. In paediatric patients methotrexate dose of 25 mg/m2/week p.o. or 

s.c is well tolerated. 

Thus, the experts confirmed the earlier recommendation for methotrexate in 

early diffuse SSc. 

It should be recognized that cyclophosphamide (CYC) has also been shown, in 

RCTs, to improve skin changes in SSc patients, and other agents such as 
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mycophenolate mofetil or azathioprine are used to treat skin involvement, although 

their efficacy has not been studied extensively.[61] 

  

 

10. In view of the results from two high-quality RCTs and despite its known toxicity, 

cyclophosphamide should be considered for treatment of SSc-ILD, in particular for 

SSc patients with progressive ILD. (Strength of recommendation: A) 

 

The evidence regarding efficacy of CYC in SSc-related interstitial lung disease (SS-

ILD) results mainly from two high quality (Jadad score 5) RCTs and their sub-

analyses.[61-62] The first trial (Scleroderma Lung Study, SLS), involving 158 SSc 

patients with active alveolitis, demonstrated that CYC given orally at a dose of 1–2 

mg/kg per day improved lung volumes, dyspnoea score and quality of life over 12 

months compared with placebo.[61] The placebo-corrected mean (95% CI) 

improvement in forced vital capacity (FVC) and total lung capacity (TLC) was 2.5% 

(0.3% to 4.8%) and 4.1% (0.5% to 7.7%), respectively (p=0.03 for both measures). 

No significant effect on diffusing lung capacity for carbon monoxide (DLCO) could be 

demonstrated. Cyclophosphamide also improved the transitional dyspnoea index, the 

HAQ disability index, and the vitality and health-transition domains of the Short-Form 

36 (p<0.05 vs placebo for all measures).[61] Sub-analysis of the SLS revealed that 

CYC therapy was also associated with significant improvement in HRCT score.[63] 

Extension of the SLS study showed that the FVC continued to improve after 

cessation of CYC treatment reaching a maximum at 18 months: 6 months after 

stopping CYC therapy (mean FVC difference versus placebo: 4,16%, p=0.01).[64] 

The beneficial effects of CYC disappeared one year after CYC was terminated. The 
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effect of CYC was greater in patients with more severe lung and/or skin disease.[64-

65] The mean FVC improvement in patients with baseline FVC lower than 70% of 

predicted was 4.62% at 12 months and 6.8% at 18 months (p<0.006 for both time 

points), while in patients with baseline FVC > 70% of predicted the mean treatment 

effect was 0.55% at 12 months and 2.67% 18 months (p> 0.05 for both time points). 

Another sub-analysis of the SLS study revealed that the HRCT score and skin 

disease were independent predictors of response to CYC therapy.[65] In patients 

with 50% or more of any lung zone involved by reticular infiltrates on HRCT and/or 

with mRSS of at least 23/51, the CYC treatment effect was 9.81% at 18 months 

(p<0.001) versus no treatment effect (0.58% difference, p>0.05) in patients with less 

severe HRCT findings and a lower mRSS at baseline. 

The second trial evaluated CYC (intravenously at a dose of 600 mg/m2 per month) 

compared with placebo in 45 SSc patients with SSc-ILD.[62] Active treatment 

included six infusions of CYC given at 4-week intervals followed by oral azathioprine 

(2.5 mg/kg per day) or placebo for 6 months. Prednisolone (20 mg on alternate days) 

was co-administered in the active treatment group. The mean adjusted between-

group difference in forced vital capacity was 4.2% in favour of CYC, which just 

missed statistical significance (p=0.08). The lung diffusing capacity for carbon 

monoxide and other outcome measures did not improve.[62] 

Considering the results of both RCTs and the fact that the benefit of CYC was mainly 

due to inhibition of progression of SSc-ILD, experts recommend that CYC therapy 

should be considered in particular in patients with progressive lung disease. As in the 

previous 2009 recommendations there was unanimous consensus of the experts 

with respect to the CYC dose and duration of treatment to be tailored 

individually dependent on the clinical condition and response. Potential risks of 
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bone marrow suppression, teratogenicity, gonadal failure and haemorrhagic cystitis 

must be always considered.[66] 

 

11. Regarding haematopoietic stem cell transplantation (HSCT), two RCTs have 

shown improvement of skin involvement and stabilization of lung function in SSc 

patients and one large RCT reports improvement in event-free survival in SSc 

patients as compared to cyclophosphamide in both trials. HSCT should be 

considered for the treatment of selected patients with rapidly progressive SSc at risk 

of organ failure. In view of the high risk of treatment related side effects and of early 

treatment related mortality, careful selection of SSc patients for this kind of treatment 

and the experience of the medical team are of key importance. (strength of 

recommendation: A)  

   

The results of two RCTs evaluating the efficacy and safety of high dose 

immunosuppressive therapy with subsequent haematopoietic stem cell 

transplantation (HSCT) have been published so far.[67, 68] The first single-centre 

trial (Jadad 3), including 19 SSc patients with mRSS >14 and internal organ 

involvement or mRSS<14 and SSc-ILD, showed that HSCT (200 mg/kg CYC and 

rabbit antithymocyte globulin 6.5mg/kg intravenously in total, preceded by CYC 

2g/m2 and filgastrim as part of the mobilization step prior to leukapheresis) was 

superior to CYC (intravenously, 1g/m2 per month for 6 months) therapy with respect 

to improvement of skin score and lung volumes.[67] No significant effect on diffusing 

capacity of the lungs for carbon monoxide could be demonstrated.  

Another multicentre RCT (ASTIS) compared HSCT (200 mg/kg CYC and rabbit 

antithymocyte globulin 7.5mg/kg intravenously in total, preceded by CYC 4 g/m2 and 
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filgrastim as part of the mobilization step) with CYC pulse therapy (intravenously, 

750mg/m² per month for 12 months) in 156 SSc patients with early diffuse SSc, 

mRSS >/= 15 and internal organ involvement or with an mRSS > 20 without internal 

organ involvement.[68] HSCT was associated with increased treatment-related 

mortality in the first year (8 deaths in HSCT group versus none in CYC group, 

p=0.007) but significantly improved long-term event-free survival (HR; 95%CI: 0.52; 

0.28-0.96, p=0.04 and 0.34; 0.16-0.74, p=0.006 at 1 and 3-through 10-year follow-up) 

and overall survival (HR; 95%CI: 0.48; 0.25-0.91, p=0.02 and 0.29; 0.13-0.64, 

p=0.002 at 1 and 3-through 10-year follow-up). HSCT therapy resulted in significant 

improvement in the mRSS (mean difference; 95% CI: 11.1; 7.3 to 15.0, p< 0.001), 

FVC (mean difference; 95% CI: 9.1; 14.7 to 2.5, p=0.004) and TLC (mean difference; 

95% CI: 6.4; 11.9 to 0.9, p=0.02) at 2 years’ follow-up. No significant effect on DLCO 

could be found. Mean change in creatinine clearance was significantly worse in the 

HSCT group than in the control group (mean difference; 95% CI: 10.9; 1.5 to 20.3 p = 

0.02). Causes of treatment-related deaths in HSCT included Epstein-Barr virus 

reactivation, lymphoma, heart failure, myocardial infarction, and acute respiratory 

distress syndrome. HSCT therapy was also associated with higher risk of viral 

infections (27.8% in the HSCT group vs 1.3% in the control group p< 0.001). 

In view of the results of the two RCTs and considering the risk of potential treatment-

related mortality and morbidity experts recommend that HSCT should be 

considered for the treatment of selected patients with rapidly progressive SSc 

at risk of organ failure. To reduce the risk of treatment-related side effects, HSCT 

should be performed in selected centres with experience in this kind of treatment. 

Careful evaluation of the benefit to risk ratio in individual SSc patients selected for 
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HRCT should be done by experts. Further studies should help to identify subgroups 

of SSc patients in whom HSCT would be most beneficial. 

  

V. Scleroderma renal crisis (SRC) 

12. Several cohort studies showed benefit in survival with use of ACE inhibitors in 

patients with SRC. Experts recommend immediate use of ACE inhibitors in the 

treatment of SRC. (strength of recommendation: C) 

  

RCTs evaluating the efficacy of ACE inhibitors in the treatment of SRC are lacking.  

Since the first report demonstrating a beneficial effect of ACE inhibitors in two 

patients with SRC, numerous case reports and uncontrolled studies have reported on 

ACE inhibitors in SRC.[69-75] A prospective analysis of 108 patients with SRC has 

suggested that patients on ACE inhibitors (captopril in 47 and enalapril in eight) had 

a significantly better survival rate at 1 year (76%) and 5 years (66%) compared with 

patients not on ACE inhibitors (15% at 1 year and 10% at 5 years, respectively). The 

beneficial effect of ACE inhibitors on survival in SRC remained significant after 

adjustment for age and blood pressure (p=0.001).[71] Another prospective 

uncontrolled study of 145 patients with SRC treated with ACE inhibitors 

demonstrated survival rates at 5 and 8 years after the onset of SRC of 90% and 

85%, respectively.[72] Two more recent retrospective studies including 91 and 110 

patients with SRC respectively, the majority of whom (91% and 98% respectively) 

were treated with ACE inhibitors and/or angiotensin receptor antagonists (ARA) 

reported survival rates from 71% to 82% at 1 year, 59% to 60% at 5 years and 42% 

to 47% at 10 years.[74, 75]. In comparison, 3 out 7 (43%) patients without 

ACEI/ARA-2 died within the first months after SRC onset.[74] 
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It is highly unlikely that a formal RCT will be conducted in this rare condition with high 

mortality. Despite the lack of RCTs, experts recommend the use of ACE inhibitors in 

the treatment of SCR. Experts believe that an immediate start of high-dose ACE 

inhibitors in patients who develop SRC is of key importance for improving their 

outcome. ACE inhibitors should be continued long-term as long as  there is any 

chance for additional improvement in kidney function. 

The experts decided also to highlight that published evidence does not 

support the preventive use of ACE inhibitors to decrease risk of development 

or improve outcome of SCR.[73-74, 76] 

  

13. Several retrospective studies suggest that glucocorticoids are associated with a 

higher risk of SRC. Blood pressure and renal function should be carefully monitored 

in SSc patients treated with glucocorticoids. (strength of recommendation: C) 

 

Evidence regarding the impact of steroid use on the development of SRC comes 

mainly from retrospective studies most of which showed significant association 

between steroid exposure and the occurrence of SRC.[70, 73-74, 77-80] 

A case–control analysis including 220 SSc patients showed that 36% of patients with 

SRC had received prednisone at a dose of 15 mg/day or more within 6 months 

preceding the onset of SRC, compared with 12% matched controls (odds ratio; 95% 

CI: 4.4; 2.1 to 9.4; p<0.001).[77] 

Another analysis of the main risk factors for SRC suggested that patients with a high 

skin score, joint contractures and prednisone use (10 mg/day in nine out of 10 

patients) were at higher risk (43% versus 21% of patient without steroids) of 

SRC.[78] 
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In two more recent studies, including 518 and 410 SSc patients, respectively, steroid 

use (adjusted odd ratio; 95% CI: 4.98; 1.52 to 16.3, p=0.008 and hazard ratio; 

95%CI: 1.105; 1.004 to 1.026, p=0.006, respectively) was an independent predictor 

of SRC.[74, 79] A risk to develop SRC increased by 1.5% for every mg of 

prednisone/day consumed the trimester prior SRC.[79] 

A retrospective analysis including 140 patients with SRC showed that high doses of 

steroids (prednisone >/= 30 mg/day) were used more frequently in SSc patients with 

normotensive SRC (64%) as compared with those with hypertensive SCR (16%) 

suggesting an association between the use of high dose steroids and the risk of 

normotensive SRC which is associated with worse prognosis.[70] 

The experts recognize that glucocorticoids, which are used in SSc, are part of the 

therapeutic strategy in the management of ILD, diffuse cutaneous disease or 

musculoskeletal involvement, although the evidence regarding their efficacy is SSc is 

limited [Iudici M et al. Clin Rheumatol. 2014;33:153-64]. Considering the potential risk 

of SRC associated with steroid use experts recommend that SSc patients treated 

with steroids should be carefully monitored with respect to the development of 

SRC. 

 

 

VI. SSc-related gastrointestinal disease 

14. Despite the lack of large, specific RCT, experts recommend that PPIs should 

be used for the treatment of SSc-related gastroesophageal reflux and 

prevention of oesophageal ulcers and strictures (strength of recommendation: B). 
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Large, specific RCT for the efficacy of PPI in patients with SSc are lacking. A small 

RCT indicated that PPI may improve upper GI symptoms in SSc patients.[81] The 

efficacy of PPI in the treatment of GERD in the general population is well 

documented in meta-analyses of RCTs.[82-84] 

In asymptomatic SSc patients, PPI should be used with caution since long-term 

therapy with PPIs might lead to nutritional deficiencies, possibly due to reduced 

intestinal absorption, or increased risk of infections.[85-87] 

   

15. Despite the lack of RCTs in SSc patients, experts recommend that prokinetic 

drugs should be used for the management of SSc-related symptomatic motility 

disturbances (dysphagia, GERD, early satiety, bloating, pseudo-obstruction, etc). 

(strength of recommendation: C) 

  

Small RCTs involving SSc or CTD patients indicate that the short-term usage of 

cisapride has a beneficial effect on gastric emptying and lower oesophageal 

sphincter pressures.[88-92] However, in many countries cisapride has either been 

withdrawn or has limited access as a result of reports about long QT syndrome 

caused by cisapride, which predisposes to severe arrhythmias.[93] 

Long-term efficacy RCTs of other prokinetics in SSc were not found. Several non-

randomized or uncontrolled studies suggest that prokinetics may improve 

gastrointestinal signs and symptoms in SSc patients.[94-97] 

Several prokinetic drugs have shown beneficial effects in RCTs involving patients 

with other than SSc-related dysmotility disorders or are under evaluation (for review 

see ref. 98 and 99).[98-99] 
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The experts conclude that all available prokinetic drugs can be applied to SSc 

patients with GI involvement on an individual basis, in consideration of 

potential benefit to risk ratio. Whether these drugs would be effective in the 

treatment of SSc-related symptomatic motility disturbances in a general manner is at 

present only speculative and needs urgently to be investigated.  

    

16. Despite the lack of RCTs in SSc patients, experts recommend the use of 

intermittent or rotating antibiotics to treat symptomatic small intestine 

bacterial overgrowth in SSc patients. (strength of recommendation: D)  

  

Two small uncontrolled, non-randomized studies suggest that treatment with 

antibiotics might improve symptoms in SSc patients with small intestine bacterial 

overgrowth (SIBO).[100-101] No RCTs regarding the efficacy of antibiotics in the 

treatment of SSc-related bacterial overgrowth or malabsorption were found. 

In general, treatment of symptomatic small intestinal bacterial overgrowth is based on 

empirical courses of one or more broad-spectrum antibiotics with activity against both 

aerobic and anaerobic enterobacteria such as quinolones, amoxicillin-clavulanic acid, 

metronidazole, neomycin, or doxycycline. The principles of diagnosis and treatment 

strategies of this condition have been summarized in an excellent review.[102] 

  

Internal evaluation of recommendations 

All task force members took part in the online-based evaluation of the updated 

recommendations. The results of this evaluation are presented in Table 1. All but one 

recommendation received mean scores of more than 7 indicating high level of 

agreement. The mean score for the recommendation regarding fluoxetine for the 
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treatment of SSc-related RP was 6.06 which is consistent with medium level of 

agreement.  

 

 

 

 

 

 

Table 1. The updated EULAR recommendations for treatment of systemic 

sclerosis, according to the organ involvement, including strength of the 

recommendations and the results of internal evaluation within the task force 

group. 

Organ 

involvement  

Recommendation Strength 

of 

recomm

endation 

Results 

of 

internal 

evaluati

on 

I. Raynaud 

phenomenon 

in SSc 

patients 

(SSc-RP) 

A meta-analysis of RCTs on dihydropiridine-type calcium 

antagonists indicates that nifedipine reduces the frequency 

and severity of SSc-RP attacks. A meta-analysis of RCTs 

indicates that PDE-5 inhibitors reduce the frequency and 

severity of SSc-RP attacks. Dihydropiridine-type calcium 

antagonists, usually oral nifedipine, should be considered for 

first-line therapy for SSc-RP. PDE-5 inhibitors should also be 

considered in treatment of SSc-RP. 

A 8.19 

A meta-analysis of RCTs on prostanoids indicates that 

intravenous iloprost reduces the frequency and severity of SSc-
RP attacks. Intravenous iloprost should be considered for 
severe SSc-RP. 
Experts recommend that i.v. iloprost should be used for 
treatment of SSc-RP attacks after oral therapy.  

A 8.29 

One small study indicates that Fluoxetine might improve SSc-

RP attacks. Fluoxetine might be considered in treatment of 

SSc-RP attacks. 

C 6.06 



 

38 

II. Digital 

ulcers in SSc 

patients 

Two RCTs indicate that intravenous iloprost is efficacious in 

healing digital ulcers in patients with SSc. Intravenous iloprost 

should be considered in the treatment of digital ulcers in 

patients with SSc. 

A 8.39 

A meta-analysis of RCTs and results of an independent RCT 

indicate that PDE-5 inhibitors improve healing of digital ulcers 

in patients with SSc. Moreover, the results of one small RCT 

indicate that PDE-5 inhibitors may prevent development of new 

digital ulcers in SSc. PDE-5 inhibitors should be considered in 

treatment of digital ulcers in SSc patients. 

A 8.03 

Bosentan has confirmed efficacy in two high-quality RCTs to 

reduce the number of new digital ulcers in SSc patients. 

Bosentan should be considered for reduction of the number of 

new digital ulcers in SSc, especially in patients with multiple 

digital ulcers despite use of calcium channel blockers, PDE-5 

inhibitors or iloprost therapy. 

A 8.19 

III. SSc-PAH Based on the results of high-quality RCTs including 

heterogeneous population of PAH patients, including CTD-

PAH, several ERA (ambrisentan, bosentan, and macitentan), 

PDE-5 inhibitors (sildenafil, tadalafil) and riociguat have been 

approved for treatment of PAH associated with connective 

tissue diseases. ERA, PDE-5 inhibitors or riociguat should be 

considered to treat SSc-related PAH. 

B 8.32 

One high-quality RCT in SSc patients indicates that continuous 

intravenous epoprostenol improves exercise capacity, 

functional class and haemodynamic measures in SSc-PAH. 

Intravenous epoprostenol should be considered for the 

treatment of patients with severe SSc-PAH (class III and IV). 

A 8.10 

Based on the results of high-quality RCTs including 

heterogeneous population of PAH patients, including CTD-

PAH, other prostacyclin analogues (iloprost, treprostinil) 

have also been registered for treatment of PAH associated with 

connective tissue diseases. Prostacyclin analogues should be 

considered for the treatment of patients with SSc-PAH.  

B 

IV. Skin and 

lung disease 
Two RCTs and their re-analysis have shown that methotrexate 

improves skin score in early diffuse SSc. Positive effects on 

other organ manifestations have not been established. 

Methotrexate may be considered for treatment of skin 

manifestations of early diffuse SSc. 

A 7.42 

In view of the results from two high-quality RCTs and despite its 

known toxicity, cyclophosphamide should be considered for 

treatment of SSc-ILD, in particular for SSc patients with 

progressive ILD. 

A 7.84 

Regarding haematopoietic stem cell transplantation (HSCT), 

two RCTs have shown improvement of skin involvement and 

A 8.03 
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stabilization of lung function in SSc patients and one large RCT 

reports improvement in event-free survival in SSc patients as 

compared to cyclophosphamide in both trials. HSCT should be 

considered for treatment of selected patients with rapidly 

progressive SSc at risk of organ failure. In view of the high risk 

of treatment related side effects and of early treatment related 

mortality, careful selection of SSc patients for this kind of 

treatment and the experience of the medical team are of key 

importance. 

V. 

Scleroderma 

renal crisis 

(SRC) 

Several cohort studies showed benefit in survival with use of 

ACE inhibitors in patients with SRC. Experts recommend 

immediate use of ACE inhibitors in the treatment of SRC. 

C 8.52 

Several retrospective studies suggest that glucocorticoids are 

associated with a higher risk of SRC. Blood pressure and renal 

function should be carefully monitored in SSc patients treated 

with glucocorticoids. 

C 8.10 

VI. SSc-

related 

gastrointestin

al disease 

Despite the lack of large, specific RCT, experts recommend 

that PPI should be used for the treatment of SSc-related 

gastroesophageal reflux and prevention of oesophageal ulcers 

and strictures 

B 8.58 

Despite the lack of RCTs in SSc patients, experts recommend 

that prokinetic drugs should be used for the management of 

SSc-related symptomatic motility disturbances (dysphagia, 

GERD, early satiety, bloating, pseudo-obstruction, etc). 

C 7.97 

Despite the lack of RCTs in SSc patients, experts recommend 

the use of intermittent or rotating antibiotics to treat 

symptomatic small intestine bacterial overgrowth in SSc 

patients. 

D 8.10 

For explanations of the abbreviations see the text 

  

Research agenda 

In addition to the recommendations, experts formulated a research agenda which 

addresses usage of pharmacological treatments in SSc or SSc-related organ 

complications which were considered of particular interest- Table 2. This research 

agenda can be helpful in developing further clinical research in SSc. 

 

Table 2. Research agenda  
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Research agenda 

1. Evaluation of the efficacy and safety of cyclophosphamide in the treatment of early 

diffuse SSc 

2. Evaluation of the efficacy and safety of mycophenolate mofetil and azathioprine in 

the treatment of SSc 

3. Evaluation of the efficacy and safety of anti-CD20 therapies in the treatment of 

SSc 

4. Evaluation of calcium antagonists in the prevention of SSc-PAH 

6. Evaluation of calcium antagonists in the treatment of digital ulcers in SSc 

7. Evaluation of statins in the treatment of digital ulcers in SSc 

8. Evaluation of the efficacy and safety of ACE inhibitors in the prevention of SRC 

9. Evaluation of the efficacy of non-pharmacological treatments in SSc 

For explanations of the abbreviations see the text 

 

DISCUSSION 

As compared with the previous (2009) EULAR recommendations for treatment of 

SSc, the updated recommendations include several new treatments for specific SSc-

related organ involvement. The greatest changes have been made in treatments of 

vascular complications of SSc and mirror the progress which had been made in this 

field during the last several years. These include the introduction of PDE-5 inhibitors 

for SSc-related Raynaud’s phenomenon and digital ulcers, riociguat and new aspects 

for endothelin receptor antagonists, prostacyclin analogues and PDE-5 inhibitors for 

SSc-related PAH. The new recommendation regarding the use of fluoxetine for SSc-

related Raynaud’s phenomenon was also added.  
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With regard to treatment of other than vascular complications of SSc, the 

recommendation for haematopoietic stem cell transplantation (HSCT) for selected 

patients with rapidly progressive SSc at risk of organ failure has been added.  

Similar to the 2009 recommendations, the present recommendations address only 

pharmacological treatments which were considered most relevant and received 

consensus from the expert panel. As SSc is an uncommon and clinically 

heterogeneous disease, appropriate testing of therapies is difficult. Indeed, evidence 

supporting the present recommendations is often limited and some of the 

recommendations are supported by the evidence extrapolated from studies involving 

patients with diseases other than SSc or are based solely on expert opinion. 

Similar to the 2009 recommendations, there is still not sufficient data, to make 

specific recommendation for paediatric patients. It would be important to have studies 

at least for the effective paediatric dose of each medication, to be safely applied. 

It should be recognized that there are several other promising therapies, including 

immunosuppressive drugs or new biological agents which could not be included in 

the present recommendations because the evidence for their efficacy was 

considered insufficient at the time of developing these recommendations. The results 

of RCT evaluating new therapies in SSc patients which were published after closure 

of the systematic literature research are presented in table S4 in online Supplement. 

The first of these trials evaluated the efficacy of sildenafil in DUs healing in SSc 

patients and is addressed in the comment following recommendation concerning 

treatment of DUs.[43] 

Another double-blind, phase 2 RCT involved 87 SSc patients with early diffuse SSc 

and elevated acute phase reactants. Treatment with tocilizumab (s.c. 162 mg per 

week) was associated with a favourable trends in skin score improvement as 
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compared with placebo after 24 weeks (p=0.09) and 48 weeks (p=0.06). In addition, 

encouraging changes in FVC were noted. In view of promising effects of tocilizumab 

on skin and lung involvement, it is concluded that further studies are warranted 

before definitive conclusions can be made about its risks and benefits in SSc. [103] 

The results of another RCT, the Scleroderma Lung Study 2 comparing 

mycophenolate mofetil with CYC in patients with SSc-related ILD are expected to be 

published soon. The preliminary results of this study, recently published as an 

abstract of the 2015 ACR annual congress, indicate that mycophenolate mofetil (up 

to 3 g/day orally for 2 years) was comparable with oral CYC (2 mg/kg/day for one 

year followed by matching placebo for the second year) with regard to FVC course at 

24th months.[104] However, final conclusions regarding the place of mycophenolate 

mofetil in the treatment of SSc-related ILD cannot yet be made. Other therapies, 

considered promising by the experts, were addressed in the research agenda (Table 

2). Since “lack of evidence of efficacy” does not imply that “efficacy is absent” the 

absence of positive recommendation regarding specific drug should not be 

interpreted as a contraindication for its use.  

It should also be emphasized that there are other treatment options, such as 

education, physiotherapy or local management of ischemic lesions which were 

beyond the scope of the project or could not be included in the present 

recommendations due to lack of consensus among the experts.  

In conclusion, it is believed that these updated recommendations will help to improve 

care of SSc patients in an evidence-based way and indicate direction for further 

clinical research. Considering the significant complexity and heterogeneity of SSc 

and the limited evidence for treatments, it is recommended that SSc patients should 

be referred to specialized centres with appropriate expertise in SSc management.  



 

43 

EUSTAR Coauthors (numerical order of centers) 

Thomas Daikeler, Rheumatologische Universitätsklinik Felix Platter Spital, Basel, 

Switzerland; Elisabetta Lanciano, Rheumatology Unit-DiMIMP School of Medicine 

University of Bari, Bari, Italy; Radim Bečvář, Michal Tomcik, Institute of 

Rheumatology, 1st Medical School, Charles University, Praha, Czech Republic; Ewa 

Gińdzieńska-Sieśkiewicz, Department of Rheumatology and Internal Medicine, 

Medical University of Bialystok, Bialystok, Poland; Giovanna Cuomo; Michele Iudici, 

Dipartimento Medicina Clinica e Sperimentale “F-Magrassi” II Policlinico U.O. 

Reumatologia, Napoli, Italy; Simona Rednic, Clinica Reumatologie, University of 

Medicine & Pharmacy  "Iuliu Hatieganu" Cluj, Cluj-Napoca, Romania; Panayiotis G 

Vlachoyiannopoulos, Department of Pathopysiology Medical School, National 

University of Athens, Athens, Greece; Roberto Caporali, Unita' Operativa e Cattedra 

di Reumatologia, IRCCS Policlinico S Matteo, Pavia, Italy; Patricia E. Carreira, 

Servicio de Reumatología, Hospital 12 de Octubre, Madrid, Spain; Srdan Novak, 

Department of Rheumatology and Clinical Immunology, Internal Medicine, KBC 

Rijeka, Rijeka, Croatia; Tünde Minier, Department of Immunology and Rheumatology 

Faculty of Medicine, University of Pécs, Pécs, Hungary; Eugene J. Kucharz, 

Department of Internal Medicine and Rheumatology, Medical University of Silesia, 

Katowice, Poland; Armando Gabrielli, Gianluca Moroncini, Dipartimento di Scienze 

Cliniche e Molecolari, Clinica Medica, Università Politecnica delle Marche, Ancona, 

Italy; Paolo Airo, Spedali Civili di Brescia, Servizio di Reumatologia Allergologia e 

Immunologia Clinica, Brescia, Italy; Roger Hesselstrand, Department of 

Rheumatology, Lund University Hospital, Lund, Sweden; Duska Martinovic, Mislav 

Radić, Daniela Marasovic-Krstulovic, Department of Internal Medicine, Clinical 

Hospital of Split, Split, Croatia; Yolanda Braun, Alexandra Balbir-Gurman, B Shine 



 

44 

Department of Rheumatology, Rambam Health Care Campus, Haifa, Israel; Andrea 

Lo Monaco, Department of Clinical and Experimental Medicine, Rheumatology Unit, 

University of Ferrara, Ferrara, Italy; Paola Caramaschi, Dipartimento di Medicina 

Clinica e Sperimentale Reumatologia-Medicina Interna B Policlinico GB Rossi, 

Università degli Studi di Verona, Verona, Italy; Jadranka Morović-Vergles, Melanie I. 

Čulo, Division of Clinical Immunology and Rheumatology Department of Internal 

Medicine, Dubrava University Hospital, Zagreb, Croatia; Jörg Henes, Medizinische 

Universitätsklinik, Abt. II (Onkologie, Hämatologie, Rheumatologie, Immunologie, 

Pulmonologie), Tübingen, Germany; Vera Ortiz Santamaria, Rheumatology 

Granollers General Hospital, Barcelona, Spain; Stefan Heitmann, Department of 

Rheumatology, Marienhospital Stuttgart, Germany; Dorota Krasowska, Małgorzata 

Michalska-Jakubus, Department of Dermatology, Medical University of Lublin, Lublin, 

Poland; Matthias Seidel, Medizinische Universitäts-Poliklinik, Department of 

Rheumatology, Bonn, Germany; Paul Hasler, Rheumaklinik und Institut für 

Physikalische Medizin und Rehabilitation, Kantonsspital Aarau, Aarau, Switzerland; 

José A. Pereira Da Silva, Maria J. Salvador, Rheumatology Department, Hospitais da 

Universidade Coimbra, Coimbra, Portugal; Bojana Stamenkovic, Aleksandra 

Stankovic, Institute for prevention, treatment and rehabilitation of rheumatic and 

cardiovascular disease, Niska Banja, Serbia and Montenegro; Mohammed Tikly, 

Rheumatology Unit, Department of Medicine Chris Hani Baragwanath, Hospital and 

University of the Witwatersrand, Johannesburg, South Africa; Lidia P Ananieva, 

Institute of Rheumatology, Russian Academy of Medical Science, Moscow, Russia; 

Lorenzo Beretta, U.O. Immunologia Clinica - Centro di Riferimento per le Malattie 

Autoimmuni Sistemiche, Milan, Italy; Gabriella Szucs, Szilvia Szamosi, Third 

Department of Medicine, Rheumatology Division, University of Debrecen, Medical 



 

45 

Center, Debrecen, Hungary; Carlos de la Puente Bujidos, Servicio de Reumatología, 

Hospital Ramon Y Cajal, Madrid, Spain; Øyvind Midtvedt, Anna-Maria Hoffmann-

Vold, Department of Rheumatology, Rikshospitalet University Hospital, Oslo, 

Norway; David Launay, Eric Hachulla, Department of Internal Medicine, Hôpital 

Claude Huriez, Lille, France; Valeria Riccieri, Divisione di Reumatologia, Università di 

Roma La Sapienza Dipartimento di Clinica e Terapia Medica Applicata, Rome, Italy; 

Ruxandra Ionescu, Daniela Opris, Department of Rheumatology - St. Maria Hospital, 

Carol Davila University of Medicine and Pharmacy, Bucharest, Romania; Carmen 

Mihai, Department of Internal Medicine and Rheumatology Clinic, Ion Cantacuzino 

Clinical Hospital, Bucharest, Romania; Ilka Herrgott, Department of Dermatology 

University of Münster, Münster, Germany; Christian Beyer, Department of Internal 

Medicine 3, University Hospital Erlangen, Erlangen, Germany; Francesca Ingegnoli, 

Division of Rheumatology, Istituto Gaetano Pini, Department of Clinical Sciences and 

Community Health, University of Milan, Milan, Italy; Carlos Alberto von Mühlen, 

Rheuma Clinic, Porto Alegre, Brazil; Juan José Alegre-Sancho, Emma Beltr ́an-

Catal ́an, Hospital Universitario Dr Peset, Valencia, Spain; Martin Aringer, Julia 

Fantana, Nicolai Leuchten, Anne-Kathrin Tausche, Division of Rheumatology 

Department of Medicine III, University Medical Center Carl Gustav Carus Technical 

University of Dresden, Dresden, Germany; Rene Westhovens, Marie Vanthuyne, 

Catholic University of Leuven, Department of Rheumatology, Leuven, Belgium; 

Branimir Anic, Marko Barešić, Miroslav Mayer, University Hospital Centre Zagreb 

Division of Clinical Immunology and Rheumatology Department of Medicine, Zagreb, 

Croatia; Maria Üprus, Kati Otsa, East-Tallin Central Hospital, Department of 

Rheumatology, Tallin, Estonia; Sule Yavuz, University of Marmara, Department of 

Rheumatology, Altunizade-Istanbul, Turkey; Brigitte Granel, Service de Médecine 



 

46 

Interne, Hôpital Nord de Marseille, Marseille, France; Valderilio F. Azevedo, Carolina 

Muller, Hospital de Clínicas da Universidade Federal do Paraná, Curitiba - Paraná, 

Brasil; Sergio A Jimenez, Scleroderma Center, Thomas Jefferson University, 

Philadelphia, USA; Serghei Popa, Svetlana Agachi, Department of Rheumatology, 

Republican Clinical Hospital, Chisinau, Republic of Moldova; Thierry Zenone, 

Department of Medicine, Unit of Internal Medicine, Valence, France; Simon 

Stebbings, John Dockerty, Dunedin School of Medicine, Dunedin, New Zealand; 

Alessandra Vacca, II Chair of Rheumatology, University of Cagliari-Policlinico 

Universitario, Monserrato, Italy; Joanna Schollum, Waikato University Hospital 

Rheumatology Unit, Hamilton, New Zealand; Douglas Veale, Department of 

Rheumatology, Bone and Joint Unit St. Vincent’s University Hospital, Dublin, Ireland; 

Sergio Toloza, Hospital San Juan Batista, Catamarca, Argentina; Dong Xu, 

Department of Rheumatology, Peking Union Medical College Hospital (West 

Campus), Chinese Academy of Medical Sciences, Beijing, China; Jacek Olas, 

Malopolskie Centrum Reumatologii, Immunologii i Rehabilitacji. Cracow, Poland; 

Edoardo Rosato, Centro per la Sclerosi Sistemica - Dipartimento di Medicina Clinica, 

Università La Sapienza, Policlinico Umberto I, Roma, Italy; Rosario Foti, U.O. di 

Reumatologia, A.O.U. Policlinico Vittorio Emanuele, Catania, Italy; Sabine Adler, 

Diana Dan, Department of Rheumatology and Clinical Immunology/Allergology 

Inselspital, University of Bern, Bern, Switzerland; Ewa Wiesik-Szewczyk, Marzena 

Olesińska, Department of Connective Tissue Disease, Institute of Rheumatology, 

Warsaw, Poland; Cristiane Kayser, Universidade Federal de São Paulo - Disciplina 

de Reumatologia, São Paulo, Brasil; Nihal Fathi, Assiut and Sohage University 

Hospital, Rheumatology Department Assiut University Hospital, Assiut, Egypt; 

Paloma García de la Peña Lefebvre, Hospital Universitario Madrid Norte 



 

47 

Sanchinarro, Madrid, Spain; Bernard Imbert, Vascular Medicine Unit - Department of 

Medicine, Centre Hospitalier Universitaire de Grenoble, Grenoble, France 

   

Contributorship statement 

The authors as listed on the title page of the manuscript have all made substantial 

contributions which qualifies them as authors. All authors have finally approved the 

submitted version to be published.  

  

Acknowledgements: The project was funded by a research grant of EULAR to the 

EUSTAR SSc recommendation group. 

  

Disclosure of Interest: O. Kowal-Bielecka: Consultancies or speakers bureau: 

Abbvie, Actelion, Bayer, Inventiva, Pfizer, Roche; J. Fransen: None declared; J. 

Avouac: Grant/Research support from BMS, Pfizer, Roche/Chugai, Sanofi-Aventis, 

Actelion; M. Becker: Consultant for Actelion; A. Kulak: None declared; Y. Allanore: 

Consultant for: Bayer Pharma, Actelion, Pfizer, Inventiva, Medac, Servier, Boehringer 

Ingelheim, Sanofi-Aventis, CSL Behring, Roche; O. Distler: Consultant for: 4D 

Science, Actelion, Active Biotec, Bayer-Schering, Biogen, Biovitrium, BMS, 

Boehringer Ingelheim Pharma, EpiPharm, Ergonex, GSK, Inventiva, Medac, 

Novartis, Pfizer, Pharmacyclics, Roche/Genentech, Sanofi/Genzyme, Serodapharm, 

Sinoxa and United BioSource Corporation; P. Clements: none declared; M. Cutolo: 

Mundipharm, Actelion, BMS, Horizon, Pfizer, Biogen, Celltrion, Cellgene; L. Czirjak: 

Consultant for: Actelion and Pfizer; N. Damjanov: None declared; F. del Galdo: None 

declared; C.P. Denton: has received consulting fees from Roche, Actelion, GSK, 

Bayer pharmaceuticals; J. H.W. Distler: None declared; I. Foeldvari: Constultant: 



 

48 

Bayer, Roche/Chugai; K. Fligelstone: None, M. Frerix: Actelion; D.E. Furst: None 

declared; S. Guiducci: None declared; N. Hunzelmann: has received lecture fees 

from Actelion, Bayer, Roche; D. Khanna: Consultancy with Actelion, BMS, Bayer, 

Covis, Cytori, Genentech/ Roche, Gilead, Sanofi-aventis and grant from NIH/NIAID, 

NIH/NIAMS, Bayer and BMS; M. Matucci-Cerinic: None declared; A.L. Herrick: 

Consultant/speaker/research funding: Actelion, consultant: Apricus; F. van den 

Hoogen: None declared; J. van Laar: None declared; G. Riemekasten: lecturers fees 

from Bayer, Pfizer, Novartis, Actelion, GSK, BMS and research grants from Actelion; 

R. Silver: Consultant for:  Entelligence Program, supported by Actelion; inPractice 

Rheumatology, Grant support:  BMS, Bayer; V. Smith: None declared, A. Sulli: 

Research grant from Actelion; I. Tarner: Actelion; A. Tyndall: None declared; J. 

Welling: None declared; F. Wigley: None declared; G. Valentini: None declared; U.A. 

Walker: None declared; F. Zulian: None declared; U. Müller-Ladner: Grant/research 

support from: EULAR grant, Consultant for: Actelion, GSK, Bayer, Medac, 

Roche/Chugai. 

 

  

  

   

 

 

 

 

 

 



 

49 

 

 

 

 

REFERENCES  

1. Nihtyanova SI, Ong VH, Denton CP. Current management strategies for systemic 

sclerosis. Clin Exp Rheumatol, 2014;32(2 Suppl 81):156-64. 

2. Kowal-Bielecka O, Landewé R, Avouac J, et al., EULAR recommendations for the 

treatment of systemic sclerosis: a report from the EULAR Scleroderma Trials and 

Research group (EUSTAR). Ann Rheum Dis, 2009;68(5):620-8. 

3. Walker KM, Pope J. Expert agreement on EULAR/EUSTAR recommendations for 

the management of systemic sclerosis. J Rheumatol 2011;38:1326-8. 

4. Dougados M, Betteridge N, Burmester GR, et al., EULAR standardised operating 

procedures for the elaboration, evaluation, dissemination, and implementation of 

recommendations endorsed by the EULAR standing committees. Ann Rheum Dis 

2004;63:1172-6. 

5. van der Heijde D, Aletaha D, Carmona L et al., 2014 Update of the EULAR 

standardised operating procedures for EULAR-endorsed recommendations. Ann 

Rheum Dis 2015;74:8-13. 

6. Avouac J, Kowal-Bielecka O, Landewe R, et al. European League Against 

Rheumatism (EULAR) Scleroderma Trial and Research group (EUSTAR) 

recommendations for the treatment of systemic sclerosis: methods of elaboration and 

results of systematic literature research. Ann Rheum Dis 2009;68:629-34. 

7. Preliminary criteria for the classification of systemic sclerosis (scleroderma). 

Subcommittee for scleroderma criteria of the American Rheumatism Association 

Diagnostic and Therapeutic Criteria Committee. Arthritis Rheum 1980;23:581-90 

8. LeRoy EC, Black C, Fleischmajer R, et al. Scleroderma (systemic sclerosis): 

classification, subsets and pathogenesis. J Rheumatol 1988;15:202-5. 



 

50 

9. van den Hoogen F, Khanna D, Fransen J, et al. 2013 classification criteria for 

systemic sclerosis: an American college of rheumatology/European league against 

rheumatism collaborative initiative. Ann Rheum Dis 2013;72:1747-55. 

10. http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-

march-2009. 

11. Jadad AR, Moore RA, Carroll D, et al. Assessing the quality of reports of 

randomized clinical trials: is blinding necessary? Control Clin Trials 1996;17:1-12. 

12. Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1. Introduction-GRADE 

evidence profiles and summary of findings tables. J Clin Epidemiol 2011;64:383-94. 

13. Thompson AE, Shea B, Welch V, et al. Calcium-channel blockers for Raynaud's 

phenomenon in systemic sclerosis. Arthritis Rheum 2001;44:1841-7. 

14. Ettinger W, Wise RA, Schaffhauser D, et al. Controlled double-blind trial of 

dazoxiben and nifedipine in the treatment of Raynaud's phenomenon. Am J Med 

1984;77:451-6. 

15. Kahan A, Weber S, Amor B, et al. Calcium entry blocking agents in digital 

vasospasm (Raynaud's phenomenon). Eur Heart J 1983;4(Suppl C):123-9. 

16. Kahan A, Foult JM, Weber S, et al. Nifedipine and alpha 1-adrenergic blockade in 

Raynaud's phenomenon. Eur Heart J 1985;6:702-5. 

17. Kahan A, Amor B, Menkès CJ, et al. Nicardipine in the treatment of Raynaud's 

phenomenon: a randomized double-blind trial. Angiology 1987;38:333-7. 

18. Rademaker M, Cooke ED, Almond NE, et al. Comparison of intravenous 

infusions of iloprost and oral nifedipine in treatment of Raynaud's phenomenon in 

patients with systemic sclerosis: a double blind randomised study. BMJ 

1989;298:561-4. 

19. Rodeheffer RJ, Rommer JA, Wigley F, et al. Controlled double-blind trial of 

nifedipine in the treatment of Raynaud's phenomenon. N Engl J Med 1983;308:880-

3. 

http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009


 

51 

20. Meyrick Thomas RH, Rademaker M, Grimes SM, et al. Nifedipine in the 

treatment of Raynaud's phenomenon in patients with systemic sclerosis. Br J 

Dermatol 1987;117:237-41. 

21. Roustit M, Blaise S, Allanore Y, et al. Phosphodiesterase-5 inhibitors for the 

treatment of secondary Raynaud's phenomenon: systematic review and meta-

analysis of randomised trials. Ann Rheum Dis 2013;72:1696-9. 

22. Herrick AL, van den Hoogen F, Gabrielli A, et al. Modified-release sildenafil 

reduces Raynaud's phenomenon attack frequency in limited cutaneous systemic 

sclerosis. Arthritis Rheum 2011;63:775-82. 

23. Fries R, Shariat K, von Wilmowsky H, et al. Sildenafil in the treatment of 

Raynaud's phenomenon resistant to vasodilatory therapy. Circulation 

2005;112:2980-5. 

24. Schiopu E, Hsu VM, Impens AJ, et al. Randomized placebo-controlled crossover 

trial of tadalafil in Raynaud's phenomenon secondary to systemic sclerosis. J 

Rheumatol 2009;36:2264-8. 

25. Shenoy PD, Kumar S, Jha LK, et al. Efficacy of tadalafil in secondary Raynaud's 

phenomenon resistant to vasodilator therapy: a double-blind randomized cross-over 

trial. Rheumatology (Oxford) 2010;49:2420-8. 

26. Agarwal V, GP, Sharma A, Bhakuni DS, et al, Efficacy of tadalafil in Raynaud’s 

phenomenon secondary to systemic sclerosis: a double-blind randomized placebo-

controlled parallel group multicentric study (abstract). Arthritis Rheum 2010;62((Suppl 

10)). 

27. Caglayan E, Axmann S, Hellmich M, et al. Vardenafil for the treatment of raynaud 

phenomenon: a randomized, double-blind, placebo-controlled crossover study. Arch 

Intern Med 2012;172:1182-4. 

28. Pope J, Fenlon D, Thompson A, et al. Iloprost and cisaprost for Raynaud's 

phenomenon in progressive systemic sclerosis. Cochrane Database Syst Rev 

2000(2):Cd000953. 



 

52 

29. McHugh NJ, Csuka M, Watson H, et al. Infusion of iloprost, a prostacyclin 

analogue, for treatment of Raynaud's phenomenon in systemic sclerosis. Ann Rheum 

Dis 1988;47:43-7. 

30. Yardumian DA, Isenberg DA, Rustin M, et al. Successful treatment of Raynaud's 

syndrome with Iloprost, a chemically stable prostacyclin analogue. Br J Rheumatol 

1988;27:220-6. 

31. Kyle MV, Belcher G, Hazleman BL. Placebo controlled study showing therapeutic 

benefit of iloprost in the treatment of Raynaud's phenomenon. J Rheumatol 

1992;19:1403-6. 

32. Wigley FM, Seibold JR, Wise RA, et al. Intravenous iloprost treatment of 

Raynaud's phenomenon and ischemic ulcers secondary to systemic sclerosis. J 

Rheumatol 1992;19:1407-14. 

33. Wigley FM, Wise RA, Seibold JR, et al. Intravenous iloprost infusion in patients 

with Raynaud phenomenon secondary to systemic sclerosis. A multicenter, placebo-

controlled, double-blind study. Ann Intern Med 1994;120:199-206. 

34. Belch JJ, Capell HA, Cooke ED, et al. Oral iloprost as a treatment for Raynaud's 

syndrome: a double blind multicentre placebo controlled study. Ann Rheum Dis 

1995;54:197-200. 

35. Lau CS, Belch JJ, Madhok R, et al. A randomised, double-blind study of 

cicaprost, an oral prostacyclin analogue, in the treatment of Raynaud's phenomenon 

secondary to systemic sclerosis. Clin Exp Rheumatol 1993;11:35-40. 

36. Wigley FM, Korn JH, Csuka ME, et al. Oral iloprost treatment in patients with 

Raynaud's phenomenon secondary to systemic sclerosis: a multicenter, placebo-

controlled, double-blind study. Arthritis Rheum 1998;41:670-7. 

37. Black CM, Halkier-Sørensen L, Belch JJ, et al. Oral iloprost in Raynaud's 

phenomenon secondary to systemic sclerosis: a multicentre, placebo-controlled, 

dose-comparison study. Br J Rheumatol 1998;37:952-60. 

38. Vayssairat M. Preventive effect of an oral prostacyclin analog, beraprost sodium, 

on digital necrosis in systemic sclerosis. French Microcirculation Society Multicenter 

Group for the Study of Vascular Acrosyndromes. J Rheumatol 1999;26:2173-8. 



 

53 

39. Scorza R, Caronni M, Mascagni B, et al. Effects of long-term cyclic iloprost 

therapy in systemic sclerosis with Raynaud's phenomenon. A randomized, controlled 

study. Clin Exp Rheumatol 2001;19:503-8. 

40. Coleiro B, Marshall SE, Denton CP, et al. Treatment of Raynaud's phenomenon 

with the selective serotonin reuptake inhibitor fluoxetine. Rheumatology (Oxford) 

2001;40:1038-43. 

41. Seibold JR, WF, Schiopu E, Denton CD, et al. Digital ischemic ulcers in 

scleroderma treated with oral treprostinil diethanolamine: a randomized, doubleblind, 

placebo-controlled, multicenter study [abstract]. Arthritis Rheum 

2011;63(10(Suppl)):S968. 

42. Tingey T, Shu J, Smuczek J, et al. Meta-analysis of healing and prevention of 

digital ulcers in systemic sclerosis. Arthritis Care Res (Hoboken) 2013;65:1460-71. 

43. Hachulla E, Hatron PY, Carpentier P, et al. Efficacy of sildenafil on ischaemic 

digital ulcer healing in systemic sclerosis: the placebo-controlled SEDUCE study. 

Ann Rheum Dis 2015; 75:1009-15. 

44. Korn JH, Mayes M, Matucci Cerinic M, et al. Digital ulcers in systemic sclerosis: 

prevention by treatment with bosentan, an oral endothelin receptor antagonist. 

Arthritis Rheum 2004;50:3985-93. 

45. Matucci-Cerinic M, Denton CP, Furst DE, et al. Bosentan treatment of digital 

ulcers related to systemic sclerosis: results from the RAPIDS-2 randomised, double-

blind, placebo-controlled trial. Ann Rheum Dis 2011;70:32-8. 

46. Pulido T, Adzerikho I, Channick RN, et al. Macitentan and morbidity and mortality 

in pulmonary arterial hypertension. N Engl J Med 2013;369:809-18. 

47. Ghofrani HA, Distler O, Gerhardt F, et al. Treatment of pulmonary arterial 

hypertension (PAH): updated Recommendations of the Cologne Consensus 

Conference 2011. Int J Cardiol 2011;154 Suppl 1:S20-33. 

48. Taichman DB, Ornelas J, Chung L, et al. Pharmacologic therapy for pulmonary 

arterial hypertension in adults: CHEST guideline and expert panel report. Chest 

2014;146:449-75. 



 

54 

49. Ghofrani HA, Galiè N, Grimminger F, et al. Riociguat for the treatment of 

pulmonary arterial hypertension. N Engl J Med 2013;369:330-40. 

50. Patel T, McKeage K. Macitentan: first global approval. Drugs 2014;74:127-33. 

51. Conole D, Scott LJ. Riociguat: first global approval. Drugs 2013;73:1967-75. 

52. Galie N, Humbert M, Vachiery JL, et al. 2015 ESC/ERS Guidelines for the 

diagnosis and treatment of pulmonary hypertension: The Joint Task Force for the 

Diagnosis and Treatment of Pulmonary Hypertension of the European Society of 

Cardiology (ESC) and the European Respiratory Society (ERS): Endorsed by: 

Association for European Paediatric and Congenital Cardiology (AEPC), International 

Society for Heart and Lung Transplantation (ISHLT). Eur Heart J 2016;37:67-119. 

53. Badesch DB, Tapson VF, McGoon MD, et al. Continuous intravenous 

epoprostenol for pulmonary hypertension due to the scleroderma spectrum of 

disease. A randomized, controlled trial. Ann Intern Med 2000;132:425-34. 

54. Sitbon O, Humbert M, Nunes H, et al. Long-term intravenous epoprostenol 

infusion in primary pulmonary hypertension: prognostic factors and survival. J Am 

Coll Cardiol 2002;40:780-8. 

55. McLaughlin, VV, Shillington A, Rich S. Survival in primary pulmonary 

hypertension: the impact of epoprostenol therapy. Circulation 2002;106:1477-82. 

56. Food and Drug Administration. Drug approval package: flolan (epoprostenol 

sodium) injection.; 

http://www.accessdata.fda.gov/drugsatfda_docs/label/2008/020444s016lbl.pdf]. 

57. van den Hoogen FH, Boerbooms AM, Swaak AJ, et al. Comparison of 

methotrexate with placebo in the treatment of systemic sclerosis: a 24 week 

randomized double-blind trial, followed by a 24 week observational trial. Br J 

Rheumatol 1996;35:364-72. 

58. Pope JE, Bellamy N, Seibold JR, et al. A randomized, controlled trial of 

methotrexate versus placebo in early diffuse scleroderma. Arthritis Rheum 

2001;44:1351-8. 

59. Johnson SR, Feldman BM, Pope JE, et al. Shifting our thinking about uncommon 

disease trials: the case of methotrexate in scleroderma. J Rheumatol 2009;36:323-9. 

http://www.accessdata.fda.gov/drugsatfda_docs/label/2008/020444s016lbl.pdf%5d


 

55 

60. Lateef O, Shakoor N, Balk RA. Methotrexate pulmonary toxicity. Expert Opin 

Drug Saf 2005;4:723-30. 

61. Tashkin DP, Elashoff R, Clements PJ, et al. Cyclophosphamide versus placebo 

in scleroderma lung disease. N Engl J Med 2006;354:2655-66. 

62. Hoyles RK, Ellis RW, Wellsbury J, et al. A multicenter, prospective, randomized, 

double-blind, placebo-controlled trial of corticosteroids and intravenous 

cyclophosphamide followed by oral azathioprine for the treatment of pulmonary 

fibrosis in scleroderma. Arthritis Rheum 2006;54:3962-70. 

63. Goldin J, Elashoff R, Kim HJ, et al. Treatment of scleroderma-interstitial lung 

disease with cyclophosphamide is associated with less progressive fibrosis on serial 

thoracic high-resolution CT scan than placebo: findings from the scleroderma lung 

study. Chest 2009;136:1333-40. 

64. Tashkin DP, Elashoff R, Clements PJ, et al. Effects of 1-year treatment with 

cyclophosphamide on outcomes at 2 years in scleroderma lung disease. Am J Respir 

Crit Care Med 2007;176:1026-34. 

65. Roth MD, Tseng CH, Clements PJ, et al. Predicting treatment outcomes and 

responder subsets in scleroderma-related interstitial lung disease. Arthritis Rheum 

2011;63:2797-808. 

66. Lynch JP 3rd, McCune WJ, Immunosuppressive and cytotoxic pharmacotherapy 

for pulmonary disorders. Am J Respir Crit Care Med 1997;155:395-420. 

67. Burt RK, Shah SJ, Dill K, et al. Autologous non-myeloablative haemopoietic 

stem-cell transplantation compared with pulse cyclophosphamide once per month for 

systemic sclerosis (ASSIST): an open-label, randomised phase 2 trial. Lancet 

2011;378:498-506. 

68. van Laar JM, Farge D, Sont JK, et al. Autologous hematopoietic stem cell 

transplantation vs intravenous pulse cyclophosphamide in diffuse cutaneous 

systemic sclerosis: a randomized clinical trial. JAMA 2014;311:2490-8. 

69. Lopez-Ovejero JA, Saal SD, D'Angelo WA, et al. Reversal of vascular and renal 

crises of scleroderma by oral angiotensin-converting-enzyme blockade. N Engl J 

Med, 1979;300:1417-9. 



 

56 

70. Helfrich DJ, Banner B, Steen VD, et al. Normotensive renal failure in systemic 

sclerosis. Arthritis Rheum 1989;32:1128-34. 

71. Steen V, Costantino JP, Shapiro AP, et al. Outcome of renal crisis in systemic 

sclerosis: relation to availability of angiotensin converting enzyme (ACE) inhibitors. 

Ann Intern Med 1990;113:352-7. 

72. Steen, VD, Medsger TA Jr. Long-term outcomes of scleroderma renal crisis. Ann 

Intern Med 2000;133:600-3. 

73. Teixeira L, Mouthon L, Mahr A, et al. Mortality and risk factors of scleroderma 

renal crisis: a French retrospective study of 50 patients. Ann Rheum Dis 

2008;67:110-6. 

74. Guillevin L, Bérezné A, Seror R, et al. Scleroderma renal crisis: a retrospective 

multicentre study on 91 patients and 427 controls. Rheumatology (Oxford) 

2012;51:460-7. 

75. Penn H, Howie AJ, Kingdon EJ, et al. Scleroderma renal crisis: patient 

characteristics and long-term outcomes. QJM 2007;100:485-94. 

76. Hudson M, Baron M, Tatibouet S, et al., Exposure to ACE inhibitors prior to the 

onset of scleroderma renal crisis-results from the International Scleroderma Renal 

Crisis Survey. Semin Arthritis Rheum 2014;43:666-72. 

77. Steen VD, Medsger TA Jr. Case-control study of corticosteroids and other drugs 

that either precipitate or protect from the development of scleroderma renal crisis. 

Arthritis Rheum 1998;41:1613-9. 

78. DeMarco PJ, Weisman MH, Seibold JR, et al. Predictors and outcomes of 

scleroderma renal crisis: the high-dose versus low-dose D-penicillamine in early 

diffuse systemic sclerosis trial. Arthritis Rheum 2002;46:2983-9. 

79. Montanelli G, Beretta L, Santaniello A, et al. Effect of dihydropyridine calcium 

channel blockers and glucocorticoids on the prevention and development of 

scleroderma renal crisis in an Italian case series. Clin Exp Rheumatol 2013;31(2 

Suppl 76):135-9. 



 

57 

80. Hesselstrand R, Scheja A, Wuttge DM. Scleroderma renal crisis in a Swedish 

systemic sclerosis cohort: survival, renal outcome, and RNA polymerase III 

antibodies as a risk factor. Scand J Rheumatol 2012;41:39-43. 

81. Pakozdi A, Wilson H, Black CM, et al. Does long term therapy with lansoprazole 

slow progression of oesophageal involvement in systemic sclerosis? Clin Exp 

Rheumatol 2009;27(3 Suppl 54):5-8. 

82. Chiba N, De Gara CJ, Wilkinson JM, et al. Speed of healing and symptom relief 

in grade II to IV gastroesophageal reflux disease: a meta-analysis. Gastroenterology 

1997;112:1798-810. 

83. Donnellan C, Sharma N, Preston C, et al. Medical treatments for the 

maintenance therapy of reflux oesophagitis and endoscopic negative reflux disease. 

Cochrane Database Syst Rev 2005;(2):Cd003245. 

84. Sigterman KE, van Pinxteren B, Bonis PA, et al. Short-term treatment with proton 

pump inhibitors, H2-receptor antagonists and prokinetics for gastro-oesophageal 

reflux disease-like symptoms and endoscopy negative reflux disease. Cochrane 

Database Syst Rev 2013;5:Cd002095. 

85. Ali T, Roberts DN, Tierney WM. Long-term safety concerns with proton pump 

inhibitors. Am J Med 2009;122:896-903. 

86. Vakil N. Prescribing proton pump inhibitors: is it time to pause and rethink? Drugs 

2012;72:437-45. 

87. Hess MW, Hoenderop JG, Bindels RJ, et al. Systematic review: 

hypomagnesaemia induced by proton pump inhibition. Aliment Pharmacol Ther 

2012;36:405-13. 

88. Horowitz M, Maddern GJ, Maddox A, et al. Effects of cisapride on gastric and 

esophageal emptying in progressive systemic sclerosis. Gastroenterology 

1987;93:311-5. 

89. Wehrmann T, Caspary WF. Effect of cisapride on esophageal motility in healthy 

probands and patients with progressive systemic scleroderma. Klin Wochenschr 

1990;68:602-7. 



 

58 

90. Kahan A, Chaussade S, Gaudric M, et al. The effect of cisapride on gastro-

oesophageal dysfunction in systemic sclerosis: a controlled manometric study. Br J 

Clin Pharmacol 1991;31:683-7. 

91. Limburg AJ, Smit AJ, Kleibeuker JH. Effects of cisapride on the esophageal 

motor function of patients with progressive systemic sclerosis or mixed connective 

tissue disease. Digestion 1991;49:156-60. 

92. Wang SJ, La JL, Chen DY, et al. Effects of cisapride on oesophageal transit of 

solids in patients with progressive systemic sclerosis. Clin Rheumatol 2002;21:43-5. 

93. Quigley EM. Cisapride: what can we learn from the rise and fall of a prokinetic? J 

Dig Dis 2011;12:147-56. 

94. Fiorucci S, Distrutti E, Gerli R, et al. Effect of erythromycin on gastric and 

gallbladder emptying and gastrointestinal symptoms in scleroderma patients is 

maintained medium term. Am J Gastroenterol 1994;89:550-5. 

95. Verne GN, Eaker EY, Hardy E, et al. Effect of octreotide and erythromycin on 

idiopathic and scleroderma-associated intestinal pseudoobstruction. Dig Dis Sci 

1995;40:1892-901. 

96. Soudah HC, Hasler WL, Owyang C. Effect of octreotide on intestinal motility and 

bacterial overgrowth in scleroderma. N Engl J Med 1991;325:1461-7. 

97. Nikou GC, Toumpanakis C, Katsiari C, et al., Treatment of small intestinal 

disease in systemic sclerosis with octreotide: a prospective study in seven patients. J 

Clin Rheumatol 2007;13:119-23. 

98. Hasler WL. Pharmacotherapy for intestinal motor and sensory disorders. 

Gastroenterol Clin North Am 2003;32:707-32. 

99. Acosta A, Camilleri M. Prokinetics in gastroparesis. Gastroenterol Clin North Am 

2015;44:97-111. 

100. Parodi A, Sessarego M, Greco A, et al., Small intestinal bacterial overgrowth in 

patients suffering from scleroderma: clinical effectiveness of its eradication. Am J 

Gastroenterol 2008;103:1257-62. 



 

59 

101. Marie I, Ducrotté P, Denis P, et al. Small intestinal bacterial overgrowth in 

systemic sclerosis. Rheumatology (Oxford), 2009;48:1314-9. 

102. Grace E, Shaw C, Whelan K, et al. Review article: small intestinal bacterial 

overgrowth--prevalence, clinical features, current and developing diagnostic tests, 

and treatment. Aliment Pharmacol Ther 2013;38:674-88. 

103. Khanna D,  Denton CP, Jahreis A, et al. Safety and efficacy of subcutaneous 

tocilizumab in adults with systemic sclerosis (faSScinate): a phase 2, randomised, 

controlled trial. Lancet. 2016 May 5. pii: S0140-6736(16)00232-4. doi: 

10.1016/S0140-6736(16)00232-4. [Epub ahead of print] 

104. Clements PJ, Tashkin D, Roth M, et al. The Scleroderma Lung Study II (SLS II) 

Shows That Both Oral Cyclophosphamide (CYC) and Mycophenolate Mofitil (MMF) 

Are Efficacious in Treating Progressive Interstitial Lung Disease (ILD) in Patients with 

Systemic Sclerosis (SSc) [abstract]. Arthritis Rheumatol. 2015;67(suppl 10). 

http://acrabstracts.org/abstract/the-scleroderma-lung-study-ii-sls-ii-shows-that-

bothoral-cyclophosphamide-cyc-and-mycophenolate-mofitil-mmf-are-efficacious-in-

treatingprogressive-interstitial-lung-disease-ild-in-patients-w/. Accessed December 2, 

2015. 

 

 

 
 

  

 

 


