
P O S I T I O N  A R T I C L E  A N D  G U I D E L I N E S Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

Kayser et al. Advances in Rheumatology           (2024) 64:52 
https://doi.org/10.1186/s42358-024-00392-w

Advances in Rheumatology

†Cristiane Kayser and Sandra Maximiano de Oliveira Delgado have 
contributed equally as first authors.

Andrea Tavares Dantas and Percival Degrava Sampaio-Barros have 
contributed equally as last authors.

*Correspondence:
Cristiane Kayser
cristiane.kayser@unifesp.br

Full list of author information is available at the end of the article

Abstract
Background Systemic sclerosis (SSc) is a rare chronic autoimmune disease with heterogeneous manifestations. In 
the last decade, several clinical trials have been conducted to evaluate new treatment options for SSc. The purpose 
of this work is to update the recommendations of the Brazilian Society of Rheumatology in light of the new evidence 
available for the pharmacological management of SSc.

Methods A systematic review including randomized clinical trials (RCTs) for predefined questions that were 
elaborated according to the Patient/Population, Intervention, Comparison, and Outcomes (PICO) strategy was 
conducted. The rating of the available evidence was performed according to the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) methodology. To become a recommendation, at least 75% 
agreement of the voting panel was needed.

Results Six recommendations were elaborated regarding the pharmacological treatment of Raynaud’s 
phenomenon, the treatment (healing) and prevention of digital ulcers, skin involvement, interstitial lung disease (ILD) 
and gastrointestinal involvement in SSc patients based on results available from RCTs. New drugs, such as rituximab, 
were included as therapeutic options for skin involvement, and rituximab, tocilizumab and nintedanib were included 
as therapeutic options for ILD. Recommendations for the pharmacological treatment of scleroderma renal crisis 
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Background
Systemic sclerosis (SSc) is a rare systemic autoimmune 
disease characterized by a triad of microvascular damage, 
innate and adaptive immune dysregulation, and progres-
sive tissue fibrosis of the skin and internal organs [1]. SSc 
is a heterogeneous disease with an unpredictable clinical 
course and high morbidity and mortality rates [2]. Dif-
ferent organs and systems can be affected, including the 
skin, gastrointestinal tract, blood vessels, musculoskeletal 
system, heart, lungs, and kidneys [3].

Patients with SSc can be classified into two major clini-
cal subtypes with distinct rates of disease progression, 
according to the extent of skin involvement. Patients 
with diffuse cutaneous SSc (dcSSc) have a rapid progres-
sion of skin thickening, localized proximal to the elbows 
or knees, a higher risk of visceral involvement and a 
higher mortality rate [1]. On the other hand, in patients 
with limited cutaneous SSc (lcSSc), the skin thickening 
is restricted to areas distal to the elbows and knees, with 
or without involvement of the face. In those patients, vis-
ceral involvement is generally less frequent, but there is a 
higher risk of late-stage development of pulmonary arte-
rial hypertension (PAH) [1]. Those patients without skin 
thickening but presenting visceral and vascular mani-
festations of SSc with positive antinuclear antibodies 
(ANA), were considered SSc sine scleroderma [4]. Aiming 
at an early diagnosis of the disease, patients might also be 
classified as having “early” or “very early” SSc [5, 6].

Treatment of SSc can be challenging, particularly due 
to the heterogeneous disease manifestation and consid-
erable variability in the treatment response [7]. Nonethe-
less, in the last decade, several randomized controlled 
trials (RCTs) have been performed, and advances in the 
management of SSc have been made [7]. Moreover, a bet-
ter comprehension of the disease pathogenesis and the 
clinical course of SSc has reinforced the importance of 
early diagnosis and early detection of organ involvement 
[8], which might impact patient prognosis. Thus, cur-
rent treatments should be stratified according to organ 
involvement based on early screening and careful evalu-
ation of each patient.

The aim of these guidelines is to provide new rec-
ommendations for the pharmacological treatment of 
SSc, except for PAH, for which specific guidelines have 

recently been published [9–11]. This version replaces the 
previous guidelines published in 2013 [12] and is grouped 
based on organ involvement, reflecting decision-making 
in clinical practice. It is also important to point out that 
the recommendations made in this paper do not intend 
to replace the patient‒physician shared decision or per-
sonalized treatment based on the rheumatologist’s eval-
uation and are intended to provide updated scientific 
evidence to help clinicians treat their patients in clinical 
practice.

Methods
The elaboration of these guidelines was conducted 
according to the Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) methodol-
ogy to assess the quality of the evidence and the strength 
of the recommendation [13], mainly regarding the bal-
ance between benefits and harms, values and preferences, 
costs, certainty of evidence and equity. Recommenda-
tions could be either in favor of or against the proposed 
intervention and either strong or weak/conditional. Thus, 
the recommendations were classified into four catego-
ries: strongly recommended, conditionally recommended, 
conditionally recommended against, and strongly rec-
ommended against a given intervention [13]. It was an 
initiative of the Systemic Sclerosis Committee from the 
Brazilian Society of Rheumatology (SBR), a committee 
composed of rheumatologists with interest and experi-
ence in SSc.

First, eleven clinical questions regarding SSc treat-
ment were elaborated by a core leadership team consist-
ing of four rheumatologists with expertise in SSc (C.K., 
S.M.O.D., A.T.D., and P.D.S.B.) according to the Patient/
Population, Intervention, Comparison, Outcome (PICO) 
strategy. The clinical questions were validated in a virtual 
meeting by a panel of experts, consisting of 23 rheuma-
tologists of the SBR SSc Committee. The PICO question 
regarding physical rehabilitation for musculoskeletal 
involvement in SSc patients was discarded by the expert 
panel because this work aimed to review pharmacologi-
cal interventions. The PICO question about PAH was 
later discarded based on the presence of specific guide-
lines recently published [9–11]. The PICO question about 
cardiac involvement was discarded by the expert panel 

and musculoskeletal involvement were elaborated based on the expert opinion of the voting panel, as no placebo-
controlled RCTs were found.

Conclusion These guidelines updated and incorporated new treatment options for the management of SSc based 
on evidence from the literature and expert opinion regarding SSc, providing support for decision-making in clinical 
practice.

Keywords Systemic sclerosis, Scleroderma, Treatment, Disease management, Interstitial lung disease, Raynaud’s 
phenomenon, Digital ulcer, Guidelines
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due to the lack of scientific evidence for its management. 
As no placebo-controlled clinical trial for the treatment 
of scleroderma renal crisis (SRC) and musculoskeletal 
involvement was found and due to the importance of 
these two clinical questions, the authors elaborated these 
two recommendations based on case‒controlled or head-
to-head studies and on the expert opinion of the voting 
panel. The core leadership team also prespecified the out-
comes that were considered critical or important for each 
PICO question for the systematic literature review.

According to the GRADE methodology, a strong 
recommendation is one for which the expert panel is 
confident that the desirable effects of an intervention 
outweigh its undesirable effects (strong recommenda-
tion for an intervention) or that the undesirable effects 
of an intervention outweigh its desirable effects (strong 
recommendation against an intervention) [13]. A weak or 
conditional recommendation is one for which the desir-
able effects probably outweigh the undesirable effects 
or undesirable effects probably outweigh the desirable 
effect, but appreciable uncertainty exists (Table 1). More-
over, the quality of evidence was categorized into four 
categories: high, moderate, low, or very low (Table  2). 
Agreement between panelists was determined by the 
Delphi technique [14] using an online anonymous survey, 
and a minimum of 75% agreement was needed for each 
recommendation. The methodological details, including 
PICO questions, outcomes and the search strategy for 
the systematic review, are available in the Supplementary 

material (Supplementary Chart  1 and Supplementary 
Tables 1 and 2). The entire process was supervised by two 
expert methodologists (A.R. and V.T.C.) from the SBR 
research unit.

Search strategy and study selection
A systematic review was performed in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines [15] to elabo-
rate recommendations for the pharmacological treat-
ment of systemic sclerosis.

A systematic literature search including RCTs in adult 
patients with SSc was performed. Electronic searches 
were performed in MEDLINE (via PubMed) (from 1966 
until May 26th, 2021), Embase (via Elsevier) (from 1974 
until May 26th, 2021), Lilacs (via Portal Regional da Bib-
lioteca Virtual de Saúde [BVS]) (from 1982 until May 
26th, 2021), and Cochrane Central Register of Con-
trolled Trials (CENTRAL)/Cochrane Library (5th Edi-
tion, 2021), without language limitations, using Medical 
Subject Heading (MeSH) terms for all clinical questions 
(Supplementary Table 3).

Rayyan software [16] was used for the literature screen-
ing process. Two independent reviewers (A.R. and 
V.T.C.) screened titles and abstracts that were poten-
tially eligible according to the following inclusion cri-
teria: patients older than 18  years of age with SSc and 
RCTs. Next, all articles underwent a full-text review by 
the same two independent reviewers aiming for defi-
nite inclusion in the meta-analysis. Disagreements were 
resolved by a third reviewer (A.C.P.). Studies judged by 
the expert panel as interventions already considered 
to be out of date (e.g., penicillamine, relaxin, and lido-
caine) and head-to-head comparisons without previous 
RCTs against placebo were excluded. Interventions with 
ambrisentan, riociguat, belimumab, imatinib, and len-
abasum were excluded from the analysis due to the lack 
of clinical benefit on RCT. Additionally, a further analy-
sis of additional studies considered relevant that were 
missed by the screening process was performed by the 
core leadership team. Two additional clinical studies [17, 
18] that fulfilled the inclusion criteria and were published 
between May 2021 and July 2022 were included in this 
review by the decision of the core leadership team.

Statistical analysis
For continuous data, the mean, standard deviation (SD) 
and number of participants in each intervention group 
of the included trials were extracted. If the data were 
presented in other measurements (for example, confi-
dence interval [CI] or standard error [SE]), the SD was 
calculated as previously described [19]. Data were sum-
marized using the mean difference (MD) or standard-
ized mean difference (SMD) and 95% CI by means of 

Table 1 Strength of the recommendation according to GRADE
Strength of the 
recommendation

Description

Strong recommendation The desirable effects of intervention 
clearly outweigh its undesirable effects

Conditional recommendation The desirable effects probably 
outweigh the undesirable effects, but 
appreciable uncertainty exists

Conditional recommendation 
against

The undesirable effects probably 
outweigh the desirable effect, but ap-
preciable uncertainty exists

Strong recommendation 
against

The undesirable effects of an interven-
tion outweigh its desirable effect

Table 2 GRADE Working Group grades of certainty
Certainty
High The authors have a lot of confidence that the true 

effect lies close to the estimated effect
Moderate The authors are moderately confident that the true 

effect is probably close to the estimated effect
Low The confidence in the estimated effect is limited: 

the true effect may be substantially different from 
the estimated effect

Very low The authors have very little confidence in the 
estimated effect: the true effect is likely to be sub-
stantially different from the estimated effect
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meta-analyses by generic inverse variance or the inverse 
variance method and the random effects model. Dichoto-
mous outcomes were expressed using the risk ratio (RR) 
in random effects meta-analyses (with the inverse vari-
ance method or generic inverse variance). All data were 
analyzed using Review Manager 5 software.

Outcome data were extracted, when available, based on 
an intention-to-treat (ITT) analysis (with all participants 
randomized) or a modified ITT analysis (with assump-
tions decided upon by the study authors). If necessary, 
the principal author of each included study was contacted 
to obtain any missing study characteristics or outcome 
data. If the data were not available or the study authors 
did not respond, only the analysis with the available data 
was performed. In this case, the impact of including these 
trials on the overall assessment of the meta-analyses was 
explored by a sensitivity analysis. In the case of continu-
ous data, the SMD was calculated based on the number 
of participants analyzed at the last follow-up. Search 
strategy details, assessment of quality, and risk of bias 
assessment are shown in the Supplementary material.

Results and recommendations
The search retrieved 9961 records from the databases 
(7450 in MEDLINE, 1751 in Embase, 749 in Lilacs, and 
11 in CENTRAL). After eliminating duplicates, 9768 ref-
erences were evaluated by reading titles and abstracts. 
Of these, 9634 records were excluded. Thus, 134 full-
text articles were considered for the evidence report and 
assessed for eligibility. After reviewing the full-text arti-
cles, 88 studies were excluded for several reasons (Fig. 1). 
Five additional records were also identified by the core 
leadership team and included manually [17, 18, 20–22]. 
Thus, 51 clinical trials were included in this review. Full 
details regarding the selection stage and inclusion of 
studies are presented in Fig. 1.

A summary of the recommendations, certainty of 
evidence and degree of agreement for each elaborated 
clinical question is presented in Table  3. The following 
recommendations for the management of SSc are sum-
marized in Fig. 2.

What is the evidence for the pharmacological treatment of 
Raynaud’s phenomenon (RP) in patients with SSc?
RP is the most common manifestation of SSc, affecting 
approximately 95% of patients. RP is typically the first 
clinical manifestation of SSc, and it can precede the diag-
nosis of SSc by many years, especially in patients with 
lcSSc [23]. Recent studies have shown that RP can have 
a major impact on the quality of life of SSc patients [24]. 
RP treatment includes patient education and lifestyle 
measures, including avoiding cold exposure and stopping 
smoking [23, 24].

Four RCTs evaluated the efficacy of nifedipine, a cal-
cium channel blocker (CCB), 10–20 mg three times daily 
compared to placebo for one to six weeks in the treat-
ment of RP in SSc patients [25–28]. A total of 50 patients 
were evaluated. There was a clinically meaningful reduc-
tion in the frequency of RP attacks/week (MD  −5.5, 
95% CI  −11.5 to 0.4) and in the duration of RP attacks 
(MD  −13.4 min, 95% CI  −40.4 to 13.7) and a significant 
reduction in the severity of RP attacks in the Visual Ana-
log Scale (VAS) (0–10 cm) (MD  −2.4 cm, 95% CI  −4.1 to 
−0.7) with nifedipine compared to placebo. Although the 
evidence is of very low quality, the expert panel strongly 
recommended dihydropyridine-type CCBs, especially 
nifedipine, for the treatment of SSc-RP. Given their avail-
ability and safety profile, CCBs should be the first treat-
ment choice in these patients.

Eight RCTs evaluated the efficacy of phosphodiester-
ase type 5 (PDE-5) inhibitors, four with sildenafil, three 
with tadalafil, and one with vardenafil, compared to pla-
cebo for the treatment of RP in SSc [22, 29–35]. A total of 
348 patients were included. PDE-5 inhibitors led to a sig-
nificant reduction in the frequency of attacks (MD  −0.74 
attacks/day, 95% CI  −1.37 to  −0.12) and in the duration 
of RP attacks (MD  −15.2 min, 95% CI −23.4 to −6.6) com-
pared to placebo. There was also an MD reduction of 
−0.48 (95% CI −1.79 to +0.77) in the severity of attacks 
evaluated using Raynaud’s Condition Score (RCS) (scale 
of 0–10). Sildenafil is the most commonly available drug 
and has a higher number of RCTs. Sildenafil was first 
evaluated by Fries et al. in 2005 in a double-blinded, 
crossover study in 16 patients with symptomatic RP at a 
dose of 50 mg twice daily [32]. The use of sildenafil was 
associated with a significant reduction in the mean fre-
quency and duration of RP attacks, as well as in the RCS 
compared to placebo [32]. In the study by Andrigueti 
et al., there was a significant reduction in the duration 
of RP after 8 weeks of sildenafil 20 mg three times daily 
compared with placebo (mean % change of −39.1% ver-
sus −1.2%; p = 0.042) [30]. In the SEDUCE study, an RCT 
aiming at evaluating the efficacy of sildenafil on digital 
ulcer healing, no significant difference was observed in 
RP severity between groups [35]. Finally, an RCT evalu-
ated the use of a modified-release sildenafil, 200 mg once 
a day for 25 days versus placebo. A significant reduction 
in the percentage of attacks per week in the sildenafil 
group compared to placebo was found (−44% versus 
−18.1%, p = 0.034) [33]. Based on these results, the expert 
panel strongly recommended PDE-5 inhibitors, espe-
cially sildenafil, as first-line treatment for the treatment 
of SSc-RP.

Intravenous (IV) prostacyclin analogs, particularly ilo-
prost, were evaluated in three RCTs compared to placebo 
for the treatment of SSc-RP [36–38]. Oral iloprost was 
also evaluated in three RCTs [39–41]. IV iloprost (0.5–2.0 
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ng/kg/min) for 3–5 consecutive days reduced the fre-
quency and duration of RP attacks (MD −0.66 attacks/
day, 95% CI −1.47 to −0.15, and −38 min, 95% CI −77 to 1, 
respectively) but not the severity of the attacks evaluated 
by the RCS (MD 0.29, 95% CI −0.52 to 1.09). Oral iloprost 
led to a smaller decrease in the frequency and duration of 
RP attacks compared to placebo (MD −0.48 attacks/day, 
95% CI −1.24 to 0.28; and −34 min, 95% CI −132 to 64, 
respectively) and to a significant decrease of −0.40 (95% 
CI −0.77 to −0.22) in the severity of attacks. When evalu-
ated together, IV and oral iloprost led to a small reduc-
tion in the frequency and severity of RP attacks (MD −0.9 
attacks per day, 95% CI −1.64 to −0.15; and −0.26  cm, 
95% CI −0.82 to 0.29, respectively), as well as in the dura-
tion of RP attacks (−26 min, 95% CI −60 to 7). Although 
available in Brazil, inhaled iloprost was not considered, 
as no RCT has evaluated its role in the treatment of RP. 
Considering cost, availability, and the very low quality 
of evidence, IV prostacyclin analogs were conditionally 

recommended for the treatment of SSc-RP. As oral or 
IV iloprost is not available in our country, the panelists 
suggested that alprostadil (60  mcg/day for 5–7  days), 
another IV prostacyclin analog with significantly lower 
cost, could be used for the treatment of refractory and 
severe cases [42].

Prazosin, an alpha1-adrenergic blocker, was evaluated 
in one RCT with 21 SSc patients [26]. After one week of 
prazosin 1 mg three times daily or placebo, prazosin did 
not show a significant decrease in the frequency of RP 
attacks/week or in the severity of the attacks (VAS). Thus, 
the expert panel conditionally recommended against 
treatment with this drug.

Five other treatments evaluated in RCTs, including 
atorvastatin [43], bosentan [44], selexipag [20], botuli-
num toxin [21], and adipose tissue-derived stromal vas-
cular fraction [18], were strongly recommended against 
its use due to lack of clinical efficacy and/or very low 
quality of the studies. Although increasing interest in 

Table 3 Recommendations of the Brazilian Society of Rheumatology for the pharmacological management of patients with systemic 
sclerosis
Clinical question Recommendation Strength of 

recommendation
Quality of evidence Degree 

of agree-
ment (%)

What is the evidence for the phar-
macological treatment of Raynaud’s 
phenomenon?

Calcium channel blockers (dihydropyridine-type) Strong Very low 87
PDE-5 inhibitors (sildenafil) Strong Moderate 95.7
Intravenous prostacyclin analogs Conditional Very low 91.3

What evidence is available for the 
treatment of digital ulcers (DUs)?

Phosphodiesterase type 5 inhibitors Strong Low 100
Intravenous prostacyclin analogs Conditional Very low 95.7
Adipose tissue graft Conditional Very low 95.7

What evidence is available for pre-
venting recurrence of DUs?

Bosentan Strong Moderate 82.6
Phosphodiesterase type 5 inhibitors Strong Low 100
Intravenous prostacyclin analogs Conditional Very low 95.7

What is the evidence for the treat-
ment of skin involvement?

Methotrexate Strong Moderate 96
Mycophenolate Conditional Low 83
Cyclophosphamide Conditional Moderate 87
Rituximab Conditional Low 96
Autologous stem-cell transplantation Strong Moderate 78.3

What is the evidence for the treat-
ment of interstitial lung disease?

Cyclophosphamide Conditional Low 78
Mycophenolate Conditional Low 91
Nintedanib Conditional Low 87
Rituximab Conditional Low 83
Tocilizumab Conditional Moderate 91
Autologous stem-cell transplantation Conditional Low 96

What therapeutic evidence is avail-
able for the treatment of gastrointesti-
nal involvement?

Prucalopride Conditional Very low 95.7

What treatments are beneficial in the 
management of scleroderma renal 
crisis?

Angiotensin-converting enzyme inhibitors – Expert opinion 87

What treatments are beneficial in 
the management of musculoskel-
etal manifestations (arthritis and/or 
myositis)?

Low-dose corticosteroids and methotrexate – Expert opinion 78.3

DU digital ulcer, PDE-5 phosphodiesterase type 5
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botulin toxin injections exists, at the present time, the 
results of one RCT did not show a clear benefit for its 
use, with only a small decrease in the severity of RP, and 
further RCTs are needed. Details regarding these studies, 
including outcomes, evaluation instruments, measures of 
effect, certainty of the evidence, recommendations, and 
agreement, are described in Supplementary Table 4.

Recommendation 1 Calcium channel blockers, espe-
cially dihydropyridine-type, and PDE-5 inhibitors, mainly 
sildenafil, are strongly recommended for the treatment 
of RP. Intravenous prostacyclin analogs are conditionally 
recommended for the treatment of severe or refractory 
cases.

What evidence is available for the treatment of digital 
ulcers (DUs) in patients with SSc?
Digital vasculopathy occurs in virtually all SSc patients, 
and nearly 50% of them will develop a DU during the 
disease course [45]. Nearly 75% of patients who develop 
DUs will develop their first lesion within the first five 
years of the onset of the disease. The occurrence of DUs 
is associated with poor quality of life in such patients due 
to pain and hand disability and the risk of complications 
such as gangrene, infection and digital amputation [45, 
46]. In addition, the presence of DU is related to a worse 
prognosis and a higher risk of internal organ involvement 
[46].

One RCT evaluated the efficacy of sildenafil 20  mg 
three times daily compared to placebo for 12  weeks in 
the treatment of DU [35]. A reduction in the number of 
DUs favored sildenafil against placebo (MD −0.6, 95% 
CI −1.56 to 0.36), showing an improvement in the heal-
ing rate of DUs in SSc. Based on these results, the expert 
panel strongly recommended the use of PDE-5 inhibitors, 
mainly sildenafil, as the first-line option for the treatment 
of DUs in SSc.

Iloprost was also evaluated in one RCT regarding its 
efficacy in healing DUs in SSc [37], and complete heal-
ing of cutaneous lesions was observed in the participants 
10 weeks after treatment (RR 8.12, 95% CI 0.57–115.07). 
Additionally, two RCTs evaluated the efficacy of adipose 
tissue graft for healing DUs in SSc, suggesting improve-
ment in hand function and in DU healing (RR 2.91, 95% 
CI 0.27–31.73) [18, 47]. Thus, the expert panel condition-
ally recommended the use of IV prostacyclin analogs as 
second-line therapy for the treatment of DUs. As iloprost 
is not available in our country, the panelists suggested 
that alprostadil, another IV prostacyclin analog, could 
be used for the treatment of refractory and severe cases. 
Adipose tissue graft should be considered for severe and 
refractory cases.

Further studies evaluated the efficacy of botulinic toxin 
injection [21], macitentan [48] and selexipag [20] for 

healing DUs in SSc. However, due to the lack of clini-
cal efficacy and/or very low quality of the studies, we 
strongly recommended against the use of these therapeu-
tic options. One study evaluated the efficacy of atorvas-
tatin (40 mg/day for 4 months) in patients with SSc who 
experienced DU despite vasodilator therapy and dem-
onstrated a decrease in the overall number of DU and 
the appearance of new DU, compared to placebo [49], 
suggesting atorvastatin as a potential adjuvant therapy 
for DU in SSc patients. The outcome, evaluation instru-
ments, measures of effect, certainty of the evidence, 
recommendation and agreement of these studies are 
detailed in Supplementary Table 5.

Recommendation 2 PDE-5 inhibitors are strongly rec-
ommended as first-line options for the healing of DUs 
in SSc. IV prostacyclin analogs are conditionally recom-
mended as a second-line option, while adipose tissue graft 
should be considered (conditionally recommended) for 
severe and refractory cases.

What evidence is available for pharmacological 
management in the prevention of DU recurrence in 
patients with SSc?
Two RCTs evaluated the efficacy of bosentan, an endo-
thelin receptor antagonist, for healing DUs and prevent-
ing their recurrence [50, 51]. Oral bosentan taken twice 
daily reduced the occurrence of new DUs in comparison 
with placebo (SMD −1.22 new DU/patient, 95% CI −1.58 
to −0.87) but did not improve the healing of existing DUs 
[50, 51]. The quality of the evidence was considered mod-
erate. Based on these results, the expert panel strongly 
recommended the use of bosentan for preventing DU 
recurrence in SSc patients.

The efficacy of PDE-5 inhibitors, mainly sildenafil, in 
reducing the number of new DUs in patients with SSc 
was also evaluated in one RCT, and a decrease in the 
number of DUs favoring sildenafil against placebo was 
shown (RR 0.55, 95% CI 0.26–1.14) [35]. Although the 
quality of evidence was low, due to their availability and 
safety profile, PDE-5 inhibitors were strongly recom-
mended by the expert panel for preventing the recur-
rence of DUs.

One RCT evaluated the efficacy of iloprost in prevent-
ing DU recurrence in SSc [37], demonstrating a positive 
effect (RR 1.18, 95% CI 0.30–4.72). As the quality of evi-
dence was very low and considering cost and availability, 
the panelists conditionally recommended the use of IV 
prostacyclin analogs for the prevention of DU recurrence 
in SSc.

Botulinic toxin injection [21] and macitentan [48] 
were also evaluated for preventing the recurrence of 
DUs in SSc. Nevertheless, due to the lack of clinical effi-
cacy and/or very low quality of the studies, we strongly 
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recommended against the use of these therapeutic 
options. Specific details of these studies are described in 
Supplementary Table 6.

Recommendation 3 Bosentan and PDE-5 inhibitors are 
strongly recommended for the prevention of DU recur-
rence in SSc. IV prostacyclin analogs are conditionally 
recommended for recurrent DUs in SSc.

What is the evidence for the treatment of skin involvement 
in patients with SSc?
Skin fibrosis is considered the hallmark of SSc and allows 
the classification of patients into the two main clini-
cal forms, dcSSc and lcSSc, according to the extent of 
this involvement. Less than 5% of patients have SSc sine 
scleroderma [52]. The progression of skin involvement 
is associated with a higher frequency of internal organ 
involvement and higher mortality in the disease [53]. In 
addition, the extent of cutaneous involvement, assessed 
by the modified Rodnan skin score (mRSS), is directly 
related to greater disability, especially hand disability, 
pain, fatigue and worse quality of life [54].

Two RCTs evaluated the effect of methotrexate (MTX), 
both oral and intramuscular, at doses of 10–25 mg/week 
for up to 12 months compared to placebo in 100 patients 
with early SSc [55, 56]. There was a decrease in the mRSS 
(MD −5.17 points, 95% CI −10.08 to −0.13), with the 
quality of evidence rated as moderate. Based on these 
results, the expert panel strongly recommended MTX for 
the treatment of skin involvement in SSc patients.

The efficacy of oral cyclophosphamide (CYC) (1–2 mg/
kg for 12  months) versus placebo in the treatment of 
skin thickening was evaluated as a secondary endpoint 
in the Scleroderma Lung Study (SLS I), which included 
145 patients with dcSSc or lcSSc [57] and showed a mRSS 
decrease of 2.7 points (MD −2.7 points, 95% CI −5.53 to 
0.13). Another study compared the efficacy of oral CYC 
with azathioprine (AZA) in 60 patients with early dcSSc, 
showing a decrease in mRSS in favor of CYC (MD −9.67, 
95% CI −9.98 to −9.36) [57]. Considering the quality of 
evidence, the safety profile of the medication, and avail-
ability, the expert panel considered a conditional rec-
ommendation of CYC in the treatment of skin fibrosis. 
Based on the result of the aforementioned RCT compar-
ing AZA and oral CYC for early dcSSc [58] and on the 
low quality of the evidence, AZA was not recommended 
by the expert panel for the treatment of cutaneous 
involvement in SSc. Nonetheless, it could be considered 
a therapeutic option for maintenance treatment after 
induction treatment with other immunosuppressants for 
selected cases.

One RCT evaluated the efficacy of mycopheno-
late mofetil (MMF) (2  g/day) versus placebo in 41 SSc 
patients over six months, showing a 3.3-point reduction 

in the mRSS (95% CI −6.18 to −0.42) [59]. In the Sclero-
derma Lung Study II (SLS II), MMF (target dose: 1.5  g 
twice daily) was administered for 24 months in one arm, 
and oral CYC (target dose: 2  mg/kg/day) was adminis-
tered for 12 months followed by placebo for 12 months 
in the other arm. The effect on the mRSS was assessed 
as a secondary endpoint, and no differences were demon-
strated between the two treatment arms (MD 0.45, 95% 
CI −1.64 to 2.54) [60]. Based on the quality of the evi-
dence and the safety profile of the medication, the expert 
panel conditionally recommended the use of MMF for 
the treatment of skin involvement.

Autologous stem cell transplantation (ASCT) com-
pared to CYC was evaluated in three RCTs, which used 
different protocols [61–63]. The results of the meta-
analysis showed a significant mRSS reduction in favor 
of ASCT (MD −12.0, 95% CI −15.24 to −8.64). Consid-
ering this moderate quality of evidence, the expert panel 
strongly recommended ASCT for the treatment of skin 
involvement in patients with progressive skin thickening 
refractory to previous immunosuppressive treatment and 
in patients with early dcSSc with several risk factors for 
worse prognosis.

Three RCTs evaluated rituximab (RTX) compared to 
placebo in the treatment of cutaneous involvement and 
demonstrated a 6.06-point reduction in mRSS (95% CI 
−10.51 to −1.61) [17, 64, 65]. Another RCT compared 
RTX (2 doses of 1000 mg at days 0 and 15) to intravenous 
CYC (monthly pulses of 500 mg/m² for 6 months) in 60 
patients with dcSSc, with a decrease of 6.23 mRSS points 
in favor of RTX (95% CI −10.78 to −1.68) [66]. In the face 
of very low to low quality of evidence and considering the 
costs and availability of RTX, the panelists established a 
weak recommendation in favor of RTX compared to pla-
cebo and CYC for treating SSc cutaneous involvement.

The effect of tocilizumab (TCZ) on cutaneous involve-
ment was evaluated as a primary outcome in two RCTs 
(faSScinate and focuSSed trials) including 294 patients 
with early and progressive dcSSc and altered inflamma-
tory markers [67, 68]. There was a decrease of only 2.21 
points in the mRSS (95% CI −4.08 to −0.34), with a qual-
ity of evidence rated as moderate. Considering the small 
magnitude of the effect, costs and access to medication, 
the expert panel strongly recommended against the use 
of TCZ for the treatment of skin fibrosis.

Another four RCTs evaluated the use of abatacept 
[69, 70], nintedanib (NTD) [71] and pirfenidone (PFD) 
[72] for the treatment of cutaneous involvement com-
pared with placebo, and these drugs were strongly rec-
ommended against by panelists due to a lack of clinical 
efficacy based on moderate to high quality of evidence. 
Details on these studies are shown in Supplementary 
Table 7.



Page 10 of 16Kayser et al. Advances in Rheumatology           (2024) 64:52 

Recommendation 4 MTX, MMF and CYC are recom-
mended as first-line therapies for the treatment of skin 
fibrosis. RTX may be an option in selected cases. ASCT 
is strongly recommended for the treatment of progressive 
and refractory cases.

What is the evidence for the treatment of interstitial lung 
disease associated with SSc (SSc-ILD)?
SSc-ILD is present in 50–65% of patients and represents 
the leading cause of death in SSc [2, 8, 73]. While some 
patients will only have subclinical disease, many patients 
will have disease progression at different rates, especially 
in the first five years of the disease in the most severe 
cases [74], with such progression frequently associated 
with positive anti-Scl70 and African descent [75, 76]. Due 
to its prognostic importance, the lung is the only organ 
whose main manifestations were included in the 2013 
SSc classification criteria [77].

In addition to the pharmacological treatment and in 
order to mitigate factors that could aggravate SSc-ILD, 
some interventions might be helpful, such as: updated 
vaccination (specially against pulmonary pathogens—
pneumococci, influenza and coronavirus) and proper 
management of esophageal reflux to prevent aspiration 
[78]. Also, pulmonary rehabilitation and oxygen supple-
mentation if hypoxia is present can lead to respiratory 
symptoms improvement [78, 79].

One RCT (SLS I) evaluated CYC at an oral dose ≤2 mg/
kg/day compared to placebo for the treatment of SSc-
ILD. The MD of the forced vital capacity (FVC) was 2.0% 
in favor of CYC (95% CI −1 to 4%) [57]. Another study, 
randomized but not blinded, compared the use of CYC 
(2  mg/kg/day for 12  months, with subsequent main-
tenance at 1  mg/kg/day) with AZA (2.5  mg/kg/day for 
12  months with subsequent maintenance at 2  mg/kg/
day) in 60 SSc patients. At the end of treatment, there 
was no variation in either the FVC or the diffusion capac-
ity of carbon monoxide (DLCO) in the CYC group, but 
there was a statistically significant decrease in the FVC 
in the AZA group at as early as six months of treatment 
[58]. Considering the quality of the evidence found and 
the safety profile of the medication, the panel condition-
ally recommended the use of CYC in the treatment of 
SSc-ILD.

The SLS II evaluated MMF (target dose of 1.5 g twice 
daily for 24  months) compared with oral CYC (dose 
of 2  mg/kg/day for 12  months, followed by placebo for 
12 months). There was a significant improvement in the 
post hoc analysis in the primary outcome (FVC) in both 
CYC (2.88%, 95% CI 1.19–4.58%) and MMF (2.19%, 95% 
CI 0.53–3.84%), with an MD of CVF between groups of 
1% (95% CI −3 to 2%). However, the group using MMF 
had better tolerability and lower treatment failure [60]. 
Another study evaluating the efficacy of MMF at a dose 

of 2  g/day compared to placebo for six months in 41 
patients with FVC ≥ 70% showed an MD in FVC of −6% 
(95% CI −10 to −2%) [59]. Therefore, the expert panel 
conditionally recommended the use of MMF in the treat-
ment of SSc-ILD.

Recent studies have evaluated the efficacy of biologic 
agents, such as RTX and TCZ, in the treatment of SSc-
ILD. A small randomized proof-of-principle study com-
pared eight patients using RTX (two cycles, at baseline 
and after 24 weeks, each cycle consisting of four weekly 
doses of 375  mg/m2) associated with standard treat-
ment with a control group of six patients who received 
only standard treatment; significant improvements were 
observed in the RTX group with respect to FVC (10.25% 
compared to a 5.4% deterioration in controls, p = 0.002) 
and DLCO (19.46% compared to a 7.5% deterioration in 
the control group, p = 0.023) [65]. Another small, double-
blind RCT evaluated 16 patients with early SSc (< two 
years of disease), with the RTX group receiving 1000 mg 
infusions on days one and 15 as induction treatment 
and a single infusion of 1000 mg after six months, while 
the other group received placebo infusions; analyses of 
the extent of ILD on high-resolution chest tomogra-
phy (HRCT) and on FVC showed slightly better results 
in the RTX group, but they were not statistically signifi-
cant [64]. A RCT of 60 patients with dcSSc compared 
monthly pulses of CYC (500 mg/m2) with RTX (1000 mg 
in two doses, on days 1 and 15); a significant improve-
ment in %FVC was observed in the RTX group (6.22%) 
when compared to the CYC group (−1.19; p = 0.03) [66]. 
Recently, the DESIRES study compared the use of RTX 
(at a dose of 375 mg/m2 IV, once per week for 4 consecu-
tive weeks) with placebo for 24  weeks, in 56 Japanese 
patients with SSc. In the group using RTX, the mean 
%FVC improvement was 0.02% at week 24, while patients 
using placebo in the double-blind phase decreased their 
mean %FVC by −2.60% [17]. In light of the consistency 
of data from the DESIRES study, RTX has been approved 
for use in the treatment of SSc in Japan, and it was condi-
tionally recommended by the Brazilian expert panel as an 
option for the treatment of SSc-ILD in patients who do 
not respond to the use of immunosuppressants.

TCZ was evaluated in two RCTs including 271 patients 
in total, which enrolled only patients with early, progres-
sive, and diffuse skin disease. In both studies, subcuta-
neous TCZ at a dose of 162  mg weekly was compared 
against placebo for 48 weeks [67, 68]. The MD of %FVC 
at 48 weeks was 4% (95% CI 2–6%) in favor of the TCZ 
group [67, 68]. Although lung assessment was only a 
secondary outcome in the RCT analysis, TCZ has been 
approved for the treatment of SSc by the Food and 
Drug Administration (FDA) in the United States of 
America (USA), and it was conditionally recommended 
by the Brazilian panel as an option for the treatment of 
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SSc-ILD in patients who do not respond to the use of 
immunosuppressants.

A new group of drugs with an important role in SSc-
ILD are antifibrotics, such as NTD and PFD. An RCT 
compared the use of NTD, at a dose of 150 mg twice daily, 
with placebo in a group of 576 patients with SSc-ILD; 
51.9% of these patients had dcSSc, and 48.4% were also 
receiving MMF at baseline. The primary endpoint was 
the adjusted annual rate of change in FVC after 48 weeks 
of treatment, which showed a lower decline in the NTD 
group (−52.4  ml) than in the placebo group (−93.3  ml) 
(95% CI 2.9–79  ml; p = 0.04) [71]. Based on these data, 
NTD has been approved for the treatment of SSc by the 
FDA in the USA and by the European Agency for the 
Evaluation of Medical Products (EMEA) in Europe. Due 
to the low quality of evidence and cost of the drug, it was 
conditionally recommended by the Brazilian expert panel 
as an option for the treatment of SSc-ILD.

The three RCTs comparing ASCT to CYC also evalu-
ated the effect of stem cell transplantation on lung func-
tion, demonstrating an improvement in %FVC in favor 
of ASCT (MD 10%, 95% CI 4–16%) [61–63]. Thus, given 
the high cost, safety profile (increased treatment-related 
mortality in the first year after treatment) and side effects 
(severe or life-threatening adverse events), ASCT was 
conditionally recommended for selected and refractory 
cases of SSc-ILD, and should be early considered for 
patients at higher risk of progressive SSc-ILD.

Further details about the studies evaluating therapies 
for SSc-ILD can be found in Supplementary Table 8.

Recommendation 5 The expert panel conditionally rec-
ommends the use of CYC and MMF as first-line treatment 
for SSc-ILD. NTD, RTX and TCZ should be considered 
second-line options for the pharmacological treatment of 
SSc-ILD. ASCT should be considered for selected cases 
that are refractory to other treatment options.

What therapeutic evidence is available for the treatment 
of gastrointestinal involvement (gastroesophageal reflux 
disease—GERD, gastrointestinal dysmotility, and small 
intestine bacterial overgrowth—SIBO) related to SSc?
Gastrointestinal (GI) involvement is ubiquitous in SSc 
patients, affecting up to 90% of patients [80]. Any part of 
the GI tract can be involved, and this is a very heteroge-
neous manifestation. Symptoms include GERD, dyspha-
gia, diarrhea, SIBO, constipation and fecal incontinence 
[81]. Patients with severe involvement of the gastroin-
testinal tract have a higher risk of death [82]. Currently, 
there are no approved therapies directed for SSc-GI 
involvement, and there is no evidence that immunosup-
pression is effective in treating GI complications.

Prucalopride, a prokinetic with increased selectiv-
ity for the serotonin (5-HT4) receptor, was evaluated in 

one RCT [83]. The use of prucalopride 2 mg/day against 
placebo for one month in 29 SSc patients improved GI 
symptoms measured by the University of California Los 
Angeles Scleroderma Clinical Trials Consortium Gas-
trointestinal Tract Instrument 2.0 (UCLA GIT 2.0) ques-
tionnaire (SMD −0.17, 95% CI −0.2 to 0.1). Prucalopride 
has also been shown to increase bowel motility and to 
improve symptoms of constipation. Consequently, the 
expert panel conditionally recommended the use of pru-
calopride in SSc patients with SSc-GI involvement, espe-
cially for constipation.

The use of probiotics was evaluated in two RCTs [84, 
85]. Both evaluated the efficacy of probiotics in improv-
ing GI symptoms measured by the UCLA GIT 2.0 
questionnaire compared to placebo in SSc patients (for 
60 days and eight weeks, respectively), but no significant 
improvement was observed (SMD −0.02 points, 95% CI 
−0.1 to 0.1). Hence, the expert panel conditionally recom-
mended against the use of probiotics in SSc-GI. Specific 
details on the outcomes, evaluation instruments, mea-
sures of effect, certainty of the evidence, recommenda-
tion and agreement of these studies are described in 
Supplementary Table 9.

Although RCTs evaluating new therapies for SSc-GI are 
ongoing, we still have no pharmacological treatment spe-
cifically approved for SSc-GI, and therefore, we reinforce 
the SBR recommendations for the management of SSc 
made in 2013 [12]. In that manner, in addition to lifestyle 
modifications, such as avoiding triggering foods, eating 
small portions and elevating the head of the bed [78, 80–
82], the use of proton pump inhibitors (PPIs) improves 
reflux esophagitis and GERD symptoms, and prokinetic 
agents, such as metoclopramide, domperidone, and 
octreotide, should be used to improve symptoms related 
to GI dysmotility. For SIBO, rotating antibiotics are rec-
ommended based on expert opinion. Nutritional support 
can be useful for patients with severe malnutrition [12]. 
These recommendations are in accordance with other 
guidelines for the management of SSc-GI [3].

Recommendation 6 For the pharmacological treatment 
of lower GI involvement/ constipation, the expert panel 
conditionally recommends the use of prucalopride. PPIs 
for GERD symptoms, other prokinetics for GI dysmotility 
and rotating antibiotics for SIBO are also recommended, 
based on expert opinion.

What treatments are beneficial in the management of 
scleroderma renal crisis (SRC)?
SRC is the most important renal complication in SSc, 
affecting 5–10% of patients, especially those at higher 
risk, including patients with early dcSSc, rapidly progres-
sive skin disease, presence of anti-RNA polymerase III 
and glucocorticoid therapy [86, 87]. SRC is characterized 
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by acute hypertension and kidney injury, is considered a 
medical emergency and requires close monitoring and 
early identification [86, 87]. Regular blood pressure mon-
itoring plays a critical role, especially in those patients 
with a higher risk of SRC. Prompt and aggressive blood 
pressure control with angiotensin-converting enzyme 
(ACE) inhibitors is mandatory, as the beneficial use of 
ACE inhibitors for SRC has already been demonstrated 
in cohort studies [3, 88, 89]. The experts recommend 
adding other antihypertensive agents (CCB, angiotensin 
receptor blockers, alpha and beta blockers) as required 
for blood pressure control if the patient’s blood pressure 
is not restored over 48–72 h. Renal substitutive therapy 
might be indicated for some patients. Due to the lack of 
RCTs on SRC, we reinforced the 2013 SBR recommenda-
tion for SRC treatment [12].

Recommendation 7 SSc patients presenting with SRC 
should be treated immediately with ACE inhibitors to 
control blood pressure and minimize kidney injury. Renal 
substitutive therapy and kidney transplantation might be 
indicated for those who do not recover renal function.

What treatments are beneficial in the management of 
musculoskeletal manifestations (arthritis and/or myositis) 
in patients with SSc?
Musculoskeletal manifestations, including polyarthralgia, 
chronic arthritis, joint contractures, tendon friction rubs, 
and myositis, are common in patients with SSc and might 
impact the patient’s quality of life [7, 90]. As no placebo-
controlled RCTs evaluating the treatment of these mani-
festations in SSc were found, recommendations were 
based on the opinion of the expert panel and data from 
cohort studies.

For the treatment of inflammatory arthritis, the thera-
peutic arsenal includes low-dose corticosteroids (defined 
as ≤ 15  mg/day of prednisone or equivalent [91]), MTX, 
and hydroxychloroquine. Nontumor necrosis factor bio-
logics, especially RTX and TCZ, could be a promising 
option for refractory cases, but more data are necessary, 
especially from controlled studies in this population [90, 
92]. Tofacitinib was also evaluated in one open-label clin-
ical trial, and further controlled studies are needed [93].

For the pharmacological treatment of myositis, low-
dose corticosteroids and MTX should be considered as 
treatment options, and RTX and IV immunoglobulin 
might be useful for refractory cases [92, 94]. Precaution 
with corticosteroid use is mandatory due to the increased 
risk of SRC [95].

Recommendation 8 Based on the expert panel opin-
ion, the pharmacological treatment of inflammatory 
arthritis includes low-dose corticosteroids, MTX, and 
hydroxychloroquine. For the pharmacological treatment 

of myositis, low-dose corticosteroids and MTX should be 
considered a treatment option; RTX and IV immunoglob-
ulin might be useful for severe and refractory cases.

Conclusion
During the last decade, we have evolved in the com-
prehension of the pathogenic mechanisms of SSc, and 
therefore, many studies evaluating new therapeutic 
options have been conducted or are ongoing. Significant 
advances have been made and have led to a better prog-
nosis for patients with SSc. The recommendations pre-
sented here include current scientific evidence revised 
under GRADE methodology and the experience of an 
expert panel aimed at guiding the management of SSc 
patients. The benefits of nonpharmacological approaches, 
such as physiotherapy, exercises and patient education, 
should be highlighted, but they were beyond the scope of 
this project. Guidelines for the treatment of SSc should 
be periodically updated as new scientific data from future 
studies continue to emerge.
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