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A B S T R A C T

Objectives: To update the 2017 European Alliance of Associations for Rheumatology (EULAR)
recommendations for treatment of systemic sclerosis (SSc), incorporating new evidence and
therapies.
Methods: An international task force was convened in line with EULAR standard operating proce-
dures. A nominal group technique exercise was performed in two rounds to define questions
underpinning a subsequent systematic literature review. The evidence derived was discussed
and overarching principles, recommendations and future research agenda were iteratively
developed with voting rounds.
Results: The task force agreed on 22 recommendations covering 8 clinical/organ domains includ-
ing Raynaud’s phenomenon, digital ulcers, pulmonary arterial hypertension, scleroderma renal
crisis, skin fibrosis, interstitial lung disease (ILD), gastrointestinal manifestations and arthritis.
Most new recommendations are related to skin fibrosis and ILD. These included novel recom-
mendations for the use of mycophenolate mofetil, nintedanib, rituximab and tocilizumab for the
treatment of these crucial disease manifestations. The recommendations also included first-line
and second-line interventions, providing increased utility for rheumatology practitioners.
Important additions to the future research agenda included consideration of novel interventions
for the management of vascular, musculoskeletal and gastrointestinal manifestations and calci-
nosis, as well as for the local management of digital ulcers.
Conclusion: These updated recommendations include the first set of synthetic and biological tar-
geted therapies recommended for key fibrotic manifestations of SSc as well as first-line combina-
tion treatment for newly diagnosed pulmonary artery hypertension and prioritise a new research
agenda for the coming years.
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INTRODUCTION

Systemic sclerosis (SSc) is a rare connective tissue disorder
characterised by the association of autoimmune features with
vascular manifestations and culminating in tissue and vascular
fibrosis of the skin and internal organs, with highly variable out-
comes [1]. Type and severity of organ involvement drive the
heterogeneous prognosis, but overall SSc remains the rheumatic
disease with the highest morbidity and mortality, despite recent
improvement in survival [2].

The high heterogeneity in the presence and severity of skin
and visceral involvement is a major challenge in clinical man-
agement and trial design [3]. The only accepted clinical subsets
rely on extent of skin involvement, supported by specific anti-
bodies and reflect relative risk of internal organ involvement
[4]. Because scleroderma relates specifically to the cutaneous
manifestations of the disease while the overall prognosis is
strongly influenced by the visceral manifestations, the term SSc
is preferred to scleroderma in these recommendations.

The management of patients with SSc includes non-pharma-
cological and pharmacological interventions. European Alliance
of Associations for Rheumatology (EULAR) recommendations
for non-pharmacological interventions have been recently pub-
lished [5]. In 2009, EULAR and European Scleroderma Trial and
Research (EUSTAR) working group developed evidence-based,
consensus-derived recommendations for the pharmacological
management of SSc [6]. An update of these recommendations
was published in 2017, incorporating new classification criteria,
outcome measures and therapies, based on evidence reviewed
up to 2014 [7]. Given the substantial published evidence since
that time, a new task force aimed to update the EULAR recom-
mendations for the pharmacological management of SSc.

METHODS

The process followed the EULAR standard operating proce-
dures for recommendations [8]. Selection of the new task force
was based on EULAR guidelines of inclusivity and increased
engagement of under-represented stakeholders, being gender
balanced and patient inclusive. The task force included 27 mem-
bers from 17 countries (online supplemental figure 1) and
included 15 females. It comprised mainly rheumatologists (22),
1 health professional, 2 patient representatives, 1 librarian and
1 methodologist (PGC). As some recommendations were likely
to be unchanged, the task force also invited all experts who con-
tributed to elaborating the 2017 recommendations to critically
review the draft recommendations and manuscript.

As with the 2014 update, the selection of clinical questions
relied on the engagement of the EUSTAR network (www.eustar.
org). Investigators from EUSTAR-active centres were invited to
respond to an online survey to prioritise the PICO questions for
the systematic literature review (SLR). Each of the previous 46
PICO questions (grouped in 23 domains) was reproposed [7].
Responders had the option to approve, not approve, suggest
edits or propose new questions. Survey was hosted by FDG; it
remained open for 8 weeks with a reminder sent 1 week before
deadline. 101 participants responded to the survey; results of
the survey were fully anonymised (Google Forms). Survey
results were analysed by FDG and YA and discussed in the first
nominal group technique (NGT) meeting. Questions ‘approved’
by at least 80% of respondents were simply proposed for
approval ratification by the task force. Questions approved by
less than 70% of respondents were proposed for rejection ratifi-
cation to the task force. All questions that received between
70% and 80% approval were discussed. 212 new or reworded
questions were grouped into 31 new questions following discus-
sion. The list of questions approved for the new SLR is provided
in the SLR paper [9].

The SLR was conducted by five young investigators from the
EMEUNET network (AL, TS, YAS, JC and EB), supervised by a
task force member (PGC), supported by a librarian (JE), and cov-
ering the period from 1 January 2015 to 31 March 2023. The
full report of the SLR is summarised in a separate manuscript
[9]. For each question, reviewers provided a summary of the up-
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to-date knowledge to the task force, specifying the level of evi-
dence (LoE) (1−5) according to CEBM criteria and suggesting a
preliminary grade of recommendation [10,11].

Evidence profiles generated from the SLR were reviewed by
FDG and YA, grouped according to clinical domain and com-
piled in a presentation. This was presented to the task force,
together with the previous recommendations, in a hybrid 2-day
meeting. Task force members systematically presented the evi-
dence and voted on whether each existing recommendation
should remain unchanged or not for a particular domain, with
an 80% rule for approval. Recommendations left unchanged
were sometimes amended for wording and grammar and repro-
posed for level of agreement. Recommendations to be changed
were discussed until a new recommendation was agreed. The
task force voted on each updated recommendation and its
strength during the face-to-face meeting, where the ‘at least
80% agreement’ rule was applied. Draft recommendations com-
piled as output of the meeting were presented to the task force
in an online survey to ratify agreement on the wording. A second
meeting was held online for the recommendations wording that
did not reach agreement in the survey. Following that meeting,
a new survey was used to collect level of agreement on the
revised recommendation text. Throughout the process, items
discussed were prioritised for inclusion in discussion of the man-
uscript and/or future research agenda.
Table 1
Updates of EULAR recommendations for the treatment of systemic sclerosis

Organ involvement Recommendation

SSc-RP Dihydropyridine-type calcium antagonists, usually oral nifedipi
for SSc-RP.

PDE5 inhibitors should also be considered for treatment of SSc-
Intravenous iloprost should be considered for severe SSc-RP fol

Digital ulcers PDE5 inhibitors and/or intravenous iloprost should be consider
patients with SSc.

Bosentan should be considered for reduction of number of new
SSc-PAH Combination of PDE5i and endothelin receptor antagonists sho

of SSc PAH.*
Intravenous epoprostenol should be considered for the treatme
(class III and IV)

Other prostacyclin analogues or agonists should be considered
Riociguat can be considered for treatment of SSc PAH
The use of anticoagulants (warfarin) for the treatment of SSc-PA

Renal crisis ACE inhibitors should be used immediately at diagnosis of scler
SSc patients treated with glucocorticoids should have regular m
scleroderma renal crisis

Gastrointestinal
involvement

PPI should be considered for the treatment of SSc-GERD and pr
strictures

The use of prokinetic drugs should be considered for the treatm
ces related to SSc

The use of rotating antibiotics should be considered for the trea
overgrowth

Skin Methotrexate (1B), mycophenolate mofetil (MMF) (1B) and/or
for treatment of SSc skin fibrosis*

Tocilizumab may be considered for the treatment of skin fibros
dcSSc*

ILD MMF (1A), cyclophosphamide (1A) or rituximab (1A) should b
ILD*

Nintedanib should be considered alone or in combination with
Tocilizumab should be considered for the treatment of SSc-ILD*

Poor prognosis High-intensity immunosuppression (usually including cyclopho
HSCT may be considered for the treatment of selected patien
in the absence of advanced cardiorespiratory involvement

Musculoskeletal Methotrexate should be considered for the treatment of muscul

*Substantially new recommendations compared with 2017 update.
EULAR, European Alliance of Associations for Rheumatology; GERD, gastro-oesophage
lung disease; LoA, level of agreement; LoE, level of evidence; PAH, pulmonary artery h
systemic sclerosis.
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Diagrams/figures included here should be considered as
graphic summaries to simplify interpretation and should
always be considered in the context of the full recommenda-
tions.
RESULTS

The process described above lasted from February 2022 to
May 2023 and resulted in 22 recommendations, compared with
16 in 2017. Eight clinical domains related to SSc symptoms and
organ involvement were addressed, including Raynaud’s phe-
nomenon (RP), digital ulcers (DU), pulmonary arterial hyperten-
sion (PAH), scleroderma renal crisis (SRC), skin fibrosis,
interstitial lung disease (ILD), gastrointestinal (GI) and musculo-
skeletal manifestations. The recommendations with grade and
task force level of agreement are described in table 1. A graphi-
cal summary of the strength of recommendations (SoR) and
intervention/drug class, grouped by clinical manifestation is
shown in figure 1. As apparent by the relationships between
clinical manifestations, the evidence in SSc suggests the exis-
tence of ‘therapeutic continuum groups’ and defines the
research agenda based on clinical manifestations lacking strong
evidence (figure 1).
LoE SoR LoA (SD) % LoA>8

ne, should be used as first-line therapy 1a A 8.6 (2.4) 88

RP. 1a A 8.6 (2.4) 88
lowing failure of oral therapy. 1a A 9.0 (1.4) 80
ed for the treatment of digital ulcers in 1a A 8.8 (1.9) 92

digital ulcers in SSc. 1a A 8.0 (2.5) 84
uld be considered as first-line treatment 1a A 8.1 (2.9) 80

nt of SSc patients with advanced PAH 1a A 7.7 (3.1) 76

for the treatment of SSc PAH 1b B 7.7 (3.1) 76
1b B 8.0 (2.4) 76

H is not recommended* 2a C 8.2 (2.1) 68
oderma renal crisis 4 C 8.4 (2.6) 84
onitoring of blood pressure to detect 3 C 7.9 (3.1) 84

evention of oesophageal ulcers and 3 B 8.3 (2.5) 84

ent of symptomatic motility disturban- 1b C 8.0 (2.3) 72

tment of small intestinal bacterial 2b D 7.3 (2.7) 60

rituximab (1A) should be considered 1a-b A/B 7.6 (3.2) 72

is in patients with early, inflammatory 1b C 7.2 (2.1) 60

e considered for the treatment of SSc- 1a A 8.1 (2.8) 88

MMF for the treatment of SSc-ILD* 1a A 8.5 (2.5) 84
1b B 7.8 (2.8) 76

sphamide) followed by autologous
ts with early dcSSc and poor prognosis,

1a A 7.8 (2.5) 68

oskeletal involvement in SSc. 2b D 7.8 (2.7) 80

al reflux disease; HSCT, haematopoietic stem cell transplantation; ILD, interstitial
ypertension; RP, Raynaud’s phenomenon; SoR, strength of recommendation; SSc,
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The vascular therapeutic continuum across Raynaud’s, DUs and
pulmonary artery hypertension

The evidence informing this set of recommendations focuses
on the same classes of drugs for the management of RP, DU dis-
ease and pulmonary artery hypertension (PAH) in SSc. Such a
‘vascular therapeutic continuum’ supports the existence of com-
mon disease mechanisms underpinning these clinical manifesta-
tions (figure 1) [12]. The task force noted that studies focusing
on the additional value of immune suppressive or specific
immune targeting interventions were lacking and should be con-
sidered as a research agenda focus (box 1).

Box 1 Research agenda
1. To evaluate the efficacy of immune suppression and/or other
immune targeting DMARDs in the vascular and gastrointestinal
manifestations of systemic sclerosis (SSc).

2. To evaluate the efficacy of non pharmacological interventions
for the management of digital ulcers.

3. To evaluate the efficacy of biological interventions on cardio-
vascular manifestations of SSc.

4. To evaluate the efficacy of pharmacological and non pharmaco-
logical interventions in the management of calcinosis in SSc.

5. To evaluate the efficacy of new immunological interventions to
expand the immune-suppression and antifibrotic portfolio and
improve clinical outcome in SSc.

6. To evaluate the performance of a specific comprehensive
patient-reported outcome for overall disease burden in SSc fol-
lowing patients’ priorities.

Raynaud’s phenomenon

Dihydropyridine-type calcium antagonists, usually oral nifedipine,
should be used as first-line therapy for SSc-RP

The SLR did not find any new evidence on the use of calcium
channel blockers for the treatment of SSc-RP. The task force,
therefore, unanimously agreed to keep the previous recommen-
dation with the same strength and wording.

PDE5 inhibitors should also be considered for treatment of SSc-RP
Since the previous set of recommendations, a meta-analysis

of six RCTs published between 2005 and 2012 was conducted
by Roustit et al [13]. These RCTs included 224 patients, different
double-blind designs (parallel or cross-over) and distinct PDE5
inhibitors (PDE5i), detailed in online supplemental extended
results material [13−17]. The PDE5 inhibitor group showed an
overall improvement in Raynaud’s condition score compared
with placebo (mean difference −0.46 (95% CI −0.74 to
−0.147); p=0.002). Significant differences were also noted in
daily frequency of RP attacks (mean difference −0.49 (95% CI
−0.71 to −0.28; p<0.0001) and daily duration of RP attacks in
minutes (−14.62 (−20.25 to −9); p<0.0001). The high level of
evidence provided by the 2013 meta-analysis supported previ-
ous recommendations for the use of PDE5i in SSc-RP.

Intravenous iloprost should be considered for severe SSc-RP following
failure of oral therapy

The SLR did not identify new publications with higher LoE on
the use of Iloprost. The task force agreed to retain the previous
32
recommendations, including the adoption of intravenous treat-
ment as second-line following failure of oral therapy. A treat-
ment algorithm for SSc-RP is shown in figure 2.

In the 2017 update of the recommendations, fluoxetine was
included with SoR C and relatively low level of agreement
(6.06) [7]. During the Delphi exercise informing this update, flu-
oxetine was deprioritised and not included in the SLR, so no rec-
ommendation was made for or against its use.

The conflicting evidence for the effectiveness of endothelin
receptor antagonists (ERAs) in treating RP led the task force to
not formulate any recommendation, as summarised in online
supplemental extended results [13−17].

DU disease

PDE5 inhibitors and/or intravenous iloprost should be considered for
the treatment of DU in patients with SSc

The SLR did not identify any new study on the effect of intra-
venous Iloprost for the healing of DU with higher level of evi-
dence compared with the 2017 recommendations [7]. On the
contrary, one RCT failed to demonstrate efficacy of oral trepros-
tinil in DU healing and prevention (see online supplemental
Extended Results) [18,19].

Concerning the use of PDE5i, there was no stronger evidence
compared with that already evaluated in the previous update
[7], hence the task force retained the previous recommendation.

In discussion of the SEDUCE study [14], the task force noted
the particularly high rate of DU healing; however, the analysis
could not account for the effects of specialised non-pharmaco-
logical DU treatment in highly experienced centres. The non-
pharmacological contribution helped inform the research
agenda on this important clinical manifestation (box 1).

In view of these considerations, the task force unanimously
agreed to retain the previous recommendations.

Bosentan should be considered for reduction of number of new DU in
SSc

This recommendation was unchanged from 2017 since no
new or higher-level evidence was identified [7]. The recommen-
dation remains specifically for bosentan instead of being
extended to the ERA class, given the negative results of two
RCTs evaluating the efficacy of macitentan in more than 400
patients with SSc DU described in detail in online supplemental
extended results [17−20]. A graphical summary of the recom-
mendations on SSc-RP and DU is shown in figure 2.

Pulmonary arterial hypertension

Combination of PDE-5i and ERAs should be considered as first-line
treatment of SSc-PAH

This new recommendation is supported by two independent
post hoc analyses of the same RCT, the AMBITION trial [21
−23]. In AMBITION, 500 participants with PAH (connective tis-
sue disease, CTD and Non CTD) all in WHO functional class II or
III, were randomised to ambrisentan 10 mg and tadalafil 40 mg
in combination or the single intervention with placebo in a
2:1:1 ratio. The primary endpoint was time to first event of clini-
cal failure (TtCF). Coghlan et al published a post hoc analysis on
the 187 patients with CTD-PAH (103 on combination vs 84 on
single intervention) and within this population on the 118 SSc-
PAH patients (71 vs 47), adopting the same TtCF endpoint. The
benefit of combination treatment was observed both in the CTD
and SSc populations compared with monotherapy groups [21].
Kuwana et al analysed a modified CTD and SSc-PAH intention-



Figure 1. Schematic representation of the eight clinical domains covered by the 2023 recommendations. Note that severe prognosis is not repre-
sented. The different shades of green boxes labelled A−D represent the Strength of the Recommendation (SoR) as shown in the relative column of
table 1. Dotted lines connect same drug or drug class across distinct clinical domains. CCB, calcium channel blocker; CYC, cyclophosphamide; ERAs,
endothelin receptor antagonists; MMF, mycophenolate mofetil; MTX, methotrexate; PDE5i, phosphodiesterase five inhibitors; PPI, proton pump inhib-
itors; RITUX, rituximab; TCZ, tocilizumab.

Figure 2. Treatment flow chart for the evidence informing the recommendation for treatment of SSc-related Raynaud’s phenomenon (RP) and
(ischaemic) DU disease. CCB, calcium channel blocker; DU, digital ulcer; PDE5i, phosphodiesterase 5 inhibitors; SSc, systemic sclerosis.
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Figure 3. Treatment flow chart for the evidence informing the recommendations for treatment of SSc pulmonary artery hypertension (PAH). DU, digi-
tal ulcer; ERAs, endothelin receptor antagonists; ERS, European Respiratory Society; IV, intravenous; PCA, prostacyclin agonists.
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to-treat population, stratified by baseline characteristics and
European Respiratory Society (ERS) risk at baseline (low/inter-
mediate and high) using the TtCF at 16 weeks. In this analysis,
risk of clinical failure was 53.7% lower in SSc-PAH treated with
combination therapy. Details of study populations, endpoints
and both analyses are in online supplemental extended results
[24−27].

The task force unanimously agreed to recommend the use of
first-line combination treatment at diagnosis of PAH.
Intravenous epoprostenol should be considered for the treatment of
SSc patients with advanced PAH (classes III and IV)

The task force agreed to retain this recommendation
unchanged given the lack of any new study with higher LoE
compared with previously [7]. The advanced/severe PAH indi-
cation is reflected in the graphic summary shown in figure 3.
Other prostacyclin analogues should be considered for the treatment
of SSc PAH

Since the 2017 update, Gaine et al reported the results of a
subanalysis of a phase 3 double-blind RCT for selexipag at maxi-
mum tolerated dose versus placebo in 1156 patients with PAH
34
either on no treatment or on stable doses of PDE5i, ERAs or both
[28,29]. The 170 patients with SSc-PAH (77 on treatment vs 93
on placebo) had a similar maximum tolerated dose despite slight
difference in proportion of background therapy and showed an
overall reduction in risk of a morbidity/mortality event of 44%
(HR 0.56, 95 CI 0.34 to 0.91) [28]. The task force considered
the positive results of the subanalysis, although post hoc, and
agreed to recommend the use of selexipag with SoR B (LoE 1b).
Riociguat can be considered for treatment of SSc-PAH
Humbert et al published the results of a post hoc analysis on

SSc and CTD-PAH (PATENT-1) and its open-label, long-term
extension (PATENT-2), evaluating the efficacy of riociguat 2.5
or 1.5 three times daily versus placebo on 6 min walk distance
(6MWD), haemodynamics and WHO functional class [30,31].
The SSc-PAH population consisted of 66 patients, with 45 (68%)
on background treatment including mainly ERAs [31]. SSc-PAH
patients receiving riociguat reported a 4 min (±43) improve-
ment in 6MWD at week 12 vs a 37 min (±120) worsening in the
placebo group. This was associated with haemodynamic and
WHO functional class improvement that persisted in the long-
term analysis of PATENT-2. The results of this post hoc analysis
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were consistent with the results analysed in 2017 and this rec-
ommendation was left unchanged [7].

The use of anticoagulants (warfarin) for the treatment of SSc-PAH is
not recommended

Anticoagulants are widely used for the treatment of idio-
pathic PAH. Nevertheless, a meta-analysis of 4 CTD-PAH studies
(3 prospective and 1 retrospective) including 392 patients with
SSc, revealed that in SSc-PAH patients, there was a significant
increase in mortality associated with the use of anticoagulants
(HR 1.58 (95% CI 1.08 to 2.31); p=0.02) [32], although it
noted an Australian observational study reported a benefit in
132 SSc-PAH patients including 37 receiving anticoagulants (for
the indication of PAH in half). The task force, therefore, pro-
posed to endorse a negative recommendation for the use of anti-
coagulants (mainly warfarin) [33].

Renal crisis

ACE inhibitors should be used immediately at diagnosis of SRC
Despite the absence of specific RCTs regarding the efficacy of

ACE inhibitors (ACEi) on SRC, the task force commented on the
substantial improvement in mortality rate observed since ACEi
was implemented as a therapeutic option [34]. For this reason,
the task force agreed with high LoA to maintain this recommen-
dation substantially unchanged [7].

It was noted that a meta-analysis of the literature evaluating
the prognosis of SRC in SSc described a significantly poorer
prognosis of SRC in patients with previous exposure to ACEi
[35], but a separate analysis of other factors that could have led
to this poorer prognosis was not conducted. For this reason, the
recommendation for the use of ACEi was not extended to a pre-
ventive recommendation. The task force also avoided formulat-
ing a negative recommendation on prevention both for the
potential biases in the meta-analysis and to avoid the unin-
tended consequence of reducing the use of ACE inhibitors. The
Delphi exercise pre-SLR also prioritised the research question on
the effectiveness of sartans on SRC outcome. The task force
noted the lack of specific high-quality studies on this topic and
did not formulate a recommendation. Nevertheless, it was dis-
cussed that the class may have a therapeutic effect similar to the
ACEi and that studies on this topic are difficult to implement.

SSc patients treated with glucocorticoids should have regular
monitoring of blood pressure to detect SRC

This recommendation is unchanged from 2017. The task
force noted the heterogeneity of data in the literature on this
topic, the lack of any higher level of evidence compared with
2017 and had high agreement in recommending regular moni-
toring of blood pressure when the use of glucocorticoids is
deemed necessary and appropriate.

GI involvement

Proton pump inhibitors should be considered for the treatment of SSc
gastro-oesophageal reflux disease and prevention of oesophageal
ulcers and strictures

The SLR found no specific studies demonstrating the benefi-
cial effects of proton pump inhibitors (PPIs) on oesophageal
involvement in SSc. Nevertheless, two independent cohort stud-
ies suggest that treatment with PPI may be only partially effec-
tive in controlling oesophagitis/gastritis [36] or abnormal
oesophageal acid exposure [37]. The task force also commented
on the lack of evidence on safety following long-term PPI use.
35
The task force acknowledged the need to address gastro-oeso-
phageal reflux disease with PPI treatment at least in first
instance and recommended their use in an attempt to control
symptoms and prevent oesophageal complications.

The use of prokinetic drugs should be considered for the treatment of
symptomatic motility disturbances related to SSc

Since the 2017 updates, Foocharoen et al reported the results
of an RCT involving 148 patients with SSc and partial response
to high-dose PPI (omeprazole 20 mg two times per day) [38].
Patients remained on PPI and were randomised to receive either
domperidone or alginic acid (or matched placebos) for 4 weeks.
Both groups had similar improvement in the severity of GERD
symptoms, with 5 (13.2%) patients on domperidone and 8
(21.6%) on alginic acid who did not respond. In a smaller, open-
label study, Karamanolis et al reported the positive effect of a
single dose of buspirone (a 5-HT1A receptor agonist) in increas-
ing lower oesophageal sphincter pressure compared with base-
line and in comparison with domperidone [39]. Beyond
oesophageal dysmotility, Vigone et al reported the effectiveness
of prucalopride (a 5HT4 receptor agonist) as assessed by fre-
quency of evacuations, UCLA GIT 2.0 constipation and Likert
scales [40−42].

The task force acknowledged the substantial unmet need for
better control of GI manifestations in SSc.

The use of rotating antibiotics should be considered for the treatment
of small intestinal bacterial overgrowth

The results of the SLR did not show any higher level of evi-
dence compared with the 2017 update [9]. While acknowledg-
ing the need for further studies, particularly addressing the
specific effects of probiotics, the task force, with the strong sup-
port of patient representatives, retained the recommendation
for the use of rotating antibiotics for the treatment of small intes-
tinal bacterial overgrowth (SIBO) based on interventional stud-
ies using breath tests to confirm SIBO [7,9].

Considering the sparse evidence on GI manifestations, and
with the strong advocacy of patient representatives, the task
force endorsed a high level of priority in the research agenda for
GI disease in SSc (box 1). Future studies should span from the
identification of treatments and interventions to achieve better
symptom control to testing the efficacy of disease-modifying
agents on the natural history of GI manifestations in SSc.

The immune suppression continuum across skin and lung fibrosis

Skin and lung fibrosis have been evaluated in many RCTs
testing the efficacy of immune suppression and targeted treat-
ments. This has led to major changes in recommendations com-
pared with 2017.

Methotrexate, mycophenolate mofetil and/or rituximab should be
considered for treatment of SSc skin fibrosis

There was no higher LoE on methotrexate (MTX) compared
with the 2017 update. The main results informing this new rec-
ommendation derive from a randomised, double-blind, parallel-
group trial that enrolled 142 patients with SSc-related ILD
treated with mycophenolate mofetil (MMF) or oral cyclophos-
phamide (Scleroderma Lung Study (SLS) II) [43]. Post hoc anal-
yses of SLS-II identified modified Rodnan skin score (mRSS)
improvements from baseline to 24 months for both MMF
(−4.90, 95% CI −6.4 to −3.4) and cyclophosphamide (−5.35,
95% CI −6.9 to −3.8)) [43]. Combined post hoc analyses of skin
trajectories from the SLS-I trial (which compared
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cyclophosphamide to placebo and was included in the previous
recommendations [44]) and the SLS-II trial [45] further con-
firmed the benefits of both mycophenolate mofetil (MMF) and
cyclophosphamide in reducing skin fibrosis. The predominant
adverse event was leucopenia that occurred in significantly
more patients in the cyclophosphamide group than in the MMF
group (30 vs 4 patients; p<0.05).

Further, one multicentre observational study including 326
early dcSSc patients showed no significant difference in mRSS
across patients treated with MTX (n=65), MMF (n=118), cyclo-
phosphamide (n=87) or no immunosuppressants [46] with a
modest improvement in the mRSS in all groups at 12 months.

The strongest evidence for rituximab came from a double-
blind RCT performed in Japan. In this study, 56 SSc patients
were included with an mRSS of ≥10, and an expected survival
of at least 6 months [47]. Patients received four intravenous
doses of the assigned intervention (rituximab 375 mg/m2 or pla-
cebo; once per week for 4 weeks). Notably, this is not the usual
dose used for other rheumatic diseases. The absolute improve-
ment in mRSS at 24 weeks was significantly higher in the rituxi-
mab group than in the placebo group (−6.30 vs 2.14; difference
−8.44 (95% CI −11.00 to −5.88); p<0.0001). There was no dif-
ference in adverse events.

The task force considered the totality of the data (summar-
ised in online supplemental extended results [47−49]) and rec-
ommended consideration of rituximab for the treatment of skin
fibrosis in SSc.

Tocilizumab may be considered for the treatment of skin fibrosis in
patients with early, inflammatory dcSSc

Tocilizumab has been investigated in a clinical development
programme where skin disease was the primary outcome mea-
sure and target population enriched for early, inflammatory dis-
ease. In a phase 2 trial, the target population included DcSSc
patients with mRSS>15 [50]. 87 patients were enrolled, and the
least squares mean (LSM) change in mRSS at 48 weeks was
−6.33 in the tocilizumab group and −2.77 in the placebo group
(treatment difference −3.55, 95% CI −7.23 to 0.12; p=0.0579).
In a phase 3 trial of 210 patients, which included patients with
mRSS>10 [51], there was an LSM change in mRSS from baseline
to week 48 of −6.14 for tocilizumab and −4.41 for placebo
(adjusted difference −1.73 (95% CI −3.78 to 0.32); p=0.10).
Detailed results are summarised in online supplemental
extended results. Although these data do not support the use of
tocilizumab as first-line therapy for skin involvement in early
dcSSc [52], a trend in benefit was observed together with a satis-
factory safety profile, so the task force agreed to considering
tocilizumab for the treatment of skin fibrosis in patients with
early, inflammatory dcSSc.

Only one randomised, double-blind, placebo-controlled trial
has been performed (in Japan) with intravenous immunoglobu-
lin (IVIG) versus placebo in 63 DcSSc patients (see online sup-
plemental extended results) [53]. No changes in the mRSS were
observed at 24 weeks but the mRSS at 60 weeks after the first
administration was significantly reduced in patients with at least
two courses of IVIG versus the group treated with a single course
(p=0.0040). The task force agreed that additional studies are
required to clarify the potential efficacy of IVIG in SSc skin
involvement.

Mycophenolate mofetil, cyclophosphamide or rituximab should be
considered for the treatment of SSc-ILD

The SLS II compared a continuous 24-month course of MMF
to a 12-month course of oral cyclophosphamide (followed by 12
36
months of placebo) in an RCT of SSc-ILD patients (see Tashkin et
al [43] and online supplemental extended results). Each treat-
ment group showed significant improvement in % predicted
FVC at 24 months, 2.19% (95% CI 0.53% to 3.84%) for the
MMF group and 2.88% (95% CI 1.19% to 4.58%) for the cyclo-
phosphamide group. MMF was better tolerated than cyclophos-
phamide based on the time to patient withdrawal, the number
of treatment failures and incidence of leucopoenia and thrombo-
cytopaenia. The task force noted that the SLS studies [43,44]
investigated oral cyclophosphamide and there were insufficient
data to compare the risk/benefit ratio of oral versus intravenous
route for the treatment of SSc-ILD.

Based on these and other consistent data (online supplemen-
tal extended results) [43,44,54], the task force agreed to recom-
mend both MMF and cyclophosphamide for the treatment of
SSc-ILD (A).

The RECITAL trial compared rituximab to intravenous cyclo-
phosphamide in a basket design including ILD related to 3 CTDs
(97 patients including 37 with SSc) (see online supplemental
extended results) [55]. At week 24, both groups showed
improvement with unadjusted mean gain from baseline in FVC
of 99 mL (SD 329; relative change 4.35% (SD 15.67)) in the
cyclophosphamide group and 97 mL (234; 4.31% (11.80)) in
the rituximab group. More adverse events were reported in the
cyclophosphamide group (646 events) than in the rituximab
group (445 events). Further, in the phase 2 DESIRES clinical
trial (see online supplemental extended results [47]), the pre-
dicted FVC at 24 weeks compared with baseline was signifi-
cantly improved in the rituximab group compared with the
placebo group (0.09% vs −2.87%; difference 2.96% (95% CI
0.08% to 5.84%); p=0.044).

Open-label studies and meta-analysis of 20 studies further
supported the beneficial effects of rituximab on FVC in SSc-ILD
(see online supplemental extended results) [56,57], therefore
the task force recommended that rituximab should be consid-
ered for the treatment of SSc-ILD.

Nintedanib should be considered alone or in combination with MMF
for the treatment of SSc ILD

Since the last update of the recommendations, the largest
clinical trial ever conducted in SSc investigated the effects of the
tyrosine-kinase inhibitor nintedanib in SSC ILD, SENSCIS (see
online supplemental extended results) [58,59]. While several
other tyrosine kinase inhibitors have been tested in proof-of-
concept studies, no other molecule has been ever evaluated as a
disease-modifying agent for SSc or SSc-ILD in a large interna-
tional multicentre phase III trial. In SENSCIS, 576 SSc-ILD
patients were randomly assigned to receive 150 mg of ninteda-
nib, administered orally twice daily or placebo. In the primary
end-point analysis, the adjusted annual rate of change in FVC
was −52.4 mL per year in the nintedanib group and −93.3 mL
per year in the placebo group (p=0.04). Other prespecified end-
points were not met, and adverse events were higher in the nin-
tedanib group (16.0% vs 8.7%). Diarrhoea, the most common
adverse event, was reported in 75.7% of the patients in the nin-
tedanib group (vs 31.6% in the placebo group). The 52 weeks
open-label extension study (SENSICS-ON) confirmed the similar
changes in FVC and the safety profile seen in SENSCIS [60].

Importantly, patients included in the SENSCIS trial were
stratified for the use of MMF and preplanned subanalysis
included evaluation of the primary endpoint by MMF use [61].
The relative treatment effect of nintedanib was similar (40% for
those taking MMF at baseline and 46% for those not using) and
consistent with that observed in the overall population (44%).



Figure 4. Treatment flow chart the evidence informing the recommendations for treatment of SSc interstitial lung disease (ILD). ILD, interstitial lung
disease; IS, immune suppressive; MMF, mycophenolate mofetil; PF, progressive fibrosing; SSc, systemic sclerosis.
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The treatment effect of nintedanib on the annual rate of FVC
decline was numerically greater in participants who were not
taking MMF at baseline (difference: 55.4 mL per year (95% CI
2.3 to 108.5)) than in those who were taking MMF (26.3 mL per
year (−27.9 to 80.6). The adverse event profile of nintedanib
was generally similar with or without MMF.

Very importantly, the INBUILD trial further assessed ninteda-
nib in a basket population of progressive fibrosing ILD (PF-ILD).
In this phase 3 trial, patients were assigned to receive nintedanib
(150 mg two times per day) or placebo while background immu-
nosuppressants at inclusion were not allowed [62]. It is impor-
tant to note that the inclusion criteria of INBUILD built the
foundation for the definition of PF-ILD, formally only agreed on
consensus in 2020 [63]. Among 170 patients with autoimmune
disease-related ILDs (including 39 SSc-ILD), the rate of decline
in FVC over 52 weeks was −75.9 mL/year with nintedanib vs
−178.6 mL/year with placebo (difference 102.7 mL/year (95%
CI 23.2 to 182.2); nominal p=0.012).

Considering the results of the SENSCIS and INBUILD trials
and the results concerning those concomitantly treated with
mycophenolate, the task force recommended that nintedanib
should be considered alone or in combination with MMF for the
treatment of SSc ILD (A)
Tocilizumab should be considered for the treatment of SSc-ILD
Within the two trials having mRSS as primary endpoint dis-

cussed above, changes in FVC were assessed as secondary end-
point (see online supplemental extended results) [50−52]. The
24-week study clearly showed significantly smaller decrease in
FVC for tocilizumab than for placebo (tocilizumab −34 mL vs
placebo −171 mL; p=0.0368) [50]. In the phase 3 trial, the 48-
week LSM change from baseline in FVC% predicted was −4.6 in
the placebo group and −0.4 in the tocilizumab group (difference
37
4.2 (95% CI 2.0 to 6.4); nominal p=0.0002) [51]. Based on
these data, the FDA approved the use of tocilizumab for the
treatment of SSc-ILD. The task force acknowledged that ILD was
not the primary objective of both these tocilizumab trials,
although it was prespecified as secondary outcome in the phase
3 trial. As well, the magnitude of effect between the two arms
was large although the drug was investigated with no back-
ground treatment in an early, inflammatory population. As a
result of discussion, the task force agreed to recommend that
tocilizumab should be considered for the treatment of SSc-ILD.
A diagram summarising different options for SSc-ILD treatment
is shown in figure 4.
High-intensity immunosuppression in patients with poor prognosis

High-intensity immunosuppression (usually including cyclo-
phosphamide) followed by autologous haematopoietic stem cell
transplantation (HSCT) may be considered for the treatment of
selected patients with early severe dcSSc and poor prognosis, in
the absence of advanced cardiorespiratory involvement.

This recommendation is essentially unchanged since the
2017 update [7]. Since the previous literature review, the SCOT
study (Scleroderma Cyclophosphamide or Transplantation)
reported the 54 months beneficial effect of autologous HSCT on
a combined morbidity/mortality outcome (see online supple-
mental extended results) [64]. Patients were randomised 1:1 to
receive either cyclophosphamide (500−750 mg/m2) for 12
months or high-dose cyclophosphamide (120 mg/kg) together
with equine anti-thymocyte globulin and total body irradiation,
preceded by bone marrow mobilisation and leukapheresis and
followed by auto transplant of haematopoietic stem cells
(median 5.6 million CD34+cells/kg). The study endpoint was
the Global Ranked Composite Score (see online supplemental
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extended results [65,66]), which favoured 67% of patients in
the transplant arm vs 33% in the cyclophosphamide arm
(p=0.01). The event-free survival analysis showed accordingly,
that 74% of patients in the transplant arm remained event free
at month 72 vs 47% of patients in the cyclophosphamide arm.
The task force acknowledged that HSCT was never compared
with other means of immunosuppression or targeted therapies
and that treatment-related mortality needs to be carefully con-
sidered, especially in patients with suboptimal cardiac function,
but the unambiguous efficacy of the intervention informed this
recommendation.

Musculoskeletal involvement

MTX should be considered for the treatment of musculoskeletal
involvement in SSc

This recommendation is unchanged from 2017. Although
musculoskeletal involvement is common, and highly ranked by
patients as a major concern with respect to disease burden, the
SLR revealed a lack of good quality evidence for the impact of
corticosteroids, tocilizumab or rituximab on joint involvement
[9].

Some case series suggested some effectiveness of abatacept
on joint involvement but, in a phase 2 trial, there were no signif-
icant differences between the abatacept and placebo groups at
12 months in the swollen and tender joint counts, although sig-
nificant and clinically meaningful treatment differences were
observed in the HAQ DI [67,68].

In a study of very small sample size and atypical trial design,
IVIG seemed to slightly improve joint outcomes, but more data
are required [69].

There was also a lack of evidence for benefit of musculoskele-
tal involvement for JAK inhibitors despite some case reports,
and the single randomised trial that investigated tofacitinib did
not show benefit on joints [70].

Research agenda and discussion

During the NGT discussions, specific aspects of SSc manage-
ment were highlighted as a priority for research agenda, either
due to the lack of current evidence and/or for the unmet need
advocated by experts and patient representatives. These items
are summarised in box 1.

The increase in a number of current recommendations
(increased from 16 in 2017) reflects the increased knowledge
across the eight clinical domains and, most importantly, newly
available therapies. A ‘one-size-fits-all’ strategy cannot be
implemented in SSc where disease duration, comorbidities,
patient preferences, local availability and cost of medication
should all be considered for informed decision-making.

The big advances made in SSc vasculopathy management
emphasise the treatment continuum for the use of various vaso-
dilators and anti-remodelling drugs from Raynaud’s to DU and
pulmonary arterial hypertension. Similarly, a therapeutic con-
tinuum in the interventions for skin and lung fibrosis is also
apparent. These latter two domains are the ones with the most
important updated information, resulting in recommendations
for the use of MMF and/or rituximab, and tocilizumab for both
skin and lung and nintedanib to be used alone or in combination
with MMF for the treatment of SSc-ILD. While the inclusion cri-
teria of the related trials enabled the task force to derive prelimi-
nary flow charts for the treatment of SSc-ILD (which need to be
interpreted in line with the main recommendations), dedicated
trials to test potential synergistic combinations (including with
38
antifibrotic agents), or the early implementation of immune tar-
geted approaches, are needed. Given the difficulty in imple-
menting combination trials, high-quality real-world data may
contribute to build evidence in this direction in the future.

Cell therapy has long been investigated in fibrotic diseases. In
SSc, immunosuppression followed by HSCT may be considered
for the treatment of selected patients with early dcSSc and poor
prognosis . Although comparative trials may never occur, some
observational data raised the effectiveness of combination ther-
apy including rituximab as an alternative for these poor progno-
sis patients [71]. Furthermore, the availability of CAR-T cells
and the first experience with CD19 CAR T cells in autoimmune
disease is poised to disrupt the field [72,73].

During the NGTs, the task force agreed on the importance of
the patient’s view in guiding future research. While some prog-
ress has been made with large studies and the development of
new outcome measures (SCLERO-ID) [74], patient representa-
tives strongly advocated the need for high-level evidence in the
management of GI and musculoskeletal manifestations, which
are consequently prioritised in the current research agenda
(box 1).

In conclusion, the 2023 update of the EULAR recommenda-
tions for the management of SSc provides state-of-the-art guid-
ance for physicians globally.

Correction notice

This article has been corrected since it published Online First.
Affiliation 8 has been added.
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