
DOI: 10.5152/eurjrheum.2020.19187

News and failures from recent treatment trials in 
systemic sclerosis

Introduction
Systemic sclerosis (SSc) is a challenging disease clinically and has proven to be a difficult condition for un-
dertaking clinical trials. This has been a result of the pathobiology of the disease that leads to tissue damage 
that may be difficult to reverse and also a result of the difficulty of identifying the best trial endpoints. In 
addition, the condition is heterogeneous and so it can be challenging to identify the most informative 
patients for a specific therapeutic approach. However, there has been substantial progress, and this has 
included better study design (1). Some of the principles of scleroderma trial design are included in Figure 
1, and there have been several relevant publications that highlight the most appropriate methodology for 
different types of study depending on the target organ or manifestation. One recent development that 
may help in trial design is the development of a composite endpoint, the Combined Response Index for 
Systemic Sclerosis (CRISS), which has been provisionally endorsed by the American College of Rheumatol-
ogy and is now being used as a primary or secondary endpoint in a number of clinical studies. This may 
facilitate drug development by giving a signal of clinical benefit that is more relevant to patients and more 
robust than previous approaches such as the modified Rodnan skin score (mRSS).

Overview of recently completed studies
There have been multiple studies performed in SSc over the past decade, and this is testament to 
the high unmet medical need and the importance of establishing a robust evidence base for current 
potential treatment approaches. It also reflects growing interest in potential, new, and more targeted 
approaches to SSc management. A summary of the most recent trials targeting skin or lung fibrosis is 
shown in Table 1.

Conventional immunosuppression
The first studies focused on lung fibrosis and collectively have demonstrated strong evidence for benefit, 
including the Fibrosing Alveolitis in Scleroderma Trial (FAST) (2) and Scleroderma Lung Study (SLS)-I trials (3) 
and more recently SLS-II (4) that had a non-inferiority design and demonstrated group level improvement 
in lung function for both oral cyclophosphamide over 12 months and mycophenolate mofetil (MMF) over 
24 months. Other important trials have included the European Scleroderma Observational Study (5) that 
assessed skin score over 12 months and evidence supportive of potential benefit confirmed that this was 
modest. This is in line with the impact of conventional immunosuppression on lung fibrosis.
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Combined analysis of SLS-I and -II has pointed 
toward defining minimal clinically important 
difference at a group level (6), anchored for 
lung by changes in symptoms, and also con-
firmed benefit for mRSS albeit over more than 
one clinical trial (7).

High intensity immunosuppression with autolo-
gous hematopoietic stem cell transplantation
Case reports and small series suggested that 
high dose immunosuppression with hemato-
poietic stem cell transplantation (HSCT) may 
be beneficial in some cases of SSc. This led to 

phase I studies (8) and then a series of phase II 
trials that compared HSCT after conditioning 
with monthly intravenous (IV) cyclophospha-
mide given over 12 months. The three trials 
completed to date have all suggested benefit 
especially in terms of long-term survival. The 
largest study Autologous Stem cell Transplan-
tation International Scleroderma (ASTIS) trial 
(9) reported a 10% treatment-related mortal-
ity that resulted in a greater number of early 
deaths in the transplant arm but later deaths 
were much less common. Therefore  long 
term, there was a much better survival than 
for conventional immunosuppression with 
IV cyclophosphamide over 12 months. The 
small American Scleroderma Stem cell ver-
sus Immune Suppression Trial (ASSIST) study 
(10) also favored transplant but the size of 
the study and the switching of patients to 
transplant when they progressed on cyclo-
phosphamide limits interpretation. The most 
recently reported study was Scleroderma: 
Cyclophosphamide or Transplantation (SCOT) 
(11). This was a small but rigorous study that 
used a novel hierarchical composite endpoint 
to aid interpretability of treatment effect. 
Using this novel approach, there was a clear 
signal of benefit, and the treatment-relat-
ed mortality was lowest at 3% of the three 
published SSc trials. Together, these studies 
underpin the routine use of HSCT in poor 

prognosis cases of SSc, but major challenges 
in case selection and in standardization of the 
treatment protocols remain and should be 
addressed in future clinical research studies.

Targeted immunosuppression
Biological agents have the potential to test 
therapies and also better understand the mo-
lecular and cellular pathogenesis of SSc. The 
following have been evaluated.

Anti-tumor necrosis factor
The transformative impact of anti-tumor ne-
crosis factor (TNF) treatment for inflammatory 
arthritis prompted evaluation in many other 
immune-mediated diseases. For SSc, there was 
a concern that the crosstalk between proin-
flammatory and profibrotic cytokines might 
lead to worsening of fibrotic pathology de-
spite clear evidence for preclinical models that 
fibrosis could be reduced by TNF blockade. 
This prompted assessment of use of anti-TNF 
agents in SSc. There was a review of cases 
treated within a multicentric international Eu-
ropean Scleroderma Trials and Research Group 
(EUSTAR) register (12) that supported possible 
benefit and did not point to adverse effects. 
A small open-label study in diffuse cutane-
ous SSc (dcSSC) (13) was undertaken using 
infliximab monotherapy. There was a trend of 
benefit for skin improvement but no major 
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Main Points
• Compelling evidence that both nin-

tedanib and tocilizumab can prevent 
progression of lung fibrosis in systemic 
sclerosis (SSc).

• Encouraging signals for several trials for 
skin or for improvement in the Com-
bined Response Index for Systemic Scle-
rosis score.

• Important to learn from trial failures and 
to refine and improve study design to 
start to achieve therapeutic advances 
that patients with SSc deserve.

• Enormous unmet need from non-lethal 
aspects of SSc remains.

Table 1. Summary of endpoint data from recent placebo-controlled trials in systemic sclerosis.

 Total Duration        Global Global 
Trial (n) (weeks) Drug mRSS ∆mRSS FVC CRISS HAQ-DI patient physician

FAST (2) 45 52 Low dose prednisolone  NA NA 0.08 NA NA NA NA 
   with IV cyclophosphamide  
   then oral azathioprine 

SLS-1 (3) 158 52 Oral cyclophosphamide 0.008 -3.06 0.03 NA 0.009 NA NA

BUILD-2 (42) 163 52 Bosentan NS -0.30 NS NA NA NA NA

AIMSPRO (44) 20 26 Hyperimmune caprine  0.06 NA NA NA NS NS NS 
   serum 

faSScinate (26) 87 48 SC TCZ 0.06* -3.55 0.10 0.01 NS NS 0.08

focuSSced (27) 212 48 SC TCZ 0.10* -1.73 0.002 0.02 NS NS NS

JBT-101-SSc (41) 42 16 Lenabasum 0.09 -2.60 NS 0.04 0.03 0.10 0.02

ASSET (20) 88 52 Abatacept NS -1.75 NS 0.03 0.005 NS 0.03

FASST (31) 145 48 Lanifibranor NS +0.90 NS NA NA 0.08 NA

RISE-SSc (43) 121 52 Riociguat 0.08 -2.34 NS NS NS NA NA

SENSCIS (35) 576 52 Nintedanib NS NS 0.04 NS NA NA NA

*There was significant reduction in meaningful worsening of mRSS.
mRSS: modified Rodnan skin score; FVC: forced vital capacity; CRISS: Combined Response Index for Systemic Sclerosis; HAQ-DI: Health Assessment Questionnaire Disability Index; FAST: Fibrosing Alveolitis in 
Scleroderma Trial; IV: intravenous; NA: not applicable; SLS: Scleroderma Lung Study; BUILD-2: Bosentan in Interstitial Lung Disease in Systemic Sclerosis-2; NS: not significant; AIMSPRO: Anti-inflammatory 
Immuno-Suppressive Product; faSScinate: Safety and Efficacy of Subcutaneous Tocilizumab in Adults with Systemic Sclerosis; SC: subcutaneous; TCZ: tocilizumab; focuSSced: Efficacy and Safety of 
Tocilizumab in Participants with Systemic Sclerosis; JBT-101-SSc: Safety, Tolerability, Efficacy, and Pharmacokinetics of JBT-101 in Systemic Sclerosis; ASSET: Abatacept Systemic Sclerosis Trial; FASST: For A 
Systemic Sclerosis Treatment; RISE-SSc: Riociguat in Patients with Early Diffuse Cutaneous Systemic Sclerosis; SENSCIS: Safety and Efficacy of Nintedanib in Systemic Sclerosis.



treatment effect, although in this study there 
were frequent human anti-chimeric antibody 
responses that may have attenuated benefit 
and been a consequence of not co-prescribing 
other immunosuppression.

Basiliximab
Targeted immunosuppression using an inter-
leukin (IL)-2 receptor antagonist (basiliximab, 
anti-CD25) was tested in a small study that 
reported potential benefit and no adverse 
effects. There was improvement in lung func-
tion and skin, but the study design prevented 
robust interpretation of treatment effect. This 
approach however has not been pursued (14).

Rituximab
There is strong indirect evidence that the B 
cell compartment is overactive and poten-
tially pathogenic in SSc. This comes from links 
to autoantibodies and association of certain 
reactivities such as Scl-70 with much higher 
frequency of lung fibrosis and increased mor-
tality. The benefit observed for rituximab (RTX) 
in other rheumatic diseases prompted testing 
in SSc, and there have now been several case 
series and controlled trials that support bene-

fit. There has also been an encouraging retro-
spective review of the EUSTAR multicenter in-
ternational cohort that offers some support for 
benefit for skin. Although the Rituximab Versus 
Cyclophosphamide in Connective Tissue Dis-
ease-Interstitial Lung Disease (RECITAL) clinical 
trial that includes many SSc cases will provide 
much needed comparative data between RTX 
and IV cyclophosphamide, large studies are 
lacking (15-18).

Abatacept
Another more selective approach to immu-
nomodulation is the use of abatacept, which 
is a recombinant fusion protein composed 
of the Fc region of the immunoglobulin G1 
fused to the extracellular domain of cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4). 
T cell activation depends on two signals. One 
of those signals is the major histocompatibil-
ity complex, combined with the antigen, and 
the other signal is the CD80 or CD86 molecule. 
Abatacept binds to the CD80 and CD86 mol-
ecule to prevent the second signal, and the T 
cell cannot be activated. There were initial case 
reports suggesting benefit for abatacept in SSc 
and localized scleroderma. A small clinical tri-

al. (19) suggested benefit in dcSSc and led to 
a larger study, Abatacept Systemic Sclerosis 
Trial (ASSET), which was a placebo-controlled 
trial in 88 patients who were without other im-
munosuppressive treatment (20). This trial was 
one of the several recent studies that failed 
to reach its primary endpoint of skin benefit, 
although a trend of benefits was observed. 
However, subgroup analysis was convincing 
and secondary endpoints were reached in-
cluding the Health Assessment Questionnaire 
Disability Index, which is generally regarded as 
an important functional score that correlates 
with other important outcomes in SSc. In addi-
tion, this study has identified molecular mark-
ers that may predict clinical response in the 
skin and thus opens the way to more stratified 
or personalized medicine approaches in the 
future. In this way, the study is one of several 
that failed technically in primary endpoint but 
almost certainly has meaningful impact and 
has advanced understanding of trial design, 
informative endpoints, and case stratification.

Tocilizumab
The rationale for blocking IL-6 in SSc has sub-
stantial evidential support that includes seminal 
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Figure 1. Schematic summarizing overall clinical trial templates for systemic sclerosis.*
*Possible approaches for trial design in systemic sclerosis (SSc). Definitive studies should be placebo-controlled although background therapy may be permitted. Endpoints can include 
skin (modified Rodnan skin score [mRSS]), lung function (forced vital capacity [FVC]), or composite clinical endpoints such as the Combined Response Index for Systemic Sclerosis (CRISS). 
Molecular or biomarker endpoints may be considered earlier at 3-6 months linked to blood or skin biopsy studies although these will not assess clinical utility.



studies showing that SSc fibroblasts in culture 
produce large amounts of IL-6 protein com-
pared with healthy control dermal fibroblasts 
(21) and studies linking serum levels of IL-6 to 
poor clinical outcome (22). In addition, there 
are studies in animals that support the role of 
IL-6 signaling in fibrosis. The clinical cohort data 
include a discovery study linking IL-6 levels to 
risk of progression and poor survival in SSc that 
was followed by a validation cohort analysis 
(23), which confirmed that elevated IL-6 in se-
rum predicted poor survival and decline in lung 
function in SSc cases of lung fibrosis. This was, 
however, only seen in cases with milder disease, 
using the Goh et al. (24) staging system, that is, 
forced vital capacity (FVC) above 70% predict-
ed was associated with progression if IL-6 was 
elevated. This suggests a potential role in earli-
er stage lung fibrosis and that other processes 
or mediators may be involved in later stage or 
more severe lung fibrosis. A robust study of IL-6 
serum levels and skin disease confirmed the 
plausibility of IL-6 as a mediator in cases of skin 
disease that are severe and refractory (25). High 
levels of IL-6 were associated with the failure of 
skin score to improve over 36 months and with 
much worse long-term survival.

Two well-conducted clinical trials were built 
upon the foundation of these data and both 
have generated interesting and largely confir-
matory outcome data. The first study, Safety 
and Efficacy of Subcutaneous Tocilizumab in 
Adults with Systemic Sclerosis (faSScinate), was 
a phase II trial that enrolled 87 patients random-
ized to tocilizumab (TCZ) or placebo without 
other background therapy (26). The primary 
endpoint at 24 weeks showed a trend of ben-
efit for skin that almost reached significance at 
48 weeks. There was a remarkable benefit for 
lung function with much less decline on TCZ 
than placebo. This was relevant because the 
study design had really tried to enrich for cases 
that had high IL-6 by specifying high platelet 
count or elevated C-reactive protein. Baseline 
lung function was largely preserved because 
the cases were early stage and did not contain 
lung fibrosis. Skin threshold was 15-40 mRSS.

On the basis of the encouraging phase II data, 
a larger phase III clinical trial, Efficacy and Safe-
ty of Tocilizumab in Participants with Systemic 
Sclerosis (focuSSced) was designed. This fol-
lowed a similar design but was less rigorous 
in acute phase requirement and allowed cases 
with a broader range of skin score (mRSS 10-
35). The overall results for focuSSced were dis-
appointing. The trial replicated faSScinate by 
showing a trend of benefit for mRSS change 
at 48 weeks despite a much larger sample size. 
This reflected greater improvement on pla-

cebo and perhaps also the much lower skin 
score on entry that implies milder cases being 
enrolled that may have a greater likelihood of 
spontaneous improvement in mRSS over the 
time frame of the study. This aligns with other 
trials and perhaps reflects the greater stringen-
cy of skin disease in faSScinate. Interestingly, 
there was a meaningful reduction in skin pro-
gression by 20% of mRSS. This reached statisti-
cal significance but could not be interpreted as 
positive as this was a phase III trial with a strict 
prespecified statistical analysis plan (27).

Of much more interest and significance was 
the impact of TCZ on lung function in fo-
cuSSced. The outstanding treatment effect 
observed in faSScinate was replicated and 
exceeded. The phase III study had much more 
rigorous lung data including baseline and end 
of treatment computed tomography (CT) scan 
and centralized and quality-controlled lung 
function measurement. The subset of cases 
with lung fibrosis at baseline by visual read of 
CT were the main driver of the overall cohort 
impact on lung function, and exploratory anal-
ysis of CT quantitation was highly supportive. 
Thus, the two TCZ studies together provide a 
very robust evidence base that in active dcSSc, 
lung function decline can be almost complete-
ly prevented at a group level, and this benefit 
is especially seen in those with lung fibrosis on 
CT scan at baseline.

Anti-fibrotic therapy
The hallmark pathology of SSc is connective 
tissue fibrosis. Therefore, it has been of great 
interest to develop potential anti-fibrotic 
therapies. In addition, these could have appli-
cations well beyond SSc as fibrosis is a major 
contributor to other health problems, includ-
ing liver, lung, renal, and cardiac disease. There 
have been several recent trials in SSc that test 
putative anti-fibrotic therapy, focusing on skin 
or lung disease.

Lysophosphatidic acid receptor 1 antagonist
There is strong preclinical evidence that a lyso-
phosphatidic acid receptor 1 (LPA1) antagonist 
may prevent lung fibrosis (28), and this was 
tested in a small phase II trial that randomized 
patients with dcSSc to an oral LPA1 antagonist 
or placebo. The goal of this study was to assess 
target engagement and mechanistic impact, 
and this was fully achieved with the analysis 
of skin biopsies. The LPA1 fibroblast signature 
was determined using cultured fibroblasts, and 
this was very strongly attenuated in the skin of 
patients receiving the study drug compared 
with placebo. There was a trend for benefit in 
skin score, but the study was not designed or 
powered to test that; thus, further trials will be 

needed to properly assess the benefit of this 
approach. An interesting aspect of this phase 
II trial was that the patients were permitted to 
continue stable background immunosuppres-
sive treatments. This is important as it suggests 
that any additional treatment effect may be 
separate from immunosuppression (29).

Peroxisome proliferator-activated receptor agonist
Preclinical evidence strongly suggests that per-
oxisome proliferator-activated receptor (PPAR) 
activity is reduced in fibrotic diseases, includ-
ing SSc, and this has also been supported in 
mouse models. Therefore, it was an attractive 
proposition to use a pan-PPAR agonist to treat 
SSc (30). A phase II trial, For A Systemic Sclerosis 
Treatment (FASST) was recently completed but 
unfortunately was entirely negative. This study 
allowed background immunosuppression; 
thus, it is possible that this blunted the ability 
to demonstrate treatment effect. It had been 
hoped that a broad PPAR agonist profile (lanifi-
branor, IVA337) might not only have been more 
effective but also better tolerated than selective 
PPAR agonists. Although not yet fully published, 
the available data do not support this (31).

Tyrosine kinase inhibitors
There has been a longstanding interest in the 
potential for tyrosine kinase inhibitors (TKI) to 
be anti-fibrotic. This led to studies of imatinib 
and nilotinib in SSc that were not positive (32-
34) and highlighted the poor tolerability of 
these agents despite routine use in oncology. 
However, a less specific TKI, nintedanib, has 
been shown to be effective in idiopathic lung 
fibrosis and is licensed for this indication. This 
prompted a trial in SSc that has recently been 
published. The primary endpoint was met in 
this study, and thus, lung function decline was 
significantly reduced in patients on nintedanib.

The Safety and Efficacy of Nintedanib in Sys-
temic Sclerosis (SENSCIS) trial showed a group 
level benefit of 41 mL reduction on loss of 
FVC over 52 weeks (35). Although modest, 
this reached statistical significance and some 
patients demonstrated substantially larger 
treatment effect. Overall, unlike the trials of 
MMF, there was no improvement in FVC sug-
gesting that this form of therapy might slow 
the progression of fibrosis rather than reverse 
established pathology. This contrasts with im-
munomodulation with MMF or IV cyclophos-
phamide in the FAST study in the UK and with 
reports for myeloablative autologous stem cell 
transplant in the SCOT study.

Anti-transforming growth factor beta therapy
The central role of transforming growth factor 
beta (TGFβ) as a mediator of tissue fibrosis has 
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emerged from many sources. These include 
preclinical studies as well as tissue and cell-
based analysis of disease tissue, including SSc 
skin and lung. In vivo mouse models with TGFβ 
activation, especially targeted to fibroblasts, 
provide compelling evidence, and the deletion 
of TGFβ receptor II on fibroblasts renders mice 
resistant to skin or lung fibrosis. These data 
supported the rationale for targeting TGFβ as 
a treatment. Indeed, it has been suggested 
that until targeting TGFβ is definitely shown 
to be too unsafe or definitely ineffective, it re-
mains the most logical target in SSc for disease 
modifying therapy. Interestingly, the fibroblast 
studies from the phase II TCZ trial faSScinate 
demonstrated almost complete reversal of the 
TGFβ-activated phenotype of SSc fibroblasts 
in explant culture (36). This provides addi-
tional mechanistic insight into the role of IL-6 
in modulating TGFβ activity as has been sug-
gested in other recent work (37). The first trial 
of anti-TGFβ tested a relatively low affinity mo-
no-specific antibody, CAT-192 (metelimumab) 
(38). This was a placebo-controlled trial testing 
three doses of antibody. There was no clear 
evidence of benefit and improvement overall 
in all groups, including placebo. This study was 
a major disappointment in study design be-
cause very early treatment naive dcSSc were 
recruited and even these cases often improved 
over 6 months of observation. This provides 
important insight into the natural history of 
skin fibrosis and is in contrast to the features 
of lung fibrosis in this same population of early 
dcSSc as evidenced by two TCZ trials. The most 
recent study was more convincing by testing 
a more potent pan-specific anti-TGFβ (freso-
limumab) with impact on molecular markers 
and skin sclerosis (39). Unfortunately, this was 
an open-label study and so interpretability is 
challenging.

Endocannabinoid trials
A novel approach to treating fibrosis is seen 
in trials of the endocannabinoid agonist len-
abasum. This is a lipid mediator that has se-
lectivity for the cannabinoid receptor type 2 
that has emerged as a potent modulator of 
inflammation and appears to promote reso-
lution and have anti-fibrotic potential (40). A 
small phase II trial in SSc was very promising 
(41). It assessed treatment over 16 weeks with 
lenabasum (JBT-101) or placebo and showed 
striking benefit for the CRISS composite index. 
However, there are limitations to the interpre-
tations as the trial was much shorter than 
the design underpinning CRISS validation. A 
phase III trial is currently underway, and this 
will confirm whether there is benefit for len-
abasum on a range of endpoints, including 
CRISS and mRSS.

Therapies utilized in pulmonary arterial 
hypertension
The suspected role of endothelin in the patho-
physiology of lung fibrosis led to a 12 month 
placebo-controlled trial of bosentan, a non-
selective endothelin receptor antagonist, in a 
cohort enriched for patients with active and 
progressive SSc-related interstitial lung disease 
(ILD). Unfortunately, there was no significant im-
provement in the primary endpoint of exercise 
tolerance and no significant treatment effect for 
the other secondary end points including time 
to death and decline in lung function (42).

Riociguat, a soluble guanylate cyclase (sGC) 
stimulator with vasoactive, anti-proliferative 
and antifibrotic effects was hypothesized to 
reduce progression of skin fibrosis in patients 
with dcSSc. In a placebo-controlled trial of ear-
ly dcSSc patients, there was a non-significant 
benefit in mRSS with riociguat but no signifi-
cant difference between treatment groups in 
changes in predicted FVC or DLCO (diffusing 
capacity for carbon monoxide). Analysis at a 
subgroup level looking only at SSc-ILD patients 
suggested a potential efficacy signal for riocig-
uat for smaller decline in FVC and DLCO that 
will need further evaluation (43).

Reverse translation from clinical trials and 
proof-of-concept studies
One of the consistent messages from recent 
trials has been that it is now possible to differ-
entiate active drug from placebo, and the use 
of novel therapeutics is providing powerful 
insight into possible mechanism of action for 
therapies and about fundamental aspects of 
disease biology. Examples of this have been 
shown above for LPA1 inhibition and anti-TG-
Fβ. Likewise, there were compelling mechanis-
tic data from the phase II TCZ trial.

Another interesting study was a phase II trial 
evaluating hyperimmune caprine serum (An-
ti-inflammatory Immuno-Suppressive Product, 
AIMSPRO) as a novel biological therapy (44). 
This had benefit for skin in an extended dataset 
analyzed after 6 months of therapy compared 
with placebo and parallel serum analysis that 
highlighted the potential anti-fibrotic effect 
of alpha-melanocortin stimulating hormone 
(α-MSH) that was rapidly stimulated by the 
AIMSPRO (45). Animal and in vitro human ex-
periments have suggested that α-MSH has an-
ti-fibrotic potential (46).

Conclusions and future perspective
In summary, there have been many clinical 
trials over the past two decades and these are 
increasingly positive. There is now compelling 
evidence that both nintedanib and TCZ can 

prevent the progression of lung fibrosis in SSc, 
although they may act by distinct mechanisms 
and at different stages or extent of disease. 
There are encouraging signals for several trials 
for skin or for improvement in the CRISS score, 
and thus, there is a reason to be optimistic 
that the current portfolio of trials underway 
will further inform and advance treatments 
for SSc. Despite this, there have been many 
failed trials along the way, and it is important 
to learn from these and to refine and improve 
study design to start to achieve the therapeu-
tic advances that patients with SSc deserve. In 
the meantime, there is enormous unmet need 
from non-lethal aspects of the disease, includ-
ing gut problems, calcinosis, fatigue, and the 
physical and facial consequences of SSc. Any 
progress for skin or lung will just be a first step 
toward better and more effective treatment for 
this intransigent disease.
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