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Abstract

Purpose of review To give an overview of the current evidence for new therapies in diffuse
cutaneous systemic sclerosis. Treatment with biologics, small molecules, and hemopoietic
stem cell transplantation is reviewed.
Recent findings It is encouraging to see the amount of therapeutic studies in systemic
sclerosis increasing. Although the effect of some therapeutic options is disappointing, in
the near future, new trials will be published and several studies are underway.
Summary Systemic sclerosis is a serious life-threatening disease for which there is no cure
available to date. Considering all forms of new therapies, autologous hematopoietic stem cell
transplantation is the most effective therapy for well-selected patients with diffuse subtype
despite the highest treatment related mortality. The effect of biologics in systemic sclerosis is
disappointing, although data of several big trials are expected soon and could change this
view. Tyrosine kinase inhibitors have not shown positive effects in the past and were
hampered by side effects. The results of the thyrosine kinase inhibitor nitedanib in interstitial
lung disease associated to systemic sclerosis are expected soon. Future research should focus
on outcome measurements, combination therapy and treatment strategies in early disease.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40674-019-00119-9&domain=pdf


Introduction

Diffuse cutaneous systemic sclerosis (DcSSc) is an auto-
immune disease characterized by inflammation, vascu-
lopathy, and fibrosis. The most characterizing feature of
systemic sclerosis (SSc) is skin thickening. If the skin
thickening is present proximal from the elbows and
knees or is apparent on the abdomen or chest, a patient
can be classified as having diffuse cutaneous systemic
sclerosis (DcSSc) [1]. Inflammation and subsequently
fibrosis of internal organs is another important charac-
teristic of the disease. Organs most frequently involved
are the lungs, the heart, the gastrointestinal tract, and the
kidneys. Organ involvement results in decreased organ
function and is associated with a poor prognosis. Al-
though life expectancy has increased especially in pa-
tients with the diffuse subtype, over 50% of the patients
die as a result of SSc. The main causes of death are
interstitial lung disease (ILD), pulmonary hypertension,
and heart disease [2].

Although several treatment options are available,
there is no curing treatment to date. Present therapies
postpone disease deterioration but do not prevent seri-
ous disease complications. Therapeutic options for
DcSSc according to the EULAR treatment recommenda-
tions 2016 are methotrexate, cyclophosphamide, or my-
cophenolate mofetil and in selected patients autologous
stem cell transplantation [3]. Methotrexate is efficient
for stabilizing or reducing skin involvement as well as
improving quality of life but evidence of efficacy in
organ involvement is lacking [4]. Patients with lung
involvement or progressive skin thickening are treated
with either cyclophosphamide, or mycophenolaat
mofetil.

In the absence of a cure, the intended treatment goal
for patients with DcSSc is prevention of progression of
the disease. The effect of therapy is determined by sev-
eral outcome measurements. The most used outcomes
are the modified Rodnan skin score (mRSS) to deter-
mine the extent of skin involvement, pulmonary func-
tion tests, namely forced vital capacity (FVC) and diffu-
sion capacity (DLCO) and high-resolution CT-scan
(HRCT) of the lungs to define the extent of pulmonary
involvement. Furthermore, patient-reported outcomes
on quality of life are regarded as important outcome
measurements. Because all separate outcome measures
have flaws, a combination of several of these is used in
newer trials, for example, the CRISS, which combines
mRSS, FVC, HAQ-DI, patient global assessment, and
physician global assessment [5].

In other rheumatic diseases, biologics have proven
high value. Taking the role of B- and T-cells and the
inflammatory cytokines involved in the pathogenesis
of systemic sclerosis into account, it seems rational to
examine the efficacy and safety of biologics for this
indication. A considerable amount of trails on different
biologics have been reported. In this review, we give an
overview of the current evidence of their efficacy and
safety in systemic sclerosis.

Furthermore, we will discuss new anti-fibrotic treat-
ments currently approved for the treatment of idiopathic
pulmonary fibrosis which are evaluated in SSc in ongo-
ing trails. To conclude, we give an overview of the evi-
dence for the efficacy and safety of autologous stem cell
transplantation in patients with DcSSc.

Treatment
Anti-tumor necrosis factor blockage

Infliximab is a chimeric IgG1 monoclonal antibody that binds both solu-
ble and receptor bound TNF-α. TNF-α is involved in the pathogenesis of
systemic sclerosis and is found in inflammatory cutaneous infiltrates. It is
controversial whether anti-TNF-α therapy is anti- or profibrotic. In vitro
studies show that TNF-α inhibitors are antifibrotic, in vivo animal studies
show the contrary [6]. An explanation for the ambiguous results could be
that the effect of therapy relates to the inflammatory state of the patient.
Patients in a more inflammatory state are more prone to respond posi-
tively to TNF-α blockage [7, 8]. A few studies have been performed using
TNF-α blockage as treatment option for DcSSc.
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A small open-label trial has been performed on the treatment of 16 DcSSc
patients with infliximab. In this trial, infliximab was given in a dose of 5 mg/kg
every 8 weeks until week 22 after loading doses at week 0, 2, and 6 [9]. At week
26, the mRSS was not significantly changed compared to baseline, but the level
of type III collagen was significantly reduced as was the secretion of collagen
type I by dermal fibroblasts compared to baseline. Also in SSc, the main safety
issue of this treatment was infusion reactions associated with antibody devel-
opment. Results of this studywere hampered by the low number of patients, the
lack of a control group, and therefore the absence of randomization [9]. A
second small observational study on infliximab was performed. This study
showed no significant effect on skin involvement after 6months of follow-up as
well [10].

Etanercept, a human TNF-receptor p75 Fc fusion protein that bounds TNF,
was used in a small observational study. Eighteen systemic sclerosis patients
were treated with etanercept for a duration ranging from 2 to 22 months,
resulting in no significantly improvement of the mRSS [11, 12]. Taking the
results of the studies with TNF-α blockage in SSc together, the results are
disappointing.

When therapy with TNF blockage is considered, latent tuberculosis infection
and chronic hepatitis B infection should be ruled out before starting, because of
the risk of a flare. Congestive heart failure is the most important contra-
indication for therapy. Vaccinations with living organisms should not be ad-
ministered to patients during therapy. Combination of different biologics is
discouraged.

Abatacept
Abatacept is a human fusion protein that blocks the co-stimulatory CD80–
CD86 molecule. This blockage prevents the stimulation of the antigen pre-
senting cells on specific T cells, which prevents these T cells from producing
different cytokines. Activated T cells and their cytokines are involved in the
pathogenesis of systemic sclerosis as has been demonstrated by several obser-
vation fundamental studies [6].

In a small randomized controlled trial, 7 DcSSc patients were randomized to
abatacept and 3 to placebo. Abatacept was dosed according to bodyweight,
500 mg/dose for patients G 60 kg, 750 mg/dose for patients between 60 and
100 kg and 1000 mg/dose for those over 100 kg. Infusions were repeated every
28 days, which is the standard dosage interval in rheumatoid arthritis. The
primary endpoint of the study was the improvement of mRSS after 24 weeks.
ThemRSS differed significantly between the intervention and the placebo group
[13].

In the near future, the results of a new randomized controlled trial with
abatacept will become available, providing evidence on the efficacy of this
treatment option in SSc (clinicaltrials.gov).

The most common side effect of abatacept is upper airway infection. Before
starting, abatacept chronic infections should be ruled out.

Rituximab
Rituximab is the most extensive studied biologic in systemic sclerosis.
Rituximab is a chimeric human mouse monoclonal antibody which binds
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CD20-antigen on B cells and by binding to the Fc region leads to cell
death. As B cells seem to have a pathogenic role in systemic sclerosis,
preclinical studies have provided the rationale of possible effectiveness of
rituximab for this disease.

To date, one randomized controlled trial and several open label obser-
vational trials are reported besides case series. The randomized controlled
trial consisted of 14 patients with a disease duration ranging from 1 to
15 years. Patients received 2 infusions of 1000 mg rituximab at baseline
and month 6 and were compared to patients in the control group who
received standard treatment consisting of either prednisone,
cyclophophamide, or mycophenolate mofetil. At month 12, a significant
increase in FVC and DLCO and decrease of mRSS were found in the
rituximab patients. This study was extended containing only the patients
with interstitial lung disease (ILD) at baseline. After prolonged treatment
with rituximab infusion at month 12 and 18, the improvement of both
lung and skin sustained significantly during 2 years follow-up. The same
group has conducted a multicenter open-label comparative trial on treat-
ment of DcSSc patients with ILD and a mean disease duration of 2.5–
5.7 years. Thirty-three patients were treated with rituximab (each cycle
consisting of 4 weekly infusions of cycles of 375 mg/m2) every 6 months
in different schemes ranging from 5 to 7 years. Eighteen patients received
standard treatment consisting of azathioprine, methotrexate, or mycophe-
nolate mofetil. Although no statistical difference in FVC and DLCO was
found after 2 years of follow-up, a statistical significant difference in FVC
was found after 7 years, but the number of patients remaining in each
group was low. The mRSS was reported significantly lower in de rituximab
group at 1, 2, and 3 years of follow-up [14–16]. Another open-label trial of
eight patients with early DcSSc and arthritis, mean disease duration of
10 months, found a statistical significant improvement in mRSS and in
disease activity score (DAS) at month 24 with stabilization of internal
organ involvement [17]. Prevention of development of internal organ
involvement was confirmed in two other open label trials; the first with 20
patients with mean disease duration of 30.4 months showing a statistical
significant increase of FVC at month 12. In this study, patients without ILD
at baseline did not develop ILD during follow-up and mRSS improved in
all but one patient with more than 10% at month 12. Furthermore,
patients reported outcomes improved significantly [18]. In a second pro-
spective, observational study on 15 early DcSSc patients mRSS did not
change significantly after 6 and 12 months but none of patients showed
progressive major organ involvement [19].

In a nested case control study in 63 DcSSc patients with a disease
duration ranging from 3 to 11 years treated with rituximab, compared to
matched controls treated with conventional treatment including myco-
phenolate mofetil, cyclophosphamide, and methotrexate, revealed a sig-
nificant improvement of mRSS after 6 months. Pulmonary function was
tested in patients with ILD at baseline. After 6 months, the FVC was stable
and the DLCO improved significantly [20]. The different case series with
rituximab in early DcSSc report the same results, possible improvement of
skin involvement and stabilization of ILD [21–23].
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Furthermore, data analysis of a single-center randomized double blind
placebo-controlled trial will become available in the near future. Data from
the RECITAL trial, a multicenter, prospective, randomized, double-blind,
double-placebo controlled trial on rituximab compared to cyclophosphamide
will become apparent. In this trial, patients with ILD associated to connective
tissue disease (systemic sclerosis, idiopathic inflammatory myositis, and mixed
connective tissue disease) will be treated with rituximab 1 g twice in 2 weeks
compared to cyclophosphamide 600 mg/m2 pulse therapy per month for
6months. Primary endpoint is change in forced vital capacity (FVC) at week 24.
(clinicaltrial.gov).

Taking into account that to date only one randomized controlled trial and
several small open label studies have been published with rituximab, efficacy
on skin involvement is disputable; however, rituximab could have a positive
effect on ILD and could have a role in prevention of ILD.

Before administering rituximab, chronic hepatitis B infection must be ex-
cluded. The most common side effects are infusion reactions.

Tocilizumab
Tocilizumab is a recombinant humanized monoclonal antibody against the IL-
6 receptor. IL-6 is involved in systemic sclerosis pathogenesis and has shown a
direct fibrotic effect [6]. The biologic tocilizumab has been evaluated for its
efficacy in systemic sclerosis in the recent years. Studies with tocilizumab in
systemic sclerosis are performed with tocilizumab administered subcutane-
ously in a dose of 162 mg/week. Two randomized controlled trials are com-
pleted; the results of one of them will become available in the near future
(clinicaltrials.gov). Several small case reports have already been described [24,
25]. These case reports describe improvement of skin thickening after 6 months
in 2 patients and improvement of range of motion in one other patient
16 months after therapy [24, 25].

The FaSScinate trial is a phase 2 double blind randomized controlled
trial on tocilizumab compared to placebo in DcSSc patients with a disease
duration shorter than 5 years, without signs of ILD. In this trial 78 patients
were enrolled of which 43 were treated with tocilizumab and 44 with
placebo for 48 weeks. The mRSS did not significantly differ between both
treatment groups at week 24. A small, not significant decline in FVC was
reported [26••].

In the EUSTAR network, an observational study to evaluate the efficacy
and safety of tocilizumab and abatacept in SSc-associated arthritis and SSc-
associated myositis was performed. Twenty patients with SSc arthritis and
7 patients with SSc-myositis, all refractory to DMARDS and cyclophos-
phamide were included. Fifteen patients received tocilizumab 8 mg/kg/
month and 12 abatacept 10 mg/kg/month all patients with SSc myopathy
received abatacept. After 5 months of tocilizumab, DAS-28 and it com-
ponents improved significantly and 10/15 patients achieved an EULAR
good response. After 11 months treatment with abatacept, joint parameters
improved significantly; however, abatacept did not improve muscle out-
come measures in SSc myopathy. No significant improvement for skin
involvement or ILD was seen in both groups [27]. The results of the phase
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III study with tocilizumab in SSc, the FocuSSced trial, provide more
information about the efficacy and have been presented in abstract form,
showing trend of benefit in skin but significant prevention of lung dete-
rioration (acrabstracts.org/abstract/efficacy-and-safety-of-tocilizumab-for-
the-treatment-of-systemic-sclerosis-results-from-a-phase-3-randomized-
controlled-trial).

Tocilizumab must not be administered before active infection or latent
tuberculosis infection is ruled out. When neutrophils are G 2.0 × 109/L toci-
lizumab is contraindicated. Tocilizumab indirectly blocks the formation of C-
reactive protein, this inflammatory parameter is therefore invaluable. Most
common side effects of therapy are upper airway infections and
hypercholesterolemia.

Tyrosine kinase inhibitors
In the recent years, the use of tyrosine kinase inhibitors as potential treatment
for SSc has become of interest. In the near future, the data of the first clinical
randomized controlled trial on nintedanib in SSc-associated ILD, the
SCENSCIS trial, will become available [28•]. Nintedanib is a tyrosine kinase
inhibitor registered for the treatment of idiopathic pulmonary fibrosis (IPF). It
blocks VEGF, PDGF, and TGFβ-induced proliferation and migration of fibro-
blasts and furthermore decreases extracellular matrix protein synthesis and as
such could influence SSc pathogenesis [29]. In the SCENSCIS trial, 580 patients
with SSc-ILD were randomized between nintedanib and placebo. The primary
endpoint is the annual rate of decline in FVC assessed over 52 weeks and the
effect on skin involvement is among secondary outcomes (clinicaltrials.gov).

Before starting nintedanib liver chemistry must be evaluated. Treatment
should be stopped instantly when signs of hepatitis develop. The therapy is
contraindicated in patients with peanut or soya allergy.Most often reported side
effects are nausea, abdominal discomfort, and diarrhea.

Imatinib, another tyrosine kinase inhibitor, has been used in a few studies
on patients with SSc-ILD. Imatinib interferes with the tyrosine kinase receptors
downstream of the receptors for transforming growth factor beta (TGF-β) and
pallet-derived growth factor (PEGF), which are thought to be key signaling
molecules in the formation of SSc-associated fibrosis. The randomized placebo
controlled trial to investigate the effectiveness of imatinib in active DcSSc was
terminated because of side effects [30]. Several open label studies with imatinib
were reported. In a study of 17 patients with DcSSc treated for 24 months with
imatinib the mRSS significantly reduced [31].

In an observational study in patients with SSc-ILD unresponsive to cyclo-
phosphamide therapy, 30 patients were enrolled and treated with imatinib.
Stabilization of pulmonary involvement was found in the majority of the
patients after 6 months of low-dose treatment. There was no significant change
in skin involvement [32].

When considering treating patients with imatinib, patients should be eval-
uated for chronic hepatitis B infection and congestive heart failure. During
treatment full blood count, liver chemistry and kidney function should be
monitored. Physical examination should focus on signs of heart failure. Side
effects are frequent, and are most often gastrointestinal related but, headache
and muscle and joint pain are also common.
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To date, the evidence for the use of anti-fibrotic therapy in SSc is small and
ambivalent. Data on the SENSCIS trial will hopefully provide the evidence for
its use in systemic sclerosis.

Hematopoietic stem cell transplantation
In the past decade, data on three major randomized clinical trials on the
treatment of severe diffuse cutaneous systemic sclerosis with autologous he-
matopoietic stem cell transplantation (HSCT) have become available. Table 1
reports the study characteristics in more detail. The positive effect of HSCT in
systemic sclerosis on survival, mRSS, pulmonary involvement, and quality of
life have become apparent [33–34, 35••]. The durable positive effects of HSCT
with a considerable decrease in mortality due to disease progression were
reported after longer follow-up [36].

Hematopoietic stem cell transplantation is conducted in two phases. First,
hematopoietic progenitors are mobilized and harvested by leukapheresis and
enriched for CD34+. The second phase consists of conditioning aiming to
achieve intense lymphocyte ablation followed by reinfusion of peripheral

Table 1. Study characteristics

ASSIST[33] ASTIS[34] SCOT[35••]
Study
design

Open-label, single
center,
randomized
controlled

Open-label, multicenter,
controlled phase 3 trial

Open-label,
multicenter,
controlled phase 3
trial

Inclusion
period

2006–2009 2001–2009 2005–2011

Number of
patients
included

19 156 75

Control treatment Cyclophosphamide
(6 i.v. pulses)

Cyclophosphamide (12
i.v. pulses)

Cyclophosphamide
(11 i.v. pulses)

Primary endpoint Improvement at 12 months,
defined as a decrease in
mRSS or increase in FVC.

Event-free survival,
defined as time from
randomization until
the occurrence of
death (by any cause)
of development of
major organ
involvement (heart,
lung or kidney)

Change in
global
rank
composite
scores at

54 months
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blood autologous CD34+ stem cells. Both phases can be applied in a different
manner. In the ASSIST and ASTIS trial, the peripheral stem cell mobilization
was performed using cyclophosphamide (2–4 g/m2) and granulocyte colony-
stimulating factor (10 μg/kg/day). In the SCOT trial, only granulocyte colony-
stimulating factor was used. After aphaeresis, the CD34+ cells were selected in
all but the ASSIST trial, were no selection of cells took place. At least 2 weeks
after the leukapheresis the conditioning is performed. The conditioning regime
in the ASTIS and the ASSIST trial consisted of cyclophosphamide intravenous
therapy (200mg/kg in 4 consecutive days) followed by intravenous rabbit anti-
thymocyte globulin (6–7.5 mg/kg in total divided in 3–4 days) administered
with 1000 mg methylprednisolone. After the conditioning regime, the stem
cells were re-infused [33, 34]. In the SCOT trial, the conditioningwas performed
using fractionated total body irradiation (800cGY), cyclophopsphamide
(120 mg/kg) and equine anti-thymocyte globulin (90 mg/kg). Pulmonary and
renal shields were applied to limit organ exposure. After the conditioning
regime, CD34+ stem cells were administered again.

In order to be eligible for HSCT, the three trials used different criteria, but all
patients had DcSSc with significant skin thickening, a relatively short disease
duration and low totmodest organ involvement. Significant organ involvement
(pulmonary, cardial, or kidney) was an absolute contra-indication for HSCT.

In the single-center randomized phase 2 trial, the ASISST Study, 10 patients
were treated by HSCT. All improved in mRSS and pulmonary function already
within the first year after treatment compared to none of the 9 patients treated
with cyclophosphamide. The European ASTIS study consisted of 156 patients;
79 received HSCT and were compared to 77 patients treated with 12 monthly
pulses of cyclophosphamide 750 mg/kg. After 5 years of follow-up, event-free
survival was almost 80% in the HSCT group and 65% in the cyclophosphamide
group, despite 10% treatment-related mortality. Results of secondary end
points such as mRSS, pulmonary function, and HAQ were in favor of HSCT. In
the SCOT trial patients were randomized between HSCT (36 patients) and i.v.
cyclophoshamide (39 patients). The event-free survival after 54 months in the
HSCT group was 79% compared to 50% in the cyclophosphamide group.
Treatment related mortality was 3% after 54 months [35••].

AlthoughHSCT seems to be themost powerful diseasemodifying therapy for
well-selected patients with early DcSSc, this treatment is hampered by the highest
treatment-related mortality of all therapies given in DcSSc. Patients selection,
regime of mobilization, and conditioning as well as local experience of the
transplantation center seem to play important roles. Strict criteria for the use and
timing of HSCT in clinical practice are lacking. In clinical practice, patients with
DcSSc at risk for deterioration and early disease are selected for this treatment
option. Future studies should focus on identifying factors for the most eligible
patients, reducing treatment-related mortality, optimizing mobilization and
condition regimes, and choosing the optimal timing of this therapy (Table 1).

Conclusion

Systemic sclerosis is a serious life-threatening disease for which there is no cure
to date. Considering all forms of new therapies, autologous hematopoietic stem
cell transplantation is the most effective therapy for well-selected patients
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despite the highest treatment-related mortality. Until now, the effect of bio-
logics in systemic sclerosis is disappointing, although data of a several big trials
are expected soon and could change this vision. The use of tyrosine kinase
inhibitors was hampered with side effects and lack of efficacy, but the results of
nintedanib in SSc-ILD could change the scene for treatment options in systemic
sclerosis, especially for patients with ILD. It is important to consider other
(composite) outcomemeasurement for future research, which perhapsmeasure
effectiveness of therapy more adequately. Much is happening in the field of
systemic sclerosis which is comforting. Besides research aiming to define better
outcome measures, focus of future research should be the effectiveness and
safety of combination therapy and treatment of early disease that is currently
not treated. By treating systemic sclerosis early deadly and disabling complica-
tions may possibly be prevented.
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