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ABSTRACT
Systemic sclerosis (SSc) or scleroderma is an autoimmune disorder characterized by tissue fibrosis of the skin and in-
ternal organs. The etiology of the skin fibrosis is thought to be thickened dermis due to uncontrolled excessive deposi-
tion of various extracellular matrix, mainly type | collagen.Systemic treatments with anti-inflammatory and cytotoxic
immunosuppressive properties, such as corticosteroids and immunosuppressants, are usually considered for skin scle-
rosis of patients with SSc. However, their approach must be initiated at the early stage, before the fibrosis is completed,
and the effects of the corticosteroids and immunosuppressants are known to be reduced in the late stages of the sclero-
sis. Furthermore, various significant adverse effects of these treatments must be considered.This paper discusses the
present day understanding of therapeutic options using disease-modifying drugs against skin sclerosis of SSc patients

and the possible mechanisms.
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1. Introduction

Systemic sclerosis (SSc) or scleroderma is an au-
toimmune disorder characterized by tissue fibrosis of the
skin and internal organs (e.g. lung or esophagus). The
etiology of the skin fibrosis is thought to be thickened
dermis due to uncontrolled excessive deposition of vari-
ous extracellular matrix (ECM), mainly type | collagen.
However, the mechanisms responsible for the pathologic
increase of ECM in SSc skin have not been fully clari-
fied, despite recent advances in understanding of the
regulation of ECM gene expression. The current hypoth-
esis is that inflammation, autoimmunity, and vascular
abnormality may lead to activation of dermal fibroblasts,
which result in the overproduction of ECM (1, 2).

SSc patients are clinically sub grouped according to
the classification system proposed by LeRoy et al. (3)
either diffuse cutaneous SSc (dcSSc) or limited cutane-
ous SSc (ISSc). The definition of dcSSc is progressive
skin sclerosis involving proximal extremities and the
trunk. Systemic treatments with anti-inflammatory and
cytotoxic immunosuppressive properties, such as corti-
costeroids and immunosuppressants, are usually consid-

ered for skin sclerosis of dcSSc patients. However, their
approach must be initiated at the early stage of dcSSc
(‘early diffuse’ SSc), before the fibrosis is completed,
and the effects of the corticosteroids and immunosup-
pressants are known to be reduced in the late stages of
the sclerosis. Furthermore, various significant adverse
effects of these treatments must be considered.

This paper discusses the present day understanding
of therapeutic options using disease-modifying drugs
against skin sclerosis of SSc patients and the possible
mechanisms.

2. Review
2.1 Corticosteroid

Corticosteroid treatment for skin sclerosis of pa-
tients with SSc remains controversial because a retro-
spective case—control study showed that high-dose cor-
ticosteroid is a risk factor of life-threating renal crisis (4,
5). On the other hand, corticosteroid treatment is more
commonly used in Japan, especially for patients in early
stages of dcSSc.

Japanese SSc patients have lower susceptibility to
renal crisis than other ethnic SSc patients. However, no
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controlled clinical trials have fully proven the efficacy of
corticosteroids for treatment of skin thickening. Sharada
et al. reported a randomized placebo-controlled, dou-
ble-blind study on 35 patients with dcSSc in India (6).
Significant improvement of total skin score (28.5 to 25.8)
was seen in 17 patients received monthly intravenous
dexamethasone pulse therapy (100 mg dexamethasone in
250 ml 5% dextrose) for six courses, but not in 18 con-
trol patients (30.6 to 34.7). Contrary to concerns, adverse
effects of corticosteroid therapy were limited to an in-
crease in minor infections. On the other hand, Takehara
conducted an uncontrolled prospective study of 23 Japa-
nese patients with dcSSc, and described that low-dose
oral corticosteroid (initial dose of prednisolone 20
mg/day) significantly (P<0.001) reduced the mean skin
score (20.3 to 12.8) after one year of treatment, and to
8.7 at final evaluation (7). Based on the result, the report
recommended low-dose oral corticosteroid treatment for
patients with two or more of following three conditions:
(1) early onset; (2) edematous changes, and (3) rapid
progression.

Although the mechanism of the efficacy of cortico-
steroid is unknown, it may involve immunosuppressive
effects by inhibition of cellular activity, and by reduction
of antibody production. In addition, inhibition of colla-
gen transcription, inhibition of collagen mRNA stability,
and the increase of matrix metalloproteinase (MMP)
expression may also be involved in the mechanism (8,
9).

2.2 Immunosuppressants

The few controlled clinical studies of immunosup-
pressants to date have not always shown efficacy. None-
theless, various immunosuppressants are widely used for
the treatment for skin sclerosis of patients with dcSSc.

1) Cyclophosphamide

Cyclophosphamide is an alkylating agent that af-
fects growth of normal and malignant cells. Cyclophos-
phamide is sometimes used to improve interstitial lung
disease (ILD) in patients with SSc, although the mecha-
nisms underlying the effect of cyclophosphamide on
tissue fibrosis are still to be clarified. The efficacy on
skin sclerosis has also been determined. In a multicenter
double-blind study, Tashkin et al. reported that oral cy-
clophosphamide (initially 1 mg/kg/day) improved skin
sclerosis as well as ILD after 12 months of treatment

(10). The skin score significantly (P<0.05) improved
from 15.5 to 11.9 in 54 patients treated with cyclophos-
phamide. To note, the significant difference in improve-
ment of the skin score in the dcSSc group disappeared
after an additional year (11).

On the other hand, cyclophosphamide may cause
adverse events, such as cytopenia and immunosuppres-
sion, and the risk of malignancies will be increased by
the accumulating dose. Thus, to avoid side effects and to
reduce the total dose, intravenous cyclophosphamide
pulse therapy (IVCY) is often considered. The combina-
tion therapy of corticosteroid and IVCY for ILD of SSc
has already been evaluated. One study demonstrated that
prednisone (10 mg/day) and IVCY (750 mgm? month
for one year) were effective for the suppression of active
alveolitis in SSc patients (12). However, other random-
ized control trials could not show significant effects (13),
and the effect of IVCY for ILD of SSc patients remains
controversial.

Previous literature has also indicated the significant
efficacy of IVCY on skin sclerosis, but is made up of
mainly case reports or case series (14, 15). Randomized
control trial studies are therefore required.

2) Cyclosporine A

In spite of small number of patients (only 20 sub-
jects in a single facility), a double-blind study has indi-
cated that treatment with oral cyclosporine (2.5
mg/kg/day) and monthly iloprost for one year signifi-
cantly improves skin sclerosis (P=0.008) as well as mi-
crovascular abnormalities and esophageal involvement
compared to monthly dose of iloprost alone (16). Sup-
pression of serum IL-6 concentration was suggested
to be the mechanism of the effects of cyclosporine. Fur-
ther larger studies are required to confirm treatment effi-
cacy. Furthermore, the possibility that cyclosporine in-
duced a renal crisis in SSc patients should be considered.

3) Methotrexate

Methotrexate is a dihydrofolate reductase inhibitor,
which interferes with DNA synthesis and cell production,
and has been used for many human disorders. Two ran-
domized controlled trials (29 patients with 15-25
mg/week in 1996 and 71 patients with 10-17.5 mg/week
in 2001) showed that methotrexate improves the skin
score in early dcSSc, albeit in a statistically insignificant
rate at 24 weeks (P=0.06 and <0.17, respectively)(17,
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18). Additional analyses were performed, showing sig-
nificant effects of the drug on the skin score. Patients
treated with methotrexate should be carefully observed
for occurrence or worsening of ILD, especially Japanese
SSc patients.

4) Mycophenolate mofetil

Mycophenolate mofetil inhibit inosine monophos-
phate dehydrogenase, and reduce proliferation of T and
B cells, which resulted in immunosuppressive effects.
The therapeutic values against lung, muscle, and joint
involvements of SSc have been reported. Several reports
have also evaluated the effect of mycophenolate mofetil
for treating skin thickening in small open-label studies
with small number of patients. For example, in 15 dcSSc
patients, the skin score significantly improved (22.5 to
8.4) in patients who tolerated the treatment (starting from
1,000 mg/day, increased to 2-3,000 mg/day) for >3
months (P < 0.0001) (19).

However, Nihtyanova et al. retrospectively com-
pared the effect of mycophenolate mofetil (~2000
mg/day) in 109 SSc patients and that of other immuno-
suppressants including azathioprine, anti-thymocyte
globulin, D-penicillamine, intravenous cyclophospha-
mide, oral cyclophosphamide, a-interferon and metho-
trexate in 63 patients, which showed no significant dif-
ference in the change of skin score between the two
groups (20): 26 to 11 in mycophenolate mofetil group
and 26 to 15 in control group. Accordingly, the efficacy
of the drug on skin sclerosis remains controversial.

5) Tacrolimus

Morton et al. reported that oral tacrolimus (mean
0.07 mg/kg/day) improved skin sclerosis in four of eight
patients in a small open-label study (21). However, the
risk of renal crisis is also carefully considered in SSc
patients.

6) Azathioprine

A previous randomized study showed skin score
was significantly improved (14.7 to 5.2, P<0.001) in 30
patients treated with cyclophosphamide (2 mg/kg/day for
12 months, followed by 1 mg/kg/day for 6 months), but
not (14.3 to 14.5) in those with azathioprine (2.5
mg/kg/day for 12 months, followed by 2 mg/kg/day for 6
months) (22). Accordingly, this report indicated that az-
athioprine did not clearly affect skin sclerosis.

2.3 Anti-thymocyte globulin

Anti-thymocyte globulins have been used as poly-
clonal antibodies for the depletion of T lymphocytes to
prevent graft-versus-host disease in organ transplantation.
Several older case reports have indicated its efficacy for
SSc, but in studies of 10 cases, the effect of an-
ti-thymocyte globulins (10 mg/kg over 4 hours, on five
days) was not proven (only two patients showed im-
provement in the skin, whereas five patients were worse
and three were stable after 12 months). Moreover, vari-
ous side effects, including allergic reaction appeared (23).
One recent paper described the significant (P<0.01) effi-
cacy of anti-thymocyte globulin plus mycophenolate
mofetil on skin score (24). Furthermore, the drug is
commonly used at the time of autologous stem cell plan-
tation in SSc patients.
2.4 D-penicillamine

D-penicillamine was believed to have anti-fibrotic
effect, to stabilize or even to improve ILD, and to have
a beneficial effect on patient survival (25, 26). Jayson et
al. studied 22 SSc patients and concluded that
D-penicillamine (~1250 mg/day) showed
ous benefit in 15 patients, but due to either side effects or
relapse, overall good results occurred in five patients
(27). On the other hand, other investigators question
whether D-penicillamine does indeed have a positive
effect in SSc patients. For example, Clements et al.
compared the effects of high-dose D-penicillamine
(750~1,000 mg/day) on improvement of skin score with
that of low-dose D-penicillamine (125 mg/, every two
days) in early-stage dcSSc patients, but there was no
statistically significant difference (-4.9 vs -6.7, P=0.38)
(28). After this double-blind study, the frequency of us-
age of this drug is decreased, in spite of a recent retro-
spective randomized cohort study showing efficacy of
D-penicillamine (750 mg/day) on skin sclerosis (P<0.01)
(29). Side effects include cytopenia, anorexia, dysgeusia,
vomiting, and diarrhea.
2.5 Tocilizumab

Interleukin (IL)-6 is a multifunctional proinflam-
matory cytokine produced by various cell types, includ-
ing lymphocytes and fibroblasts. In SSc, serum levels of
IL-6 is significantly elevated, and serum levels of IL-6
positively correlated with the skin score (30), suggesting
the involvement of IL-6 in the pathogenesis of skin fi-
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brosis. IL-6 has already been shown to stimulate colla-
gen production in cultured human dermal fibroblasts (31),
and the possible effect of tocilizumab, a monoclonal an-
tibody against the IL-6 receptor, on SSc skin fibrosis
may be via the blockade of inflammatory response and
the profibrotic effect of IL-6 on dermal fibroblasts.

The efficacy of tocilizumab on skin sclerosis
has been demonstrated by case reports and case series.
However, Phase 2 Safety and Efficacy of Subcutaneous
Tocilizumab in Adults with Systemic Sclerosis (faSSci-
nate) randomized controlled trial including 87 patients
(43 treated with tocilizumab and 44 with placebo)
showed no significant reduction in skin score by tocili-
zumab (P=0.058, subcutaneous 162 mg weekly). The
difference of skin score, however, was greater in the to-
cilizumab group (-6.3) than in the placebo group (-2.8) at
48 weeks (32). On the other hand, Khanna et al. de-
scribed an additional report of patients with SSc who
were treated for 48 weeks in an open-label extension
phase of the faSScinate study with weekly 162 mg sub-
cutaneous tocilizumab (33). In the report, 24 out of the
44 SSc patients treated with placebo-tocilizumab, and 27
out of the 43 SSc patients treated with continu-
ous-tocilizumab patients completed 96-week treatments.
Mean change of skin score from the baseline was -3.1 for
patients with placebo and -5.6 for those with tocilizumab
at week 48, and -9.4 for placebo-tocilizumab and -9.1 for
continuous-tocilizumab at week 96. Accordingly, im-
provements to skin score were observed in place-
bo-treated patients who crossed over to tocilizumab and
were maintained in the open-label period.

A Phase II/Ill, multicenter, randomized, dou-
ble-blind, placebo-controlled trial is currently being per-
formed to prove the efficacy of tocilizumab on SSc cu-
taneous sclerosis. In the study, patients will be random-
ized to receive either tocilizumab 162 mg subcutaneous-
ly or a placebo each week for 48 weeks. Between weeks
48 and 96, all patients will receive open-label tocili-
zumab 162 mg/week.

2.6 Ritsuximab

B cells are known to play various roles in the hu-
man immune system, including antibody generation to
specific antigens, which are able to not only neutralize
pathogens, but are also able to enhance their elimina-
tion by activating phagocytosis or complement proteins

(34). Furthermore, independent from such antibody pro-
ducing function, B cells also exert important regulatory
roles, including efficient antigen presentation to the T
cells, cytokine secretion, and immune cell differentiation.

Rituximab is a chimeric monoclonal antibody for
CD20 expressed on mature B cells. Since its first use in
human lymphoma in the 1990s, this biologic drug
has been available for various diseases. Among autoim-
mune diseases, ritsuximab was firstly tested in patients
with rheumatoid arthritis. In non-responders to other
therapies, ritsuximab was demonstrated to be effective in
preventing progression of articular erosion. Since then,
off-label use of ritsuximab has been reported for intrac-
table cases of various autoimmune diseases, including
systemic lupus erythematosus (SLE), autoimmune he-
molytic anemia, Evans syndrome, granulomatosis with
polyangiitis, pemphigus, pemphigoid, type 1 diabetes
mellitus, Sjogren's syndrome and autoimmune pancreati-
tis.

In SLE patients, although phase 11 trials resulted in
good tolerance and had preferable therapeutic effects,
phase Il double-blind placebo-controlled studies could
not show significant effects in this disease. Nonetheless,
many experts have regarded B cell depletion with ritux-
imab as promising treatment for refractory lupus. Ra-
re, but fatal side effects, such as progressive multifocal
leukoencephalopathy (PML) infection, should be con-
sidered, however.

B cell abnormalities in the pathogenesis of SSc may
include polyclonal B cell activation and autoantibody
production. Various abnormal immune activations in-
cluding the production of disease-specific autoantibodies
are observed in SSc. Although such autoantibodies may
not have functional roles, they are strongly correlated
with unique clinical manifestations. B cell activation in
SSc was also characterized by chronic hyper-reactivity of
memory B cells. In addition, the percentage of
IL-10-producing regulatory B cells, which negatively
control immune response, was significantly lower in SSc
patients than in healthy controls (35). In addition, levels
of regulatory B cell in SSc patients negatively correlated
with the titer of anti-topoisomerase | antibody and an-
ti-centromere antibody. Based on the above notion, B
cell depleting therapy with rituximab may also be uti-
lized as a promising treatment for SSc (34). In tight skin
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mice, anti-mouse CD20 monoclonal antibody could sig-
nificantly suppresses the skin fibrosis as well as prevents
hypergammaglobulinemia and autoantibody production.
Down-regulation of profibrogenic cytokines including
TGF-B or normalization of Th1/Th2 cytokine balance in
the skin was also described (8, 36).

To date, many recent reports have indicated that
rituximab improved skin sclerosis of dcSSc: for example,
as one of the first reports, 15 patients were recruited to
receive intravenous doses of rituximab (1000 mg) twice
(37). The modest B cell infiltrates that were seen at base-
line were completely depleted in the skin and blood of
most patients after six months. On the other hand, auto-
antibody titers were only slightly decreased after the
treatment. Furthermore, the mean change in the skin
score after six months was not statistically significant
(20.6 to 20.2, P=0.83). Rituximab treatment was con-
cluded to be safe and well tolerated, and effectively de-
pletes both circulating B cells and dermal B cells. How-
ever, the drug had little effect on the levels of
SSc-associated autoantibodies or skin sclerosis. None-
theless, a lot of reports of case series have indicated the
efficacy for skin sclerosis. In addition, in a EUSTAR
group observational study, improvement of skin scores
were significantly larger (P=0.03) in the rituximab group
(n=63, -24.0%) than matched controls (n=25; -7.7%)
(38). Moreover, in patients treated with rituximab, the
mean skin score was also significantly reduced compared
with baseline (26.6 vs 20.3, P=0.0001).

Taken together, additional controlled trials are
needed to evaluate both the effects and the side effects.
Several phase Il studies versus placebo are current-
ly being performed.

2.7 Intravenous immune globulin

Intravenous immune globulin (IVIG) is firstly used
as treatment of agammaglobulinemia. Subsequently,
IVIG was found to be effective for idiopathic thrombo-
cytopenic purpura in the 1980s. The drug has become
available for various human autoimmune diseases. Fur-
thermore, the efficacy of IVIG has been reported in
many skin diseases including pemphigus, dermatomyo-
sitis/polymyositis, or Stevens-Johnson syn-
drome/epidermal necrolysis because of its more effective
therapeutic values and fewer side effects in comparison
with conventional treatments.

Although the detailed mechanisms by which IVIG
improves autoimmune diseases remain unknown, several
hypotheses have been suggested (39). For example, IVIG
is thought to exert the effects via the Fc region of 1gG. Fc
portion competes with autoantibodies in binding to Fc
receptors on the surface of B-cells and macrophages,
resulting in the elimination of autoantibodies. Alterna-
tively, the 19G polymer generated by 1VIG may compete
with immune complexes induced by autoantibodies.
IVIG may also modulate lymphocyte functions, cytokine
synthesis, or complement activation.

Moreover, 1VIG treatment is thought to suppress the
expression of chemokines including monocyte chemoat-
tractant  protein  (MCP)-1, macrophage colo-
ny-stimulating factor (M-CSF) and granulocyte—
macrophage colony stimulating factor (GM-CSF) in fi-
brotic diseases (5, 40). We also found the serum levels of
Thl cytokines (IFN-y and IL-12), not Th2 cytokines,
were recovered by the IVIG treatment in SSc patients
(41). Blank et al. reported that 1\VVIG administration on
tight-skin mice significantly reduced collagen mRNA
levels and cutaneous collagen deposition (42). In addi-
tion, in mice splenocytes, IVIG treatment reduced the
secretion of profibrotic cytokines (TGF-B1 and 1L-4), but
not interferon-y.

There have been case series and a small number of
open-label, uncontrolled studies suggesting the efficacy
of IVIG for SSc skin (43, 44), indicating that IVIG
may be a promising option. For example, IVIG (400
mg/kg daily for five consecutive days) dramatically re-
duced histological skin fibrosis, and significantly im-
proved the skin score (P<0.01) (43). A large randomized
controlled study has been completed in Japan to further
validate the efficacy, but is currently unpublished.

2.8 Interferon

Several reports have shown that interferon-a sup-
presses the expression of type | collagen in SSc dermal
fibroblasts in vitro (45). This notion prompted a ran-
domized, double-blind, placebo-controlled trial. Howev-
er, interferon-a treatment (13.5x10° units/week) for one
year did not improve skin sclerosis in patients with
dcSSc (mean skin score change=-4.7) compared to pla-
cebo (-7.5, P=0.36) (46). Furthermore, interferon-o ex-
acerbated ILD. These results are consistent with cases
treated with interferon-o and -B for the treatment of
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chronic hepatitis C and multiple sclerosis, who devel-
oped SSc and SSc-like disorders (5). Taken together,
these clinical and laboratory observations suggest that
interferon-a. is positively associated with the fibrotic
process of SSc, and blockade of interferon-a, not inter-
feron supplementation, may be effective (5).

2.9 Anti-tumor necrosis factor (TNF)-a.
therapy

TNF-a is thought to inhibit the production of profi-
brotic factors and stimulate proteolytic activation, such
as MMP expression. There have also been reports de-
scribing immune activation by anti-TNF-a therapy in
autoimmune diseases, such as lupus- or psoriasis-like
symptoms. Furthermore, rheumatoid arthritis-related
pulmonary fibrosis can be exacerbated by the therapy
(47-49). On the other hand, anti-TNF-a therapies
have been beneficial in certain inflammatory bowel dis-
eases that are characterized by inflammation and fibrosis
(49).

In the report by Lam et al, 18 female SSc patients
with inflammatory joint involvement were treated with
etanercept 50 mg/week for 2 to 66 months (mean: 30
months) (50). Eight patients were positive for rheuma-
toid factors and three had positive anti-cyclic citullinated
peptides (CCP) antibodies. In the retrospective cohort
study, 15 out of the 18 patients (83%) were considered as
responders with a decrease in inflammation of joints. On
the other hand, the skin score decreased from 6.6 to
3.9, but the change was not significant (P=0.12). In an-
other open-label study of 16 dcSSc patients with pro-
gressive skin sclerosis, infliximab at a dose of 5 mg/kg at
five courses was tested, but the effect on skin score was
only slight at 26 weeks (from 26 to 22) (49, 51). Serum
levels of propeptide of collagen Il and collagen | were
significantly reduced after the treatment compared with
the baseline. The expression of TGF-B in lesional
skin biopsies was not be affected by the treatment (51).
Bosello et al. reported that infliximab (3 mg/kg) at four
times together with methotrexate, followed by etanercept
(25 mg) improved skin score in four patients with SSc
(35to 16, 12 to 7, 16 to 7, and 8 to 3), albeit insignifi-
cantly (52). Accordingly, there is still not enough evi-
dence to show the effect of anti-TNF therapy against skin
involvement. The EUSTAR group do not recommend
use of this drug (49, 53). Treatment-related death was

rarely reported (47), and long-term tolerance of an-
ti-TNF-a in SSc patients should be examined in the fu-
ture.

2.10 Imatinib

A protein tyrosine kinase inhibitor, imatinib mesyl-
ate, blocks c-kit and PDGF receptor. Imatinib also inhib-
its non-canonical TGF-p signaling through c-Abl, which
is one of the important downstream molecules of the
TGF-B pathway. Imatinib is currently used for the treat-
ment of chronic myeloid leukemia and gastrointestinal
stromal tumors.

Imatinib mesylate is given attention for its possible
application as a novel therapy against fibrosis and vas-
culopathy in SSc, because the drug can reverse the ex-
pression of Flil, which is a key transcription factor con-
trolling fibrosis and vasculopathy as well as immune
dysfunction of this disease (5, 54, 55). Side effects in-
clude myelosuppression, headache, nausea, vomiting,
diarrhea, and edema.

TGF-B and PDGF signaling is also involved in the
fibrosis seen in SSc, and the drug may be able to inhibit
fibrotic process of SSc by blocking them both. The inhi-
bition of the pathway could decrease the mRNA and
protein expression of collagen in both normal and SSc
dermal fibroblasts (8, 56). Furthermore, imatinib reduced
skin thickening of tight-skin mice, and prevented the
differentiation of resting fibroblasts into myofibroblasts
(57). Notably, imatinib not only stopped further progres-
sion of established dermal fibrosis, but also induced re-
gression of existing fibrosis. (49).

Case reports have indicated the effect of imatinib on
skin sclerosis. Several open-label studies also reported
significant decrease of skin score (58). However, the ef-
fects were not significant in a six-month randomized
double-blind control study (400 mg/day of imatinib) of
28 patients (P=0.098) (59), double-blind study (400
mg/day) of 10 SSc patients, and open-label study (200
mg/day) of 30 patients (60, 61).

3. Future treatments

According to ClinicalTrials (https:/clinicaltrials.
gov), placebo-controlled randomized clinical trials of
several drugs other than those described above, including
abatacept or ethanol extract physalis angulata linn, tar-
geted skin sclerosis, and have already been completed.
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Trial of brentuximab vedotin, riociguat study for dcSSc
(RISE-SSc) (62) or pirfenidone is still ongoing.

On the other hand, several drugs have been proven
to have therapeutic potential by open-label studies. For
example basiliximab, CD25 monoclonal antibody, has
improved skin sclerosis (63). Furthermore, belimumab
(antibody for B-lymphocyte stimulator), dasatinib, and
nilotinib (Abl tyrosine kinase and PDGF receptor inhibi-
tors) (49), antibody against lymphotoxin-a, -p, CD40L,
CD27L, FasL, OX40L, or tumor necrosis factor super-
family (TRAIL) (8) are speculated to have anti-fibrotic
effects. Guideline of SSc was published by a Japanese
group in 2018 (64), and evidence of various treatments
has been analyzed and evaluated. Further investigation of
the effects of novel drugs will contribute to the treatment
of skin sclerosis in SSc.
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