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Abstract
Juvenile localized scleroderma (jLS) is an orphan disease that can lead to cosmetic disfiguration and orthopedic problems.
Two recent publications review the current recommendations regarding diagnosis, assessment, follow up and treatment of
pediatric localized scleroderma cases, both of which suggest the Localized Scleroderma Cutaneous Assessment Tool as an
important instrument to assess activity and damage. This review focuses on the systemic treatment of jLS. Systemic treatment includes synthetic and biologic disease-modifying antirheumatic drugs. Systemic therapy is indicated if the lesion
crosses any joint, or leads to potential cosmetic disfiguration or orthopedic problems. The only controlled trial of systemic
treatment has shown the efficacy of methotrexate, which is the first choice of treatment. It appears superior to phototherapy
according to a recently published meta-analysis. In case of methotrexate intolerance, mycophenolate mofetil is an option. In
case of methotrexate nonresponse, addition of mycophenolate mofetil, tocilizumab or abatacept seems to be effective. Future
treatment options derived and extrapolated from adult trials regarding treatment of skin involvement of systemic scleroderma
or fibrosis are promising, as the final pathway in the skin seems to be similar in both diseases.

Key Points

1 Introduction

LoSCAT is the most validated and used instrument to
assess cutaneous activity.

Juvenile localized scleroderma (jLS) is an orphan disease,
with an estimated incidence rate of 3.4 per million children
per year (95% confidence interval [CI] 2.7–4.1) [1]. The
estimated prevalence per year ranged from 3.2 to 3.6 per
10,000 children in the US claims database [2]. The most
used and recognized classification for jLS was published
in 2006 by Laxer and Zulian [3]. It is an autoimmune disease, where profibrotic mechanisms play a key role [4]. The
term LS includes a spectrum of sclerosing diseases of the
skin, but may also involve neighboring tissues such as fascia, muscle, bone, and underlying tissues. Unlike systemic
scleroderma, however, there is no significant involvement
of internal organs in LS, other than musculoskeletal, ocular, and CNS involvement. There are similarities in the end
pathways of systemic and localized scleroderma and the skin
biopsy findings are similar. Fibrosis occurs similarly in both
systemic and localized scleroderma, with extensive extracellular matrix formation and autoimmune dysfunction thought
to be key pathogenic processes. Supporting the theory of
a common pathway are, for example, the demonstration
of CCL18 chemokine and other cytokines as biomarkers,
reflecting activity of inflammation and angiogenesis [5, 6].
Treatment can consist of local or systemic therapy,
and several groups have proposed recommendations for

It is important to assess extracutaneous activity such as
arthritis, uveitis, and CNS involvement regularly.
The aim of therapy is to reach inactive disease; therefore,
therapy should be escalated to reach the state of inactive
disease as quickly as possible to prevent damage.
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systemic treatment in jLS. The Hamburg Scleroderma
Consensus Group (HSCG) consists of pediatric rheumatologists from the Pediatric Rheumatology European
Society (PRES) Scleroderma working group and pediatric dermatologists with a research interest in jLS. The
HSCG recommended treatment with systemic medication
if lesions are crossing a joint, lead to cosmetic changes,
and/or lead to a potential limb length discrepancy [7]. The
Single Hub and Access point for pediatric Rheumatology in Europe (SHARE) [8] developed recommendations
for follow up and treatment for jLS [9] and absolutely
agreed with the HSCG recommendations. The Childhood
Arthritis and Rheumatology Research Alliance (CARRA)
group also made suggestions regarding indications for
systemic treatment in their consensus treatment plan [10].
According to CARRA, systemic treatment is needed in
patients with high severity and moderate severity disease.
High severity patients were defined as “presentation with
generalized or pansclerotic morphea, craniofacial linear
scleroderma (en coup de sabre), or other subtype with
evidence of high morbidity (e.g. central nervous system
involvement, extremity shortening, joint contracture)”.
Moderate severity was defined as “circumscribed deep
morphea or linear scleroderma of the trunk or extremity
without evidence of high morbidity”. According to the
SHARE [8] and HSCG [7] recommendations, patients
needing systemic treatment should be followed by a
pediatric rheumatologist in cooperation with a pediatric
dermatologist specializing in jLS.
In this review, the focus is on systemic treatment of
jLS, which is most commonly prescribed by pediatric rheumatologists [11]. The selection of papers was
based on a PubMed search of papers published in the
last 10 years with the keywords ‘localized scleroderma’,
‘children’, and ‘treatment’. Papers that reported controlled
trials or case series were included. Some case reports
in which a new rescue therapy was reported were also
included.

2 What is the Aim of the Current Therapy?
The aim of jLS treatment is to attain inactive disease, and
to prevent damage and disease progression. Mertens et al.
[5] suggest that a “window of therapeutic opportunity”
exists for jLS; thus, early effective treatment before damage occurs is important. International guidance also recommended early control of both cutaneous and extracutaneous manifestations [7, 9]. Extracutaneous manifestations
associated with jLS should be treated according to treatment guidelines for the given association (e.g., uveitis,
arthritis, seizures) (evidence grade 4 D) [7].

3 How Do We Assess Disease Activity?
The Localized Scleroderma Cutaneous Assessment Tool
(LoSCAT) [12] was established to assess cutaneous activity
(using the modified Localized Scleroderma Skin Severity
Index [mLoSSI]) and damage (using the Localized Scleroderma Skin Damage Index [LoSDI]) in jLS. It contains two
visual analog scales from 0 to 100 to rate physician global
assessment of disease activity and global disease damage.
The use of LoSCAT is recommended at every follow-up by
both the HSCG and the SHARE groups [7, 9]. According
to the HSCG, LoSCAT is an “acceptable tool for capturing
cutaneous disease activity and damage” (evidence grade 2,
B). The LoSCAT has been shown to be responsive to change
in disease [13]. Doppler ultrasound seems to be a promising
tool to assess jLS lesion activity, especially on the face [14].
Activity of extracutaneous involvement should also be
assessed. For arthritis, a full joint count, including the temporomandibular joint, is suggested at every clinic assessment, as arthritis or even enthesitis can occur, even in anatomical regions with no skin lesions. Uveitis screening is
suggested for ‘white anterior uveitis’ every 6 months in
patients with facial skin involvement and every 12 months
with non-facial skin involvement (evidence grade 4, D) [7].
For patients with lesions of the head, assessment of CNS
involvement should occur at baseline with MRI of the CNS
and after that depending on clinical presentation [7].

4 What are the Systemic Treatment Options?
Under systemic treatment in this review, we consider synthetic and biologic disease-modifying antirheumatic drugs
(DMARDs) [15]. Most data focus on conventional DMARDs
(csDMARDs) such as methotrexate and mycophenolate
mofetil (MMF). There are case series or reports suggesting
the efficacy of biologic DMARDs (bDMARDs). There is
nearly no data regarding targeted synthetic DMARDs (tsDMARDs); these are presented as future options in Section 5.

4.1 Methotrexate (MTX)
The mechanism of action of low-dose (15 mg/m2 body
surface area/week) methotrexate (MTX) has not been completely clarified, although multiple intracellular levels of
the effect of MTX have been suggested, such as the immunomodulating effect on interleukin-6 production and other
cytokines. MTX is the only medication for which a prospective, placebo-controlled trial has been conducted and proved
the efficacy of the drug in the target lesions [16]. In the
prospective study of Zulian et al. [16], oral MTX 15 mg/m2
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body surface area/week over 12 months was used, but with
a maximum dose of 20 mg/week, which is less than the currently used maximum dose of 25 mg/week. The response to
treatment was defined as the absence of new lesions, skin
score rate (SSR) ≤ 1, and a decrease in lesion temperature
of at least 10% compared with baseline. Treatment failure
was defined as the occurrence of new lesions, SSR > 1, or
increased lesion temperature. All analyses in this study were
done on an intent-to treat basis. Seventy patients were randomized, with three subtypes of jLS (linear, generalized, and
mixed) [3]. The study showed the superiority of the MTX
arm over placebo. In thermography, after 9 and 12 months
there was a significant improvement in the MTX arm compared with the placebo arm. Thermography is not a universally available assessment tool; it is quite expensive and can
be falsely positive in burned out lesions with subcutaneous
atrophy. As pointed out in the editorial accompanying this
trial, the lack of significant change in several of the parameters studied was likely related to the small size of the study
population [17]. The definition of response did not include
some parameters of the LoSCAT [12, 18]. In the long-term
extension of this study, with a median observation period of
30 months, 32 of the 58 patients still under follow-up were in
clinical remission off medication [19]. In this study, extracutaneous involvement of the disease was not evaluated.
Based on the controlled study data and positive clinical
experience, MTX is recommended as the first-choice systemic treatment for jLS (Fig. 1). It is the suggested treatment in the CARRA consensus treatment plans [10]. These
treatment arms were developed by a core group of pediatric rheumatologists, dermatologists, and a lay advisor, who
were engaged by CARRA to develop standardized treatment
plans and assessment parameters for jLS using consensus
Fig. 1  Flow chart of suggested
therapy for juvenile localized
scleroderma

methods/nominal group techniques. A meta-analysis showed
MTX therapy had superior efficacy over phototherapy for
treating children with jLS [20]. MTX is used in around
90–95% of patients as first choice of therapy in clinical
practice [21, 22].
MTX is known to be effective in juvenile idiopathic
arthritis (JIA)-associated uveitis [23, 24], which resembles
jLS-associated uveitis. It is also the first-choice treatment for
jLS-associated arthritis. jLS-associated uveitis behaves similarly to JIA-associated uveitis and is an asymptomatic ‘white
uveitis’ [25]. MTX seems to be effective in jLS-associated
CNS involvement as well [26].
MTX can be used as monotherapy or with a bridging
regimen of oral or intravenous pulsed methylprednisolone
at the initiation of MTX treatment. The CARRA consensus
treatment plan [10] offers both options and is based on the
personal preference of the treating physician [27]. The prospective study of Zulian et al. [16] used a bridging regimen
of oral glucocorticoids. In the proposal of the HSCG [7],
bridging therapy with methylprednisolone is recommended
for a minimum of 3 months while MTX induction occurs
(evidence grade 4, D) [7]. The debate is still ongoing regarding how long and what dose of glucocorticoid bridging is
really needed.
4.1.1 When Should MTX be Discontinued in Case
of Reaching Inactive Disease?
In two-thirds of cases, MTX therapy seems to achieve inactive disease [22]; however, there remains a question of
when MTX can be weaned or stopped. The HSCG [7] suggested that systemic treatment should not be stopped before
12 months of inactive disease. Prospective data is missing
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to support this suggestion. Some patients even flare on an
effective dose of MTX or MMF treatment according to data
from the National Registry of Childhood Onset Scleroderma
(NRCOS) [28]. Linear lesions on the limbs seem to be a risk
factor for recurrence of the disease [29] and disease can
reoccur after years of inactivity [30].
4.1.2 When Should MTX Treatment be Changed or Another
Treatment Added?
In the national UK audit regarding assessment and treatment
of jLS, 95.5% of the 149 patients were treated with MTX as
first-line therapy and 34.2% received two or more DMARDs
[22]. It seems that only two-thirds of patients responded to
MTX, which is a similar response rate to the prospective
study of Zulian et al. [16]. In the case of nonresponse after
3 months of treatment, or if disease inactivity is not reached
after 6 months of treatment, the HSCG recommendations
[7] suggest that systemic treatment should be changed (evidence grade 4, D). The HSCG suggests several options [7],
although there is currently limited evidence for second-line
therapies for MTX non-responders. Options include MMF,
either switching to or in addition to MTX (evidence grade 3,
C), or adding bDMARDs such as abatacept and infliximab
(evidence grade 4, D—extrapolated from adult case series,
with no pediatric evidence available).

4.2 Mycophenolate Mofetil (MMF)
MMF targets the T lymphocyte pathway [31]. There is limited data published about the effectiveness of MMF in jLS.
MMF can be used in cases of MTX intolerance [32] or MTX
nonresponse [33]. According to the UK audit, it was the
most commonly used second-line treatment in clinical practice, used in 89.5% of cases [22]. The CARRA consensus
treatment plans [10] suggest MMF in the case of MTX intolerance or nonresponse. The applied dose is according to the
suggestion of the US Food and Drug Administration (FDA)
dosing recommendations for pediatric renal disease. MMF
dosing is according to the following protocol: < 1.25 m2
body surface area: 600 mg/m2 twice daily; 40–50 kg or
1.25–1.5 m2 body surface area: 750 mg twice daily; > 50 kg
or > 1.5 m2 body surface area: 1000 mg twice daily.
In the HSCG recommendation, it is stated that “There is
currently limited evidence for second line therapies for MTX
non-responders. Options include MMF (either switching or
in addition to MTX) (evidence grade 3, C)”. MMF presumably has the same effectiveness as MTX monotherapy, but it
has less effect on arthritis, the most significant extracutaneous involvement of the disease [34]. It seems to have similar
effects to MTX on uveitis [35].

4.3 Tocilizumab
Tocilizumab is a monoclonal antibody raised against the
soluble receptor for interleukin (IL)-6. It is approved to
treat juvenile idiopathic polyarticular and systemic arthritis in pediatric rheumatology. Data from basic research
suggests that IL-6 inhibition can be an effective target in
LS, as serum levels of soluble IL-6R have been found to
be increased in patients with LS compared with healthy
controls. Increased serum levels of soluble IL-6R correlated with the number of linear lesions and the number of
involved body areas [36, 37]. In an adult phase II study
of systemic sclerosis, tocilizumab showed good efficacy
regarding skin involvement [38, 39]. In the three published
case series, including 18 therapy-resistant jLS cases where
mostly MTX and MMF had already been tried, subcutaneous or intravenous tocilizumab showed a promising
response rate [40–42]. The applied dose of tocilizumab
was adopted from the polyarticular JIA treatment protocol
[43] or from the systemic JIA treatment schedule [44].
Further studies are needed to determine whether the higher
dosing schedule used in systemic JIA treatment is needed.
It could be that tocilizumab would show a greater efficacy
if applied after MTX partial or nonresponse as a secondline agent. Tocilizumab is a promising effective choice for
extracutaneous involvement of jLS including arthritis and
uveitis [45, 46]. In one of the case series, a patient with
CNS involvement [40] responded. Another recent review
found similar results [47].

4.4 Abatacept
Abatacept is a soluble recombinant fusion protein that
inhibits T-cell activation by binding to CD80 and CD86,
thereby blocking interaction with CD28. Abatacept seems
to be a promising drug to treat skin involvement in systemic scleroderma [48, 49]. The recently published, double-blind, phase II trial [50] for early systemic sclerosis in
adults showed promising results. A decline in the modified
Rodnan Skin Score (mRSS) over 12 months was clinically
and significantly higher in abatacept versus placebo for
the inflammatory (p < 0.001) and normal-like skin gene
expression subsets (p = 0.03). Abatacept also showed a
promising effect in 18 adult patients [51–53] with localized scleroderma. These results can be extrapolated to
pediatric patients as the pathophysiology of the disease is
assumed to be the same in adult and pediatric populations.
No pediatric data has been published yet. Abatacept as
a subcutaneous injection was recently licensed for polyarticular JIA, in weight-adjusted doses [54]. This makes
abatacept a more applicable therapy option for MTX
nonresponders.
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4.5 Rituximab
Rituximab is a chimeric monoclonal antibody targeting
human CD20 on mature B cells. Rituximab is a promising unlicensed treatment for skin involvement in systemic
sclerosis [55]. There is only one adult case report published for localized scleroderma [56, 57]. Rituximab is
approved for the treatment of non-Hodgkin’s lymphoma,
chronic lymphocytic leukemia, rheumatoid arthritis, and
anti-neutrophil cytoplasmic antibody (ANCA)-associated
vasculitides. It has only recently been licensed for pediatric use in granulomatosis with polyangiitis and microscopic polyangiitis in the US; therefore, it is not a firstchoice therapy in children with MTX-resistant jLS.

4.6 Infliximab
Infliximab is a chimeric anti-tumor necrosis factor (TNF)
monoclonal antibody. Infliximab has not proved to be
effective in the skin involvement of systemic scleroderma
[57, 58]. Three case reports demonstrated a positive result
in localized scleroderma, one of them in a child [59] and
two in adults [60, 61]. The adult patients were treated with
several other drugs simultaneously, so it is hard to judge
which led to the positive result.

factor-β), and tyrosine kinase inhibitors such as tofacitinib
and baricitinib [48].

6 Conclusion
jLS is an orphan disease. The treatment goals are to stop
progression of the disease, prevent damage, improve quality
of life, and achieve inactive disease. MTX with or without
bridging glucocorticoids for the first 3 months is first-line
treatment. If MTX intolerance occurs, MMF can be considered. Treatment options for MTX nonresponse include
adding MMF, tocilizumab, or abatacept to MTX, or substituting MTX with tocilizumab or abatacept. Further studies
are needed to explore the best possible therapy. The CARRA
consensus treatment plan is one of the research projects aiming to gain more knowledge regarding the efficacy of different treatment options. In future studies, it is important to
incorporate the response of extracutaneous involvement and
quality of life of patients in the assessment of the efficacy
of the therapy.
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Imatinib is a tyrosine kinase inhibitor that failed to show
efficacy in a controlled trial for systemic scleroderma [62].
There are four published case reports in localized scleroderma [63–65], one of them in a child [66]. Imatinib is
only licensed for children with chronic myeloid leukemia
(CML). It does not seem a real therapeutic option for children with localized scleroderma.
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5 Future Potential Therapies
There are several drugs in the pipeline to treat systemic
scleroderma with an effect on skin involvement. As the
final pathway in the skin has lots of similarities between
localized and systemic scleroderma, it might be reasonable
to extrapolate the effects in systemic scleroderma to localized scleroderma. The drugs in the pipeline are belimumab
(a B-cell activating factor [BAFF] inhibitor), riociguat (an
activator of soluble guanylate cyclase [sGC], which catalyzes the production of cyclic guanosine monophosphate
[cGMP]), dabigatran (a selective thrombin inhibitor),
coagulation Factor XIII, fresolimumab (a G class immunoglobulin [IgG]-4 kappa targeting transforming growth
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