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Purpose of review

Scleroderma, in its localized and systemic presentation, represents the third most frequent rheumatic
condition in childhood after juvenile idiopathic arthritis and systemic lupus erythematosus. Early diagnosis,
appropriate assessment and effective treatment are crucial to improve the long-term outcome.

Recent findings

Recent studies, concerning histopathology and clinical associations with other conditions, open new
horizons on the etiopathogenesis of scleroderma. New developments have been also reached in the field
of outcome measures. In juvenile localized scleroderma (JLS), new techniques such as Doppler and laser
Doppler imaging have shown their usefulness for the daily monitoring of the patients. In juvenile systemic
sclerosis (JSSc), a new severity score has been developed and needs to be validated in future trials. Finally,
a randomized, double-blind controlled trial, a multicenter consensus statement and long-term follow-up
studies have confirmed the important role of methotrexate (MTX) for the treatment of JLS.

Summary

Studies over recent years highlighted the role of imaging as outcome measures for JLS and introduced a
severity score for JSSc. New studies on MTX confirmed its important role for the treatment of JLS.
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INTRODUCTION

Juvenile scleroderma is a clinical entity that may
manifest in young individuals with specific epide-
miological and clinical features. The two main forms
of the disease are juvenile localized scleroderma
(JLS) and juvenile systemic sclerosis (JSSc). These
conditions share common pathophysiologic fea-
tures which are mainly characterized by inflamma-
tion and fibrosis of the skin. In JLS, fibrosis involves
restricted areas of the skin, whereas in JSSc it also
affects the internal organs.

Contributions to the literature over the last
years have provided further information on
etiopathogenesis, potential outcome measures and
treatment.
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LOCALIZED SCLERODERMA

JLS is the most frequent form of scleroderma in
childhood. A recent epidemiological study [1]
in the United Kingdom reported an incidence rate
of 3.4 cases per million children per year, the vast
majority represented by the linear subtype.
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Etiopathogenesis

The pathogenesis of JLS is still unknown, although
it has been shown that the interaction between
illiams & Wilkins. Unaut
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inflammatory, fibrotic and vascular components
seems to play a crucial role.

A recent histopathology study on individuals
with active JLS showed similar cellular infiltration
in children and in adult patients. By the immuno-
staining technique, the authors showed lack
of CD34þ dermal dendritic cells and increased
Factor XIIIa1 cells (dermal dendrocytes) in the
areas of fibrosis. This could reinforce the hypothesis
that both transformation of CD34þ fibrocytes
to CD34- myofibroblasts and increase of Factor
XIIIaþ cells acting in cross-linking the newly formed
collagen and matrix molecules contribute to the
fibrotic process [2].

Another pathology study, involving 73 patients
with JLS, reported a significant perineural inflam-
mation. This finding was observed in half of
the patients and has been proposed as a possible
horized reproduction of this article is prohibited.
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KEY POINTS

� Scleroderma may manifest in young individuals as
juvenile localized scleroderma, in which fibrosis
involves just restricted areas of the skin, and juvenile
systemic sclerosis, which also affects the internal
organs.

� Contributions to the literature over recent years have
provided further information on potential outcome
measures and treatment.

� New techniques such as Doppler and laser Doppler
imaging have been shown to be useful for the
monitoring of patients with juvenile localized
scleroderma.

� A randomized, double-blind controlled trial, a
multicenter consensus statement and long-term follow-up
studies have confirmed the role of methotrexate for the
treatment of juvenile localized scleroderma.

� The first severity score for pediatric patients with
systemic sclerosis has been developed and needs
validation in future trials.

Pediatric and heritable disorders
histologic marker specific for JLS, in addition
to other known features such as the prevalent fib-
rosis at dermal level in comparison with the sub-
cutaneous layer involvement, and the intense
inflammation [3].

The autoimmune nature of the disease has
been confirmed by the recent case reports describing
association of JLS with other autoimmune
conditions. Firoz et al. [4] reported the case of an
11-year-old girl presenting JLS associated with type 1
diabetes and celiac disease. Other authors presented
the case of a 7-year-old girl with JLS associated
with Sjögren syndrome and precocious puberty.
The authors’ concluded that the co-occurrence
of precocious puberty was considered as a mere
coincidence, whereas Sjögren syndrome and JLS
could be associated [5].

The case of a 4-year-old girl with JLS associated
with Turner’s syndrome has opened new horizons
on the possible role of the X chromosome
mosaicism. According with the authors’ opinion,
Turner’s syndrome was the main triggering factor
for the very early presentation of JLS in this patient
and has also probably contributed to the treatment
resistance [6]. Two mechanisms involving the
X chromosome may be implicated in the dys-
regulation of immune response. Autoreactive T cells
may fail to be tolerated by self-antigens encoded
by one of the two X chromosomes and, in target
tissues, these autoreactive T cells may stimulate
B cells expressing the target X-encoded antigen,
thereby inducing an autoimmune response.
pyright © Lippincott Williams & Wilkins. Unautho
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Alternatively, X-encoded genes may be involved
in immune system homeostasis, and dysregulation
may affect B and T cells directly [7].
Clinical aspects

The heterogeneous clinical manifestations of
localized scleroderma and the rarity of the disease
itself highly influence the promptness and the
accuracy of the diagnosis.

Recent studies evaluated the access to care
and the degree of diagnostic of delay of patients
with JLS. The latter was estimated lasting as much
as 11.1 months (range 2–79 months). Indeed, none
of the 50 patients was correctly diagnosed at
presentation, as in 44% there was no diagnosis, in
20% it was atopic dermatitis, 8% melanocytic nevus,
6% fungal infection or others [8]. Other studies
confirmed that a prolonged interval time between
the first manifestation of JLS and the definitive
diagnosis adversely affects the final outcome and
underscored the need to raise awareness among
primary care physicians to consider scleroderma
earlier and to refer patients to the specialists [9,10].

A high incidence of odontostomatologic
abnormalities was reported in patients with linear
scleroderma of the face. They consisted of dental
malocclusion, overgrowth of the anterior lower third
of the face, gnathologic alterations, dental roots
abnormalities and temporomandibular joint involve-
ment [11

&

]. This study proposed cone-beam com-
puted tomography as a useful technique to evaluate
and monitor soft and hard tissue changes in JLS.
Outcome measures

An open issue for JLS is to establish and validate
objective outcome measures to monitor the disease
activity (Table 1) [12–20]. Along with traditional
instruments to evaluate disease activity such
as thermography, computerized skin scoring or
MRI, few studies [16–18] have recently assessed
the role of ultrasound as either Doppler or laser
Doppler applications, confirming the previous evi-
dence. The rationale for using these tools is that
superficial blood flow has been shown to correlate
with disease activity. A case–control study involving
51 patients (104 JLS lesions) evaluated the perform-
ance of the ultrasound Doppler technique in com-
parison to the standard histological examination.
The ultrasound Doppler technique, using compact
7–15 MHz linear probes, showed high sensitivity
and specificity for assessing the disease activity.
The most accurate sonographic signs of lesion
activity were increased subcutaneous tissue echo-
genicity and increased cutaneous blood flow [18].
rized reproduction of this article is prohibited.
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Table 1. Imaging in localized scleroderma

Instrument
No. of
patients

No. of
raters

Explored
parameters Performance References

Computerized Skin Score 10 10 Extension Interrater agreement 95%,
intrarater agreement
91–93%

[12]

Thermography 40 2 Activity Sensitivity 92%,
specificity 68%

[13]

Ultrasonography 6 1 Activity, extension
(depth)

Useful to detect skin
involvement depth,
operator dependent,
difficult to standardize

[14]

Laser Doppler flowmetry 41 1 Activity Sensitivity 80%,
specificity 77%

[15]

Laser Doppler imaging 20 2 Extension Positive predictive
value 73%

[16]

Negative predictive
value 94%

Ultrasound disease activity (U-DA) 21 2 Activity Increased echogenicity
and vascularity in active
lesions (P¼0.0010)

[17]

Color Doppler ultrasound 51 1 Activity Sensitivity 100%, specificity
98,8%, positive predictive
value, 95.7% negative
predictive value 100%

[18]

Magnetic resonance imaging 43 N/A Extension (depth) Useful to detect
musculoskeletal
involvement

[19]

Magnetic resonance imaging N/A N/A Extension (depth) Useful to detect skin
involvement depth,
expensive procedure,
Invasive (sedation need)

[20]

Scleroderma in children: an update Zulian et al.
Another retrospective study [17] compared
the construct validity of two proposed measures,
the ultrasound disease activity (UDA) and the Tissue
Thickness Score (TTS) on 52 JLS lesions from
21 patients to define their performance in detecting
active lesions. Whereas UDA resulted to be useful
to identify an active lesion, TTS did not.

As for laser Doppler imaging (LDI), a recent
prospective study [16] evaluating a small cohort of
patients with JLS confirmed this tool as effective
and useful in predicting the disease progression
(positive predictive value 84% and negative predic-
tive value 94%).

It is well known that extracutaneous mani-
festations occur in approximately one-fourth of
the patients with JLS and are mainly characterized
by musculoskeletal involvement [21]. Recently,
a study involving 43 patients confirmed this
observation by reporting musculoskeletal MRI
abnormalities in 74%. The most frequent findings
were subcutaneous septal and fascial thickening,
synovitis and tenosynovitis. Perifascial enhance-
ment, myositis and enthesitis were less frequently
shown. Interestingly, the highest prevalence of
Copyright © Lippincott Williams & Wilkins. Unaut
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musculoskeletal involvement was seen in patients
with pansclerotic morphea [19].
Treatment

The lack of knowledge in JLS influences not only
the diagnosis, but also the treatment approach.
A cross-sectional study has shown that therapeutic
decision-making in JLS is largely determined by
the specialty of the provider rather than by the
disease characteristics. Therefore, many treatments
with little or no proven efficacy are often used,
whereas others with proven efficacy are underused:
dermatologists prescribe topical steroid in 68.2%
of the cases, but methotrexate (MTX) in only 4%;
conversely, only 8% of the patients managed by the
rheumatologists are treated with topical therapy,
whereas 38.8% use MTX [10].

MTX still represents the cornerstone for the
treatment of the majority of JLS subtypes (Table 2)
[22,23

&

,24,25
&

,26].
Recently, the first randomized controlled

trial (RCT) in JLS, comparing a 12-month course of
oral MTX (15 mg/m2) for 12 months, associated with
horized reproduction of this article is prohibited.
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Scleroderma in children: an update Zulian et al.
a 3-month course of oral prednisone (1 mg/kg/day,
maximum dose 50 mg), with placebo has been
published [22]. MTX was effective and well tolerated
in more than two-thirds of patients. New lesions
appeared in only 6.5% of MTX-treated patients com-
pared with 16.7% of the placebo group. The open-
label extension part in the same cohort of patients
also reported the long-term efficacy of MTX. In
particular, among 65 patients treated with MTX,
73.8% were responders, 15.4% relapsed by 24 months
since MTX start, and 10.8% were lost to follow-up.
Among the responders, 73% maintained clinical
remission off-medication for a mean of 25 months
and 27% were in clinical remission on medication
[25

&

]. According to these results, MTX treatment
should be continued for at least 24 months to ensure
a prolonged and sustained disease remission.

Similar conclusions were drawn in a retrospec-
tive study [24] reporting a high incidence of
relapse in patients treated with shorter MTX course,
suggesting that longer treatments may help reduc-
ing the relapse rate.

The Childhood Arthritis and Rheumatology
Research Alliance (CARRA) group have recently
proposed a consensus treatment plan for JLS in order
to limit the variability in medication use and to
address the methods of assessment. These recom-
mendations, that include both MTX and cortico-
steroids in various combinations, will allow
future comparative effectiveness studies and enable
the development of evidence-based guidelines for
the treatment of JLS [23

&

]. The group agreed on three
different approaches that are summarized in Table 2.

For the milder form of JLS (circumscribed
or plaque morphea), a new topical treatment, 5%
imiquimod cream, has been recently proposed [26].
Imiquimod is an immunomodulator that inhibits
human fibroblast to produce both collagen and
glycosaminoglycans by increasing interferon-alpha
and interferon-gamma levels. This topical agent
was shown to be effective in decreasing the thicken-
ing of scleroderma lesions and well tolerated for
the pediatric use. Unfortunately, as reported by
the authors themselves, the study [26] was not
blinded, was small sample sized and not placebo
controlled.

An open issue in localized scleroderma concerns
the surgical treatment of facial deformities. In the
past, this treatment approach has been highly
debated, considering both conservative therapy
and orthopedic–orthodontic or maxillofacial ones.
A recent study on a case series of 17 patients with
JLS of the face (Parry–Romberg syndrome or
scleroderma en coupe de sabre) confirmed the poten-
tial usefulness of the surgical treatment, mainly
including fat injections, bone paste cranioplasty
Copyright © Lippincott Williams & Wilkins. Unaut
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and Medpor implants. All individuals, evaluated
by a multidimensional questionnaire on the
psychosocial effects of the surgical interventions,
supported the benefits of this treatment, would
consider repeated surgery and recommend surgery
to other patients with en coupe de sabre and Parry
Romberg syndrome [27]. Unfortunately, the timing
on when these procedures should be performed and
how to establish complete disease remission to
avoid unpleasant side-effects are still unclear.
SYSTEMIC SCLEROSIS IN CHILDREN

JSSc is a potentially life-threatening condition, with
an incidence rate of 0.27 cases per million children
per year [1]. JSSc can manifest as a diffuse or as
limited cutaneous forms. The diffuse cutaneous JSSc
presents a widespread and rapid progressive skin
thickening and involves internal organs, such as
lung, heart and kidney, early on. The limited
cutaneous JSSc is characterized by a restricted and
nonprogressive skin thickness, limited to the distal
extremities, and can be accompanied by pulmonary
manifestations, arterial hypertension or malabsorp-
tion. JSSc may also manifest as an overlap syndrome,
sharing common characteristics with other connec-
tive tissue diseases, such as dermatomyositis or
systemic lupus erythematosus [28,29]. The features
and the severity of the clinical manifestations
closely influence the disease outcome.
Clinical aspects

Although the clinical aspects are undoubtedly heavier
than the localized form, JSSc onset can be insidious
and significant delay in diagnosis can be observed.
A retrospective study [9] on 89 patients with systemic
sclerosis, including 16 with JSSc, revealed that the
median time from the first symptom to diagnosis was
7 months (range 2–50). This finding clearly shows
the difficulty in recognizing systemic sclerosis in
children, highlighting the need to improve know-
ledge and awareness of this rare condition.

To properly identify the distinct features of
SSc in childhood, recent studies searched for the
possible differences between juvenile and adult
onset forms of SSc. A study compared the clinical
characteristics of 52 adults with juvenile-onset SSc
from a single-center cohort (JSSc) with a cohort of
954 adult-onset SSc. Results showed more frequent
overlap syndromes among the JSSc cohort (37%)
compared with the adult-onset group (18%) and a
lower frequency of diffuse cutaneous SSc in the JSSc
group than in the adult-onset one. The study also
confirmed the previous studies [30] on survival that
reported significantly better survival among the
individuals with juvenile forms (98 vs. 75%) [31].
horized reproduction of this article is prohibited.

ins www.co-rheumatology.com 647



Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Ta
b

le
3

.
Th

e
Ju

ve
ni

le
Sy

st
em

ic
Sc

le
ro

si
s

Se
ve

ri
ty

Sc
o

re
(J

4
S)

0
1

2
3

4

M
ax

im
um

sc
or

e
N

or
m

al
M

ild
M

od
er

at
e

Se
ve

re
En

d
st

ag
e

G
en

er
al

a
BM

I>
to

th
e

ba
se

lin
e

va
lu

e
H

b
>

1
1
.5

g
/d

l

BM
I<

1
st

ce
nt

ile
H

b
1
0

–
1
1
.4

g
/d

l
BM

I<
2
nd

ce
nt

ile
H

b
9

–9
.9

g
/d

l
BM

I<
3
rd

ce
nt

ile
H

b
7

–
8
.9

g
/d

l
BM

I<
4
th

ce
nt

ile
H

b
<

7
g
/d

l
4

V
as

cu
la

r
N

o
RP

RP
re

qu
ir
in

g
va

so
di

la
to

rs
D

ig
ita

lt
ip

sc
ar

s
D

ig
ita

lt
ip

ul
ce

ra
tio

ns
D

ig
ita

lg
an

g
re

ne
4

Sk
in

M
RS

S
0

M
RS

S
1

–
1
4

M
RS

S
1
5

–
2
9

M
RS

S
3
0

–
3
9

M
RS

S
>

4
0

4

O
st

eo
ar

tic
ul

ar
b

N
o

ar
tic

ul
ar

in
vo

lv
em

en
t

Pr
es

en
ce

of
lim

ite
d

ra
ng

e
of

m
ot

io
n

(R
O

M
)

Pr
es

en
ce

of
ar

th
ri
tis

an
d/

or
te

nd
on

fr
ic

tio
n

ru
b

2

M
us

cl
eb

N
or

m
al

pr
ox

im
al

m
us

cl
e

st
re

ng
th

cM
A

S
3
9

–
5
1

cM
A

S
3
8

–
2
6

cM
A

S
1
3

–2
5

cM
A

S
0

–
1
2

2

G
as

tro
in

te
st

in
al

a
N

or
m

al
pr

ox
im

al
G

It
ra

ct
in

ve
st

ig
at

io
ns

G
Is

ym
pt

om
s

D
is

ta
le

so
ph

ag
ea

l
hy

po
pe

ri
st

al
si

s
G

ER
D

at
2
4
-h

Ph
-m

et
ry

or
sc

in
tis

ca
n

M
ed

iu
m

an
d

hi
gh

es
op

ha
g
ea

l
hy

po
pe

ri
st

al
si

s

M
al

ab
so

rp
tio

n
sy

nd
ro

m
e

H
yp

er
al

im
en

ta
tio

n
4

Re
sp

ir
at

or
ya

,c
D

LC
O
>

8
0
%

FV
C
>

8
0
%

N
or

m
al

H
RC

T
sP

A
P
<

3
0

m
m

H
g

D
LC

O
7
0

–
7
9
%

FV
C

7
0

–
7
9
%

A
lv

eo
lit

is
on

H
RC

T
sP

A
P

3
1

–
4
5

m
m

H
g

D
LC

O
5
0

–
6
9
%

FV
C

5
0

–
6
9
%

Fi
br

os
is

on
H

RC
T

sP
A

P
4
6

–
7
5

m
m

H
g

D
LC

O
<

5
0
%

FV
C
<

5
0
%

Fi
br

os
is

on
X-

ra
y

sP
A

P
>

7
5

m
m

H
g

O
2

de
pe

nd
en

ce
8

C
ar

di
ac

a
,c

N
or

m
al

EK
G

LV
EF

>
5
0
%

EK
G

co
nd

uc
tio

n
de

fe
ct

LV
EF

4
5

–4
9
%

A
rr

hy
th

m
ia

LV
EF

4
0

–
4
4
%

A
rr

hy
th

m
ia

re
qu

ir
in

g
tre

at
m

en
t

LV
EF

3
0

–
4
0
%

C
H

F
LV

EF
<

3
0
%

8

Re
na

ld
C

re
at

in
in

e
cl

ea
ra

nc
e

(G
FR

):
>

9
0

m
l/

m
in

C
re

at
in

in
e

cl
ea

ra
nc

e
(G

FR
):

7
5

–
8
9

m
l/

m
in

C
re

at
in

in
e

cl
ea

ra
nc

e
(G

FR
):

5
0

–
7
4

m
l/

m
in

C
re

at
in

in
e

cl
ea

ra
nc

e
(G

FR
):

1
0

–
4
9

m
l/

m
in

ES
RF

4

C
H

F,
co

ng
es

tiv
e

he
ar

tf
ai

lu
re

;
cM

A
S,

ch
ild

ho
od

m
us

cl
e

ac
tiv

ity
sc

or
e;

D
LC

O
,

di
ffu

si
ng

ca
pa

ci
ty

fo
r

ca
rb

on
m

on
ox

id
e;

EK
G

,
el

ec
tro

ca
rd

io
g
ra

m
;

ES
RF

,
en

d-
st

ag
e

re
na

lf
ai

lu
re

;
FV

C
,

fo
rc

ed
vi

ta
lc

ap
ac

ity
;

G
ER

D
,

g
as

tro
es

op
ha

g
ea

l
re

flu
x

di
se

as
e;

G
FR

,
g
lo

m
er

ul
ar

fil
tra

tio
n

ra
te

;
H

b,
he

m
og

lo
bi

n;
G

I,
g
as

tro
in

te
st

in
al

;
H

RC
T,

hi
g
h-

re
so

lu
tio

n
co

m
pu

te
d

to
m

og
ra

ph
y;

LV
EF

,
le

ft
ve

nt
ri
cu

la
r

ej
ec

tio
n

fr
ac

tio
n;

M
RS

S,
m

od
ifi

ed
Ro

dn
an

Sk
in

Sc
or

e;
sP

A
P,

es
tim

at
ed

pu
lm

on
ar

y
ar

te
ry

sy
st

ol
ic

pr
es

su
re

by
D

op
pl

er
ec

ho
;

RP
,

Ra
yn

au
d

ph
en

om
en

on
.

M
od

ifi
ed

fr
om

[3
2

&
&

].
a
Ei

th
er

on
e

of
th

e
fo

llo
w

in
g

pa
ra

m
et

er
s

de
fin

es
th

e
sc

or
e.

b
Ea

ch
sc

or
e

sh
ou

ld
be

m
ul

tip
lie

d
by

0
.5

to
ob

ta
in

th
e

fin
al

sc
or

e.
c E

ac
h

sc
or

e
sh

ou
ld

be
m

ul
tip

lie
d

by
2

to
ob

ta
in

th
e

fin
al

sc
or

e.
d
G

FR
:

m
al

e
0

–
1
2

ye
ar

s¼
0
.5

5
�

he
ig

ht
(c

m
)/

cr
ea

tin
in

e
(m

g
/d

l);
m

al
e

1
2

–
1
8

ye
ar

s¼
0
.7
�

he
ig

ht
(c

m
)/

cr
ea

tin
in

e
(m

g
/d

l);
fe

m
al

e
0

–
1
8

ye
ar

s¼
0
.5

5
�

he
ig

ht
(c

m
)/

cr
ea

tin
in

e
(m

g
/d

l);
m

al
e
>

1
8

ye
ar

s¼
(w

ei
g
ht

in
K
g
�

1
4
0
)

–
ag

e
(y

ea
rs

)/
7
2
�

cr
ea

tin
in

e
(m

g
/d

l);
fe

m
al

e
>

1
8

ye
ar

s
¼

[(
w

ei
g
ht

in
K
g
�

1
4
0
)

–
ag

e
(y

ea
rs

)/
7
2
�

cr
ea

tin
in

e
(m

g
/d

l)]
�

0
.8

5
.

Pediatric and heritable disorders

648 www.co-rheumatology.com Volume 25 � Number 5 � September 2013



Scleroderma in children: an update Zulian et al.
Outcome measures

As JSSc is one of the most severe conditions in
pediatric rheumatology, it is crucial to objectively
establish its severity in daily practice. A feasible
instrument to evaluate JSSc severity in children
has recently been reported in a multicenter study
coordinated by the research group of the Padua
University. The study was aimed to set up a reliable
instrument to assess the disease severity of JSSc,
in order to determine the best therapeutic choice
and regimen. The authors proposed a simple score,
named J4S (Juvenile Systemic Sclerosis Severity
Score), composed by 16 indices grouped into 9 sec-
tions corresponding to general and specific organ
system involvement (Table 3) [32

&&

]. This multi-
dimensional score includes growth parameters,
skin and internal organs involvement, and takes
into account the great variability of the clinical
manifestations of the disease. J4S should be
validated in prospective studies and will have
an important role both in the standardization of
the clinical approach to the disease and in the
daily clinical practice to guide the decision-making
process [32

&&

].
CONCLUSION

New developments over the last 2 years have
provided important information concerning the
epidemiological characteristics, pathogenic mech-
anisms and clinical features of JLS and JSSc. Unfortu-
nately, there was no significant news about the
treatment of JSSc, although several studies, includ-
ing a RCT, underscored the essential role of MTX
for the treatment of JLS.
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