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Morphea, also known as localized scleroderma (LS), is an
inflammatory connective tissue disease characterized by
the insidious onset of thickened, scar-like, oval patches of
skin. Various interventions have been used to treat morp-
hea. Oral methotrexate and oral prednisone are reportedly
effective, but may cause adverse events (1). Tofacitinib
is a Janus tyrosine kinase (JAK) inhibitor, recently
approved as treatment for patients with autoimmune
disorders (2); however, its utility in paediatric patients
with morphea is unclear (3). We report the successful
use of tofacitinib in 2 paediatric patients with morphea.

CASE REPORTS

Case 1. A 6-year-old girl presented with a 4-year history of
localized, indurated, atrophic plaques with undefined margins.
She had previously been prescribed methotrexate and topical
glucocorticoid ointment; however, as post-treatment laboratory
tests revealed elevated concentrations of alanine transaminase
(82 U/L) and aspartate transaminase (86 U/L), methotrexate was
discontinued. Upon presentation, physical examinations revealed
hyperpigmented, scaly, shiny plaques on her right abdomen and
left forearm (Fig. 1A and B). Auto-antibody-, liver-, and muscle
enzyme test results were negative. Skin biopsy shows a pattern
of morphea (Fig. 1E and G). A diagnosis of linear morphea was
made. Taking into consideration the patient’s side-effects to met-
hotrexate, she was initially treated with glycyrrhizin (4) tablets (25
mg, twice daily), topical tacrolimus ointment (0.03%, twice daily),
and ultraviolet radiation A1 (UVAL; 30 J/cm?, every other day).
After 3 weeks, the UVALI treatment was terminated because the
patient was unable to return to hospital on a regular basis. There-
after, the patient’s parents provided informed consent for initiation
of tofacitinib therapy, as they declined methotrexate and myco-
phenolate. Taking into consideration that the patient’s body weight
was 16 kg, the initial dose of tofacitinib was 2.5 mg twice daily.
After 2 months of treatment with tofacitinib, her sclerotic lesions
resolved dramatically. The tofacitinib regimen was decreased to
2.5 mg, once daily for 4 months followed by 2.5 mg, every other
day, for 2 months, as her lesions had stopped progressing and
exhibited no signs of activity. Abdominal lesion biopsy specimens
obtained before and after tofacitinib therapy from the same lesion
revealed that the improvement was accompanied by concomitant
histological changes (Fig. 1C and D). Skin biopsy shows signifi-
cant improvement in sclerosis of the dermis (Fig. 1F and H). The
Localized Scleroderma Cutaneous Assessment Tool (LoSCAT)
(5) was used to assess disease-related activity and damage at each
visit after the start of tofacitinib treatment. From before tofacitinib
treatment to 6 months thereafter, the patient’s modified Localized
Scleroderma Skin Severity Index (mLoSSI) score improved from
6 to 1, while her Localized Scleroderma Damage Index (LosDi)
score improved from 7 to 2 (Table I). The skin biopsy and final
LoSCAT scoring were performed at the same visit.

Case 2. A 13-year-old boy presented with a 4-year history of
brown and oedematous plaques on the right abdomen. Physical
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Fig. 1. Clinicaland histological featuresforcase1: (A, B, E, G, I) beforeand
(C, D, F, H, J) after tofacitinib treatment for 6 months. Before treatment,
brown patches with a waxy gloss were observed on (A) the right abdomen and
(B) left forearm. After treatment, the hardness of skin lesions was alleviated
on (C) the right abdomen and (D) the left forearm. (E, G) Histopathological
examination of an abdominal skin biopsy revealed lymphocytes and plasma cell
infiltration in the peripheral blood vessels, with dermal collagen fibres increased
and thickened before therapy. Immunofluorescent staining for a-smooth
muscle actin (a-smooth muscle actin (a-SMA), green) expression diffuse
positivity through the deep dermis (I). Scale bar=100 pm. After treatment,
histopathological examination from the lesion showed (F, H) minor lymphocytic
infiltration of the peripheral tissue, with moderate amount of collagen fibres in
the dermis (haematoxylin and eosin, original magnification x4, enlarged view
x 20 in yellow boxes of E and F; Masson trichrome, original magnification
x4). Immunofluorescent staining revealed a decreased a-SMA expression in
the deep dermis and mainly located at perivascular area (J). Scale bar=100
um. Quantification of a-SMA* cells (defined as relative mean grey density) per
visual field normalized before treatment (K). n =3 random field of view for each
group. Mean*SD. **p<0.01.
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Table I. Localized Scleroderma Cutaneous Assessment Tool
(LoSCAT) of 2 cases

Before After 2 months At withdrawal
Casel mLoSSI 6 3 1
LosDi 7 5 2
Case2 mLoSSI 7 3 1
LosDi 7 4 2

The LoSCAT scale was used to assess disease-related activity and damage,
performed independently by 2 clinicians. All of the scores were considerably
reduced after medication.

mLoSSI: modified LS Skin Severity Index, which measures disease activity; LosDi:
Localized scleroderma Damage Index, which measures damage.

examinations revealed sharply demarcated, hyperpigmented, in-
durated patches on his right abdomen, with a slight depression of
the skin that formed a confluent area with atrophy (Fig. 2A). His
erythrocyte sedimentation rate, C-reactive protein levels, and anti-
nuclear antibody test results were unremarkable.Skin biopsy shows
a pattern of morphea (Fig. 2C). A diagnosis of linear morphea was
made. Similar to case 1, the parents in case 2 declined the use of
methotrexate and corticosteroids. The initial treatment was a com-
bination of hydroxychloroquine sulphate (6) (100 mg, twice daily),
topical tacrolimus ointment (0.03%, twice daily), and UVAT1 (40 J/
cm?, 3 times a week for 12 weeks). However, rapid progression of
widespread, circumferential thickening and tightening of the trunk
skin occurred. After obtained informed consent, tofacitinib therapy
was initiated (5 mg, twice daily, based on his weight of 65 kg). After
2 months of treatment, the patient’s lesions had not progressed and
there were no adverse effects. Within months, the sclerotic plaques
exhibited substantial softening (Fig. 2B). Therefore, tofacitinib was
decreased to 5 mg, daily. Normalization of lesions continued during
3 months of tofacitinib treatment. Skin biopsy shows significant im-
provement in the dermis (Fig. 2D). From before tofacitinib treatment
to 5 months thereafter, his mLoSSI and LosDi scores improved from
7 to 1 and from 7 to 2, respectively (Table I).

To better understand the mechanism of antifibrotic treatment
of tofacitinib, proliferation of myofibroblasts was analysed with
immunofluorescence staining for case 1 (Fig. 1 I, J). Only an
initial skin biopsy was taken from case 2. Excessive deposition
of extracellular matrix in the dermis is reflected by an increased

Fig. 2. Clinical and histological features for case 2: (A, C) before and
(B, D) after tofacitinib treatment for 5 months. (A) Before treatment,
brown patches were observed on the right lower abdomen, groin and thigh.
(B) After treatment, the skin lesions became softer and pigmentation
considerably improved. (C) Histopathological examination of an abdominal
skin biopsy revealed thickened and homogenous collagen bundles in the
mid- and reticular dermis, with sparse deep lymphoplasmacytic infiltrate.
Loss of adventitial fat resulted in a lack of eccrine glands. (D) Post-treatment
biopsy specimens revealed decreased collagen bundle size and collagen
fibres in the lower dermis (haematoxylin-eosin, original magnification x4,
enlarged view x20 in yellow boxes of C and D).
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number of a-smooth muscle actin (a-SMA). Activated, o - SMA+
myofibroblasts were markedly decreased after tofacitinib treat-
ment, mostly in the dermal papillary layer. Specifically, 2 blinded
evaluators each manually quantified 3 regions of interest under
high-power fields (x20) to assess differentiated fibroblasts num-
bers, as reported previously (7) (Fig. 1K).

DISCUSSION

To our knowledge, these are the first 2 reported cases
of significant improvement following treatment with
tofacitinib in patients with paediatric morphea. The
European Pediatric Rheumatology Group recommen-
ded methotrexate and prednisone as first-line treatment
for morphea, although the evidence base is weak (1).
Hydroxychloroquine and the herb extract glycyrrhizin
are reportedly valuable and well-tolerated, reducing in-
flammation in patients with morphea (8, 9). The standard
therapies methotrexate or prednisone (1) were not used
in our 2 cases, because their parents did not allow the use
of these compounds due to possible side-effects.

An imbalance between different subsets of helper
T cells (Th cells) drives inflammation of scleroderma
(10). Multiple lines of evidence indicate that the innate
and adaptive immune responses require JAK-STAT sig-
nalling to mediate cytokine function (11). Profibrotic
cytokines, such as TGF-f, are considered involved in
pathological fibrosis via fibroblast activation, induction
of myofibroblast differentiation, and a-SMA expression.
More specifically, the JAK-STAT pathway is considered
the downstream mediator in the promotion of fibrosis
by TGF-, IL-6, and other factors, and plays a signal
transduction role in the process of fibrosis (12, 13) JAK
inhibitors, such as tofacitinib, targeting the JAK-STAT
pathway, have been widely used for a variety of immune-
mediated diseases, such as rheumatoid arthritis (14). Of
note, tofacitinib has recently been reported to reverse
fibrosis in 3 patients with recalcitrant morphea (3). How-
ever, morphea usually has a self-limited evolution, with a
high rate of spontaneous regression within 3—5 years (3).
Hence, existing research cannot rule out the possibility of
self-remission of the disease. Clinicians should monitor
paediatric patients’ adverse effects of JAK inhibitors
according to morphea subtypes (15). In the current case
reports, no secondary outcome measures, such as ther-
mography or durometry, were used to document clinical
improvement of the patients’ scleroderma. However, the
results illustrate the benefits of tofacitinib, which may
be useful in paediatric patients with treatment-refractory
morphea.

In conclusion, we present here the successful use of
tofacitinib in 2 paediatric patients with morphea. The ap-
pearance of the skin improved markedly, and the sclerosis
resolved. Further pathology and immunofluorescence
staining indicated that regulation of myofibroblast acti-
vity and collagen synthesis may underlie these effects.
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