doi:10.1093/brain/awz293

A JOURNAL OF NEUROLOGY

LETTERTOTHE EDITOR

BRAIN 2019: 142; I-5 | e59

Treatment of anti-MDAS5 autoantibody-positive juvenile dermatomyositis using

tofacitinib

Sara Sabbagh,"# Adriana Almeida de jesus,z’# Sujin Hwang,3 Hye Sun Kuehn,3
Hanna Kim,* Lawrence Jung,® Ruy Carrasco,® Sergio Rosenzweig,*> Raphaela Goldbach-

Mansky>* and Lisa G. Rider”*

#*These authors contributed equally to this work.

1 Muscle Disease Unit, Laboratory of Muscle Stem Cells and Gene Regulation, National Institute of Arthritis and Musculoskeletal

and Skin Diseases (NIAMS), NIH, Bethesda, MD, USA

2 Translational Autoinflammatory Diseases Section (TADS), LCIM, National Institute of Allergy and Infectious Diseases (NIAID),

NIH, Bethesda, MD, USA

Children’s National Health System, Washington, DC, USA

NN L AW

NIH, Bethesda, MD, USA

Correspondence to: Dr Lisa G. Rider, MD
Environmental Autoimmunity Group, Clinical Research Branch

Immunology Service, Department of Laboratory Medicine, NIH Clinical Center, NIH, Bethesda, MD, USA
Pediatric Translational Research Branch, NIAMS, NIH, Bethesda, MD, USA

Pediatric Rheumatology, Specialty for Children, Dell Children’s Medical Center, Austin, TX, USA
Environmental Autoimmunity Group, Clinical Research Branch, National Institute of Environmental Health Sciences (NIEHS),

National Institute of Environmental Health Sciences, National Institutes of Health

Building 10, CRC Rm 6-5700, MSC 1301
10 Center Drive

Bethesda, MD 20892-1301, USA

E-mail: riderl@mail.nih.gov

Sir,

The recent article by Ladislau et al. on the pathogenicity
of type I interferon (IFN) and the effect of type I IFN path-
way blockade in vitro was received with great interest.
Increasing evidence suggests a role for types I and II IFN
in juvenile and adult dermatomyositis (JDM and DM, re-
spectively), including elevated IFN-response gene signatures
in the muscle, skin and blood (Ladislau et al., 2018; Reed
et al., 2019). Ladislau et al. demonstrated in primary
human skeletal muscle cells from a healthy donor that
type I IFN pathway activation impaired muscle repair,
decreased myotube differentiation, upregulated myotube at-
rophy-associated genes, and induced endothelial dysfunc-
tion in a dermal microvascular endothelial cell line that
mimicked some pathogenic findings observed in DM/JDM
muscle and skin. These findings were abrogated in vitro by

treatment with ruxolitinib, a Janus kinase (JAK) inhibitor,
which targets the IFN pathway. Ladislau also reported four
adults with refractory DM whose skin disease activity and
IFN score improved following ruxolitinib therapy.
(Ladislau et al., 2018) The letter by Papadopoulou et al.
(2019) reported a patient with refractory JDM who
responded well to treatment with baricitinib, a JAK1/2 in-
hibitor (Papadopoulou et al., 2019), with corresponding
downregulation in selected IFN-response genes. Additional
reports of responses to JAK inhibition in DM patients have
focused on refractory cutaneous manifestations (Kurtzman
et al., 2016; Moghadam-Kia et al., 2019), and recently, on
improvement of myositis-associated interstitial lung disease
(ILD) (Kurasawa et al., 2018; Kato et al., 2019), although
these cases have been limited to adults. Here we describe
two JDM patients with anti-MDAS autoantibodies,
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elevated blood IFN-response gene signatures, as well as re-
fractory muscle, skin, and ILD, with well-documented re-
sponses to therapy with the JAK inhibitor tofacitinib, and
with corresponding improvement in IFN-response gene sig-
natures and STAT1 phosphorylation. Further details on the
patients and methods are provided in the Supplementary
material.

Patient |

A 12-year-old Caucasian male with anti-MDAS autoanti-
body-positive JDM presented with malar and heliotrope
rashes, Gottron’s papules, polyarthritis, weight loss, dys-
pnoea on exertion, and severe proximal weakness, with
diffuse myofascial oedema on short-tau inversion recovery
(STIR) MRI. He initially improved with pulse methylpred-
nisolone, intravenous immunoglobulin (IVIg), and metho-
trexate but developed several disease flares. His JDM
remained poorly controlled following abatacept therapy,
with a Physician Global Activity (PGA) of 3.8 (normal 0;
range 0-10), Manual Muscle Testing 8 score (MMT8) of
130 (normal 150; range  0-150), Cutaneous
Dermatomyositis Disease Area and Severity Index
(CDASI) score of 21 (range 0-100), and Disease Activity
Score (DAS) of 12.5 (range 0-20), indicative of moderate
myositis disease activity (Rider et al., 2017). Pulmonary
function tests showed diffusing capacity of the lungs for
carbon monoxide (DLCO) of 55% predicted value and
high-resolution CT of the chest showed bilateral lower
lobe reticular nodular infiltrates and juxta-pleural scarring
in the lingula (Fig. 2A). Lung biopsy revealed a non-specific
interstitial pneumonitis with areas of fibrosis. He also had
an elevated 28-gene IFN score, ranging from 458 to 654
(upper limit of normal <49) (Fig. 1A) (Kim et al., 2018).
Moreover, in comparison with cells from a healthy control,
the patient’s CD4 + T cells had an increased STAT1 phos-
phorylation after stimulation with IFNe, IL-6, and IL-21,
and the patient’s monocytes had a significant upregulation
of STAT1 phosphorylation upon stimulation with IFNy
(Fig. 1B). He had multiple disease flares requiring hospital-
ization, despite addition of mycophenolate mofetil (MMF)
and rituximab. Eighteen months after diagnosis he started
tofacitinib 5 mg twice a day, which was increased to 10 mg
twice a day. Within 6 months, he had significant clinical
improvement, with decrease of PGA from 3.8 to 2.1,
MMTS8 increased from 130 to 148, CDASI decreased
from 21 to 12, and DAS decreased from 12.5 to 8.5.
Extramuscular activity improved from 4.2 to 2.5 (range
0-10), Childhood Health Assessment Questionnaire
(CHAQ) from 0.625 to 0.25 (range 0-3), and serum aldo-
lase from 9.6 to 7 U/l (upper limit of normal <8). He
achieved moderate improvement in disease activity by the
ACR/EULAR Response Criteria for JDM (Rider et al.,
2017), with a Total Improvement Score of 52.5 (moderate
improvement range 45-69). Repeat high-resolution CT
showed near resolution of infiltrates with markedly im-
proved consolidation and subpleural reticular opacities
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(Fig. 2B). DLCO on PFT improved to 96% predicted.
Repeat MRI showed complete resolution of myofascial
oedema. He was successfully weaned off prednisone,
pulse methylprednisolone, and MMF. Repeat 28-gene IFN
score decreased from 654 (maximum) to 121 15 months
after treatment initiation (Fig. 1A). After tofacitinib ther-
apy, the upregulation of STAT1 phosphorylation in patient
CD4 + T cells stimulated with IFNe, IL-6, and IL-21 and
monocytes stimulated with IFNy reverted to the same or
similar levels as the healthy control (Fig. 1B). The only
notable adverse event during tofacitinib treatment was
herpes simplex meningitis, with a prior history of recurrent
mucositis, and he recovered following treatment with
acyclovir.

Patient 2

A 15-year-old Vietnamese female with anti-MDAS auto-
antibody-positive JDM presented with malar rash, digital
erythema and ulcers (Fig. 2C), hair loss, arthritis, weight
loss, Raynaud phenomenon, and weakness, with moderate
muscle and myofascial oedema on MRI of the pelvis and
thighs. Her PGA was 5, Childhood Myositis Assessment
Scale (CMAS) score was 35 (normal 52; range 0-52),
MMTS8 was 142, CDASI was 21, and DAS was 15.
Other disease activity measures included extra-muscular ac-
tivity of 5.3 and CHAQ of 1.6. Initial pulmonary function
tests showed DLCO 60% predicted value and high-reso-
lution CT had extensive right basilar ground-glass consoli-
dation, bronchiectasis, and findings of microcystic ILD. A
28-gene IFN score was elevated at 844 (Fig. 1C).
Compared to a healthy control, patient CD4+ T cells
had an increased STAT1 phosphorylation upon stimulation
with IL-6 and IL-21 and patient monocytes upregulated
STAT1 phosphorylation upon stimulation with IFNy
(Fig. 1D). She was started on IVIg, pulse methylpredniso-
lone, and MMF, but developed worsening digital ulcer-
ations, arthritis, and calcification. Abatacept was added,
after which she had improvement in rashes, ulcerations,
and arthritis; however, her ILD worsened with DLCO of
41%. She was started on cyclophosphamide biweekly for 6
months with little improvement. Rituximab and sildenafil
were added, but due to persistently active disease she was
started on tofacitinib 5§ mg twice a day. Within 6 months
following tofacitinib initiation, she had significant improve-
ment in her disease activity, which improved further at the
1-year post-tofacitinib evaluation: PGA improved from 5 to
1.8, CMAS from 21 to 49, MMT8 from 142 to 149,
CDASI from 21 to 7, DAS from 15 to 7.5, extramuscular
activity from 5.3 to 1.6, and CHAQ from 1.6 to 0.
Aldolase decreased from 10.1 to 4.9 U/l. She achieved mod-
erate improvement in disease activity by the ACR/EULAR
Response Criteria for JDM (Rider et al., 2017), with a
Total Improvement Score of 60. She had improved pulmon-
ary function tests with DLCO of 65% predicted value,
along with improved reticular and ground glass opacities
and increased lung aeration on high-resolution CT. Repeat
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Figure | Twenty-eight gene IFN scores in peripheral blood and phosho-STAT signal in PBMCs pre- and post-treatment with
tofacitinib. (A and C) Twenty-eight-gene interferon (IFN) scores in Patient | (A) and Patient 2 (C) in comparison with healthy and disease

controls. (A) Patient | at |8 months and 7 months pre-treatment (red dots), and 9 months and |5 months post-treatment (black dots). (C)

Patient 2 at 24 months, 18 months and 2 months pre-treatment (red dots), and 5 months and 12 months post-treatment (black dots). Time in
months in relation to tofacitinib start date is shown as plus or minus number of months. (B and D) Overlays of flow cytometry histograms of
phospho-STATs (pSTAT ) signal in unstimulated (tinted) and indicated cytokines-stimulated (solid) peripheral blood mononuclear cells (PBMCs)
from a healthy control and from Patient | (B) and Patient 2 (D) pre- and post-treatment samples. Gating was on CD4 + T cells or monocytes by

forward scatter (FSC) versus side scatter (SSC).

MRI showed resolution of myofascial oedema. Arthritis
and digital ulcers resolved (Fig. 2D), and the extent of
calcinosis decreased from 14.4% of involved body surface
area to 7% body surface area 12 months post-treatment. A
repeat 28-gene IFN score 12 months post-tofacitinib treat-
ment decreased to 117 (Fig. 1C). On tofacitinib therapy,
the upregulation of STAT1 phosphorylation in patient’s
CD4 + T cells stimulated with IL-6 and IL-21 and mono-
cytes stimulated with IFNy reverted to the healthy control
level (Fig. 1D). Daily prednisone was decreased from 30 to
10 mg and cyclophosphamide was discontinued. There
were no notable adverse events while on tofacitinib.

Discussion

We report two patients with anti-MDAS autoantibody-
positive refractory JDM who received the JAK inhibitor,

tofacitinib, and improved clinically in the disease activity
of their muscles, skin and other target organs, achieving
moderate improvement by the ACR/EULAR Myositis
Response Criteria for JDM (Rider et al., 2017). Both pa-
tients had remarkable improvement of ILD, including im-
provement in pulmonary function tests and high-resolution
CT findings, and peripheral calcinosis improved in one pa-
tient (Patient 2). Both patients demonstrated a significant
decrease of a 28-gene IFN score from levels comparable to
patients with monogenic type I interferonopathies to levels
closer to those seen in healthy controls (Fig. 1A and C).
Tofacitinib inhibits signalling of type I and II cytokine re-
ceptors which bind to Tyk2, Jakl, Jak2 and Jak3 and
block signalling by IL-2, IL-4, IL-15, IL-21, IFN-y, IL-6,
and to a lesser extent IL-12, and IL-23 (Leonard and
O’Shea, 1998). As a result of this broader activity, tofaci-
tinib impairs differentiation of CD4+ T helper cells (Th1
and Th2), and limits the generation of pathogenic Th17



e59 | BRAIN 2019: 142; |-5

Letter to the Editor

Figure 2 Lung high-resolution CT in Patient | and cutaneous findings in Patient 2, pre- and post-treatment with tofacitinib.
(A) Lung view HRCT of Patient | showing bilateral lower lobe reticular nodular infiltrates and ground glass opacities |7 months prior to starting
tofacitinib therapy. (B) Lung view HRCT of Patient | showing near resolution of infiltrates and ground glass opacities |16 months after tofacitinib
therapy. (C) Palmar surface of right hand with erythema and ulcerations prior to tofacitinib therapy in Patient 2. (D) Palmar surface of right hand
with complete resolution of erythema and ulceration 12 months after tofacitinib therapy in Patient 2.

cells. Our data show that in both patients treated with
tofacitinib, STAT1 phosphorylation of CD4 + T cells and
monocytes stimulated with multiple cytokines improved to
levels comparable to healthy controls, underscoring that the
immune modulating effect of tofacitinib is broader than
inhibition of type I IFNs (Fig. 1B and D). Both treatment
refractory patients were able to wean or discontinue pred-
nisone therapy and/or other immunosuppressive medica-
tions. JDM patients with anti-MDAS autoantibody
associated ILD are often refractory to therapy. The disease
course is associated with significant morbidity and risk of
fatality (Kobayashi et al., 2015) and therapeutic options are
currently lacking. These cases underscore the potential util-
ity of JAK inhibition in anti-MDAS autoantibody positive
JDM patients.
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