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ABSTRACT

Importance: Type | interferon (IFN)-mediated
monogenic autoinflammatory disorders (inter-
feronopathies) are childhood-onset rare multi-
systemic diseases with limited treatment
options. The Janus kinase (JAK) inhibitors are
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promising potential therapeutic candidates for
immune-mediated chronic inflammatory skin
diseases.

Objective: To review the use of JAK inhibitors
to improve decision-making when treating
interferonopathies with cutaneous
manifestations.

Evidence Review: The MEDLINE, EMBASE,
CINAHL, Scopus, and Web of Science databases
were searched for studies that used JAK protein
inhibitors to treat IFN-related monogenic dis-
eases with cutaneous manifestations in
humans. The search results are reported using
the scoping review approach.

Findings: Seventeen open-label studies assess-
ing the efficacy of ruxolitinib, baricitinib, or
tofacitinib reported wvariable responses in
patients with chronic atypical neutrophilic
dermatosis with lipodystrophy and elevated
temperature (CANDLE) and related syndromes,
stimulator of IFN genes [STING]-associated vas-
culopathy with onset in infancy (SAVI), familial
chilblain lupus (FCh-L), gain-of-function
mutations of STAT1 (GOF-STAT1), or Aicardi-
Goutiéres syndrome. JAK inhibitors improved
clinical and analytical parameters and decreased
flare numbers, plasma inflammatory markers,
and expression of IFN-stimulated genes. BK vir-
emia and upper respiratory infections were the
most frequent and severe adverse events. Sig-
nificant heterogeneity in efficacy assessment
methods and poor reporting of safety events
were detected.
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Conclusions and Relevance: Evidence of the
use of JAK inhibitors in patients with inter-
pheronopathies is scarce and of low method-
ological quality. Future clinical trials should use
validated scales and report drug safety in a more
accurate way.

Keywords: CANDLE; SAVI; Familial chilblain
lupus; JAK inhibitors; Autoinflammatory
diseases; Interferon pathway; Ruxolitinib;
Baricitinib; Tofacitinib

Key Summary Points

Evidence on efficacy of Janus kinase
inhibitors in patients with
interpheronopathies is scarce and of low
methodological quality.

Future clinical trials should use validated
scales and report drug safety in a more
accurate way.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to: https://doi.org/10.6084/
m9.figshare.14237444.

INTRODUCTION

Type I interferon (IFN)-mediated monogenic
autoinflammatory disorders (type [ interfer-
onopathies) comprise a genetically and pheno-
typically heterogeneous group of
autoinflammatory and autoimmune disorders
characterized by constitutive activation of the
antiviral type I IFN axis [1]. This activation is
multifactorial, as in the case of lupus erythe-
matosus, or is associated with monogenic,
autosomal dominant, or recessive mutations

2].

There are several monogenic interfer-
onopathies that cause significant morbidity and
mortality from early stages of life, as well as skin
involvement. Stimulator of interferon genes
[STING]-associated vasculopathy with onset in
infancy (SAVI, ORPHA:425120) is a monogenic
interferonpathy due to a mutation in
TMEM173. Patients present feet and hand
involvement showing rash, blisters, pustules, or
telangiectasia, in addition to fever flares, vas-
culitis, stunted growth, interstitial lung disease,
or lymphadenopathy [2-5]. Chronic atypical
neutrophilic dermatosis with lipodystrophy and
elevated temperature (CANDLE,
ORPHA:325004) is an interferonpathy related
with proteasome dysfunction. Clinical features
include cutaneous rash, acral perniosis, and
annular and disseminated plaques or violaceus
edema around the mouth and eyelids associated
with fever flares. Joint swelling and arthralgia
are also observed. A characteristic phenotype
includes facial lipodystrophy, a protruding
abdomen, and stunted growth [2, 6-8]. Familial
chilblain lupus (FChL, ORPHA:481662) is an
autosomal dominant condition due to a muta-
tion in the three prime repair exonuclease 1
gene (TREX1) or in the SAM and HD domains
containing  deoxynucleoside  triphosphate
triphosphohydrolase 1 (SAMHDI) or STINGI,
respectively. Clinical features include chilblain
acral lesions, fever, and interstitial lung disease
[2, 9, 10]. Other important interferonopathies
include Aicardi-Goutieres syndrome
(ORPHA:51), Singleton-Merten = syndrome
(ORPHA:85191), and gain-of-function muta-
tions of STATI (GOF-STAT1) and SKIVL2, an
unfolded protein response or spondyloenchon-
drodysplasia, where neurologic, immunologic,
hepatologic, or rheumatologic conditions are
associated with chilblain, panniculitis, psoria-
sis, oral and genital ulcers, hair disorders, and
acrocyanosis, respectively [11, 12].

Different treatments, most of which involve
immunosuppressants, have been employed
with an irregular response. Corticosteroids have
shown moderate or partial success in CANDLE
[6] and SAVI [13], but have not been used in
FCh-L [10]. Methotrexate has been reported to
produce partial improvement in CANDLE cases
[14] without affecting the evolution of FCh-L
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[10]. The use of cyclosporine and azathioprine is
anecdotal, while isolated cases of CANDLE and
SAVI treated with tumor necrosis factor alpha
(TNFa) inhibitors have shown poor responses
[13]. Immunosuppressants (biologic disease-
modifying antirheumatic drugs) used to treat
other interferonopathies have been shown to
lack effectiveness or cause toxicity [11, 12].

Because the major signaling pathway acti-
vated by IFNs is the Janus kinase/signal trans-
ducer and activator of transcription (JAK/STAT)
pathway [3], drugs inhibiting this pathway
represent a therapeutic opportunity to these
patients. In recent years, drugs inhibiting dif-
ferent proteins of the JAK/STAT pathway have
been developed; some act specifically on a sin-
gle component (e.g., filgotinib, JAK1; pacritinib,
JAK2; decernotinib, JAK3) and others on several
components (e.g., tofacitinib, JAK1 and JAKS3;
ruxolitinib and baricitinib, JAK1 and JAK2) [15].

The aim of this study was to report the cur-
rent evidence of JAK inhibitor treatment in
autoinflammatory IFN-related monogenic dis-
eases with cutaneous manifestations using
scoping review methodology [16].

METHODS

Protocol Design

The protocol for the scoping review protocol
used in this study has been previously published
[17]. The study was conducted and reported
using the methodology described in the Joanna
Briggs Institute Reviewer’s Manual [18] and the
PRISMA Extension for Scoping Reviews [19],
respectively. When necessary, the authors of the
included articles were contacted to obtain more
data or clarify issues.

Eligibility Criteria

Studies that have used JAK protein inhibitors to
treat IFN-related monogenic diseases with
cutaneous manifestations in humans were
included in the review. There were no restric-
tions regarding age, ethnicity, study design, or
any other characteristics. IFN-related

monogenic disease studies were included if
written in English, involved human partici-
pants, and described the conditions formulated
in the research question, regardless of publica-
tion date or format. Articles were excluded if
they did not fit into the conceptual framework
of the study. Non-scientific reviews and opinion
articles were excluded.

Literature Search

Strategies for the literature search and eligibility
criteria are described in detail in the Supple-
mentary Methods of the Electronic Supple-
mentary Material (ESM).

Data Charting

A data charting form was jointly developed by
two authors to determine the wvariables to
extract. These reviewers independently charted
the data, discussed the results, and continu-
ously updated the data charting form in an
iterative process. Finally, variables related to
patients (disease, drug, treatment response, and
safety profile) and to the study design and
metadata from primary sources were reported.

Collating, Summarizing and Reporting
Results

The comprehensive search results are presented
using a PRISMA flow diagram and references
and primary studies are displayed by drug. After
data extraction, a narrative and qualitative
synthesis of references, studies, efficacy, and
safety data was elaborated.

Compliance with Ethics Guidelines

This scoping review relates to previously con-
ducted studies, and does not involve any new
human or animal studies performed by the
authors.
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Protocol versus Overview

Our planned search strategy in the published
protocol was compared to the final reported
review methods.

RESULTS

Search Results

We found 4897 articles on the use of drugs
targeting the JAK/STAT pathway in the treat-
ment of dermatological diseases. After filtering
duplicates and selecting studies according to
title, abstract, and keywords, 22 studies met the
criteria for full-text review. Three more articles
were included after reviewing the references of
other studies and conducting manual searches
(Fig. 1). After applying the inclusion criteria,

only 17 studies were included in the scoping
review (Fig.1). Data related to the country,
study and publication type, number of authors,
and funding across all studies are presented in
ESM Table S1. Lists of included and excluded
articles and reasons for exclusion are given in
ESM Tables S2 and S3. The JAK inhibitor drugs
included in this review were baricitinib, ruxoli-
tinib, and tofacitinib.

Baricitinib

Six articles mentioning baricitinib were identi-
fied [11, 12, 20-23], and all were observational
studies, including three case series and three
case reports published in journals related to
rheumatology, general medicine, immunology,
and dermatology. The articles were written by
an average of 26.56 (range 6-55) authors from

EMBASE EMBASE & Medline Medline

1,048 Citation(s) 1,108 Citation(s) 41 Citation(s)

Records identified by hand searching and through other resources

3 Citation(s)

T~/

22 Records identified after filtering by title, abstract and keywords

Inclusion/Exclusion
Criteria Applied

-Ex vivo evaluation of response to JAK inhibitor (2)

88 Articles excluded, with reasons:
-Non treatment with JAK inhibitors (2)

-No clinical results (3)

-Not a systematic review (1)

A
17 Articles Retrieved

Inclusion/Exclusion

Criteria Applied

0 Articles Excluded
After Full Text Screen

0 Articles Excluded
During Data Extraction

A

17 Studies Included in qualitative synthesis (6 ruxolitininib, 6 baricitinib, 5 tofacitinib)

Fig. 1 PRISMA flow diagram.J4K Janis kinase
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the USA (n = 2), the Netherlands (n = 2), Bul-
garia (n = 1), and Germany (n = 1). In one of six
articles, the authors declared a conflict of
interest. One article had private funding (Elli
Lilly, Indianapolis, IN, USA) and one had public
(US National Institutes of Health [NIH],
Bethesda, MD, USA) funding (ESM Table S1).

Mapping Studies

Two clinical trials on the use of baricitinib to
treat patients with interferonopathies were
identified that were registered in November
2012 and November 2016 (NCT01724580 and
NCT02974595, respectively).

Efficacy and Safety
Twenty-four patients with diagnoses of CAN-
DLE (n =11), SAVI (n=4), CANDLE-like syn-
drome (n = 3), FCh-L due to TREX1 deficiency
(n = 3), GOF mutations of STAT1’ (n=1), and
Aicardi-Goutiéres syndrome (n = 2) were inclu-
ded. Of 11 patients with CANDLE syndrome,
nine showed improvement in the daily diary
score (DDS) and/or reduction in the use of
prednisone. Four of those 11 patients with
CANDLE syndrome had increased remission
time. Baricitinib was used for an average of 39.5
(18-58.8) months at doses of 0.10-10 mg/24 h.
In terms of safety, infections (BK viremia/respi-
ratory tract infections) were frequently found.
On average, patients with SAVI received
treatment with baricitinib for 29.6 (range
18.2-31.9) months at doses of 2-10 mg/24 h.
One patient experienced a decrease in the DDS.
Decreased prednisone use and remission were
not reported in this case. Respiratory tract
infections were the most frequent adverse
events. The treatment was administered to four
patients presenting CANDLE-related conditions
for 17.5 (range 2-37) months at doses of
0.5-9 mg/24 h; one, two, and zero patients
presented improved DDS, decreased use of cor-
ticosteroids, and remission, respectively. These
patients experienced more adverse effects,
including infectious and cerebrovascular or
coagulation issues. Patients with FCh-L were
treated on average for 3 months at doses of
4mg/24h. All patients achieved marked
improvement in cutaneous involvement and

relief of joint pain. The most common adverse
effect was repeated mild respiratory infections.
Patients suffering from Aicardi-Goutieres
syndrome and GOF mutations of STATI' syn-
drome were treated at doses of 2 mg for 8 and
18 months, respectively. In both cases, skin
improvement was observed. No adverse events
were described in these patients (Table 1).

Ruxolitinib

Mapping Studies

Two full texts, three letters to the editor, and
one congress abstract of a case series or case
reports using ruxolitinib were published in
immunology (n = 3) and two in rheumatology
journals (n = 2) [9, 10, 13, 24-26]. On average,
14 (range 1-27) authors located in Australia,
France, Italy, and Greece contributed to each of
these studies. None of the studies were regis-
tered. In one of the studies, one of the authors
declared a conflict of interest. Four studies had a
public funding source and one study included
both public and private funding. One study did

not provide funding information (ESM
Table S1).
Efficacy and Safety

Nine patients were included in these studies
(eight with SAVI and one with FCh-L due to
TREX1 deficiency). The mean time of treatment
was 13 (6-32) months. The ruxolitinib dosage
range was 0.25-1.3 (range 2.5-10 mg/12 h) mg/
kg/day. All patients showed improvement in
clinical and respiratory symptoms. However,
respiratory symptoms worsened after treatment
in three cases and one patient died. Six adverse
effects were reported with ruxolitinib, including
respiratory infections, BK viremia, and hyper-
capnia-induced cerebral edema in three
patients, respectively (Table 2).

Tofacitinib

Mapping Studies

Five case series or case report articles (2 full text
articles, 2 congress abstracts, and one 1 letter to
the editor) were published in rheumatology
(m=3) and allergy-immunology (n=2)
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Baricitinib Tofacitinib Ruxolitinib

12 16
# study (1) 17 8 7 1 5 4 9 13 14 (15) 2 3 10 6
Year 2018 2019 2019 2018 2019 2017 2018 2017 2017 2020 2016 2018 2016 2018 2017
Disease Total
SAVI - - - - - - 1 1 2 - - - 1 1 16
CANDLE 10 - - - 1 - 1 - - - - 5 - @ & 13

CANDLE-
related

FCh-L =

GOF
STAT1

Aicardi-
Goutiéres - - 1 - = - - = = = = = s . _ 1
S.

Gene
ISG15
IFI44L
IFIT1
RSAD2
IFI27
SIGLEC1
MX1
IFl44
IFIT3
LY6E
CXCL10
GBP1
IFNAT
CXCL9
IRF7
DDX60

'
NN W A O e o N

HERC5
HERC6
IFI6
IFIT2
IFITS
LAMP3
OAS1
OAS2
OAS3
OASL
RTP4
UsPi8
SPATS2L
EPSTI1
Total 25 7 5 2 0

Included in gene expression analysis Bold letters=Validated gene
Not included in gene expression analysis

Fig. 2 Studies that have assessed the expression of interferon target genes as a tool to evaluate treatment response. See
footnote to Table 1 for definitions of SAVI, CANDLE, FCh-L and GOF-STAT1
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journals [27-31]. On average, 10.4 (range 5-18)
authors located in Germany, Russia, Italy,
China, and South Korea contributed to each
study. None of the studies were registered. Two
authors declared a conflict of interest for
receiving public funding. Two of the studies
received public funding, while a third received
private and public funding (ESM Table S1).

Efficacy and Safety

Seven patients were included in these studies (4
with SAVI, 2 with FCh-L with gain-of-function
in STING, and 1 with CANDLE). Tofacitinib
dosage range was 5-10mg/day. All patients
showed cutaneous improvement, reducing pain
and discomfort. Lipodystrophy reduction and
hair regrowth were reported in the patient with
CANDLE. One of four patients with SAVI
showed pulmonary symptom relief and two
showed rash improvement with tofacitinib
treatment. Adverse effects were reported in only
two patients. An increase in creatine kinase and
low-density lipoprotein cholesterol plasma
levels was found in one case (Table 3).

Standardized Type-I INF-Response Gene
Score

An INF signature (the INF-Response Gene Score
[IRG-S]), using nanostring technology based on
the expression of 28 target genes, was developed
and validated by Kim et al. [32] to have a reli-
able and standardized readout to evaluate the
severity and treatment response for type I
interferonopathies. Nine of the 17 studies
assessed the expression of INF target genes as a
tool to evaluate treatment response. Overall, a
maximum of seven genes were tested in these
studies, with different genes tested in each
study, with the exception of one study in which
25 of the 28 genes included in the IRG-S were
tested (Fig. 2) [22].

DISCUSSION

This is the first scoping review on the use of JAK
inhibitors in monogenic type [ interfer-
onopathies, and it provides an overview of

currently available research evidence based on
observational studies, most of which are cases or
case series. The majority of evidence is derived
from non-registered studies conducted in the
USA and European countries and supported by
private—public collaborative funding. In terms
of treatment efficacy, baricitinib, ruxolitinib,
and tofacitinib showed variable clinical and
analytical improvement in most patients with
these monogenic diseases, with cases of patients
with CANDLE or SAVI being the most com-
monly reported. With the exception of studies
that were registered, a low systematization was
identified in both the conduct and reporting of
these studies, making it difficult to synthesize
their results. Specifically, the reporting of
adverse events was poor. These deficiencies were
more evident when the cases were reported in
abstract form.

SUMMARY OF FINDINGS

First, related to diagnosis, Sanchez-Montalegre
et al. [22] establish criteria to define a group of
patients with CANDLE-related conditions that
may classify patients with undetermined inter-
pheronopaty. This may be very helpful in cases
where patients present incomplete forms of the
disease or to guide diagnoses in this type of rare
disease. Second, related to severity measure-
ment for these diseases, a DDS, a daily specific
scale, was used to assess patients with CANDLE
and SAVI in above-mentioned study. The
authors of a study that explored its validity
came to the conclusion that the outcome mea-
sures in SAVI should be further refined and
validated across other outcome measures in
unrelated pediatric inflammatory diseases [33].
Widespread use of the standardized type I IRG-S
would make it possible to measure severity and
treatment response for these diseases [32, 34],
improving replicability and making comparison
across studies feasible. Third, related to risk/
benefit, important conclusions could not be
drawn given the small patient numbers and
follow-up times due to illness. Generally, most
patients experienced improvement with these
drugs, except for a group treated with barici-
tinib and defined as having CANDLE-like
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syndrome. However, as previously mentioned,
an efficacy measurement was not performed in
most cases with a scale that allowed a compar-
ison of results. Thus, although a possible pub-
lication bias has not been studied, there is
evidence of the preferential publication of
favorable treatment results, and this must be
taken into account when evaluating that the
efficacy of the treatment [35]. Fourth, regarding
safety, mild-moderate respiratory infections and
BK viremia were the most frequent adverse
events, without any apparent differences across
drugs and diseases. Finally, related to the study
methodology, to our knowledge baricitinib was
the only drug tested in registered clinical trials.

Strengths and Limitations

This scope review was conducted and reported
based on an a priori protocol, using the latest
methodology for conducting and reporting this
type of study. Two authors selected the articles
for inclusion and extracted the data. The num-
ber of databases consulted was wide and authors
were contacted when necessary, thus ensuring
more reliable research results and increasing the
internal validity. However, due to time and
funding, the study was limited to articles pub-
lished in English. Since this study was a sub-
study, the three-step search strategy was not
research-specific, so some studies might have
been missed. Furthermore, despite best efforts,
information on all consulted cases was not
obtained. Finally, the risk of bias of the included
studies was not evaluated, nor was a quantita-
tive synthesis performed on the evidence found.

Research Gaps

Evidence on the use of JAK-STAT pathway
inhibitors in interferonopathies was scarce, but
is increasing. To date, the methodology used in
these studies was of a low quality; most studies
were observational. Although specific efficacy
scales have been developed and validated, they
were not applied in most studies. Collection of
adverse events should be systematized. Overall,
clinical improvement was observed in patients,
regardless of disease type and treatment used,

and with a safety profile in which mild-moder-
ate respiratory infections and BK viremia were
notable. However, these findings should be
interpreted with caution.

CONCLUSIONS

Studies with a more robust methodology, such
as clinical trials, are necessary to evaluate effi-
cacy and safety of JAK inhibitors in patients
with interpheronopathies. It is advisable to
standardize outcomes evaluated and time-
points for evaluating efficacy and to report drug
safety ina more systematic and accurate way.
Finally, efforts should be made to make these
treatments accessible to developing countries.
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