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and Steven Thng?

Vitiligo is a chronic skin condition caused by an autoimmune response that results in the
progressive loss of melanocytes and recent studies have suggested that Janus kinase
inhibitors (JAKi) are emerging as a promising new treatment modality. Therefore, to assess
and understand the extent of knowledge in the emerging field of JAKi use in vitiligo, a
scoping review of the literature was undertaken. The reviewed articles explored a wide
variety of JAKi administered either orally or topically for vitiligo. There were no injectable
JAKIi studied. Tofacitinib was the most commonly studied oral JAKi in 16 of the 35 studies
selected for review, followed by baricitinib (n = 3), and one study each with ritlecitinib,

ruxolitinib, and upadacitinib. Ruxolitinib (n = 6) and tofacitinib (n = 6) were the most often
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studied topical JAKIi, followed by delgocitinib (n = 1). Potential benefits may vary between
JAKi based on their receptor selectivity profile and coexistent autoimmune diseases. A
topical JAKi would be advantageous in limited body area involvement and in adolescents.
Concurrent use of JAKi with phototherapy or sun exposure appears beneficial. Most
studies permitted the use of other topical agents. Acne-related events, though frequent yet
mild, were reported with both oral and topical JAKi. Nasopharyngitis, upper respiratory tract
infections, and headaches were the most common adverse effects seen in the larger trials
with JAKi. No serious or clinically meaningful hematology or thromboembolic events were

detected. Treatment of vitiligo with oral or topical JAKi seems to be promising and the
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Introduction

Vitiligo is a chronic, depigmenting skin disorder caused by an
autoimmune response that results in the progressive loss of
melanocytes. The pathogenetic mechanisms involved in the
destruction of melanocytes and the resultant depigmentation
are complex and varied, with nhumerous genetic markers, oxida-
tive stress, and cytotoxic lymphocytes, among several other
mechanisms.” Recent developments describe vitiligo as a
condition mediated by T-helper cells that infiltrate the
dermal-epidermal junction and participate in the destruction of
melanocytes, leading to the loss of pigmentation.

Janus kinases (JAKs) are enzymes belonging to the family of
tyrosine kinases and bound to the intracellular domains of type |
and type Il receptors. Type | receptors bind several interleukins,
colony-stimulating factors, and hormones such as erythropoie-
tin, prolactin, and growth hormone. Type Il receptors bind pro-
inflammatory interferons and cytokines. JAKs transmit signals

growing evidence shows a favorable risk-benefit profile.

arising from cytokine-receptor interactions on the cellular mem-
brane to influence cellular processes and immune cell function.
This signaling occurs through the pairing of JAKSs, specifically
through combinations such as JAK1/JAK3 and JAK1/JAK2,
among others. Within the signaling pathway, JAKs phosphory-
late and activate signal transducers and activators of transcrip-
tion (STATs), which modulate intracellular activity, including
gene expression. There are four different types of JAKs (JAK1,
JAK2, JAKS3, and TYK2) and seven different STATs (STATI1,
STAT2, STAT3, STAT4, STAT5A, STATS5B, and STATS), which
can variously combine and give rise to different biologic cas-
cades. Janus kinase inhibitors (JAKi) are typically designed to
block the specific adenosine triphosphate (ATP) binding pocket
of JAKs, preventing the phosphorylation and activation of
STATSs, ultimately leading to a reduction in JAK-STAT signaling
and dampening the inflammatory effect (Figure 1).2°®

An existing scoping review on the potential use of JAKi for
the treatment of vitiligo” was available at the time this review

International Journal of Dermatology 2024, 63, 1020-1035 © 2024 The Authors. International Journal of Dermatology published by Wiley Periodicals LLC

on behalf of the International Society of Dermatology.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.


https://orcid.org/0009-0000-8070-8735
https://orcid.org/0009-0000-8070-8735
https://orcid.org/0009-0000-8070-8735
https://orcid.org/0000-0002-0155-8642
https://orcid.org/0000-0002-0155-8642
https://orcid.org/0000-0002-0155-8642
https://orcid.org/0000-0002-5980-5319
https://orcid.org/0000-0002-5980-5319
https://orcid.org/0000-0002-5980-5319
mailto:ruki@mail.com
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fijd.17157&domain=pdf&date_stamp=2024-04-12

Utama, Wijesinghe, and Thng Janus kinase inhibitors for vitiligo Review Article

JAK-mediated
phosphorylation

r y
Ay Activation of
Dimerised gene transcription
STAT

A A

A
IL15Ra oo ®
O ® CXCR3
® o CXCL9 A -~
CXCL10
CXCL11

Activated
CD8+

Figure 1 Pathophysiology of vitiligo and the role of JAK inhibitors."®*” Damage to melanocytes, triggered by genetic factors, oxidative
stress, or autoimmune factors, promotes cytokine secretion and antigen presentation. I_
T cells resulting in the
ireugRNanuSIKiTasENUAKI/S)ISIGREIAG! |FN-v, in turn,
binds to its cell surface receptor (IFN-yR) and stimulates the transmembrane protein kinase JAK, initiating self-phosphorylation. Following this
event, phosphorylation and dimerization of signal transducers and transcription activators (STAT)s take place, activating the JAK-STAT
pathway via JAK1/2 signaling and initiating gene transcription, ultimately propagating autoimmune destruction and depigmentation of
melanocytes. JAK1 expression is found to be higher in the lesional skin of vitiligo patients. Furthermore, IFN-y facilitates the production of
CXC chemokine ligands (CXCL9, CXCL10, and CXCL11), responsible for the recruitment of autoreactive effector CD8" T cells through their
cognate CXC chemokine receptor 3 (CXCR3) to target melanocyte destruction. CXC chemokine ligands and CD8" T cells are found in higher

numbers in vitiigo patients and correlate with disease activity. JAKIRNIBIOSINENVENEIVIIGOPAOUSNESISIbyAETGeNaNENNECIVATOno!

was conducted; however, since then, a topical JAKi has been
approved for the treatment of vitiligo. Thus, gaining a compre-
hensive understanding is crucial for establishing a well-informed
assessment of the efficacy and safety profile of JAKIi, as well as
their application in the treatment of vitiligo.

Methods

Study design and objectives

A systematic scoping review was undertaken in accordance
with the PRISMA-ScR framework® and a protocol published
for scoping reviews.? The review aimed to organize the

available literature with regard to the efficacy and safety of
JAKi in the treatment of vitiligo, identify potential gaps in the
evidence, and generate new queries that can be explored
further.

Eligibility criteria

Publications reporting approved or off-label use of JAKIi, with or
without concomitant therapy, and in humans for the treatment
of all types of vitiligo, designed as randomized controlled trials,
observational studies, cross-sectional studies, case series, or
case reports, were included. Literature reviews, animal studies,
in vitro studies, and gray literature were excluded.
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Search strategy and data extraction

MEDLINE and EMBASE databases were searched by two
authors (AU and RW) independently for articles from inception
to May 30, 2023, using the following search query: (“jak
inhibitor” OR “Janus kinase inhibitor”) AND (“vitiligo” OR
“Hypopigmentation” OR “hypomelanosis”). The text was
analyzed, keywords identified, and the search was repeated
using additional databases, including CINAHL, Scopus, and
Web of Science, until August 31, 2023. Other relevant articles
were sourced by examining the reference lists of all selected
articles. The search was limited to full-text articles written in
English. See Table S1 for the detailed search strategy. The
articles searched were exported to the EndNote reference
manager, and those deemed eligible were selected for full-text
examination. AU and RW conducted the data extraction
process according to a predefined charting template. The
quality of evidence and risk of bias in all studies that met
eligibility for inclusion was assessed using the GRADE
criteria.®

Extracting and charting results
Figure 2 illustrates the PRISMA flow diagram of the process of
study selection. A total of 35 studies were identified for the
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review (Table 1). The majority were observational (n = 25), and
others were experimental (n = 10). Additional information is
presented in Tables S2 and S3.

Discussion

Lesion location and repigmentation response

The goal of vitiligo treatment varied from stabilizing the disease,
achieving repigmentation, and/or preventing recurrence. All topi-
cal JAKi identified were studied on the face except delgocitinib.
The treatment duration ranged from 2 to 60 months in observa-
tional studies and up to 52 weeks in experimental studies. The
assessment of JAKIi efficacy was conducted through validated
scales and subjectively using terms such as “significant repig-
mentation” and “much improved,” rendering a comparison of
efficacy impractical.

Ruxolitinib 1.5% cream, the first and only JAKi approved for
the treatment of vitiligo in adults and children over 12 years old, "’
when applied twice daily, exhibited more pronounced repigmenta-
tion in facial lesions, with responses seen as early as 4 weeks.
The disease duration or disease activity at baseline may not be a
factor in determining the response.'? Facial repigmentation
improved significantly with an extended 32-week treatment in

] [ Identification of studies via other methods ]

Records identified in hand search
through reference lists
(n=2)

Identification of studies via databases
- Records identified from:
o
§ Medline (n = 98) Dup(licat;ess; S;z)amoved before screening:
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Figure 2 PRISMA flowchart of scoping literature.
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those who opted for concomitant narrow band ultraviolet B
(NBUVB)."® Near-complete facial repigmentation achieved with
oral ruxolitinib reversed following discontinuation.™

Oral tofacitinib monotherapy achieved near-complete fore-
head repigmentation,'®'® with facial lesions responding earlier
in as much as 4 weeks'” and up to 5 months,'® with the
response  being  maintained for another 3 months
postdiscontinuation.'”” Complete repigmentation seen on
face,19'2°
concomitant phototherapy. Two months post oral tofacitinib initi-
ation,  significant improvement occurred in  formerly
treatment-resistant lesions on bilateral dorsal hands.?’

A case of restarting oral tofacitinib with a lower dose after

scalp,'® elbow, and hand and leg® lesions required

discontinuation for 1 month maintained the JAKi response.2°
Authors suggested that high doses achieve suppression of
immunity and low doses promote melanocyte regeneration®?
and help avoid unwanted systemic adverse effects.?® Neverthe-
less, for treatment-refractory vitiligo, a higher dose or longer
duration of treatment may be needed.?*

Topical tofacitinib was tried in adolescents for bilateral upper
eyelid vitiligo associated with eyelash leukotrichia,?® refractory
acrofacial vitiligo,?® and chin and neck lesions in combination
with phototherapy,?” with favorable results. Topical tofacitinib
was also used in combination with topical steroids or calcineurin
inhibitors for refractory vitiligo, with better improvement
observed in facial areas.®

The thinner epidermis on the face may facilitate rapid and
complete absorption of topicals further enhanced by sun
exposure.'>2® The higher density of hair follicles on the face
leads to higher repigmentation rates compared to hands and
feet with a lower density.""

Mixed results were seen with the use of topical delgocitinib,
which were attributed to variations in skin thickness, disease
duration, and areas with sun exposure. The authors proposed
that treatment on thickened skin (i.e., elbow) would be more
effective with occlusion, higher concentrations, or frequent appli-
cation of a topical JAKi. Starting a JAKi early on and on active
disease may also yield better results.*°

Interestingly, three patients achieved repigmentation on their
untreated eyelids following the application of ruxolitinib cream to
the skin adjacent to the eyelids.'®3' Authors suggested that
JAKi decreases the inflammation of the normal-appearing peri-
lesional skin, enabling periocular repigmentation of the
eyelids.'® Those followed up post discontinuation of ruxolitinib,
maintained response to a maximum duration of 10 months."®
Conversely, two patients developed new lesions in untreated
areas, while treated areas remained the same.'®

Combination light therapy

The synergistic use of JAKi with phototherapy or sun exposure
was explored in several studies and is supported by the hypoth-
esis that repigmentation requires a dual approach involving

Utama, Wijesinghe, and Thng

immune suppression by JAKi and melanocyte stimulation
through low-dose phototherapy or sun exposure.

For successful oral tofacitinib treatment, concomitant sunlight
or phototherapy exposure, retreatment following discontinuation,
and maintenance monotherapy in those previously exposed to
light may be beneficial.'®8#22* Qral tofacitinib, in combination
with NBUVB, was also effective in treating those with refractory
vitiligo with poor response to conventional therapies.®® How-
ever, there are reports'®232* of poor to no response on acral
lesions despite achieving overall repigmentation while on oral
tofacitinib and phototherapy.

The combination of low-dose tofacitinib and excimer light
resulted in higher repigmentation rates, including face and eyelid
areas,?® compared to the combination with NBUVB.2* In another
study, NBUVB microfocused phototherapy with a starting dose
set at 20% less than the minimal erythema dose (MED) was pro-
gressively increased by 20% until erythema was noted. There-
after, the irradiation dose was decreased by 20% in the following
session, achieving near-complete repigmentation in combination
with oral tofacitinib.>®> The addition of low-dose tofacitinib to
NBUVB may be useful for prior NBUVB failures.?*

Tofacitinib 2% cream in combination with NBUVB showed
the best response in the facial region.?®**% In contrast, there
was no clear pattern of response seen in a series of 16 patients
undergoing concomitant phototherapy. The authors suggested
that younger age, darker skin type, and focal disease may be
favorable prognostic indicators of this combination.2®

When oral baricitinib was tried as an adjunct to phototherapy
along with other topical treatments, patients experienced signifi-
cant repigmentation in the extremities.®® Similarly, it was noted
that the curative effect was superior on sun-exposed areas in a
patient who received oral upadacitinib.?®

Two patients who have failed prior phototherapy or topical
ruxolitinib monotherapy administered individually responded well
for truncal lesions when treated with the combination
simultaneously.'®

Suction blister sampling demonstrated that the autoimmune
response of both responding and nonresponding lesions was
inhibited during treatment, suggesting that light, rather than
immunosuppression, was the primary requirement for melano-
cyte regeneration,?® and that the patient counseling recommen-
dation of sun avoidance may be reconsidered.®"

JAKi biomarkers and treatment selection

Vitiligo, affecting those genetically predisposed, is primarily
driven by autoimmune attacks on melanocytes by CD8" T cells,
among other mechanisms. The cytokines IFN-y and IL-15 play
key roles. For example, IFN-y depends on JAK1/2 signaling to
promote the infiltration of autoreactive CD8" T cells and patho-
genic gene upregulation, whereas IL-15 depends on JAK1/3 for
the proliferation and survival of memory T cells and regulatory
T cells.®

International Journal of Dermatology 2024, 63, 1020-1035 © 2024 The Authors. International Journal of Dermatology published by Wiley Periodicals LLC

on behalf of the International Society of Dermatology.
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Table 2 JAK inhibitors studied in the treatment of vitiligo and
their target kinases.®®

Target kinase Inhibited cytokine

JAK inhibitor  family JAK selectivity receptor
Baricitinib JAK1, JAK2 Nonselective IFN-y
Delgocitinib JAK1, JAK2, Nonselective IFN-y, IL-15
JAKS, TYK2

Ritlecitinib JAKS3, TEC Selective IL-15
Ruxolitinib JAK1, JAK2 Nonselective IFN-y
Tofacitinib JAK1, JAK3 Nonselective IFN-y, IL-15
Upadacitinib JAK1 Selective IFN-y

IFN-y, interferon-gamma; IL, interleukin; JAK, Janus kinase; TEC,
tyrosine kinases expressed in the hepatocellular carcinoma; TYK,
tyrosine kinase.

Table 2 represents the JAKi investigated in the treatment of viti-
ligo, their specific target kinases, and the corresponding cytokine
receptors they inhibit. JAKi can be directed toward one or multiple
isoforms of JAKs, yet the pharmacological specificity of binding
remains uncertain. Consequently, this lack of binding selectivity
may not reliably predict consistent clinical outcomes, even when
employing JAKi that target the same JAKs.5 Nonselective JAKi
inhibit many cytokines simultaneously, and more selective inhibi-
tors may inhibit the signaling of a narrower range of cytokines.® It is
worth noting that the lack of selectivity in JAKi may raise concerns
regarding optimal dosing, safety, and clinical applications.*® There-
fore, it becomes imperative to incorporate data derived from both
clinical trials and real-world evidence to comprehensively evaluate
the efficacy and safety of treatment protocols.®

The role of JAKi biomarkers in informing the choice of treat-
ment strategies was investigated in several articles:

1 One study reported that the lack of response to tofacitinib
along with light exposure may be due to its inhibition of
JAK1/3, which leads to the process of IFN-dependent attack
of melanocytes, suggesting ruxolitinib, a JAK1/2 inhibitor,
likely being more efficacious instead.?? Similar observation
was reported when baricitinib was substituted to compen-
sate for tofacitinib nonresponse. Baricitinib, similar to ruxoliti-
nib in action, preferentially inhibits JAK1/2, suggesting
exhibiting greater efficacy than other JAKi.”

2 Authors of a clinical trial suggested that oral ritlecitinib may
decrease the production of IFN-y via an indirect mechanism
by inhibiting JAK3 and the tyrosine kinase expressed in
hepatocellular carcinoma kinase family (JAK3/TEC) and
would be a favorable choice for the treatment of large vitiligo
lesions with a body surface area (BSA) of 4%-50%.%®

3 Recent studies have shown an increased risk of vitiligo in
atopic dermatitis patients, suggesting overlapping genetic
and immune mechanisms. Upadacitinib with increased JAK1
selectivity may contribute with dual effects to provide itch
relief in atopic dermatitis and repigmentation in vitiligo.2®

Janus kinase inhibitors for vitiligo Review Article

4 Oral ruxolitinib efficacy was demonstrated by measuring a
patient’s serum CXC motif chemokine ligand 10 (CXCL10)
level, which showed a decrease in 3 months into
treatment.'® Topical ruxolitinib once or twice daily treatment
showed significant downregulation of CXCL9 and CXCL10
in serum samples.®® Similarly, oral tofacitinib treatment
decreased CD8. T-cell numbers, and CXCL9 and CXCL10
protein levels were measured in vitiligo lesions.??

Concomitant autoimmune diseases

Vitiligo has been associated with a number of other autoimmune
diseases, as well as a wide range of psychosocial difficulties,
significantly impacting the quality of life.%2° The most frequently
reported comorbidities are rheumatoid arthritis (RA), alopecia
areata (AA), atopic dermatitis (AD), psoriasis, among others.®
According to this review findings, initiation of a JAKi may
improve concomitant autoimmune conditions.

Tofacitinib was one of the earliest JAKi to be explored for the
treatment of autoimmune conditions, including vitiligo. As a
result, it has accumulated a substantial body of evidence sup-
porting its efficacy for the treatment of autoimmune conditions
beyond vitiligo, including AA, AD, RA, and psoriasis.®

1 In a patient with refractory alopecia and vitiligo, noticeable
scalp and eyebrow hair regrowth was seen 2 months after
initiation of oral tofacitinib.?" Another with psoriasis, vitiligo,
and alopecia areata universalis involving scalp, eyebrows,
and hair achieved near-complete improvement in psoriasis,
perifollicular repigmentation, and regrowth of all scalp and
body hair, with low-dose tofacitinib.2°

2 Examination of skin biopsies from individuals with AA has
identified heightened levels of JAK3, with JAK1 and JAK2
also being expressed, though to a lesser degree, indicating
a possible role for tofacitinib.® JAK3 expression is known to
be markedly increased in psoriasis as well as AD.® A case
of treatment-refractory AD, AA, and vitiligo, when treated
with oral tofacitinib, saw the greatest response in AD. How-
ever, the patient being on concurrent oral prednisolone and
topical betamethasone confounded the individual impact of
the drugs concerned. The marginal improvement seen in AA
and vitiligo was attributed to these diseases being stable at
the start of treatment.*°

3 Oral tofacitinib initiated for the treatment of RA, coinciden-
tally helped improve repigmentation of vitiligo lesions on the
hands and face after 8 months of use.'® A similar case of
tofacitinib given for RA and augmented by NBUVB micro-
phototherapy, achieved near-complete repigmentation in
several patients.>®

Besides tofacitinib, there were reports indicating the use of
ruxolitinib and upadacitinib for managing concomitant autoim-
mune disorders alongside vitiligo.

© 2024 The Authors. International Journal of Dermatology published by Wiley Periodicals LLC  International Journal of Dermatology 2024, 63, 1020-1035
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1 In a case involving a patient with AA and vitiligo, both condi-
tions improved while on oral ruxolitinib, but repigmentation
regressed while hair regrowth was maintained after
discontinuation.™

2 Using oral upadacitinib in conjunction with topical crisaborole
effectively treated both coexisting AD and vitiligo lesions on the
face and neck.2® However, crisaborole utilization as monother-
apy for vitiligo*' introduces a confounding element, complicat-
ing the assessment of individual therapy effectiveness.

Safety

Systemic JAKi with increased selectivity may have an improved
safety profile. However, this may present challenges due to the
intricate network of cytokine interactions and the widespread
presence of JAK-STAT signaling in nonimmune cells. While
expanding the therapeutic scope for various diseases, such
selectivity might inadvertently increase off-target adverse
effects.®* Treatment with a JAKi may also affect the function of
T and B lymphocytes and natural killer cells and can lead to an
increased susceptibility to infections, particularly affecting the
upper respiratory tract. Additionally, reactivation of Herpes Zos-
ter virus (HZV) and altered blood lipid profiles are commonly
reported, with a potential dose-dependent relationship.®®
Chronic infectious diseases such as viral hepatitis, HIV infec-
tions, and latent or active tuberculosis should be excluded prior
to the start of JAKi. The risk of varicella-zoster reactivation
should be addressed by pretreatment vaccination.® While JAKi
can elevate blood cholesterol levels, this rise has not been
linked to an increased risk of cardiovascular disease in clinical
studies.® Elevated serum creatinine or liver transaminase levels
have also been reported and are somewhat more common in

Table 3 Recommended pretreatment
investigations for oral JAK inhibitors.®

laboratory

Laboratory

investigation Recommendations

Complete blood count  Precaution: hemoglobin <8 g/dL, thrombocytes
<150 x 10 cells/L

Differential blood Precaution: neutrophils <1 x 10° cells/L,
count lymphocytes 0.5 x 10° cells/L

Renal function tests Creatinine, creatine phosphokinase

Liver function tests Alanine aminotransferase, aspartate
aminotransferase, gamma-glutamyl
transferase

Total cholesterol, triglycerides, low-density
lipoprotein, high-density lipoprotein
Hepatitis B and C virus serology

Lipid panel

Hepatitis B and C

HIV HIV serology
TB QuantiFERON and  Exclude latent or active tuberculosis
chest X-ray infection

HIV, human immunodeficiency virus; TB, tuberculosis.
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older patients. Currently, the relevance of increased risk of
malignancy and thromboembolic events is unclear.*® Recom-
mended baseline laboratory investigations for oral JAKi are indi-
cated in Table 3.

Mild elevations of lipid levels were reported in one s’[udy22
and fluctuations seen in another® with oral tofacitinib treatment
did not warrant interventions. Clinically significant hematology or
thromboembolic events were not found despite the black box
warning associated with cardiovascular risks, fatal blood clots,
and malignancies for all JAKi. In a 5-year trial, one patient
experienced no discernible adverse effects with oral
tofacitinib.'® Elevated baseline uric acid levels in six patients
generally trended upward for a 16-week treatment with oral
tofacitinib, suggesting a potential impact on renal function or
metabolic processes.®? However, it is not clear if these patients
were asymptomatic or presented with crystalluria.

Amid safety concerns regarding systemic JAK inhibition, cer-
tain JAKi have been investigated for topical application, aiming
to provide localized benefits while potentially mitigating
off-target systemic effects. Acne-related adverse events, though
frequent yet mild, were reported as acneiform eruptions and
transient acne in  several studies using topical
JAK; 111226282939 An adolescent who reported the worsening
of facial acne with oral upadacitinib required topical acne
treatment.2° Two patients with truncal acne revealed commen-
sal fungal species when cultured, which nevertheless resolved
with topical ketoconazole while undergoing oral baricitinib treat-
ment. The authors postulated that blocking JAK1 receptors
might cause a shift in the immune response, resulting in micro-
biome dysbiosis and susceptibility to unusual infections.*?

The development of myalgias observed following the use of
oral tofacitinib®® and topical ruxolitinib,*> and with elevations
of creatinine phosphokinase levels, were hypothesized to be a
sudden increase in myocyte differentiation and proliferation,
leading to muscle cell fragility and damage.

In the largest study with oral ritlecitinibb, common adverse
effects included nasopharyngitis, upper respiratory tract infec-
tions, and headaches. Nonmelanoma skin cancer, assessed as
unrelated to ritlecitinib with full recovery, and localized herpes
zoster, assessed as related to drug and resolution with a short
interruption, were reported as nonserious adverse effects.®®
Acne, pruritus, and nasopharyngitis were the most significant
adverse effects in clinical trials with topical ruxolitinib,"3° with
continuation of treatment or a temporary dose reduction."’

Recurrent episodes of headache and flu-like symptoms led to
the discontinuation of oral tofacitinib and reinitiation at the lower
dose.?’ Another study reported a patient with gastrointestinal
side effects while on tofacitinib requiring a dose reduction to
5 mg once daily. The authors noted that tofacitinib in addition to
its JAKi activity, was known to decrease thyroid peroxidase and
thyroglobulin antibodies within 1 month of initiation, suggesting
that unresponsive vitiligo may be associated with elevated anti-
thyroid autoantibodies, warranting testing and treatment.**
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Interestingly, a case of a paradoxical presentation of
new-onset vitiligo was reported within 4 months of starting oral
tofacitinib XR prescribed for RA. The authors postulated that
the trigger may have been a JAK1/3 blockade causing a para-
doxical upregulation of IFN-y signaling via JAK2, in addition to
the alteration of the inflammatory cascade resulting in the pro-
duction of multiple proinflammatory cytokines.*®

In summary, while the use of JAKi carries the potential for
specific adverse effects, including infections, HZV reactivation,
and altered lipid profiles, current evidence from this review sug-
gests a low incidence of major complications, such as cardio-
vascular events.

Limitations

Most of the reviewed studies were observational, which trans-
lated into moderate-tolow-quality evidence, likely resulting in
observer and publication bias. Confounders to the interpretation
of JAKi safety and efficacy include disease activity at recruit-
ment, varying years of history of vitiligo, inability to monitor nat-
ural sun exposure, and concomitant treatment with
phototherapy or topical applications. Small sample sizes in stud-
ies diminished the power of this review, limiting the validity and
reproducibility of results.

Knowledge gaps and implications for further study
Notwithstanding the evidence presented in this review, notable
knowledge gaps exist in our understanding of the utilization of
JAKi in vitiligo. This highlights the necessity for continued
research efforts to address these gaps.

1 Long-term safety and efficacy: Considering the life-long
chronicity of the condition, existing studies on the use of
JAKi for vitiligo may be limited in duration. Long-term
data could offer insights into the  sustained
effectiveness, relapses post-discontinuation, and potential
adverse effects.

2 Repigmentation rates: Diverse measurement tools for repig-
mentation assessment posed challenges. Standardized
scales would enhance objectivity in evaluating repigmenta-
tion from both clinical and patient perspectives, all the more
so for observational case reports.

3 Lesion type and location: Certain body areas may be more
challenging to treat. Analyzing JAKi based on lesion activity,
histological changes, disease duration, and location could
provide valuable insights.

4 Dose-response relationship: Studies reveal notable dosage
titrations, warranting future investigation into a potential
dose-response relationship to explore whether higher doses
yield better outcomes without proportional adverse effects.

5 Optimal protocols: Identifying effective and
well-tolerated regimens is crucial. Explore variations in dos-

treatment

ages, treatment durations, and JAKi use as monotherapy or
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in combination, assessing synergistic effects for optimal
outcomes.

6 Related autoimmune conditions: Considering vitiligo’s asso-
ciation with autoimmune diseases, a judicious approach to
JAKi treatment is crucial. Select JAKi addressing both viti-
ligo and coexisting autoimmune conditions for optimized
therapeutic outcomes.

7 Comparison with standard treatments: With JAKi's recent
emergence, comparative research against standard treat-
ments is imperative. Head-to-head trials or meta-analyses
can elucidate relative benefits and drawbacks.

8 Mechanisms of action and biomarkers: Understanding JAKIi
targets of action, biomarkers, and molecular pathways may
predict treatment response and guide intervention
strategies.

9 Patient subpopulations: Assess JAKi responses in diverse
subpopulations, including adolescents. Tailoring treatments
based on age, gender, and ethnic background could
enhance personalized medicine approaches.

10 Quality of life outcomes: Explore the impact of JAKi on viti-
ligo patients’ quality of life. Qualitative assessments of
patient-reported outcomes can address physical, psychologi-
cal, and social aspects of living with vitiligo.

11 Cost-effectiveness: This research did not uncover economic
evaluations. Understanding the economic implications
informs healthcare decision-makers.

12 Prevention of relapse: Considering the mechanism of action
of JAKI, there is a potential to induce stability of vitiligo and
prevention of relapse via memory T cells. To date, there are
no treatments capable of preventing relapse, and if JAKi
can fill in this gap, this would be a game changer.

Conclusion

In this review, we have introduced new perspectives and find-
ings that enrich the existing body of literature on JAKi for the
treatment of vitiligo. Vitiligo treatment with JAKi, whether oral or
topical, shows promise, with a favorable risk-benefit profile.
Benefits may vary based on the JAKi receptor selectivity
profile. A gap in knowledge exists regarding the switch between
JAKi for cases with concurrent inflammatory diseases lacking
improvement. Remarkably, facial vitiligo responds well to JAKIi,
and sustained responses post-JAKi discontinuation are
observed. A topical JAKi is advantageous for limited body
areas, especially in adolescents, an area where further research
could add substantial value.

No studies utilized oral and topical formulations of JAKi in
parallel. Combining a JAKi with NBUVB or sun exposure
appears beneficial for melanocyte stimulation. Most investiga-
tions allowed concurrent use of other topical agents, mirroring
real-world scenarios. For oral JAKI, discontinuation and restart
with a dose reduction may be helpful if found intolerable.
Adverse effects, generally mild and consistent, seldom led to

© 2024 The Authors. International Journal of Dermatology published by Wiley Periodicals LLC  International Journal of Dermatology 2024, 63, 1020-1035
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complications or hospitalization. It is of note that postmarketing,
follow-up for published studies may be ongoing.

This scoping review not only illuminates the evolving land-

scape of vitiligo treatment with JAKi emphasizing the need for

ongoing research to refine treatment strategies and improve
outcomes, but also introduces new findings and identifies gaps
in the current knowledge, thereby adding substantial value.
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