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ABSTRACT

Introduction: Vitiligo is an acquired autoimmune hypomelanosis, associated with a genetic
component, whose expression is usually triggered by environmental factors. Its typical symptoms
are hypopigmented or apigmented macules with a progressive behavior, which makes it a relatively
easy pathology to diagnose. First-generation JAK inhibitors, such as ruxolitinib, baricitinib,
delgotinib and tofacitinib, are less selective and inhibit different JAKs. Therefore, JAKi could
expand treatment options for various inflammatory skin diseases. By reducing the effect of all
cytokines that are activated by the corresponding JAK/STAT pathway, they may be more effective
than classical biologics that target a single cytokine. Objectives: to describe the scientific evidence
on the efficacy and safety of advances in the use of Ruxolitinib in the treatment of vitiligo disease
compared to other conventional treatments or placebo, in terms of skin repigmentation, symptom
improvement and occurrence of adverse events.

Material and methods: a search was performed in Pubmed, Scopus, Web of Science from January
2000 to October 2022. Selecting abstracts of cohort and case-control studies evaluating the use of
Ruxolitinib in the treatment of vitiligo disease in comparison with other conventional treatments or
placebo, in terms of skin repigmentation, symptom improvement and occurrence of adverse events.
Results: the results of this systematic review support the efficacy of ruxolitinib cream in the
treatment of vitiligo, with significant improvements in repigmentation observed in different patient
subgroups. Despite some limitations, these findings are encouraging and suggest that ruxolitinib
cream may be an effective and safe treatment option for vitiligo, especially in the context of facial
repigmentation. However, more research is needed to confirm these results and to better
understand the mechanisms involved in this treatment. This encourages further research in this area
and provides hope for patients struggling with vitiligo.
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RESUMEN

Introduccion: el vitiligo es una hipomelanosis autoinmune adquirida, asociada a un componente
genético, cuya expresion suele estar desencadenada por factores ambientales. Sus sintomas tipicos
son maculas hipopigmentadas o apigmentadas con un comportamiento progresivo, lo que la
convierte en una patologia relativamente facil de diagnosticar. Los Inhibidores de JAK de primera
generacion, como ruxolitinib, baricitinib, delgotinib y tofacitinib, son menos selectivos e inhiben
diferentes JAK. Por lo tanto, los JAKi podrian ampliar las opciones de tratamiento para varias
enfermedades inflamatorias de la piel. Al reducir el efecto de todas las citoquinas que son activadas
por la via JAK/STAT correspondiente, pueden ser mas efectivos que los productos biologicos clasicos
que se dirigen a una sola citoquina.

Objetivos: describir la evidencia cientifica sobre la eficacia y seguridad de los avances en el uso de
Ruxolitinib en el tratamiento de la enfermedad de vitiligo en comparacion con otros tratamientos
convencionales o placebo, en términos de repigmentacion de la piel, mejoria de los sintomas y
ocurrencia de eventos adversos.

Material y métodos: se realizo una blusqueda en Pubmed, Scopus, Web of Science desde enero de
2000 hasta octubre de 2022. Seleccionando resimenes de estudios de cohorte y de casos y controles
que evallen uso de Ruxolitinib en el tratamiento de la enfermedad de vitiligo en comparacion con
otros tratamientos convencionales o placebo, en términos de repigmentacion de la piel, mejoria de
los sintomas y ocurrencia de eventos adversos.

Resultados: los resultados de esta revision sistematica respaldan la eficacia de ruxolitinib cream en
el tratamiento del vitiligo, con mejoras significativas en la repigmentacion observadas en diferentes
subgrupos de pacientes. A pesar de algunas limitaciones, estos hallazgos son alentadores y sugieren
que ruxolitinib cream puede ser una opcion de tratamiento efectiva y segura para el vitiligo,
especialmente en el contexto de la repigmentacion facial. Sin embargo, se necesita mas
investigacion para confirmar estos resultados y comprender mejor los mecanismos involucrados en
este tratamiento. Esto motiva la realizacion de futuras investigaciones en esta area y brinda
esperanza a los pacientes que luchan contra el vitiligo.

Palabras clave: Vitiligo; Janus Kinase Inhibitors; Ruxolitinib; Systematic Review.

INTRODUCTION

Vitiligo is an acquired autoimmune hypomelanosis, associated with a genetic component, whose
expression is usually triggered by environmental factors. Its typical symptoms are hypopigmented or
apigmented macules with a progressive behavior, which makes it a relatively easy pathology to
diagnose. Vitiligo usually affects visible areas of the body and can usually have a great emotional
impact on the patient, affecting self-esteem, so psychotherapy is an essential part of the treatment.
The goal of treatment is to halt the progression of the disease, promote hyperpigmentation and
prevent relapse. ("

It is the most common depigmenting disorder worldwide. It is due to the loss of functional
melanocytes due to autoimmune attack. This attack is closely related to the individual's genetics, as
well as to the environmental risk factors to which he or she is exposed. It is important to recognize
the different patterns of vitiligo, as they can predict disease progression and response to treatment.

It affects 0,5-1 % of the world's population, regardless of race or gender, and it has been observed
that more than 50 % of cases occur before the age of 20.?

This pathology usually presents as acromic and hypochromic macules, with defined borders and a
tendency to symmetry. The topography of the lesions is ubiquitous, with a preference for the acral
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and periorificial areas on the face, and in sites exposed to trauma (Koebner phenomenon) and, less
frequently, in the dorsal area.®4

From the point of view of its pathogenesis it is known to be a polygenic and multifactorial disease,
and it has been described that the pathology results from a dynamic interaction of genetic and
environmental factors which lead to an autoimmune attack on melanocytes. ®

Important aspects related to the development of the disease are described below.

Genetic factor

The importance of genetics in the risk of developing vitiligo has been demonstrated by identifying
specific genes encoding innate immunity (e.g., NLRP1, IFIH1, CASP7, C1QTNF6, TRIF, TICAM1 and
others encoding adaptive immunity (e.g., FOXP3, BACH2, CCR CD80, PTPN22, IL2R, aGZMB HLA class
I and Il, CTLA4) thus demonstrating the link to the immune system. Each of the alleles evaluated has
a different specific function which are being investigated as a possible therapeutic target. For
example, mutations in the DDR1 gene cause characteristic defects in melanocytes. ®)

Oxidative stress

Melanocytes in patients with vitiligo have intrinsic defects that decrease their ability to reduce
environmental stress. Therefore, the interaction between vulnerable melanocytes and environmental
components increases the generation of reactive oxygen species (ROS), causing oxidative stress leading
to cell destruction.©®

Environmental factor

Exposure to certain chemical compounds on the skin, followed by a lack of pigmentation shows the
relationship between environmental factors and vitiligo. Phenols, for example, which are often found
in hair dyes, adhesives, industrial oils, paints and leather, can act as a tyrosine analog in melanocytes,
increasing oxidative stress, and thus the most vulnerable areas are the upper extremities and beard
in adults; however, in children it occurs mainly in the lower extremities. )

Immunity factor
As mentioned above, oxidative stress in genetically predisposed individuals leads to local
inflammatory responses and activation of innate immune processes, resulting in a specific cytotoxic
immune response against melanocytes. In addition, an autoimmune role in vitiligo has been
demonstrated through the presence of anti-melanocyte antibodies, associations with polymorphisms,
perilesional T-cell infiltration and cytokine expression, and associations with other autoimmune
diseases.®
Clinically, it manifests with asymptomatic macules and depigmented plaques without signs of
inflammation. They can be located on any area of the skin and mucosa, but are more frequent on the
face, hands, periorificial area and genitalia. They can also affect the pigment epithelium of the retina
and uvea. Its clinical course is unpredictable: it may be stable or develop slowly or rapidly over time.
There are two clinical classifications:®
- Non-segmental vitiligo (NSV). The most common, which is usually bilateral and symmetrical.
It has variants such as generalized vulgar, acrofacial, mucosal, local, focal and generalized;
and
- Segmental vitiligo (SV). With a pattern of depigmentation usually of a unilateral dermatome.
(Romain and Farber, no date) VITILIGO 04
Non-segmental vitiligo, also known as vitiligo vulgaris, is the most common manifestation of the
disease. It presents as an achromic or hypochromic macule, usually bilateral, often symmetrical,
preferentially on the acral area, periorificial and extensor limbs. In addition, one third of patients
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with vitiligo suffer from clinical Kobner's phenomenon, mainly on the palms and arms. The behavior
of SNV tends to be gradual and unpredictable over time.®

Segmental vitiligo accounts for only 5 to 15 % of vitiligo cases. The most commonly affected
population is children. It usually presents as unilateral depigmented plaques of linear or massive
distribution, mainly on the face. Its manifestations are sudden, even within days or weeks, with a
rapidly progressive behavior; it stabilizes in 1-2 years, usually without risk of affecting other parts of
the body. VS is less responsive to treatment than VNS because it is associated with leukotrichia, thus
has less melanocyte reserve available for repigmentation. (1%

In general, the diagnosis of vitiligo is clinical. In the clinical history it is extremely important to ask
about age of onset, site of first lesion, time to stabilization, rate of progression, sites involved
(including genitalia), triggers such as friction and trauma, occupation, and whether there are
depressive symptoms and their impact on quality of life. There are many entities that may resemble
vitiligo mainly in the early stages of the disease. The physical examination will reveal the presence of
the aforementioned macules, of which the prevalence, morphology, mucosal involvement, percentage
of body surface involvement, presence of leukotrichia, Kobner's phenomenon, confetti-like
depigmentation, signs of autoimmune disease, halo nevi and repigmentation patterns should be
determined. Occasionally, it may be necessary to use a Wood's lamp to distinguish depigmented vitiligo
lesions from other hypopigmented conditions; in addition, it is useful in patients with pale skin and
difficult-to-distinguish lesion borders. Histologic confirmation may be necessary in suspicious cases
with biopsy, which shows melanocytes with a small amount of melanin granules at the edge of the
macules. Occasionally lymphoid infiltration may be seen at the active border of the lesion. It should
be noted that, due to the association with other diseases, additional tests are recommended, such as:
blood count, fasting glucose level, vitamin D and B12 levels, TSH, T3, free T4.("

It is recommended to start treatment as soon as possible after diaghosis to achieve adequate
physical and emotional results. The treatments available to date do not cure the disease, they only
stop or maintain it, there are several different treatments to treat this condition.("?

The main goals of treatment are to stop the progression of the disease, repigmentation of lesions
and prevention of relapses. To choose the appropriate treatment, it is necessary to determine the
stability of the disease, its extent and duration. Stable vitiligo is defined as the absence of disease
progression for at least six months to two years, while unstable vitiligo refers to the appearance of
new lesions or their enlargement. It is of great importance that, because vitiligo significantly affects
the quality of life, all patients should receive psychotherapy.('?

The different treatments can be divided into those aimed at halting the progression of the disease
and those aimed at repigmentation of the lesions. Both can be performed at the same time:

Topical corticosteroids: the anti-inflammatory effect of moderate and high potency topical
corticosteroids, manage to stop the progression of the disease and help repigmentation, so they are
considered the first line treatment for the disease. But in turn, the use of combination therapy is
recommended. NB-UVB is one of the mainstays of treatment, and its efficacy can be improved in
combination with other therapies. NB-UVB is rarely used as monotherapy. Often a combination of
systemic steroids and phototherapy is used to halt the progression of depigmentation.(4

Monoclonal antibodies are specialized glycoproteins produced by combining stem cells and B-
lymphocyte clones (hybridomas). Monoclonal antibodies (mAbs) are increasingly important in the
treatment of various diseases as well as in clinical diagnostics due to their high specificity and
homogeneity. Today, mAbs are used in a wide range of pathologies, from the treatment of cancer and
autoimmune diseases like Vitiligo, to applications in ophthalmology, asthma, etc.("®

The Janus kinase/signal transducer and activator of transcription (JAK/STAT) intracellular signaling
pathway is activated by the binding of extracellular ligands to various transmembrane receptors. Janus
kinases (JAKs) are a family of tyrosine kinases that act as signal transducers in cells and include the
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JAK1, JAK2, JAK3 and TYK2 molecules. JAKs function by forming dimers in the cytoplasmic part of
cytokine receptors. These JAK dimers can bind to multiple receptors and are activated by various
cytokines, thereby activating various STAT proteins (STAT1, STAT2, STAT3, STAT4, STAT5a, STAT5b,
STAT61) and thus participating in specific biological functions. After activation, STAT proteins
associate to form dimers and can move to the nucleus. There they act as transcription factors to
regulate genes responsible for the production of proinflammatory cytokines and growth factors. The
JAK/STAT pathway is therefore a therapeutic target for various immune-mediated inflammatory
diseases. JAK inhibitors (JAKi) are small molecules that inhibit JAK kinase activity and potently reduce
intracellular transduction of the JAK/STAT pathway.(®)

The JAK/STAT pathway is a therapeutic target for several immune-mediated inflammatory
diseases. JAK inhibitors (JAKi) are small molecules that inhibit JAK kinase activity and potently reduce
intracellular transduction of the JAK/STAT pathway.('7)

First-generation JAKi, such as ruxolitinib, baricitinib, delgotinib, and tofacitinib, are less selective
and inhibit different JAKs. Therefore, JAKi could expand treatment options for various inflammatory
skin diseases. By reducing the effect of all cytokines that are activated by the corresponding JAK/STAT
pathway, they may be more effective than classical biologics that target a single cytokine. (8

JAKi have an acceptable risk-benefit profile. Most side effects described were mild to moderate;
the most common were upper respiratory tract, urinary tract, and gastrointestinal tract infections.(?

Dysregulation of the JAK/STAT signaling pathway has been demonstrated in several dermatologic
inflammatory diseases, with differences in JAK expression in healthy and diseased skin biopsies. JAK
molecules are overexpressed in the epidermis and/or dermis such as in psoriasis, cutaneous lupus
erythematosus, pyoderma gangrenosum, atopic dermatitis (AD) and alopecia areata (AA). JAK3
expression is significantly increased in the epidermis of these diseases.??

Elevated levels of interferon-y (IFN y) and related cytokines CXCL9 and CXCL10 have been observed
in human skin with vitiligo. Through JAK1/243, IFNy activates the transcription of CXCL9 and CXCL10,
which is necessary for the recruitment of cytotoxic T lymphocytes, the main effector cells responsible
for melanocyte destruction. Therefore, inhibition of JAKs may be an effective therapeutic strategy in
the treatment of vitiligo, thereby reducing the production of CXCL9 and CXCL10.2Y

It would then be understood that Janus kinase inhibitors (JKIs) such as tofacitinib and ruxolitinib
stop the vitiligo process and achieve repigmentation. They could even be combined with BE-UVB as
part of the treatment of the disease. However, relapse has been observed after discontinuation of
JAKi treatment, possibly caused by the presence of autoreactive memory cells resident in the skin. IL-
15, whose expression is increased in the epidermis of vitiligo, is thought to play an important role in
CD8 maintenance, suggesting that it could be an effective targeted therapy in patients with vitiligo. '”

Objective: to describe the scientific evidence on the efficacy and safety of advances in the use of
Ruxolitinib in the treatment of vitiligo disease compared to other conventional treatments or placebo,
in terms of skin repigmentation, symptom improvement and occurrence of adverse events.

METHODS
Study Design

Taking into account that there is abundant scientific literature on the subject under study, the
research results will be synthesized by means of a systematic review. If the quantitative data are
sufficiently standardized, a meta-analysis will be performed.

This systematic review will follow the PRISMA guidelines (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses).#?

Study population
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Scientific Papers addressing use of Ruxolitinib in the treatment of vitiligo disease in comparison to
other conventional treatments or placebo, in terms of skin repigmentation, symptom improvement
and occurrence of adverse events, in the period January 2000 to October 2022 will be included.

Inclusion Criteria
- Original articles with IMRyD typology that develop cohort studies, clinical trials, other
systematic reviews and meta-analysis.

Exclusion Criteria
- Review articles, Scientific Letters/Letters to the Editor, Clinical Cases, Editorials, Original
Articles that correspond to preclinical studies and Observational Studies.

Selection and Sample Size

A search will be conducted in Pubmed, Scopus, Web of Science from January 2000 to October 2022.
Selecting abstracts of cohort and case-control studies evaluating use of Ruxolitinib in the treatment
of vitiligo disease compared to other conventional treatments or placebo, in terms of skin
repigmentation, symptom improvement and occurrence of adverse events.

Data collection planning

- A literature search will be performed in databases using as MESH descriptors: "Vitiligo” and
"Ruxolitinib”.

- The publications will be classified and, according to the inclusion and exclusion criteria, those
that will make up the study will be selected.

- A critical reading of the abstracts and articles in extenso will be carried out to evaluate their
inclusion according to their relevance.

- The studies will be classified according to the levels of evidence and quality.

Ethical and legal considerations

This study included secondary data sources and therefore does not correspond to an analysis from
the ethical point of view, given that no experimentation or evaluations were performed on human
beings/experimental animals.

RESULTS AND DISCUSSION

The main results of the studies included in this review indicate that the use of ruxolitinib in cream
form has been shown to be effective in the treatment of vitiligo. Patients who received ruxolitinib
cream showed significant improvements in the repigmentation of vitiligo lesions compared to the
control group who received a vehicle without the drug. These improvements were observed in both
facial and nonfacial lesions. 32425

In addition, a dose-dependent response was found, meaning that as the concentration of ruxolitinib
in the cream and frequency of application increased, higher rates of repigmentation were observed. 29
This suggests that dose and frequency of application are important factors to consider when using
ruxolitinib in the treatment of vitiligo.('®)

The results also showed that the group receiving ruxolitinib cream 1,5 % twice daily had the highest
response rates in terms of achieving a 50 % or greater improvement from baseline in the Facial Vitiligo
Area Score Index (F-VASI) at week 24. In addition, this group also showed the highest response rates
in achieving scores of "clear or almost clear” on the Physician's Global Vitiligo Assessment of Vitiligo
(F-PhGVA). These findings are important, as they suggest that higher concentration of ruxolitinib and
higher frequency of application may lead to more positive outcomes in the treatment of vitiligo. ?7)
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The study
performed a
comparison

between powder-
loaded hollow
microneedle (MN)
arrays and
dissolving MN
arrays for the
intradermal

delivery of

tofacitinib citrate.
The efficacy of
these two types of
MN arrays was
evaluated in terms

300 patients

mechanism of
action, efficacy,
safety, and cost.

The phase one data
published in 2010 on
10 patients and
phase three data
published in 2018 on
300 patients showed
promising results in
terms of
repigmentation and
disease stability in
vitiligo patients.

Hollow microneedle
(MN) arrays loaded
with tofacitinib
citrate showed
comparable
resistance to
compression and
insertion
capabilities to
dissolving MN arrays.
Hollow MN arrays
containing  sodium
chloride (NaCl) in
the formulation led
to slightly higher
depositions of

treatment of
dermatological
diseases .

The paper highlights
the development and
registration of
ReColorCell® as the
first live-cell based
product in the Iranian
drug list, providing a
new treatment option
for vitiligo patients in
Iran.

The use of cell-based
therapies, such as
ReColorCell®, has
shown promising
results in
repigmentation and
disease stability in
vitiligo patients.

The study
demonstrates the
potential of hollow
microneedle (MN)
arrays for enhancing
the intradermal
delivery of tofacitinib
citrate, a Janus
Kinase (JAK) inhibitor
used in the treatment
of autoimmune skin
diseases.

Hollow MN arrays
loaded with
tofacitinib citrate
showed comparable
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The results also demonstrated that treatment with ruxolitinib cream continued to show
improvements in repigmentation up to week 52, suggesting that this treatment approach may be
effective in the long term.®®

Importantly, the studies also evaluated the use of ruxolitinib cream in different subgroups of
patients with vitiligo. It was observed that even the group receiving the lowest concentration of
ruxolitinib cream (0,15 % once daily) showed a response rate in F-VASI50 improvement at week 24.
This suggests that even at low doses, ruxolitinib cream may have a positive impact in some patients. ??

In addition, it was observed that patients previously treated with topical steroids or calcineurin
inhibitors also responded positively to treatment with ruxolitinib cream, indicating that this approach
may be effective in patients who have previously used other treatments. 3%3"

In terms of safety, adverse effects such as application site acne and pruritus were observed in
patients who applied ruxolitinib cream for 52 weeks. However, these adverse effects appear
manageable and do not preclude ruxolitinib cream from being considered as a potential treatment
option.

Comparing these findings with previous research, it can be stated that the results are consistent
with previous studies that have investigated the efficacy of Janus kinase (JAK) inhibitors in the
treatment of vitiligo. JAKs are a family of enzymes that play an important role in immune response
and inflammation, and their inhibition appears to be beneficial in the repigmentation of vitiligo
lesions.

Ruxolitinib, in particular, has been shown to be effective in the treatment of vitiligo, and its cream
formulation provides a topical administration option that is convenient and well tolerated by
patients.(?

Despite these positive findings, it is important to note some limitations and needs for future
research. First, although the results are promising, more long-term and larger patient studies are
needed to confirm the efficacy and safety of ruxolitinib cream treatment in vitiligo. In addition, it
would be beneficial to further investigate the underlying mechanisms of action of JAKs in the
repigmentation of vitiligo lesions.

In conclusion, the results of this systematic review support the efficacy of ruxolitinib cream in the
treatment of vitiligo, with significant improvements in repigmentation observed in different patient
subgroups. Despite some limitations, these findings are encouraging and suggest that ruxolitinib cream
may be an effective and safe treatment option for vitiligo, especially in the context of facial
repigmentation. However, more research is needed to confirm these results and to better understand
the mechanisms involved in this treatment. This encourages further research in this area and provides
hope for patients struggling with vitiligo.
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