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Vitiligo is a chronic autoimmune disorder that
causes a loss of skin pigment. Although traditional
treatments focus on halting disease progression and
restoring colour, relapse is common. New therapies
such as Janus kinase inhibitors, as well as advances
in biologics and immunomodulatory agents, offer
renewed hope for patients with this challenging
condition.

itiligo is a progressive autoimmune skin depigmentation

disorder that affects about 1% of the global population.>?

It is the most common cause of depigmentation.’

Clinical characteristics include white, nonscaly macules

that are caused by the destruction of melanocytes in the skin or

hair.! The proposed pathogenesis involves a combination of

genetics and environmental factors such as sunburn or stress,

along with metabolic alterations that trigger disease onset and
progression.**

Vitiligo can significantly affect a patient’s quality of life and

may lead to psychological distress due to stigmatisation.” The
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KEY POINTS

« Vitiligo results from autoimmune destruction of melanocytes,

leading to depigmented macules.

Traditional treatment options include topical

corticosteroids, calcineurin inhibitors, topical vitamin D

analogues, phototherapy and surgery.

Topical corticosteroids remain the cornerstone of

vitiligo treatment, particularly for localised disease and

extrafacial lesions.

Narrowband ultraviolet B remains the preferred treatment

modality for rapidly progressive or extensive disease, or

when whole-body phototherapy is indicated.

Janus kinase inhibitors, such as ruxolitinib, are emerging

as game changers in repigmentation therapy.

« Ongoing research into biologics and immunomodulatory
agents continues to expand the therapeutic options for
vitiligo.

burden is greater in patients with more than 5% affected body
surface area, darker skin, or facial or hand involvement.® Patients
often report impacts on daily activities, employment and mental
health. Many are conscious of clothing choices and prioritise
concealing visible lesions, contributing to psychosocial strain.
Mental health conditions such as anxiety and depression are,
therefore, prevalent in this population.®

Vitiligo has traditionally been difficult to manage because
there are few definitive treatments. Management varies by type,
severity and extent of disease. In recent years, new therapeutic
options have emerged, with several licensed for autoimmune-
mediated dermatoses, and ruxolitinib is now approved by the
US Food and Drug Administration (FDA) for vitiligo. Other
therapeutic agents remain under investigation in early- and late-
phase clinical trials. This article summarises the management
options used currently and emerging therapies for vitiligo.
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Pathogenesis

The pathogenesis of vitiligo is complex,
involving multiple mechanismsleading to
aloss of functional melanocytes.* Proposed
mechanisms are both genetic and environ-
mental. Disease may begin in sun-exposed
areas during warmer months and can be
triggered by pregnancy, trauma, severe
sunburn or emotional stress.” Lesions tend
to develop in areas of friction, reflecting
Koebnerisation, and occur on the face,
dorsal surface of the hands, nipples, axillae,
umbilicus, sacrum and surrounding
orifices.”®

Vitiligo is associated with other auto-
immune disorders in affected patients and
their relatives, supporting a genetic com-
ponent to the disease.! These associated
diseases include autoimmune thyroid
disease, rheumatoid arthritis, psoriasis,
type 1 diabetes and pernicious anaemia.!
Over 50 susceptibility loci have been iden-
tified, including mutations affecting
immune system regulation, cellular apop-
tosis and melanocyte-specific genes such
as TYR and MCIR*®

Oxidative stress plays a key role in the
pathogenesis of vitiligo by causing intrin-
sic defects in melanocytes.* Under oxida-
tive stress, melanocytes release reactive
oxygen species that damage DNA and
compromise protein and lipid function
through oxidation and peroxidation.**
The innate immune system bridges the
oxidative stress pathways and the adaptive
immune response.'

Innate immune response activation
occurs when damage-associated molecu-
lar patterns bind to and activate pattern
recognition receptors." These damage-
associated molecular patterns chaperone
proteins and enhance their presentation
to dendritic cells, thereby initiating cyto-
toxic T-cell responses of the adaptive
immune system.>"

Activated cytotoxic CD8+ T-cells then
target melanocytes in the epidermis and
dermis, and express perforin and gran-
zyme B to induce cell apoptosis.>* Activated
CD8+ T-cells also release cytokines such
asinterferon gamma and tumour necrosis

factor, which promote further T-cell
recruitment and melanocyte destruc-
tion.>*!" In addition, interferon gamma
signalling recruits Janus kinase (JAK)1 and
JAK2.2 Chronic inflammation and ongo-
ing melanocyte damage are perpetuated
by sustained JAK signalling and the con-
tinuous production of inflammatory
cytokines.**?

Clinical presentation

Vitiligo equally affects adults and children
of all sexes and ethnicities, and can be dif-
ferentiated into segmental and nonsegmen-
tal types.' Segmental vitiligo is characterised
byasymmetric, unilateral patches (Figure 1)
The onset of disease typically occurs before
the age of 30 years, usually in childhood,
and follows a limited course with rapid
stabilisation."” Further disease extension
after 24 months is rare.”” Segmental vitiligo
can be further classified as unisegmental,
bisegmental or plurisegmental.'

The more common nonsegmental vit-
iligo tends to present bilaterally, often
affecting the acrofacial region or extensor
surfaces (Figures 2a and b).** Subtypes of
nonsegmental vitiligo include acrofacial,
mucosal, generalised, universal, mixed
(when associated with segmental vitiligo)
and rare varjants.”” Nonsegmental forms
typically evolve over time and may pro-
gress to a generalised distribution.'

Diagnosis

Vitiligo is diagnosed clinically, based on
its characteristic appearance of white
patches or macules surrounded by normal
skin.** Examination may include the use
of a Wood’s lamp, which helps differentiate
hypopigmented from depigmented skin
when the diagnosis is uncertain."* Other
tools aiding diagnosis include dermoscopy
and skin biopsy. Differential diagnoses
for depigmentation to consider include,
but are not limited to, pityriasis alba,
hypopigmented mycosis fungoides, nae-
vus depigmentosus, idiopathic guttate
hypomelanosis, tinea versicolour and
occupational or iatrogenic exposures such
as to phenols.”"
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Figure 1. Segmental vitiligo on the ventral

forearm and palm.

Image courtesy of the authors. Image published with
patient consent.

Management

Managing vitiligo remains a clinical chal-
lenge, as there is currently no definitive
cure. A range of therapeutic options is
available, with treatment tailored to indi-
vidual factors such as disease type, extent
and activity. The primary goals of vitiligo
treatment are to halt disease progression,
induce repigmentation and maintain pig-
mentation while preventing relapse.”® In
active disease, the focus is on controlling
inflammation and halting spread, whereas
in stable disease, efforts shift towards
repigmentation and long-term mainte-
nance. Treatment typically requires a
prolonged course, often six to 24 months,
to achieve optimal outcomes."

Traditional treatments

Traditional management strategies for
vitiligo include topical and systemic ther-
apies, phototherapy and more advanced
options such as depigmentation and sur-
gical intervention. These are summarised
in Box 1.

In addition to those discussed below,
patients should be advised on the general
measures of cosmetic camouflage (includ-
ing make-up, dyes, self-tanning lotions
and tattoos), asked to follow strict sun
protection and offered psychological
support.
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MODERN THERAPIES IN VITILIGO MANAGEMENT continued I

Figures 2a and b. Nonsegmental vitiligo on the
dorsal hand (a, top) and on the posterior legs
(b, bottom).

Images courtesy of the authors. Images published with
patient consent.

Topical treatments

Topical corticosteroids

Topical corticosteroids remain the cor-
nerstone of vitiligo treatment, reducing
inflammation, particularly for localised
disease and extrafacial lesions. Potent to
very potent corticosteroids can be applied
daily for up to three to six months. To
minimise local adverse effects such as skin
atrophy, striae and telangiectasia, inter-
mittent regimens (e.g. two weeks on, two
weeks off) are recommended, especially
in sensitive areas. Caution is advised when

using topical corticosteroids on the eyelids
or large body surface areas because of the
risk of systemic absorption. In children,
topical corticosteroids are considered safe
for short-term continuous use (two to four
months), with intermittent treatment pre-
ferred for extended therapy.'®

Topical calcineurin inhibitors

Topical calcineurin inhibitors, such as tac-
rolimus ointment (0.03% and 0.1% strengths)
and pimecrolimus cream (1% strength), are
widely used in the treatment of vitiligo,
particularly in sensitive areas like the face,
eyelids and intertriginous regions, where
topical corticosteroids carry a higher risk
of adverse effects. However, in Australia,
they are used off label for vitiligo.””

The efficacies of topical calcineurin
inhibitors are comparable to those of topical
corticosteroids, with a better safety profile
and alimited risk of skin atrophy.'*** These
agents inhibit T-cell activation and cytokine
release, helping to suppress the autoimmune
destruction of melanocytes. Treatment can
be applied twice daily for six months or
more.® They are typically well tolerated,
but localised adverse effects such as mild
burning, stinging or erythema can occur.
Topical calcineurin inhibitors are consid-
ered safe for long-term use and may be
applied alone or in combination with photo-
therapy to enhance repigmentation.?

Topical vitamin D analogues

Vitamin D analogues, such as calcipotriol,
are used off label in vitiligo management
for their immunomodulatory and
melanocyte-stimulating effects, either as
monotherapy or as adjuncts to other
treatments. These agents inhibit T-cell
proliferation and promote melanocyte
differentiation, contributing to repigmen-
tation. Although its evidence remains
limited compared with corticosteroids
and calcineurin inhibitors, topical cal-
cipotriol has been shown to enhance repi-
gmentation, particularly when combined
with phototherapy.* Application is gen-
erally well tolerated, although mild irri-
tation or erythema may occur.? Further
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studies are needed to clarify the optimal
role of vitamin D analogues in vitiligo
treatment regimens.

Phototherapy and photochemotherapy
Narrowband ultraviolet B
Phototherapy plays a central role in the
management of vitiligo, with treatment
tailored according to lesion type, distri-
bution and disease extent. It can be deliv-
ered as whole-body therapy or targeted to
localised lesions using excimer lamps,
excimer lasers or home devices.
Narrowband ultraviolet B (NB-UVB)
is considered the first-line modality for
rapidly progressive or extensive vitiligo
and is the preferred option for whole-body
phototherapy. Early initiation of NB-UVB
is recommended, as it may both halt
disease progression and induce repigmen-
tation.?? Treatment is typically adminis-
tered using a fixed dosing schedule that
can be adjusted according to the clinical
response.”® NB-UVB is safe for use in
children as young as 3 years of age, pro-
vided treatment is supervised by care-
givers, although practical challenges such
as adherence and tolerance of enclosed
treatment spaces may limit its use in
younger patients.* The main drawbacks
of NB-UVB are the need for prolonged
therapy and frequent clinic visits, which
can be burdensome. Nevertheless, it is
generally well tolerated, with erythema
and xerosis being the most common side
effects, and there is no convincing evi-
dence of an increased risk of skin cancer.”
Anti-inflammatory topical creams are
often used in conjunction with photother-
apy to lower the risk of skin irritation.
Excimer lamps and lasers provide an
effective alternative to whole-body
NB-UVB, offering shorter treatment dura-
tions and strong efficacy for localised
disease, sometimes superior to whole-body
NB-UVB.? However, these modalities are
impractical for large surface areas because
of time and cost constraints. In addition,
the risk of adverse effects such as erythema
and blistering can depend on the operator’s
technique.” Home-based phototherapy
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units and handheld devices are additional
options that may improve adherence,
particularly for localised lesions, although
their use is limited by device cost, main-
tenance requirements and technical
considerations.”

Psoralen and ultraviolet A
Ultraviolet A (UVA) photochemotherapy,
also known as psoralen and UVA, is no
longer used in Australia, although it may
be used elsewhere. It involves combining
a photosensitising drug such as psoralen
with long-wave UVA exposure. Psoralens
can be administered orally, topically or
via bath immersion.” However, oral
psoralen is no longer recommended
because of the associated risk of systemic
complications such as stomach pain and
nausea.'®

Photochemotherapy has demonstrated
efficacy in the management of vitiligo,
particularly for widespread disease, sim-
ilar to NB-UVB. Side effects associated
with psoralen and UVA include erythema
and the risk of skin phototoxicity.” Given
the simplicity, comparable efficacy and
lower risk profile, NB-UVB is preferred
over psoralen and UVA.

Systemic treatments
Systemic oral therapies show variable
efficacy in vitiligo, but in cases of active,
rapidly progressive disease, oral cortico-
steroids can be used to arrest progres-
sion.* For active disease, oral mini-pulse
therapy is recommended, using moderate
doses of corticosteroids. The suggested
dosing schedule is twice weekly on two
consecutive days for three to six months.*
Treatment should be reassessed at
three months, and therapy should not
exceed six months due to the risk of
adverse events.'® Given the significant side
effect profile of systemic corticosteroids,
careful consideration of the risks and
benefits is essential before initiation.
Other immunosuppressants, including
methotrexate, cyclosporin and azathio-
prine, have been trialled in vitiligo, but
evidence supporting their safety or

efficacy in this setting is limited.*>*
These treatments are commonly used in
Australia as part of ongoing manage-
ment, but they are rarely employed as
first-line therapy. At present, available
biologic agents are not effective for the
management of vitiligo.*

Depigmentation

Depigmentation therapy is an option for
patients with widespread, treatment-
resistant vitiligo. It is considered when
more than 50% of the body surface area
is affected and repigmentation strategies
have failed or are undesired.* The goal is
to achieve a uniform skin tone by remov-
ing residual pigment from unaffected
areas, most often using monobenzyl ether
of hydroquinone. This agent is applied
topically, often at a 20% concentration,
and may induce generalised pigment loss
over several months. However, treatment
can lead to irritation, paradoxical repig-
mentation or pigment loss at distant,
untreated sites.”

Narrowband ultraviolet B
is considered the first-line modality
for rapidly progressive or
extensive vitiligo

Depigmentation may also be achieved
using physical methods such as cryother-
apy or Q-switched lasers, particularly for
localised areas, although these require
experienced operators to minimise scar-
ring and other adverse effects.’® Given the
irreversible and highly visible nature of
depigmentation, thorough counselling,
psychosocial assessment and shared
decision-making are essential before
initiating therapy. Additional considera-
tions should also be made in patients with
darker skin tones due to sociocultural
factors associated with treatment.'

Surgery
Surgical treatments for vitiligo are typi-
cally reserved for patients with stable,
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1. TREATMENTS FOR VITILIGO

Topical treatments

* Topical corticosteroids: potent to very
potent agents used for localised
disease; intermittent regimens help
reduce adverse effects

Topical calcineurin inhibitors:
tacrolimus and pimecrolimus*
Topical vitamin D analogues:
calcipotriol*

Topical JAK1/2 inhibitor: ruxolitinib*

Phototherapy and photochemotherapy

* Narrowband ultraviolet B: first-line
for rapidly progressive or extensive
disease; can be delivered as
whole-body therapy or to local areas
with excimer lamps or lasers

* Psoralen and ultraviolet A: largely
replaced by narrowband ultraviolet B;
no longer used in Australia

Systemic treatments

¢ Oral corticosteroids: short courses or
oral mini-pulse therapy to arrest
disease progression

Depigmentation therapies

* Monobenzyl ether of hydroquinone:
for widespread, treatment-resistant
disease affecting >50% of body
surface area

¢ Cryotherapy

¢ Q-switched lasers

Surgery

¢ Melanocyte transplantation
techniques: punch grafting, suction
blister grafting, split-thickness grafting,
melanocyte-keratinocyte
transplantation

Abbreviation: JAK = Janus kinase.
* Used off label in Australia.

nonprogressive disease who have failed
to respond to medical or light-based
therapies. Key prerequisites for surgical
intervention include disease stability for
at least six to 12 months and the absence
of the Koebner phenomenon. The risk of
relapse should also be clearly communi-
cated to patients considering this
intervention.

Surgery aims to restore pigmentation
by transplanting melanocytes into depig-
mented areas. Several techniques are
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2. EMERGING TREATMENTS FOR
VITILIGO

JAK inhibitors
Ritlecitinib: JAK3 inhibitor and tyrosine
kinase inhibitor
Tofacitinib: JAK1/3 inhibitor
Upadacitinib: JAK1 inhibitor
Baricitinib: JAK1/2 inhibitor
Povorcitinib: JAK1 inhibitor
¢ Others in early development:
- ifidancitinib: JAK1/3 inhibitor
- delgocitinib: pan-JAK inhibitor
- brepocitinib: JAK1 and tyrosine
kinase 2 inhibitor

.

.

Prostaglandin F2alpha analogue
* Bimatoprost

Biologic agents and cytokine modulators

¢ Anifrolumab: targets type | interferon
receptor subunit 1

¢ AMG 714: anti-interleukin-15
monoclonal antibody

Immune checkpoint and T-cell-targeted

agents

¢ Abatacept: cytotoxic T-lymphocyte-
associated antigen 4 fusion protein-
modulating T-cell activation

* Rapamycin, metformin: targets T-cell
metabolism

Phosphodiesterase-4 inhibitors

¢ Apremilast

¢ Crisaborole
Alpha-melanocyte-stimulating hormone
analogue

* Afamelanotide

Abbreviation: JAK = Janus kinase.

available, including punch grafting,
suction blister epidermal grafting, split-
thickness grafting and cultured or non-
cultured melanocyte-keratinocyte
transplantation. Although generally safe,
each method carries specific risks and
benefits. General complications include
colour mismatch, scarring, graft dis-
placement and postoperative hyper- or
hypopigmentation.'>*

Emerging therapies

Several novel therapies are emerging in
the modern dermatological management
of vitiligo, reflecting advances in the

28 MedicineToday

understanding of vitiligo pathogenesis
and immune modulation.* These agents
are summarised in Box 2. However, only
afew of these newer treatments, including
oral and topical JAK inhibitors, are
approved by the TGA for prescription in
Australia for conditions such as atopic
dermatitis. None of them are currently
TGA approved for vitiligo.

JAK inhibitors

The JAK-STAT (signal transducer and
activator of transcription) signalling
pathway is implicated in many auto-
immune dermatological conditions. JAK
inhibitors modulate the immune response
by interfering with cytokine signalling
through this pathway, offering therapeu-
tic benefits in several inflammatory and
autoimmune diseases.*” JAK inhibitors
have rapidly evolved to play a key role in
the management of conditions such as
atopic dermatitis and psoriasis.*

Topical ruxolitinib

The JAK1/2 inhibitor ruxolitinib, in a
topical formulation, is the first JAK inhib-
itor to be approved by the US FDA for
vitiligo. In Australia, ruxolitinib is
approved for use by the TGA for other
conditions, although not for vitiligo.
Phase 2 and 3 studies have demonstrated
the clinical efficacy of topical ruxolitinib
for both facial and body lesions.*? Ruxol-
itinib is also relatively safe, with no sig-
nificant adverse events reported; the
most frequently reported are acne and
pruritus.*?

Bimatoprost

The prostaglandin F2alpha analogue
bimatoprost, commonly used for glau-
coma and eyelash hypotrichosis, has
shown promise as an off-label topical
therapy for vitiligo in Australia. Small
studies have demonstrated its capacity
to induce perifollicular repigmentation,
particularly in facial lesions, and it
appears more effective when combined
with phototherapy.**** Bimatoprost is
generally well tolerated, with minor
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adverse effects such as local irritation,
hypertrichosis and periocular pigmen-
tation.** Larger clinical trials are needed
to better define its role in routine vitiligo
management.

Oral JAK inhibitors
In a similar context, oral JAK inhibitors
have an increasing body of evidence sup-
porting their clinical efficacy and safety
in vitiligo management. Several such
agents have shown promise across case
reports, small studies and late-phase
clinical trials.

« Ritlecitinib (a JAK3 and tyrosine
kinase inhibitor): produced
meaningful improvements in a
phase 2b trial, with a 21.2% mean
reduction in the Facial Vitiligo Area
Scoring Index at 24 weeks, and is
currently undergoing phase 3
evaluation (clinical trial number:
NCT05583526)*

« Tofacitinib (a JAK1 and JAK3
inhibitor): demonstrated partial to
complete repigmentation in case
studies and small studies, although
durable results often require
combination with phototherapy,
and relapse may occur after
discontinuation*®*

« Upadacitinib (a JAK1 inhibitor):
showed about a 50% improvement
in pigmentation in early studies and
improved quality of life measures in
a phase 2 trial, with phase 3 studies
ongoing (clinical trial number:
NCT06118411)*

« Baricitinib (a JAK1 and JAK2
inhibitor): produced significant
repigmentation in small clinical
series, and is being tested in phase 2
trials alongside phototherapy (clinical
trial number: NCT04822584)*

o Povorcitinib (a JAK1 inhibitor):
demonstrated favourable outcomes
in a phase 2 trial involving 171
patients, showing improvements in
the Vitiligo Area Scoring Index, and
a phase 3 study is ongoing (clinical
trial number: NCT06113445).5



Other agents, including ifidancitinib
(aJAK1/3 inhibitor, clinical trial number:
NCT03468855), delgocitinib (a pan-JAK
inhibitor) and brepocitinib (a JAK1
inhibitor and tyrosine kinase 2 inhibitor,
clinical trial number: NCT03715829) are
at earlier stages of development.*

Although the evidence remains lim-
ited, concurrent ultraviolet B photother-
apy has been shown to enhance the
efficacy of JAK inhibitors in vitiligo.*
Safety concerns, particularly with sys-
temic use, continue to be monitored, but
JAK inhibitors represent a transformative
frontier in vitiligo management, especially
when combined with phototherapy to
maximise repigmentation and potentially
sustain disease control.

The development of JAK inhibitors
and other immunomodulatory
agents represents
a major breakthrough

Other upcoming treatments
The novel treatment landscape for vitiligo
is promising, with several potential
therapies undergoing clinical trials.
Cytokines are known to play a key role in
the pathogenesis of vitiligo; however,
established biologic agents show contro-
versial evidence for efficacy and are not
currently recommended as treatment.”
Newer biologics targeting more specific
immune pathways are now under inves-
tigation. Anifrolumab, a fully human
monoclonal antibody targeting the typeI
interferon receptor subunit 1, has been
shown to modulate the heat shock protein
70-plasmacytoid dendritic cell axis.”
This pathway potentiates interferon
alpha production as well as CXCL9 and
CXCL10 expression, and has been impli-
cated in the pathogenesis of vitiligo.”® A
clinical trial is currently underway evalu-
ating the efficacy of phototherapy alone
versus combination treatment with anifro-
lumab and phototherapy (clinical trial
number: NCT05917561). Interleukin-15

has also been identified as a key cytokine
involved in disease persistence and
relapse.®* AMG 714, a fully human immu-
noglobulin G, subclass 1, kappa light
chain monoclonal antibody that inhibits
interleukin-15 signalling, is being inves-
tigated in an ongoing phase 2 trial for both
active and stable nonsegmental vitiligo
(clinical trial number: NCT04338581).

Other emerging therapies include
agents targeting immune checkpoints,
cellular metabolism and melanocyte
regeneration pathways. Abatacept, an
immunoglobulin Gl fusion protein that
binds cytotoxic T-lymphocyte-associated
antigen 4, may attenuate vitiligo progres-
sion by modulating T-cell activation,” with
aphase I clinical trial currently underway
(clinical trial number: NCT02281058).
Phosphodiesterase-4 inhibitors, such as
apremilast and crisaborole, may provide
antioxidative, anti-inflammatory and
promelanogenic benefits; however, clinical
outcomes remain mixed, particularly
when combined with phototherapy.®>*
Afamelanotide, a synthetic analogue of
alpha-melanocyte-stimulating hormone,
has shown promise in improving repig-
mentation alongside phototherapy,*®
although its efficacy may be limited by
the inability to regenerate melanocytes
from stem cell reservoirs, and ongoing
studies aim to further evaluate its thera-
peutic potential (clinical trial number:
NCT05210582). Additionally, targeting
T-cell metabolism with agents such as
rapamycin and metformin is under inves-
tigation due to their roles in promoting
autophagy, reducing oxidative stress and
enhancing regulatory T-cell function
(clinical trial numbers: NCT05342519 and
NCT05607316).

Conclusion

Vitiligo is a complex autoimmune con-
dition with a multifactorial pathogenesis
involving genetic, oxidative and
immune- mediated mechanisms.
Although it has traditionally been dif-
ficult to treat, recent advances have
expanded the therapeutic landscape,
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offering new hope for patients through
targeted therapies. Current management
relies on a combination of topical agents,
phototherapy, systemic immunosuppres-
sants and, in select cases, surgical or
depigmentation approaches.

The development of JAK inhibitors
and other immunomodulatory agents
represents a major breakthrough, with
several agents now TGA approved for
other conditions, or in late-stage clinical
trials. As understanding of the disease
continues to evolve, ongoing research
into emerging biologics and immune
pathway targets is expected to transform
vitiligo into a more controllable condi-
tion with individualised treatment
approaches, improving both clinical out-
comes and quality of life for affected
individuals. MT
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