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Abstract
Background: Vitiligo is a long-standing progressive autoimmune disease with depig-
mented macules/patches with significant psychological morbidity to the patients. 
From being one of the most poorly understood diseases in the past, there has been a 
rampant advance in determining the molecular and genetic factors influencing the dis-
ease process. More light has been shed on the complex intracellular environment and 
interplay between innate and adaptive immunity. Numerous cytokines and signaling 
pathways have been associated with disease pathogenesis in the recent past.
Objective: The aim of this review the efficacy of biologic and targeted therapeutics 
in vitiligo.
Methods: A detailed literature search was conducted on databases like PubMed, 
COCHRANE Central, EMBASE and Google Scholar using keywords—“biologics,” “viti-
ligo,” “treatment,” “repigmentation,” “JAK inhibitors,”, “TNF-ꭤ inhibitors,” and “IL17/23 
inhibitors,” Relevant studies and review articles in English were analyzed in detail and 
report was written. This article aimed at a comprehensive review of all the biologicals 
and newer targeted therapeutics tried in vitiligo and their efficacy with an insight into 
the potential complications arising as a result of the therapy.
Results: Most conventional vitiligo treatment modalities are restricted to generalized 
nonspecific immunosuppressants like topical and oral corticosteroids, calcineurin in-
hibitors, phototherapy, and surgical modalities. There have been reports and studies 
on the usage of biologicals in treating vitiligo. JAK inhibitors have shown good efficacy 
in vitiligo; however, it lacks substantial evidence in the form of randomized control 
trials. Similarly, the use of targeted therapeutics in treating vitiligo is substantiated by 
limited evidence and requires more randomized trials for further evidence.
Conclusion: JAK inhibitors have shown promising results and good tolerability; 
Adjuvant phototherapy can achieve a superior response compared to monotherapy. 
Though TNF-ꭤ has been tried in a few cases, it is best used if vitiligo is present in asso-
ciation with other chronic autoimmune diseases for which it is indicated. More in vitro 
studies and clinical research are required to understand the pathogenesis clearly, and 
therapy has to be targeted at specific pathways for a better approach toward vitiligo. 
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1  |  INTRODUC TION

Vitiligo is an autoimmune disorder caused by persistent destruc-
tion of mature melanocytes by the ongoing inflammation in the 
skin and presents as sharply demarcated, circumscribed achromic 
macules, and patches.1  The overall prevalence of vitiligo in the 
world ranges between 0.5% and 2%.1 The peak occurrence is be-
tween 1st and 3rd decade of life; however, it can appear anytime 
in the course of life. The prevalence is most probably the same 
in both sexes and all races are equally afflicted by vitiligo.1 It is a 
multifactorial disease with an intricate interplay between genetic 
and nongenetic factors.

2  |  ETIOPATHOGENESIS OF VITILIGO

A plethora of theories have been put forward to explain the de-
struction of melanocytes in vitiligo, however, no single mechanism 
has fully been implicated in disease causation. Moreover, the mel-
anocyte loss accruing in vitiligo may result from different pathoge-
netic mechanisms acting together (“convergence” or “integrated” 
pathway).1

2.1  |  Genetic factors

The complex interaction of genetic and nongenetic factors forms 
the crux of the aetiopathogenesis of vitiligo. The genetic model of 
etiopathogenesis of vitiligo is complex and involves many genes en-
coding both adaptive and innate immune responses and also, shares 
gene complexes with various other autoimmune diseases. Genome-
Wide Association Studies have discovered a large pool of suscep-
tibility codons encoding components of both innate and adaptive 
immune systems. It includes TRIF, NLRP1, CASP7, C1QTNF6 genes 
of innate immunity and FOXP3, HLA, PTPN22, CCR6, and IL2R 
genes for adaptive immunity.2

Vitiligo associated with autoimmune syndromes are associated 
with polymorphisms in HLA-A2, −DR4, −DR7, and −DQB1*0303.3 
Replication studies showed association of generalized vitiligo with 
HLA class I and class II genes, C1QTNF6, GZMB, UBASH3A, and less 
consistent association with RERE, PTPN22, IL2RA, and TYR.4 TYR 
gene encodes for tyrosinase enzyme, which although not associated 
with immunity, is a susceptible target for immune-mediated destruc-
tion. TYR peptide is presented to the autoreactive cytotoxic T cells 

by HLA-A*0201 facilitating the loss of immune tolerance toward 
tyrosinase and thereby, mediating auto reactive destruction of me-
lanocytes.4 Single nucleotide polymorphisms in the NALP1 gene, a 
regulator of innate immunity has been implicated recently. Not only 
was NALP1 associated with specific variants of vitiligo but also with 
other autoimmune and autoinflammatory diseases.3

Autoimmune susceptibility (AIS1) loci associated with vitil-
igo have been located on chromosome 1p31.3–p32.2, AIS2, and 
AIS3.4 AIS1 and AIS2 linkages were associated with familial vitiligo, 
whereas AIS3 was associated with the non-autoimmune family sub-
group. Systemic lupus erythematosus vitiligo-related gene (SLEV1) 
was linked with generalized vitiligo with the concurrent autoimmune 
syndrome.3

2.2  |  Oxidative stress

Intrinsic defect in the oxidative stress mitigating mechanism of na-
tive melanocytes is one of the key inciting factors of autoimmune 
melanocyte destruction. Elevated superoxide dismutase and de-
creased catalase and glutathione peroxidase are the markers of 
oxidative stress and are often found in the perilesional skin. An in-
creased superoxide dismutase activity results in raised H2O2 levels.3

Glutathione peroxidase is a major erythrocyte antioxidant, a 
key component in balancing the oxidative environment in the body. 
Superoxide dismutase binds to superoxide molecules and inactivates 
them by converting O2

– to O2 and H2O2. Thereafter, H2O2 is con-
verted to O2 and H2O by the catalase enzyme. H2O2 accumulated 
due to imbalance in these pathways leads to microenvironmental 
changes in the mitochondria and subsequently leads to apoptosis of 
the melanocytes.3

Alterations in the markers of redox reaction like malondialde-
hyde, selenium, vitamins, glutathione peroxidase, superoxide dis-
mutase, and catalase can be used to assess stress in vitiligo.3

Studies have put forth a new theory called the haptenation the-
ory; here genetic polymorphism allows tyrosinase to bind to sub-
strates like noradrenaline, tri-iodothyronine, and estrogen, making 
them a hapten, which further can convert the tyrosinase into a 
neoantigen target for uptake by the dendritic T cells.3 Dysregulated 
Nrf2 pathway has recently been implicated in the susceptibility of 
melanocytes to cellular oxidative stress. The Nrf2-ARE is one of the 
major reactive oxygen species scavenging pathways that induce 
heme oxygenase-1 (HO-1), a potent antioxidant and thereby, prevent 
oxidative damage.5

Treatment aimed at induction and differentiation of melanocytes may be added to 
achieve faster repigmentation.

K E Y W O R D S
biological, JAK inhibitors, treatment, vitiligo

 14732165, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocd.14770 by U

niversitätsbibliothek M
ainz, W

iley O
nline L

ibrary on [24/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



66  |    KARAGAIAH et al.

2.3  |  Effector mechanism

The elevated levels of H2O2 in the skin mediate the production of 
proinflammatory cytokines like IL-1β, IL6, and IL-8 indirectly by acti-
vating the calreticulin pathway.6

Inducible heat shock protein 70 (HSP70i) acts as a link between 
innate and humoral immune mechanisms. HSP70i is involved indi-
rectly in the recruitment and maturation of antigen-presenting den-
dritic cells specific to melanocytes through cytokines like IL-6, IL-12, 
IL-1β, and Tumour necrosis factor-alpha (TNF-ꭤ).6 Thus, in vitro mod-
ification and reintroduction of Hsp70iQ435A needs to be explored 
as a treatment modality in vitiligo. This may prove to be a novel ther-
apeutic option in treating vitiligo by inhibiting this pathway and may 
also bring about repigmentation.6

IFN-γ is a key cytokine in the pathogenesis of vitiligo. Cytotoxic 
CD8 T lymphocytes are the last leg of effectors involved in the de-
struction of melanocytes. JAK-STAT intracellular signaling medi-
ated up-regulation of CXCR3 receptors and CXCL 10 chemokines 
bring about the recruitment of CD8  T lymphocytes in the kera-
tinocytes. This signaling is mediated by the key cytokine IFN-γ. 
Extracellular binding of IFN-γ activates JAK, a transmembrane 
protein kinase that undergoes self-phosphorylation. This leads to 
the binding of STAT proteins along the inner side of the cellular 
membrane to form a dimer unit following which a series of intra-
cellular signaling enables the nuclear transcription of CXCL 10 and 
CXCL 9. These chemokines play a key role in the recruitment of 
cytotoxic T lymphocytes.7

Interleukin-15 (IL-15) plays a key role in the formation of TRM 
cells. IL-15 receptor of TRM cells expresses CD122 subunit, essential 
for binding of IL-15. Meanwhile, the CD215 subunit required to dis-
play the bound cytokine is upregulated by keratinocytes and there is 
subsequent activation of T cells.8

HMG-CoA reductase inhibitors like statins have been reported 
to inhibit STAT1 function in some in vitro studies. Recent animal 
studies have highlighted the role of systemic simvastatin in disease 
stabilization and repigmentation in vitiligo.9

FoxP3, a marker of Tregs (T cell regulatory cells) has been recently 
viewed as a marker for vitiligo. It normally functions as a downreg-
ulator of T cells and an upregulator of CTLA-4 and CD25  like im-
munosuppressive molecules. FoxP3+ Treg cells and Tregs homing 
receptors like CCL22 are significantly reduced in lesional skin spec-
imens in vitiligo.10 This serves as a rationale for exploration of Tregs 
transfer, Tregs enhancers like rapamycin, regulation of expression of 
FoxP3 by vitamin D therapy, and topical CCL22 as new modalities in 
treating vitiligo.10

Immune checkpoints like PD-1 (programmed cell death protein 
1) and CTLA-4 (cytotoxic T-lymphocyte-associated protein 4) are 
known to modulate T cell functions in response to inflammatory 
triggers. Studies on immune checkpoint inhibitors as a possible 
treatment for melanoma showed depigmented vitiligo-like patches 
occurring as a side effect of the therapy. This demonstrates the pos-
sibility of the occurrence of vitiligo due to dysregulation of immune 
checkpoints.11 Selective activation of these immune checkpoints 

may prove useful in restoring immune tolerance and cytokine bal-
ance and therefore help in treating vitiligo.11

Moreover, the loss of melanocytes in vitiligo may also be the re-
sult of different pathogenetic mechanisms working together (“con-
vergence” or “integrated” pathway).1

Vitiligo treatment largely comprises of general, off-label, non-
targeted immunosuppressants with modest efficacy and com-
pounded by the problem of recurrence after stopping treatment. 
The psychological burden caused by cosmetic disfigurement is of 
greatest concern to the treating doctors as well as the patients’ 
families. Thus, there is a demand for a better understanding of the 
pathogenesis and development of newer targeted treatment options 
for vitiligo. In this respect, biologicals are being explored in the treat-
ment of vitiligo. This review is thus aimed at shedding light on using 
different biological and targeted therapeutics and their efficacy in 
treating vitiligo.

2.3.1  |  JAK inhibitors

JAK signaling by cytokines is an important target to be consid-
ered in treating vitiligo. At present, tofacitinib and ruxolitinib are 
being tested in various clinical trials for treating vitiligo (Table  1). 
Ruxolitinib is a selective Jak1/2 inhibitor with little or no affinity to-
ward Jak 3 receptor. Tofacitinib on the other hand is an inhibitor of 
Jak3 and Jak1 receptors and to a lesser extent Jak2 receptor. It has 
minimal effect on Tyk2.7

Tofacitinib acts by blocking γc cytokines like IL-2, IL-4, IL-7, IL-9, 
IL-15, and IL-21, all of which act via Jak3 signaling. Jak1 inhibition 
would result in the blocking of IL-6 and IL-11, as well as the type II 
cytokine receptor family like (IFN)-α/β, IFN-γ, and IL-10. By inhibiting 
Jak1 and Jak2 receptors, tofacitinib also interferes with the differ-
entiation of IFN-γ producing Th1 cells. Ruxolitinib by blocking JAK 
1 and 2 receptors may inhibit many of the cytokines inhibited by 
tofacitinib.7

2.4  |  Tofacitinib

It was the first JAK 1/3 inhibitor used in the treatment of general-
ized progressive vitiligo with almost complete reappearance of pig-
ment on the hands and the face after 5 months of oral therapy.12 In a 
similar case study, a 44-year-old male patient with atopic dermatitis, 
vitiligo, and alopecia areata was treated with oral tofacitinib 5 mg BD 
for 6 months with a minimal decrease in VASI from 4.68 at baseline 
to 3.95 at 5 months.13 In a multicentric retrospective observational 
study, 58

out of the 67 patients received micro focussed narrow band 
UV-B (NBUVB) and nine patients with coexisting rheumatoid ar-
thritis (RA) were treated with tab tofacitinib 10 mg/day orally as an 
adjuvant to NBUVB. Patients treated with tofacitinib reported an 
overall repigmentation of 92% as compared to a mean of 77% repig-
mentation in the NBUVB group.14 In a retrospective case series of 
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ten patients treated with 5–10 mg BD dose of oral tofacitinib, only 
five patients with daily exposure to either, sun or NBUVB at a low 
dose responded with some repigmentation.15

In a pilot study, 11 subjects with vitiligo of the face were treated 
with topical application of 2% tofacitinib along with NBUVB for 
3  ±  1  months and showed a mean improvement of 70% in VASI 
score. It was also found to be cost-effective in patients affected with 
limited body surface area.16

Common side effects are diarrhea and upper respiratory tract 
infections.13 Mild elevation of lipid levels, arthralgia, and weight gain 
were noticed in patients.15 In most patients oral tofacitinib was tol-
erated well.

Other adverse effects that have been noted in randomized trials 
in psoriasis include herpes zoster, reactivation of herpes simplex, uri-
nary tract infections, and activation of latent tuberculosis.17 Other 
serious life-threatening infections like Pneumocystis jirovecii pneu-
monia, non-tuberculosis mycobacterial pneumonia, legionellosis, 
and BK virus encephalopathy have been rarely reported following 
tofacitinib therapy.18

Laboratory abnormalities like reversible, dose-dependent 
decline in hemoglobin levels, RBC count, absolute neutrophil 
counts, and absolute lymphocyte count, enzyme elevations; dose-
dependent increase in SGPT, SGOT, CPK, dyslipidemia; dose-
dependent elevation in HDL, LDL, and total cholesterol levels, 
TG levels are common.17 Rare occurrences of malignancies like 
melanoma, non-melanoma skin cancer, cancers of the prostate, 
lungs, breast, pancreas, lymphomas, and EBV‑induced lymphop-
roliferative disorders have been reported.18 Gastrointestinal per-
forations can occur rarely especially in patients with diverticulitis, 
on concomitant NSAIDs or corticosteroids.18 However, it further 
warrants meticulous randomized trials to assess the side effects 
of JAK inhibitors.

Hepatic metabolism is primarily mediated by CYP3A4 with a 
minor contribution from CYP2C19 enzymes. Pharmacokinetics of 
tofacitinib may be changed by other medications affecting CYP 
such as strong CYP3A4 inhibitors (e.g., ketoconazole) or with strong 
CYP2C19 inhibitors (e.g., fluconazole). Reduced metabolism leading 
to raised serum tofacitinib necessitates dosage reduction, for exam-
ple, from 5 mg BD or 11 mg XR (extended-release) OD to 5 mg OD.18

2.5  |  Ruxolitinib

A 20-week study of twice-daily topical ruxolitinib 1.5% cream was 
done in 11 patients with at least 1% body surface area affected by 
vitiligo with a daily maximum of 3.75 g of cream or 10% body surface 
area (BSA). A mean improvement of 27% was noted in 9 patients 
who completed the study and facial vitiligo responded best (mean 
improvement of 76% in VASI) compared to truncal or acral vitiligo.19 
In a 32-week open-label trial, patients were treated with topical ap-
plication of 1.5% ruxolitinib cream with additional NBUVB in a few 
who opted for it. Five out of 8 patients completed the trial. Patients 
with facial vitiligo showed an overall improvement of 92% in VASI 

scoring and truncal lesions showed a moderate response. Three pa-
tients who had opted for NBUVB showed a mean improvement of 
37.6% ±31.2% in VASI. In 5 patients who had completed the study, 
the response was maintained at 6 months post-treatment.20

Side effects were limited to mild erythema, worsening of pre-
existing acne, transient acneiform eruptions, and a rim of hyper-
pigmentation around the vitiligo patches with topical ruxolitinib 
treatment.19,20

In a case report, oral ruxolitinib 20  mg BD was tried in a 
35-year-old male patient with concomitant alopecia areata and vitil-
igo for 20 weeks. Facial lesions improved temporarily, only to recur 
at 12 weeks post-treatment.21

Many authors believed that JAK inhibitors respond better in pa-
tients with facial vitiligo and in the upper extremities. Patients with 
sufficient sun exposure or concurrent NBUVB had excellent repig-
mentation.14-16,19  JAK inhibitors halt the disease activity, whereas 
low dose light therapy either in the form of sunlight or NBUVB is 
necessary to stimulate the melanocytes to achieve repigmentation.18

2.6  |  Role of JAK inhibitors in the wake of 
COVID-19 pandemic

A meta-analysis showed significantly reduced odds of mortality 
and ICU admission in those who received Janus kinase-inhibitor for 
COVID 19 pneumonia compared to the standard treatment group. 
The group also showed significantly increased odds of hospital dis-
charge. This suggests the potential of the use of JAK inhibitors in 
Covid 19 coinfection with good safety.22

However, JAK inhibitors are known to inhibit various cytokines 
including Type Ⅰ interferons which form a part of innate immunity 
and provide protective immunity against viral replication. This 
stands true for SARS-CoV-19 as well. A consensus study by Bastard 
et al showed that autoantibodies against Type 1 interferons were ca-
pable of neutralizing the ability of interferons to inhibit viral replica-
tion in vitro and could lead to severe pneumonia.23 This necessitates 
caution while using JAK inhibitors during the COVID-19 pandemic.

Usage of JAK inhibitors is also associated with the problem of 
thromboembolic episodes which might aggravate the SARS-CoV-19-
induced microvascular coagulopathy.24

Hence, JAK inhibitors have to be used with utmost caution in 
vitiligo patients especially those with COVID pneumonia considering 
the risk-benefit ratio.

2.6.1  |  STAT inhibitors

Statins, HMG-CoA reductase inhibitors, a group of commonly used 
drugs to lower cholesterol was reported to have an inhibitory ac-
tion on STAT1 molecules in an in vitro study (Table 2). Simvastatin, a 
member of the statin family was reported to have a halting effect on 
disease progression and to have repigmenting properties in a mouse 
model study.25
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Repigmentation following oral simvastatin was 1st reported in 
a 55-year-old male patient with long-standing vitiligo, being treated 
for uncontrolled hypertension.26

In a phase-II clinical trial with oral simvastatin for vitiligo, authors 
noticed an average worsening of disease, with a 26% increase in 
the mean VASI (95% confidence interval, 45:97%) in the treatment 
group, while the placebo group had 0% change in the mean VASI 
(95% confidence interval, 5:5%). The study did not support the use of 
oral simvastatin for the treatment of vitiligo. The disparity in results 
when compared with the mouse model may be a result of dosing 
limitations in human beings because of potential toxicity, which is 
not a concern in mice.27

The side effects of simvastatin were limited to occasional my-
algia, diarrhea, mild, transient transaminitis, and mild elevation of 
creatine phosphokinase, none requiring dose modifications. Vertigo 
and headache are very common and may be severe enough to neces-
sitate withdrawal of treatment.27

There are two ongoing clinical trials using atorvastatin with 
NBUVB28 and topical simvastatin and atorvastatin29 in vitiligo 
to overcome the problem of systemic toxicity with high dose oral 
statins.

2.6.2  |  TNF-a inhibitors

An imbalance in the local cytokine setting facilitates the destruc-
tion of melanocytes by cytotoxic T cells (Table 3). An abundance of 
pro-inflammatory cytokines such as TNF-a has been mentioned in 
vitiligo-affected skin in comparison to non-lesional skin.30

Patients with active vitiligo were found to have increased TNF-ꭤ 
levels, particularly in the lesional skin and hence was believed to 
contribute to the destruction of melanocytes in vitiligo.30 There was 
a positive correlation between tissue levels of TNF-a and vitiligo dis-
ease activity.

TNF-ꭤ inhibits proliferation of melanocyte and its tyrosinase ac-
tivity in a dose-dependent manner and is thus expected to interpose 
with repigmentation.31 Studies found that TNF-ꭤ was also capable 
of inhibiting the differentiation of melanocyte stem cells and pro-
moting melanocyte apoptosis, further inhibiting repigmentation in 
vitiliginous skin.32

In a pilot study with six patients with widespread, progressive 
vitiligo, etanercept, infliximab, or adalimumab were given to two 
patients each as per recommended guidelines for psoriasis. Digital 
photography was used to assess vitiligo lesions at 2 and 6 months 
following cessation of treatment. None of the patients achieved re-
pigmentation, although one patient under infliximab experienced 
further disease progression. But, 5 patients developed no new le-
sions during the therapy or through 6 months follow-up.32

In another pilot trial, four patients with progressive vitiligo 
were treated with etanercept for a duration of 16 weeks. Disease 
stabilization was achieved by all the patients during the course of 
treatment, but post-treatment follow-up was not documented.33 In 
another small pilot study, 2 patients with recalcitrant progressive 
vitiligo were treated with adjuvant etanercept along with ongoing 
treatment modalities for more than a year. Both patients showed 
disease stabilization and repigmentation.34

Paradoxically, there are reports of worsening vitiligo or emer-
gence of de novo vitiligo in patients receiving TNF-ꭤ inhibitors for 
conditions other than vitiligo. In one such report, a 57-year-old male 
patient with ankylosing spondylitis with stable vitiligo of 20 years 
duration developed rapid progression of lesions following adalim-
umab therapy. Disease progression stopped and partial repigmenta-
tion was seen after stopping the treatment.35

In a case series of eight patients being treated with TNF-ꭤ inhib-
itors (7 adalimumab and 1 infliximab) for conditions other than vitil-
igo, patients developed new-onset hypopigmentation after a mean 
duration of 17.4 ± 15.8 months.36

Multiple other case reports have recorded de novo vitiligo in pa-
tients treated with TNF-ꭤ inhibitors for other dermatological, rheu-
matological, or gastrointestinal conditions. Most patients in case 
reports were treated with adalimumab.37

This paradox could be explained by the fact that the patho-
genesis of vitiligo is multifactorial, in that it involves many 
other cytokines like IFN γ38 and increased expression of ICAM 
1 on the melanocytes, facilitating recruitment of cytotoxic T 
lymphocytes.39

Adverse events include infections, sepsis, and latent tuberculosis 
reactivation, malignancies such as lymphoma, other hematologic dis-
orders such as anemia and pancytopenia, demyelinating disorders/
neuropathy, worsening of congestive heart failure, the occurrence 

TA B L E  2  Statin in vitiligo

Authors
Type of 
report

No of 
patients

Type/Site of 
vitiligo

Formulation and 
dosage/adjuvant 
treatment Duration Results

Noel et al25 CR 1 Facial and acral Simvastatin PO 80 mg 
daily

6 months Moderate repigmentation of the vitiligo 
patches noted

Vanderweil26 DB- RCT 15 Nonsegmental Simvastatin PO 
40 mg daily for 
1 month,then 80 mg 
daily for 5 months

6 months Mean increase of 26% in the VASI score of 
study group compared to 0% change in 
the placebo group

Note: Abbreviations: CR, case report; DB- RCT, double-blinded randomized control trial; PO, per os/by mouth; VASI, Vitiligo Area Scoring Index.
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of autoantibodies and autoimmunity, and infusion/injection-related 
hypersensitivity reactions.40

2.6.3  |  IL 17/23 inhibitors

Many studies in the recent past have shown the possible role of Th 
17 cells and IL17 in the pathogenesis of vitiligo (Table 4). Studies 
revealed an increased level of Th17 cells and IL 17 in the affected 
skin and serum of patients with vitiligo, which showed a positive 
correlation with the disease activity.41  There have also been re-
ports of decreased frequency of IL17 and Th17 cells in the skin 
and serum following treatment with NBUVB, suggesting a possible 
role of the Th17 pathway in the initiation and progression of the 
disorder.42

IL23 is a proinflammatory cytokine belonging to a family of IL 
12 cytokines and acts synergistically with Th17 cells and IL17 in the 
pathogenesis of a large number of chronic autoinflammatory dis-
eases like rheumatoid arthritis, Crohn's, and multiple sclerosis. Thus, 
IL23/Th17 axis acts as a potential target of therapy in these cases.43 
Recent reports have shown expanded serum IL 23 levels in patients 
with nonsegmental vitiligo and a positive correlation with the dis-
ease duration and activity.44

In an isolated case report, a 37-year-old woman with psoriasis 
involving 10% of BSA and concomitant vitiligo and alopecia areata 
with unsatisfactory response to etanercept in the past was treated 
with IL23 inhibitor, ustekinumab 90 mg subcutaneous injections at 
0 and 4  weeks and every 8  weeks subsequently. Psoriasis lesions 
cleared completely by the end of 16 weeks. At 20 weeks, there was 
complete hair growth at the sites of alopecia areata and vitiligo le-
sions had improved with some amount of repigmentation.45

In another similar case report, ixekizumab, an inhibitor of IL17A 
was tried in a 40-year-old female with coexisting vitiligo and pso-
riasis. The psoriatic lesions responded with complete clearance at 
59 weeks, whereas the vitiligo lesions showed no response and in 
fact, the progression continued with the appearance of new depig-
mented patches in previously uninvolved areas. Thus, the authors 
were of the opinion that targeting the IL17/Th17 axis may not be 
effective in treating vitiligo.46

In another pilot trial, 8 patients with active vitiligo were 
treated with secukinumab 300 mg at weeks 0, 1, 2, 3, 4, and sub-
sequently every 4  weeks for 7  months and followed up for an 
additional 2  months post-treatment. Photographic assessment 
using UV photography was done at each visit and biomarkers were 
assessed at regular intervals. Seven out of eight patients showed 
signs of further progression and only 1 patient showed limited de-
pigmentation. Biomarkers of vitiligo like CXCL9, CXCL10, sCD25, 
sCD27, and BAFF showed no significant changes over time. sCD25 
inversely correlated with baseline Th17 cells, which was surpris-
ing as sCD25 is a biomarker of active vitiligo. The percentage of 
Th17 cells was negatively correlated to the percentage of Th1 cells 
and positively linked with Th2, Th9, and Th22 lymphocytes. These 
findings were not in agreement with previous reports where the TA

B
LE

 3
 

Tu
m

ou
r n

ec
ro

si
s 

fa
ct

or
-a

lp
ha

 in
hi

bi
to

rs
 in

 v
iti

lig
o

A
ut

ho
rs

Ty
pe

 o
f 

re
po

rt
N

o 
of

 p
at

ie
nt

s
Ty

pe
/S

ite
 o

f 
vi

til
ig

o
Fo

rm
ul

at
io

n 
an

d 
do

sa
ge

/A
dj

uv
an

t 
tr

ea
tm

en
t

D
ur

at
io

n
Re

su
lts

TN
F 
ꭤ 

In
hi

bi
to

rs
 in

 tr
ea

tm
en

t o
f v

iti
lig

o

A
lg

ha
m

di
 K

M
 

et
 a

l31
Pi

lo
t s

tu
dy

6
G

V
 p

ro
gr

es
si

ve
In

fli
xi

m
ab

 (n
 =

 2
): 

5 
m

g/
kg

 IV
 a

t 0
, 2

, 
6 

w
ee

ks
 a

nd
 th

en
 e

ve
ry

 8
 w

ee
ks

.
Et

an
er

ce
pt

 (n
 =

 2
): 

50
 m

g 
SC

 tw
ic

e 
w

ee
kl

y
A

da
lim

um
ab

 (n
 =

 2
): 

80
 m

g 
SC

 a
t w

ee
k 

0,
 

40
 m

g 
SC

 a
t w

ee
k 

1,
 th

en
 4

0 
m

g 
SC

 
ev

er
y 

2w
ee

ks

O
ne

 p
at

ie
nt

 o
n 

in
fli

xi
m

ab
 w

or
se

ne
d 

w
ith

 th
e 

pr
og

re
ss

io
n 

of
 d

ep
ig

m
en

te
d 

pa
tc

he
s 

an
d 

oc
cu

rr
en

ce
 o

f n
ew

 
pa

tc
he

s.
O

th
er

 5
 p

at
ie

nt
s 

at
ta

in
ed

 s
ta

bi
lit

y 
w

hi
ch

 w
as

 m
ai

nt
ai

ne
d 

at
 6

 m
on

th
s 

po
st

-t
re

at
m

en
t b

ut
 d

id
 n

ot
 a

tt
ai

n 
th

e 
pr

im
ar

y 
ta

rg
et

 o
f a

tt
ai

ni
ng

 >
50

%
 re

pi
gm

en
ta

tio
n.

Ri
go

po
ul

os
 e

t a
l32

Pi
lo

t s
tu

dy
4 

(2
4–

34
y)

M
Pr

og
re

ss
iv

e
Et

an
er

ce
pt

 5
0 

m
g 

SC
 o

nc
e/

w
ee

k 
fo

r 
12

 w
ee

ks
, t

he
n 

25
 m

g 
on

ce
/w

ee
k 

fo
r 

4 
w

ee
ks

16
 w

ee
ks

St
ab

ili
ze

d

K
im

 e
t a

l33
Pi

lo
t s

tu
dy

2 42
/F

, 4
6/

F
Pr

og
re

ss
iv

e
Et

an
er

ce
pt

 5
0 

m
g 

tw
ic

e/
w

ee
k,

 th
en

 
50

 m
g 

on
ce

/w
ee

k 
fo

r ≥
1 

ye
ar

 w
ith

 
co

nt
in

ue
d 

N
B-

U
V

B 
an

d 
to

pi
ca

l 
ca

lc
in

eu
rin

 in
hi

bi
to

rs

D
is

ea
se

 s
ta

bi
liz

at
io

n 
an

d 
re

pi
gm

en
ta

tio
n

TN
F 
ꭤ 

In
hi

bi
to

rs
 in

 tr
ea

tm
en

t o
f c

hr
on

ic
 a

ut
oi

m
m

un
e 

di
se

as
es

 w
ith

 c
on

co
m

ita
nt

 v
iti

lig
o

A
bb

re
vi

at
io

ns
: C

R,
 c

as
e 

re
po

rt
; C

S,
 c

as
e 

se
rie

s;
 F

, f
em

al
e;

 G
V,

 g
en

er
al

iz
ed

 v
iti

lig
o;

 IV
, i

nt
ra

ve
no

us
ly

; M
, m

al
e;

 S
C

, s
ub

cu
ta

ne
ou

sl
y.

 14732165, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocd.14770 by U

niversitätsbibliothek M
ainz, W

iley O
nline L

ibrary on [24/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  71KARAGAIAH et al.

Th17 pathway was correlated with active disease. In contrast, 
there was a positive correlation of Th17.1  lymphocytes with Th1 
cells (p < 0.001).

In a further study with a larger cohort, it was found that there 
was a shift in Th1/Th17.1/Th17 balance toward Th1 differentiation 
instead of Th17 pathway in active non-segmental vitiligo. High cir-
culating IL17 levels in patients with active non-segmental vitiligo 
were reported previously. The increased levels were attributed to 
elevated intermediary phenotype with the characteristics of both 
Th1 and Th17, like the Th17.1 lymphocytes. Th17.1 cells can pro-
duce both IL-17 and IFN-γ and are capable of polarising toward 
the Th1 phenotype in a skewed Th1 environment. Thus, the study 
concluded that IL17 inhibition offered no benefit in treating active 
vitiligo.47

2.7  |  Immune checkpoint modulators

T cell responses to inflammation are modulated by molecules 
known as immune checkpoints comprising of PD-1 (programmed 
cell death protein 1) and CTLA-4 (cytotoxic T-lymphocyte-
associated protein 4) among many others. The use of immune 
checkpoint inhibitors in melanoma patients has shed light on the 
probability of dysregulation in immune checkpoints playing a role 
in the pathogenesis of vitiligo.48 It is believed that selective activa-
tion of these surface molecules could restore tolerance in patients 
with vitiligo.11

On this basis, abatacept, a fusion protein that is approved 
by the FDA in the management of moderate to severe RA, was 
tried in the management of vitiligo.49 Abatacept has IgG1  linked 
to the extracellular domain of CTLA-4 by the Fc region of the 
immunoglobulin.49

2.8  |  Future therapeutic prospects

Currently, preclinical trials are being conducted to assess the role of 
PD-1 ligand in the treatment of psoriasis.50 This could also serve as 
an option in the management of vitiligo in the future given its role in 
the regulation of immunity.

Studies have shown that activation of the mTORC1 pathway 
by Rapamycin has a protective action against H2O2-induced loss 
of dendrites in melanocytes. α-MSH can also block TNFα mediated 
activation of NF-κB and has a protective effect on dermal melano-
cytes. The authors are of the opinion that modulation of mTORC1 
and NF-κB pathway may offer a better prospect for vitiligo clinical 
management.51

The anti-CD122 antibody has been shown to reverse vitiligo in 
mice models by inhibiting Il-15  mediated TRM formation and pro-
duction of interferon γ and depletes TRM from lesional skin with 
long-term treatment.8 However, they have to be used with caution 
as they are key regulators of adaptive immunity and inhibiting IL15 
pathways may have safety concerns.TA
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3  |  CONCLUSION

Vitiligo has been a challenge, in terms of understanding the patho-
genesis or achieving a satisfactory remission. The treatment mo-
dalities in vitiligo have mostly been nonspecific and generalized 
like topical immunosuppressants, phototherapy, surgical methods 
with modest efficacy, and potential adverse effects. Owing to a 
better understanding of the pathophysiology, there has been an 
emergence of newer specific targeted therapies aimed at limiting 
disease progression and achieving repigmentation with a good 
safety profile. JAK inhibitors have so far been the only class with 
promising results and good tolerability; although like any im-
munosuppressant, it comes with the risk of activation of latent 
infections and a few systemic side effects. Patient selection by 
adequate screening and routine baseline investigations can alle-
viate the chances of potential side effects. Adjuvant photother-
apy can achieve a superior response compared to monotherapy. 
Though TNF-ꭤ has been tried in a few cases, it is best used if 
vitiligo is present in association with other chronic autoimmune 
diseases for which it is indicated. Also, the risk of worsening or 
emergence of de novo vitiligo must be borne in mind and the risk 
explained to patients before starting the therapy. IL17 inhibitors 
have been futile in attaining desired response. More in vitro stud-
ies and clinical research is required to understand the pathogen-
esis clearly and therapy has to be targeted at specific pathways for 
a better approach toward vitiligo. Treatment aimed at induction 
and differentiation of melanocytes may be added to achieve faster 
repigmentation.
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