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Abstract
Background  There has been a significant increase in the number and efficacy of therapies for advanced melanoma. Immuno-
therapies, such as anti-cytotoxic T-lymphocyte antigen-4 and programmed cell death-1 inhibitors, have improved the prognosis 
for patients with advanced melanoma. While spontaneous melanoma-associated vitiligo is a known phenomenon, the occur-
rence of melanoma-associated vitiligo following melanoma therapy is now recognized to associate with favorable outcomes.
Objective  The objective of this article is to provide a comprehensive literature review of melanoma-associated vitiligo and 
explore the insights these findings provide about the pathobiology of vitiligo and mechanisms underlying melanoma therapies.
Methods  PubMed and Science Direct databases were searched for studies pertaining to melanoma-associated vitiligo. The 
36 studies reviewed included meta-analyses (n = 2), prospective cohort studies (n = 4), prospective observational studies 
(n = 3), retrospective studies (n = 12), case series (n = 2), and case reports (n = 13).
Results  The basic mechanisms underlying melanoma-associated vitiligo and vitiligo may be shared. Characterization of 
these mechanisms will identify new biomarkers and therapeutic targets for both melanoma and vitiligo.
Conclusions  Co-opting the immune system to target tumor antigens highlights the potential overlap between anti-tumor 
immunity and autoimmunity. The development of vitiligo-like depigmentation in association with immunotherapy for mela-
noma may provide insights into both the immune response against melanoma as well as the pathogenesis of vitiligo.
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Key Points 

Melanoma-associated vitiligo (MAV) can occur spon-
taneously or in response to a number of treatment 
modalities. MAV is associated with improved treatment 
outcomes for advanced melanoma patients treated with 
various immunotherapies.

There is a growing understanding regarding the clini-
cal and pathophysiologic similarities and differences 
between MAV and vitiligo vulgaris.

The phenomenon of MAV provides insight into the anti-
tumor immune response against melanoma, as well as 
the pathogenesis of vitiligo vulgaris.

1  Introduction

Immunotherapies represent a significant breakthrough 
in the management of advanced melanoma. Melanomas 
express multiple antigens that can be therapeutically 
targeted via immunotherapy; however, these antigens 
may also be expressed on normal cells, thus increasing 
the risk of autoimmunity. Autoimmune-mediated mel-
anocyte destruction results in vitiligo, characterized by 
depigmented skin patches. Melanoma-associated vitiligo 
(MAV), also called melanoma-associated depigmentation 
or leukoderma, occurs in 2–16% of patients with mela-
noma overall [1], and may reflect an immune response 
against antigens shared by melanoma cells and normal 
melanocytes [1–4]. For example, antibodies from sera 
of patients with vitiligo can target melanoma cells for 
destruction [5]. Importantly, both spontaneous and ther-
apy-induced MAV have been associated with improved 
prognosis in all stages of melanoma [2, 6, 7].

This article provides a review addressing melanoma-
associated depigmentation including its clinical features, 
incidence, association with immunotherapies, prognostic 
implications, underlying mechanisms relating to anti-tumor 
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responses, as well as an examination of MAV etiology that 
may provide insights into vitiligo pathogenesis. PubMed 
search terms included “melanoma” AND “vitiligo” OR “leu-
coderma” OR “depigmentation” OR “hypopigmentation,” as 
well as “melanoma” AND “immunotherapy” (Fig. 1, Table 1).

2 � Melanoma‑Associated Vitiligo

Spontaneous vitiligo in individuals with melanoma is signif-
icantly more common than in the general population [6, 8]. 
Melanoma-associated vitiligo and vitiligo are indistinguishable 
based on histology [9]. A prospective study of 2954 patients 
with melanoma of all stages found the prevalence of vitiligo 
was 2.8%, compared with 0.4–2.0% in the greater population 
[7]. Three-quarters of MAV occurred spontaneously in the 
absence of treatment. Vitiligo preceded melanoma diagnosis 
in 20.5% of patients by a range of 2–45 years and was an inde-
pendent favorable predictor of overall survival in stage III and 
IV patients. Five-year survival of stage III patients with MAV 

was 65.0% compared to 42.5% among patients without MAV. 
For stage IV patients, mean survival time was 14.4 months for 
patients with MAV vs 9.6 months for those without MAV [7].

3 � Immunotherapy 
and Melanoma‑Associated Vitiligo

Teulings et al. conducted a systematic review of 137 stud-
ies comprising 5737 Stage III–IV patients with melanoma 
treated with various immunotherapies. The overall cumu-
lative MAV incidence was 3.4% (2.0–6.3%) [10]. Vitiligo 
was associated with a 50% reduction in the risk of disease 
progression and a four times reduced risk of death [10].

The most commonly studied classes of immunothera-
pies include general stimulation with interferon-α (IFN-α) 
or interleukin-2 (IL-2), use of a modified oncolytic virus 
to enhance anti-tumor responses, and immune checkpoint 
inhibitors, namely anti-cytotoxic T-lymphocyte antigen-4 
(CTLA-4) and programmed cell death (PD)-1 inhibitors.

Fig. 1   Flow diagram of study 
selection. MAL melanoma-
associated leukoderma, MAV 
melanoma-associated vitiligo
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3.1 � Interferon‑α‑ and Interleukin‑2‑Based 
Treatments

Rosenberg and White reported vitiligo in 26% of patients 
with metastatic melanoma responding to high-dose IL-2, 
while vitiligo was not observed among non-responders [11]. 
In another study, 49 patients with metastatic melanoma 
were treated with a regimen of dacarbazine, cisplatin, vin-
blastine, IL-2, and IFN-α, followed by sustained IL-2 and 
granulocyte macrophage-colony stimulating factor therapy. 
Vitiligo developed in 43% of patients and was associated 
with a significant improvement in median overall survival 
compared with patients who did not develop vitiligo (18.2 
vs 8.5 months) [2]. Interleukin-2 may promote CD8+ T-cell 
responses against melanoma-associated antigens, which are 
also shared by melanocytes [6, 12]. Notably, higher IL-2 and 
IL-2 receptor levels have been reported in sera of patients 
with non-melanoma-associated vitiligo, compared with con-
trols [13]. In addition, soluble IL-2 receptor serum levels 
correlated with body surface area in vitiligo [14], suggesting 
that responses to immunotherapy and autoimmunity may 
involve the same cytokine pathways.

3.2 � Talimogene Laherparepvec

Talimogene laherparepvec is a genetically modified, attenu-
ated herpes simplex virus that replicates within melanoma 
cells and stimulates an anti-tumor immune response. In a 
phase II study of talimogene laherparepvec for metastatic 
melanoma, vitiligo was described in 6.0% (3/50) of patients, 
two of whom achieved complete remission [15]. Further-
more, Iglesias et al. reported on two patients with advanced 
melanoma treated with talimogene laherparepvec injections 
into cutaneous melanoma nodules resulting in depigmenta-
tion in areas distinct from the injection site. Both patients 
achieved complete remission [16]. Development of vitiligo 
at distant sites and favorable treatment response in these 
patients suggest that a systemic immune response against 
common melanocyte antigens may develop even with local-
ized immunotherapy [16].

3.3 � Anti‑Cytotoxic T‑Lymphocyte Antigen‑4 
Inhibitor

Immune checkpoint inhibitors aim to disinhibit the immune 
response against tumor-related antigens and are associated 
with a number of immune-related adverse events (irAEs) 
[17]. However, irAEs are generally associated with more 
favorable responses to therapy and may reflect stimulation of 
a robust immune response [18–20]. Ipilimumab is a CTLA-4 
inhibitor approved for use in advanced melanoma. Cytotoxic 
T-lymphocyte antigen-4 is a receptor expressed on effector 
and regulatory T cells, and CTLA-4 blockage disinhibits 

the cell-mediated response against melanoma. The overall 
incidence of ipilimumab-induced MAV is 2.0–14.3%. [19, 
20]. Vitiligo is generally persistent after treatment cessation 
[18], suggesting that a durable immune response is induced.

3.4 � Programmed Cell Death‑1 Inhibitors

Anti-PD-1 agents approved for advanced melanoma include 
nivolumab and pembrolizumab. Programmed cell death-1, 
a receptor expressed by activated T cells, dampens T-cell 
activation and promotes T-cell “exhaustion” to prevent auto-
immunity [17]. Programmed cell death-1 inhibition prevents 
down-regulation of T-cell responses and produces a survival 
benefit in advanced melanoma [21]. Melanoma-associated 
vitiligo generally occurs at higher rates after anti-PD-1 
therapy compared with CTLA-4 inhibition [22–24]. The 
incidence of MAV in patients treated with pembrolizumab 
ranges between 9.6 and 25% [8, 25–27]. In a randomized 
controlled trial of nivolumab for metastatic melanoma 
involving 418 patients, 10.7% (22/206) of nivolumab-treated 
patients developed vitiligo, compared with 0.5% (1/205) of 
dacarbazine-treated controls [28]. Belum and colleagues 
performed a meta-analysis of dermatologic adverse events 
associated with pembrolizumab and nivolumab used for 
lung cancer, renal cancer, and advanced melanoma [22]. For 
pembrolizumab, the cumulative incidence of vitiligo was 
8.3% (9/111, relative risk of vitiligo = 17.5 as compared to 
chemotherapy controls). For nivolumab, vitiligo incidence 
was 7.5% (62/878, relative risk = 14.6) [22].

Hua et al. conducted a prospective study specifically eval-
uating for vitiligo in 67 patients with metastatic melanoma 
treated with pembrolizumab [25]. The incidence of vitiligo 
was 25% (17/67 patients: generalized vitiligo in 82%, local-
ized in 12%, and mixed in 1%). Development of vitiligo 
was significantly associated with higher rates of objective 
treatment response [25]. Nakamura and colleagues retro-
spectively examined the correlation between vitiligo and 
nivolumab treatment response in 35 patients with stage III 
and IV disease [27]. Vitiligo occurred in 25.7% of patients 
and was predominantly localized, affecting less than 10% 
body surface area. The objective response rate was higher 
in patients who developed vitiligo compared with those who 
did not (44.4% vs 7.7%, p = 0.027). Onset of vitiligo within 
5 months of treatment initiation was a positive indication of 
treatment response [27].

Indini and colleagues assessed 173 patients treated with 
nivolumab or pembrolizumab for metastatic melanoma 
for adverse events and survival [29]. In this study, 59% of 
patients developed irAEs, which included vitiligo, dermatitis 
(rash, pruritus, or lichenoid reactions), diarrhea, hepatitis, 
and hypothyroidism. Immune-related adverse effects gen-
erally correlated with improved progression-free survival 
and overall survival. When vitiligo was separately compared 
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with other irAEs, there was a non-significant trend towards 
improved overall survival (p = 0.06). Meanwhile, when 
patients who developed vitiligo were compared to patients 
without irAEs, there was a significantly improved overall 
survival. Median overall survival was undefined for patients 
with vitiligo, compared to 9.7 months for patients who did 
not develop irAEs [29]. Nardin and colleagues retrospec-
tively reviewed 111 patients with advanced melanoma 
treated with a PD-1 inhibitor [30]. In this study, 29% of 
patients developed a cutaneous adverse reaction, including 
13.5% of patients developing vitiligo. The development of 
vitiligo was associated with greater overall survival and 
progression-free survival, compared with the development 
of other cutaneous adverse reactions. This was confirmed in 
landmark analyses to avoid lead-time bias [30].

Several studies compared MAV rates between CTLA-4 
and PD-1 inhibitor treatment for advanced melanoma. In a 
phase III trial of 834 patients randomized to receive pem-
brolizumab 10 mg/kg every 2 or 3 weeks, or ipilimumab 
3 mg/kg every 3 weeks [21], vitiligo occurred in 9% of 
patients treated with pembrolizumab every 2 weeks, 11.2% 
treated with pembrolizumab every 3 weeks, and 1.6% of 
patients treated with ipilimumab. Pembrolizumab use led 
to longer progression-free survival and overall survival.
[21]. Hwang et al. compared a 25-patient cohort with meta-
static melanoma who received combination ipilimumab 
and pembrolizumab therapy with 82 patients treated with 
pembrolizumab alone [31]. There was no significant differ-
ence in vitiligo rates between therapies, although combina-
tion treatment was associated with a shorter time to vitiligo 
development (3.2 vs 10.3 months) [31]. Of note, vitiligo 
incidence increased at an approximately constant rate after 
treatment initiation, with no plateau, unlike the incidence of 
lichenoid reactions or pruritus [31]. This constant rate is in 
concordance with other studies of anti-PD-1 therapy [23]. 
Quach and colleagues retrospectively reviewed 318 patients 
with advanced melanoma treated with PD-1 monotherapy 
or combination ipilimumab–nivolumab therapy at a single 
center [32]. The authors reported a significantly increased 
rate of cutaneous toxic effects in patients treated with com-
bination therapy compared with PD-1 monotherapy. In addi-
tion, a multivariate analysis confirmed significantly superior 
response rates associated with the development of vitiligo 
(odds ratio 7.05) or other cutaneous reactions (odds ratio 
4.37), compared with patients without cutaneous toxicity 
[32].

In a retrospective cohort study using the French Pharma-
covigilance Database, Babai and colleagues described the 
clinical characteristics of 96 patients who developed viti-
ligo-like lesions associated with checkpoint inhibitors [33]. 
Patients treated with pembrolizumab (n = 78), nivolumab 
(n = 14), ipilimumab (n = 6), and combined ipilimumab 
plus nivolumab (n = 2) were included in the discussion. 

The median time to onset of depigmentation was shorter 
for patients treated with ipilimumab (3.8 months), than for 
pembrolizumab (5.4 months) or nivolumab (5 months). Six 
patients (6.25%) in the study demonstrated repigmentation 
after discontinuation of immunotherapy, which the authors 
highlight was associated with disease progression [33]. Of 
note, the latter finding of repigmentation heralding disease 
progression or recurrence has been supported by several 
other reports [6, 34].

In addition to inducing vitiligo, PD-1 therapy for meta-
static melanoma has been associated with the development 
of halo nevi [35], as well as regression of melanocytic nevi 
and lentigines [24, 36]. Similar to vitiligo, disappearance 
of pigmented lesions may result from an immune response 
against antigens shared by melanocytes and melanoma cells 
[36]. Additionally, there have been several reports of patients 
developing a Vogt–Koyanagi–Harada (VKH)-like condi-
tion in association with checkpoint inhibitor therapy for 
melanoma [4, 37, 38]. For example, Obata and colleagues 
reported a case of patient who developed VKH-like uveitis 
in association with nivolumab treatment for metastatic mela-
noma [38]. Similarly, Mihailovic et al. reported the case of 
patient who developed VKH-like uveitis, along with vitiligo 
and poliosis in a patient with metastatic melanoma treated 
with nivolumab [37]. The development of VKH in the set-
ting of immunotherapy for melanoma suggests that a T-cell 
response against normal melanocytes in extra-cutaneous 
sites may also be triggered by immunotherapy [38].

It was previously thought that MAV exclusively occurs 
when immunotherapy is employed to treat melanoma, not 
other malignancies [22, 25, 27, 39]. This idea was supported 
by a retrospective study of 83 patients treated with pem-
brolizumab for melanoma (n = 66), lung (n = 15), prostate 
(n = 1), and Merkel cell (n = 1) cancers, in which pigment 
loss was only observed in patients with melanoma [40]. 
However, more recently, there have been several reports of 
patients developing vitiligo in association with checkpoint 
inhibitor treatment for non-melanoma cancers [4], including 
renal cell carcinoma [41], cholangiocarcinoma [42], acute 
myeloid leukemia [43], non-small cell lung cancer [44], and 
squamous cell carcinoma [42]. In a case series by Liu and 
colleagues, the authors note that depigmented patches were 
photo-distributed and proposed that one possible explana-
tion for depigmentation may be the induction of a de novo 
immune response against previously damaged melanocytes 
in the skin [42].

4 � Proposed Mechanisms 
of Melanoma‑Associated Vitiligo

Melanoma cells and melanocytes share a number of immu-
nogenic antigens including, Melan-A/MART-1, tyrosinase-
related protein (TYRP)-1/gp75, TYRP-2, tyrosinase, and 
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gp100 [1–3, 6, 36]. Overexpression of these antigens by 
malignant cells and/or a breakdown in immune tolerance 
due to therapeutics may promote an immunogenic response 
[25, 27]. Anti-tumor immunity targets neo-antigens pro-
duced by mutations within malignant cells [45, 46]. The 
concurrent recognition of antigens on melanocytes may be 
due to epitope spreading, when an initial immune response 
against one epitope extends to similar antigens [45, 46]. 
These antigens can be recognized by HLA-A2-restricted 
cytotoxic T cells on both melanomas and melanocytes [8]. 
The same cytotoxic T-cell clone attacks both melanoma cells 
and bystander melanocytes due to expression of shared anti-
gens [25, 27, 47].

Animal studies have previously demonstrated vitiligo 
induction after immunization to melanoma antigens TYRP-1 
and g100 [48]. In a another study, a patients with metastatic 
melanoma was infused with MART-1-specific CD8 + T 
cells, and infused clones localized to both the tumor and 
melanocytes resulting in a loss of MART-1 expression and 
an absence of melanocytes in depigmented skin lesions 
[48]. Hua and colleagues investigated skin biopsies from 
two patients who developed vitiligo while receiving pem-
brolizumab. A dermal inflammatory infiltrate composed of 
T cells was observed concordant with the disappearance of 
melanocytes [25]. As for increased rates of MAV associ-
ated with treatment with checkpoint inhibitors, it has been 
proposed that PD-1 mediates tolerance to melanosomal pro-
teins, such as tyrosinase and TYRP-2, and with inhibition of 
PD-1 activity, autoimmune vitiligo results [17].

Le Gal and colleagues described an infiltrate of CD8 + T 
cells located at the basal layer of the epidermis within MAV 
patches. These T cells had a clonal or oligoclonal T-cell 
response, reflecting antigenic stimulation, as well as expres-
sion of cutaneous lymphocyte antigen, a skin homing receptor 
[47]. Furthermore, CD8 + T cells from patients with vitiligo 
are capable of destroying melanoma cells ex vivo; conversely, 
cytotoxic T cells from patients with melanoma attack melano-
cytes [12, 49].

Circulating antibodies against melanoma-associated anti-
gens, namely gp100, tyrosinase, TYRP-1, and TYRP-2 and 
B16 melanoma-cell line antigens (presumed to be a heter-
ogenous group of antibodies) have been detected in patients 
with MAV [1, 3, 24, 45]. Development of antibodies against 
melanocyte-specific antigens may occur secondarily to T-cell 
destruction of melanoma cells and release of antigens, to 
which antibodies are generated [3, 24]. Merimsky and col-
leagues measured anti-tyrosinase antibody levels in patients 
with melanoma, vitiligo, MAV, and healthy controls [3]. Anti-
tyrosinase antibodies were detected in patients with melanoma 
and MAV, but at lower levels than in vitiligo [3]. Furthermore, 
high levels of serum antibodies to TYRP-2 have been dem-
onstrated in both patients with vitiligo and melanoma [50]. 
In a study of an IL-2 therapy for advanced melanoma, 29% 

of patients who developed MAV had IgG titers to TYRP-2, 
compared with 14% among patients who did not develop viti-
ligo, which the authors suggest represents a break in immune 
tolerance to TYRP-2 after immunotherapy [2].

Melanoma-associated vitiligo persists beyond comple-
tion of immunotherapy in patients with advanced melanoma 
[51], and may be a key factor in achieving a long-lasting 
anti-melanoma immune response [26, 49]. Bryne and Turk 
proposed that an immune response against bystander mel-
anocytes might actively maintain a T-cell response against 
melanoma. Furthermore, if a T-cell response against shared 
melanoma and melanocyte antigens is produced efficiently, 
these T cells may develop memory properties to maintain 
a durable anti-melanoma response [49]. Thus, maintenance 
of these memory cells may rely on melanocyte destruction 
[49].

While the vast majority of data regarding treatment-asso-
ciated MAV is available after immunotherapy, it is notable 
that there are emerging reports of MAV occurring after treat-
ment with BRAF/MEK inhibitors [52] and an oral tyrosine 
kinase inhibitor in c-kit-mutated mucosal melanoma [53]. 
In the case of BRAF/MEK inhibition, Ramondetta et al. 
hypothesized that MAV may relate to increased lymphocyte 
infiltration of tumor cells after targeted therapy [52].

5 � Vitiligo vs Melanoma‑Associated Vitiligo

While an autoimmune mechanism underlies vitiligo progres-
sion, other factors, including oxidative stress [54, 55], endo-
plasmic reticulum stress [56], dysregulation of signaling 
between epidermal and dermal components [57], and neuro-
genic disturbances may also contribute to pathogenesis [58]. 
Several studies sought to clarify if vitiligo and MAV are dis-
tinct clinical entities (Table 2). Lommerts et al. investigated 
whether MAV and vitiligo could be distinguished clinically 
[9]. Four expert evaluators blindly examined photographs 
of 33 patients with vitiligo and 11 patients with MAV. In 
the study, 72.7% of MAV cases were misdiagnosed, with 
80% labeled as vitiligo. Both MAV and vitiligo presented 
primarily as bilateral, symmetric, well-demarcated depig-
mented patches and both were associated with “confetti-
like” lesions. Overall, no differentiating clinical factors were 
identified except for a later mean age of MAV presentation 
(55 vs 34 years) [9]. Hartmann and colleagues compared 
depigmented lesions in 15 patients with melanoma and 30 
patients with vitiligo by digital photography [59]. Depig-
mented patches had a similar morphology and distribution 
between groups. Histologic and immunohistologic features 
of depigmented lesions were also similar [59].

However, other studies suggest MAV and vitiligo are 
clinically distinct. Larsabal et al. compared eight patients 
with metastatic melanoma and anti-PD-1-induced MAV 
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with 30 subjects with vitiligo [26]. In contrast to vitiligo, 
depigmented lesions in MAV subjects presented as numer-
ous small macules progressing into a larger patch in a photo-
distributed pattern, associated with preexisting solar lentigi-
nes, and without evidence of Koebnerization [26]. Similarly, 
in the study by Babai et al., nearly half of patients with MAV 
demonstrated depigmented lesions on photo-exposed areas 
such as the face and hands [33]. A predominantly photo-
exposed pattern was also noted by Ramondetta and col-
leagues [52].

Quaglino and colleagues studied 2954 patients with mela-
noma and reported that MAV was less well demarcated, less 
progressive and generalized, and less likely to be associated 
with autoimmune conditions, than is typically observed in 
vitiligo vulgaris [7]. Of note, in this study, three quarters 
of MAV occurred in the absence of treatment, and among 
treated patients, management included IFN, IL-2, and/or 
chemotherapy. However, in the study by Lommerts et al., 
no clinical differences could be identified between sponta-
neous and immunotherapy-induced MAV cases [9]. Further 
studies directly comparing the differences in clinical fea-
tures between spontaneous and treatment-associated MAV 
are thus warranted.

There are conflicting reports about the humoral 
response in MAV and vitiligo. Several studies have sug-
gested similar mechanisms in vitiligo and MAV. For exam-
ple, high levels of antibodies against TYRP2, gp100, and 
tyrosinase have been reported in both vitiligo and MAV [1, 
17]. In contrast, Teulings et al. studied seven patients with 
MAV and 27 patients with vitiligo and found that antibod-
ies against MART-1 were only present in MAV and not 
vitiligo [1], although T cells specific for MART-1, gp100, 
and tyrosinase were present in the blood of both patients 
with MAV and vitiligo [1]. Larsabal et al. reported a CD8+ 
T-cell skewed response, characterized by CXCR3 expres-
sion and increased CXCL10 (a ligand of CXCR3) serum 
levels, in patients with MAV after anti-PD-1 therapy, but 
not in vitiligo. This may implicate different T-cell sub-
sets in MAV compared to vitiligo [26]. However, other 
studies have shown CXCL10 and CD8+ CXCR3+ T-cell 
expression in patients with vitiligo [60]. Nakashima and 
colleagues examined the composition of the T-cell infil-
trate present in vitiligo-like lesions induced by nivolumab 
therapy in a patient with metastatic melanoma [61]. The 
presence of CD49a + CD103 + CD8 + tissue-resident mem-
ory T cells was detected within the biopsied lesion. The 
authors discuss that this same tissue-resident T-cell popu-
lation has been reported to be present in lesions of classic 
vitiligo vulgaris, suggesting overlapping mechanisms in 
MAV and vitiligo vulgaris [61].

Genome-wide association studies for vitiligo high-
lighted two genes, HLA-A and TYR​ (encodes tyrosinase), 

associated with an inverse risk of vitiligo and melanoma 
[62]. Tyrosinase serves as a key auto-antigen in vitiligo 
and polymorphisms are associated with differing suscep-
tibilities to both vitiligo and melanoma [62]. Furthermore, 
tyrosinase, expressed in melanoma and melanocytes, is 
presented to the immune system by HLA-A*0201, which 
has been associated with a risk of vitiligo. Therefore both 
HLA-A*0201 and TYR​ genetic variations interact to deter-
mine the robustness of immune surveillance and suscep-
tibility to vitiligo and melanoma [62]. These same factors 
may also promote MAV, in which increased immune sur-
veillance due to melanomagenesis results in vitiligo and a 
more favorable prognosis [62].

Given the development of MAV has been associated 
with a more favorable prognosis for advanced melanoma, 
this raises the question of the best approach to treating 
cutaneous lesions in MAV. Belum and colleagues pro-
posed a treatment algorithm for anti-PD-1-associated 
dermatologic adverse effects based on the National Can-
cer Institute Common Terminology Criteria for Adverse 
Events grading scale [22]. The authors propose that for 
grade 1 vitiligo, topical corticosteroids may be attempted, 
for grade 2, the addition of phototherapy can be consid-
ered, and if depigmentation does not improve or worsens, 
the authors proposed encouraging patients to continue 
anti-melanoma therapy despite the presence of depigmen-
tation [22]. Considering the psychosocial implications of 
vitiligo, further study specifically examining the optimal 
approach of treatment relating to improvement of MAV 
lesions and overall melanoma outcomes is warranted.

6 � Conclusions

The mechanistic association between vitiligo and mela-
noma thus spans disease predisposition, onset, progres-
sion, and susceptibility to therapy. Areas of future study 
are numerous and necessary to better elucidate the clini-
cal presentation of MAV. These include implications of 
MAV occurring spontaneously vs in the context of immu-
notherapy, long-term prognostic implications of MAV, and 
the mechanistic overlap between MAV and vitiligo. Addi-
tionally, rare situations, such as MAV presenting during 
treatment with targeted molecular therapies for melanoma 
and vitiligo occurring in the context of immunotherapy for 
non-melanoma malignancies, need to be better understood.

Last, further studies will be required to clarify the opti-
mal approach to patients who desire treatment of MAV. As 
the pathogeneses of these disorders are further elucidated, 
it will provide a greater understanding of immunologic 
regulation in vitiligo and melanoma, which can guide 
future therapeutic approaches to both conditions.
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