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1
General introduction

Vitiligo
Non-segmental vitiligo is a common skin disease, affecting approximately 1% of the general
population1. The disease is characterized by loss of melanocytes from the epidermis resulting
in white skin patches that can be a psychological burden to patients influencing their quality
of life2. Males and females are equally affected, and there are no differences in prevalence
according to skin type or ethnicities3. The population diagnosed with vitiligo is relatively
young, as half of patients with vitiligo presents before the age of 20 years3. Non-segmental
vitiligo is a chronic disease with an unpredictable clinical course. It is difficult to advise
patients about the evolution of their disease as predictors of extensive disease are unknown.
In recent years, research has pointed to the autoimmune etiology of vitiligo with
CD8+ T-cells playing a major role in the destruction of melanocytes by the recognition of
melanocyte-differentiation-antigens4-7 and with antimelanocyte antibodies found in the
sera of patients with vitiligo8. However, not much is known about comorbidity with other
auto-immune disorders and skin cancer. Genetic studies have provided knowledge about
the susceptibility to develop vitiligo and other autoimmune diseases as they seem related
to shared genes that predispose to these diseases9-12. Autoimmune thyroid disease is the
most common co-morbidity of vitiligo with a median prevalence of 14%13. The prevalence
of autoimmune disease, such as thyroid disease, increases with age, but limited data is
available on the life-time prevalence of autoimmune comorbidities in patients with vitiligo
at older age14,15. Generally, patients with vitiligo are advised to protect themselves from
sun exposure. Some dermatologists hesitate to prescribe phototherapy in vitiligo due to a
supposed increased risk for skin cancer development. However, the incidence of skin cancer
including melanoma in patients with melanoma is not well studied. Non-Melanoma Skin
Cancer (NMSC) lifetime prevalence has been studied in relatively small numbers of patients
with vitiligo yielding contradictory results16,17.
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Melanoma
Cutaneous malignant melanoma is the most aggressive type of skin cancer and originates from
the melanocyte (Figure 1). The incidence of melanoma has risen steadily the past decades in the
Netherlands. While 1535 patients were diagnosed with melanoma in 1990, the estimated number
of melanoma cases has increased to 5680 in 2014 (Dutch Cancer Registry). Melanoma is currently
the sixth most common cancer in the Netherlands and its incidence is relatively high compared
to other European countries18. Patients with melanoma are relatively young, the median age of
diagnosis is 53 years19,20. Although the awareness of skin cancer is increasing and prevention
measures are being applied, still many patients develop metastasized disease. It is therefore
important to diagnose melanoma at an early stage to excise the skin lesion before metastasis
occurs, because melanoma has a high mortality rate once metastasized. In 2013, 821 patients
died of melanoma (Dutch Cancer registry). This equals 3,9 per 100.000 Dutch citizens a year19.
Melanoma is a multifactorial disease with both environmental and genetic risk factors.
Cumulative sun exposure, especially intense and intermittent exposure associated with
sunburn at younger age, fair skin, a high number of (atypical) nevi and genetic predisposition
are all described to contribute to developing melanoma 21-26.
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Figure 1. The balance between vitiligo and melanoma

Melanoma treatment
Surgery is the standard of care for localized melanoma and regional lymph node metastases.
Until recent, chemotherapy in advanced metastatic melanoma has was disappointing with
low response rates and a median survival limited to 6-9 months27. However, in recent years
many new promising treatments have been developed. New targeted therapies based on
specific characteristics, such as BRAF mutations, have led to new (combined) therapies28.
Nevertheless, tumors can become resistant to this type of therapy. Nearly all patients
relapse, with a median length of response of about 6 months. There is still an unmet need
for melanoma therapies with durable long term efficacy.
Melanoma immunotherapy
Patients with melanoma occasionally experience spontaneous stabilization of tumor
growth and even tumor regression. Immunological analysis of these patients showed
the presence of antimelanoma immunity, revealing the immunogenic character of the
tumor. Patients with melanoma may therefore benefit from immunotherapy, which aims
at inducing or increasing immune responses against the tumor that eventually could
lead to its regression. Immunotherapeutic approaches investigated the past years include
vaccines using tumor cells/ tumor antigen-derived peptides or dendritic cell (DC)-based
vaccines, cytokines, immunostimulating adjuvants, or adoptive transfer of tumorspecific T lymphocytes (TIL). They have shown variable success rates in inducing effective
antimelanoma immunity. It appears to be difficult to sustain an induced antimelanoma
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immune response in patients, often due to an immunosuppressive tumor environment.
Long-term clinical responses are seen, but only in a minority of patients. Adoptive transfer
of tumor-specific-lymphocytes (TIL) combined with high dosed IL-2 has so far been the
most successful approach in mediating tumor regression 29-31. However, a high burden,
non-myeloablative conditioning regimen is given to the patient before TIL infusion to
deplete suppressive regulatory T-cells.
In 2010, a breakthrough in melanoma therapy was achieved as a clear survival benefit was
shown with ipilimumab in patients with metastatic melanoma 32. This monoclonal antibody
against cytotoxic T-lymphocyte antigen-4 (CTLA4) inhibits the down-regulation of T-cell
activation leading to increased and prolonged activity of antitumor T-cell responses and
autoimmunity33. Ipilimumab was the first immunotherapy to induce long-term clinical
response, however only in a minority of patients (10-20%)32. More recently, other types of
immune checkpoint blocking antibodies have been developed, anti-PD1 and anti-PDL1
antibodies, showing higher response rates (30%-38%), but median response duration is
still around 17 and 7 months respectively34-36. These immune checkpoint blocking antibody
therapies probably augment pre-existing antimelanoma-immunity which may explain the
non-responsiveness of patients with potentially insufficient antimelanoma immunity at the
start of treatment. To induce effective antimelanocyte/melanoma immunity in patients with
melanoma, the breaking of tolerance to melanocytic self-proteins is required, i.e. specific
auto-immunity should be generated. It is therefore crucial to develop strategies to overcome
tolerance to melanoma antigens.
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Figure 2. Melanocytes and melanoma cells share common antigens
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Auto-immunity and melanoma-associated leukoderma (MAL)
One of the side effects of immunotherapy for melanoma is the induction of generalized
autoimmunity. Especially ipilumumab is known for immune related side effects, such as
colitis, uveitis, hepatitis and hypophysitis, which can be fatal in a minority of patients.
Interestingly, immune-related adverse events are associated with increased clinical
efficacy37-42 . Also skin depigmentation following immunotherapy treatment can occur, which
can be explained by strong antimelanoma effects which also target healthy melanocytes.
This vitiligo-like depigmentation or melanoma-associated leukoderma (MAL) was found
to correlate with tumor regression or prolonged survival in individual studies43-45. MAL
is a relatively harmless type of autoimmunity and may be hardly visible in patients with
fairer skin types. Immunologically, it was found that T-cells isolated from the circulation of
patients with melanoma recognized melanocyte differentiation antigens expressed on both
melanocytes and melanoma cells (Figure 2). Such T-cells were also found in depigmented
skin lesions and resembled the T-cell responses in patients with vitiligo46-48. These results
indicate that patients with melanoma could benefit from antimelanocyte immunity by
targeting melanocytes or pigment cells.
Inducing vitiligo to treat melanoma
Developing ways to overcome the tolerance against self-antigens leading to an efficient
immune response against melanoma, presents a formidable challenge. As the development
of vitiligo-like depigmentation (MAL) in patients with melanoma is associated with better
clinical outcome, purposeful induction of vitiligo could offer a new favorable approach
to treat patients with melanoma. Certain chemicals are known to induce skin bleaching/
depigmentation following skin exposure. Decades ago, it was noticed that monobenzone
(monobenzyl ether of hydroquinone) present in rubber gloves, caused skin depigmentation
in leather tannery workers 49. This skin depigmentation induced by monobenzone was
clinically and histologically indistinguishable from the depigmented macules seen in
vitiligo vulgaris50,51. Importantly, depigmentation also occurred at non-exposited sites
in monobenzone exposed patients, indicating the presence of systemic reactivity against
melanocytes. Mosher was the first dermatologist to introduce monobenzone 20% cream in
1977 as a means to realize depigmentation in patients with generalised vitiligo51. Van den
Boorn showed that the bleaching effect of monobenzone cream is attributed to its specific
interaction with tyrosinase, the rate-limiting enzyme in melanin synthesis, leading to the
formation of a reactive quinone and the suicide inactivation of tyrosinase52. As a result,
melanin synthesis is impaired and the reactive quinone product is toxic to the melanocyte
and the subsequent binding of the reactive quinone of monobenzone to melanosomal
proteins increases the immunogenicity of these proteins, leading to melanocyte-specific
autoimmunity52. Moreover, monobenzone combined with the immune stimulating TLR-7
agonist Imiquimod (Aldara®) was shown to induce effective melanoma-reactive immunity
against established melanoma in mice53.
These findings form the preclinical basis to develop monobenzone-induced vitiligo as
immunotherapeutic approach in patients with melanoma.
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Aims of the thesis
This thesis aims at 1) investigating the relation between two skin diseases, melanoma and
vitiligo, with respect to their clinical and immunological characteristics, both from the
melanoma and the vitiligo point of view, and 2) improving melanoma treatment using this
knowledge. Also, this thesis provides insight into the relatively new diagnosis melanomaassociated leukoderma (MAL), with specific attention for its prognostic value in patients
with melanoma.
Chapter 2 describes autoimmune comorbidities and clinical characteristics contributing
to disease severity in 1307 patients with vitiligo aged 50 years or older as compared to
their non-vitiligo partners. In Chapter 3, the life-time prevalences of melanoma and nonmelanoma skin cancer (NMSC) were assessed in the same cohort of elder patients with
vitiligo and controls.
In Chapter 4 a retrospective analysis was performed to identify and clinically describe
patients with MAL who were referred to the Netherlands Institute for Pigment Disorders
as having vitiligo. In Chapter 5 the immunological differences between patients with MAL
and patients with vitiligo are described. In Chapter 6, a patient with stage IV melanoma
and progressive skin depigmentation who experienced exceptional survival was thoroughly
analyzed for his immunological characteristics. In Chapter 7 the association between
vitiligo-like depigmentation and survival was analyzed in all clinical immunotherapy
studies of patients with stage III and IV melanoma published between 1995 and 2013. Finally,
Chapter 8 describes the results of a phase 2 clinical trial investigating a new immunotherapy
for melanoma based on the vitiligo inducing effect of monobenzone cream combined with
imiquimod (Aldara®) in patients with stage III-IV melanoma with cutaneous metastases at
the Netherlands Cancer Institute-Antoni van Leeuwenhoek Hospital.
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Background: Little is known about the long-term course of vitiligo, predictors of extensive
disease and life-time prevalence of autoimmune comorbidities in patients with vitiligo
Objectives: To retrospectively assess disease characteristics and autoimmune comorbidity
in older aged patients with vitiligo
Methods: A postal survey was conducted in the Netherlands amongst 1307 older patients
(>50 years) with non-segmental vitiligo and 788 non-vitiligo controls (>50 years). In total
2635 invitations were sent and 1307 eligible questionnaires were returned (50%). Univariate
and multivariate regression models were used to quantify the relation between time of
vitiligo onset, sex, other variables and the risk on extensive vitiligo and thyroid disease,
calculating OR’s with 95% CIs.
Results: Extensive vitiligo (affected body area >10%) was more often found in female than in
male patients (OR=1.66; 95% CI, 1.31-2.08) and was strongly influenced by the duration of
the disease history but not specifically related to age at time of vitiligo onset. Patients with
vitiligo had developed more autoimmune diseases than controls (thyroid disease, alopecia
areata, diabetes mellitus, rheumatoid arthritis). Female patients with vitiligo appeared to
be more prone to develop autoimmune thyroid disease as compared to non-vitiligo female
controls (p<0.0001) and male patients with vitiligo (OR=5.06; 95% CI, 3.38-7.58).
Conclusions: Vitiligo leads to progressive lesions throughout life which may be explained
by the cumulative effect of episodes of disease activity. Female patients with vitiligo
develop more extensive lesions and show a 5-times increased risk for thyroid comorbidity
as compared to male patients. We would therefore recommend screening for thyroid disease
in all adult female patients with vitiligo throughout their lives.

Introduction
Vitiligo is a common skin disease, affecting approximately 0.5% of the general population1.
The disease is characterized by loss of melanocytes from the epidermis resulting in white
skin patches. These lesions can be a psychological burden to patients influencing their quality
of life2. Vitiligo is commonly regarded as a chronic disease with an unpredictable course.
In recent years an autoimmune etiology of vitiligo has been corroborated by the
demonstration of CD8+ T-cells playing a major role in the destruction of melanocytes,
through the recognition of melanocyte differentiation antigens3-6. Genetic studies have
also provided crucial knowledge about the susceptibility to develop vitiligo7. The higher
prevalence of thyroid disease and susceptibility to develop other autoimmune diseases in
patients with vitiligo was shown to be related to shared susceptibility genes that predispose
to these diseases8-10
Limited data is available on predictors of disease characteristics including the life-time
prevalence of associated comorbidities in patients with vitiligo. Two cross-sectional studies
described vitiligo disease characteristics of childhood-onset (pre-pubertal) and later-onset
(post-pubertal) vitiligo and found distinct clinical and epidemiologic characteristics
including comorbid autoimmune disease within these two populations11;12. However, the
childhood patients included in both cohorts were relatively young, with mean ages of
16 and 25 years respectively, and autoimmune comorbidity may manifest later in life.
Moreover, these studies did not analyse the effect of the duration of vitiligo on the clinical
characteristics studied.
The objective of this study was to retrospectively assess predictors of extensive vitiligo
disease and the life-time prevalence of autoimmune comorbidities in a large cohort of nonsegmental patients with vitiligo aged 50 years or older.
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Methods
Subjects. A postal survey was conducted among patients with vitiligo and matched
controls without vitiligo. Eligible patients with vitiligo had visited the outpatient clinic of
the Netherlands Institute for Pigment Disorders at the Academic Medical Center of the
University of Amsterdam (AMC) in the period from January 1995 until September 2010.
This center is specialized in diagnosis and treatment of pigment disorders and has a nationwide patient population. Eligible patients had a diagnosis of any type of non-segmental
vitiligo, age of 50 years or older at the time of study, knowledge of Dutch language and
residency in the Netherlands. Controls without vitiligo were recruited by inviting nongenetically related relatives of the participating patients of the same age group without
vitiligo (preferably life partners). Early-onset of vitiligo was defined by start of vitiligo
symptoms before or at the age of 12; later-onset by start of symptoms after the age of 1211;12.
Extensive vitiligo was defined by a total affected body surface area of more than 10%.
The questionnaire study was approved by the institutional review board of the Academic
Medical Center Amsterdam.
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Questionnaire. Questionnaires were used to assess demographic characteristics, vitiligo
characteristics, and the lifetime prevalence of autoimmune diseases in retrospect. Vitiligo
characteristics addressed age of onset, location, total affected body surface area (bsa)
(as percentage following the rule of 9%13, number of specific body areas involved (headneck, hands, arms, legs, feet, back, trunk, genitals), the history (yes/no) and number of
phototherapy treatments (PUVA and/or narrow band-UVB), self-assessment of skin type
according to the Fitzpatrick skin scale and halo nevi count. Data on skin cancer of this
questionnaire have been published separately14. The lifetime prevalences of autoimmune
or auto-inflammatory disease were assessed for both patients with vitiligo and non-vitiligo
controls by self-reported diagnosis of clinically experienced thyroid disease, alopecia areata,
diabetes mellitus type I (DM I), systemic lupus erythematosus (SLE), rheumatoid arthritis
(RA) and psoriasis. Additionally, patients could report other autoimmune diseases being
diagnosed with during their lives. As patients may suffer from multiple autoimmune diseases,
we also included the parameter history of any clinically experienced autoimmune disease.
Statistical methods. Characteristics of patients with vitiligo and controls were displayed as
medians with interquartile ranges (IQR), means with standard deviation (sd) or percentages.
Differences between groups were compared using the Chi Square tests or Mann-Whitney-U
test in case of categorical variables. Univariate and multivariate regression models were
used to quantify the relation between time of vitiligo onset, sex and other variables and
extensive vitiligo and thyroid disease, calculating OR’s with 95% CIs. Potential confounders
were identified by (borderline) significant outcome (95%CI) in the univariate regression
analysis and included in the adjusted multivariate analysis. Additionally, the covariate
vitiligo duration in relation to extensive vitiligo was analyzed to assess whether the risk for
extensive vitiligo consistently increases with a longer reported duration of disease. Hence,
multivariate logistic regression analyses on vitiligo extent (adjusted for age and sex) were
performed including four variables labelling patients with 10-20, 20-30, 30-40, and >40 years
of reported duration respectively, leaving the patients with 0-10 years of reported duration
as the reference group. Missing data were not imputed and all p-values were two-sided and
considered significant if < 0.05. Analyses were performed with Statistical Package for the
Social Sciences 18.0 software (SPSS, Chicago, IL).

Results
Study population. A number of 2635 eligible patients with vitiligo were invited by mail to
participate in the study. Of these, 1505 (57%) patients answered the invitation positively and
148 (6%) patients declined. The 982 (37%) non-responders consisted of subjects with invalid
addresses (363), subjects who had died (48) and a rest group with subjects not responding
for an unknown reason (N=982). Questionnaires were sent to 1505 patients of whom 1311
responded. Of these 1311, four were not eligible because of incorrect age at time of study.
The overall response rate (total returned questionnaires/total sent invitations) was 50% (flow
chart published earlier14).Characteristics of patients with vitiligo and non-vitiligo controls
are presented in Table 1.
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Table 1. Characteristics of patients and controls
Patients

Controls

1307

788

61 (55-66)

60 (56-66)

Male (%)

486 (37.4)

444 (56.3)

Female (%)

818 (62.6)

344 (43.7)

Demographic characteristics
N
Median age at inclusion in years (IQR)

2

Gender

Vitiligo characteristics
Mean age of onset in years (sd)

40 (16)

-

Early-onset ≤ 12 year N (%)

102 (7.8)

-

Later-onset > 12 year N (%)

1205 (92.2)

-

Affected body surface area
modest ≤10% bsa

623 (47.7)

extensive >10% bsa

670 (51.3)

Duration of vitiligo in decades
0-10 years (%)

229 (17.5)

10-20 years (%)

351 (26.9)

20-30 years (%)

273 (20.9)

30-40 years (%)

220 (16.8)

>40 years (%)

215 (16.4)

Median disease duration in years (IQR)

23 (13-35)

-

78 (6.0)

-

Type 1 (%)

42 (3.2)

-

Type 2 (%)

448 (34.3)

-

Type 3 (%)

624 (47.7)

-

Type 4 (%)

92 (7.0)

-

Type 5 (%)

70 (5.4)

-

Type 6 (%)

19 (1.5)

-

Halo nevus
Skin type

Percentages may not add up till 100% because of missing data

Vitiligo disease extent and duration of disease. Compared to patients with later-onset of
vitiligo, patients with early-onset disease had a significantly higher percentage of vitiligo
affected skin (>10% bsa) and a higher number of vitiligo affected body areas (Table 2).
Sixty-one percent of early-onset patients reported to have had UV phototherapy (PUVA and/
or NB-UVB) during their lives compared to 70% in the later-onset group. Of those who had
received phototherapy, a larger proportion of patients with early-onset vitiligo had received
more than 300 treatments compared to the later-onset group (p=0.006, Table 2).
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Table 2. Characteristics of vitiligo by age of onset
Early-onset (≤12 years)

2

All subjects

Later-onset (>12 years)

N

%

N

%

102

7.8

1205

92.2

Affected body surface (%)

<0.007

modest ≤10% bsa

36

35.3

587

48.7

severe >10% bsa

66

64.7

604

50.1

9

8.8

304

25.2

Number of body area’s involved*
1-3

<0.0001

4-6

34

33.3

559

46.4

>7

59

57.8

341

28.3

History of phototherapy Tx**
yes

p-value

<0.04
62

60.8

848

70.4

Number of cumulative phototherapy Tx**

<0.006

1-100

33

53.2

551

65.0

101-300

19

30.6

246

29.0

>300

10

16.1

51

6.0

Percentages may not add up till 100% because of missing data. Bsa: body surface area
*head-neck, hands, arms, legs, feet, back, thorax, genitals, other
** PUVA and NB-UVB combined

In a multivariate analysis, early-onset vitiligo (OR 1.76; 95% CI 1.15-2.70) and female
sex (OR=1.66; 95% CI, 1.32-2.08) were both associated with extensive vitiligo at older age,
adjusted for a history of phototherapy (Table 3). Regarding the impact of disease duration
on the extent of vitiligo lesions, increasing decades of having vitiligo were associated with
higher odds for extensive vitiligo compared to the reference group having less than 10 years
of vitiligo (Figure 1).
Comorbid autoimmune and auto-inflammatory disease. As displayed in Table 4 Panel
A, 29 percent of the 1307 patients with vitiligo had experienced an autoimmune disease
during their life, of which thyroid disease was the most frequent (18.4%). In non-vitiligo
controls, these percentages were 13.2 and 5.5 respectively (both p<0.0001). Also alopecia
areata (3.5%), diabetes mellitus type 1 (2.4%) and rheumatoid arthritis (6.6%) were reported
significantly more frequently in patients with vitiligo compared to controls (0.5%, 0.4%, and
3.7%). Table 4B shows that female patients with vitiligo had developed significantly more
thyroid disease (27%) compared to male patients with vitiligo (6%) (p<0.0001). Rheumatoid
arthritis (p=0.02) and SLE (p=0.02) were also more frequently found in vitiligo females than
vitiligo males.
Female patients with vitiligo, compared to non-vitiligo female controls, had developed
significantly more autoimmune disease and specifically more thyroid disease (p<0.0001),
alopecia areata (p=0.04), and RA (p=0.032) (Table 4C). In male patients, significant
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Table 3. Univariate and multivariate logistic regression analyses on risk of extensive vitiligo
Extensive vitiligo

Univariate

Multivariate

No (622)

Yes (669)

OR (95%CI)

p-value

OR (95%CI)

p-value

60

61

1.01 (1.00-1.03)

0.16

na

na

later (>12 years)

587

604

1.0 (ref)

early (≤12 years)

36

66

1.78 (1.17-2.72)

<0.009

1.76 (1.15-2.70)

male

272

211

1.0 (ref)

female

350

458

1.69 (1.34-2.12)

no

205

188

1.0 (ref)

yes

418

482

1.26 (0.99-1.59)

Age (median)

2

Time of onset
1.0 (ref)
0.01

Sex
1.0 (ref)
<0.001

1.66 (1.32-2.08) < 0.0001

Phototherapy treatment
1.0 (ref)
<0.059

1.29 (1.01-1.64)

0.04

na=not applicable; ref=reference value

Figure 1. Odd’s ratios of having extensive vitiligo and vitiligo duration (adjusted for age and sex)

differences in comorbid autoimmune disease (p<0.0001), thyroid disease (p=0.006), alopecia
areata (p=0.001) and diabetes mellitus type I (p=0.001) could be demonstrated as compared
to non-vitiligo male controls (Table 4D).
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Table 4. Frequencies of autoimmune and auto-inflammatory disease in patients with vitiligo and
controls (Continued)

2

A Patients with vitiligo compared to non-vitiligo controls
All vitiligo

All

B

Controls

N

%

N

%

1307

62.4

788

37.6

p-value

Any autoimmune*

376

28.9

104

13.2

<0.0001

Thyroid disease

241

18.4

43

5.5

<0.0001

Alopecia Areata

46

3.5

4

0.5

<0.0001

DM I

31

2.4

3

0.4

<0.0001

RA

86

6.6

29

3.7

0.005

SLE

6

0.5

2

0.3

0.46

Psoriasis

60

4.6

33

4.2

0.67

Other**

28

2.1

9

1.1

0.09

Male patients with vitiligo compared to female patients with vitiligo
All vitiligo males

All vitiligo females

N

%

N

%

p-value

All

488

37.3

819

62.7

Any autoimmune*

94

19.3

287

35.1

<0.0001

Thyroid disease

30

6.2

211

25.8

<0.0001

Alopecia Areata

17

3.5

29

3.5

0.96

DM I

15

3.1

16

2

0.20

RA

22

4.5

64

7.8

0.02

SLE

5

1

1

0.1

0.02

Psoriasis

25

5.1

35

4.3

0.47

Other**

5

1

24

2.9

0.02

C Female patients with vitiligo compared to non-vitiligo female controls
All vitiligo females

All
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Non-vitiligo females

N

%

N

%

819

70.4

344

29.6

p-value

Any autoimmune*

284

34.7

57

16.6

<0.0001

Thyroid disease

211

25.8

32

9.3

<0.0001

Alopecia Areata

29

3.5

2

0.6

0.04

DM I

16

2.0

2

0.6

0.08

RA

64

7.8

15

4.4

0.03

SLE

1

0.1

0

0

0.52

Psoriasis

35

4.3

13

3.8

0.69

Other**

23

2.8

2

0.6

0.02

Table 4. Frequencies of autoimmune and auto-inflammatory disease in patients with vitiligo and
controls (Continued)
D Male patients with vitiligo compared to non-vitiligo male controls
All vitiligo males

2

Non-vitiligo males

N

%

N

%

488

52.3

444

47.7

Any autoimmune*

92

18.9

47

10.6

Thyroid disease

30

6.1

11

2.5

0.006

Alopecia Areata

17

3.5

2

0.5

0.001

All

p-value

<0.0001

DM I

15

3.1

1

0.2

0.001

RA

22

4.5

14

3.2

0.28

SLE

5

1.0

2

0.5

0.31

Psoriasis

25

5.1

20

4.5

0.66

Other**

5

1.0

7

1.6

0.46

* Patients may suffer from multiple autoimmune diseases
**Other specified: Addison’s disease Arthritis psoriatica. Auto-immune hepatitis. IBD.
Coeliakie. CREST. Morphea. Pernicous anemia. PMR. Sarcoidosis. Scleroderma. Sjogren Syndrome

Patients with early-onset vitiligo had a lifetime prevalence of autoimmune thyroid
disease of 35.3% compared to 28.6% in later-onset patients. Early-onset patients did not
experience significantly more of any autoimmune disease during their lives compared to
later-onset patients (data not shown). Looking at sex differences between early and later
vitiligo onset showed that female early-onset patients had developed significantly more
rheumatoid arthritis compared to later-onset female patients (13.9% versus 7.2% p=0.045)
but no difference in thyroid disease was found. For males no differences were found between
early and later vitiligo onset (data not shown).
In a multivariate analysis, female sex was associated with a fivefold increased risk of
having thyroid disease (OR=5.06; 95% CI, 3.38-7.58), adjusted for age, time of vitiligo onset
and extent of vitiligo (>10% bsa) (Table 5 ). The covariates age, time of vitiligo onset and
extent of vitiligo were associated with thyroid disease in the univariate analysis, but this
effect disappeared in the multivariate analysis including sex (male, female).

Discussion
In this retrospective study we assessed vitiligo disease characteristics and life-time
prevalences of autoimmune comorbidities in a large cohort of patients with vitiligo aged over
50 years and compared these to non-vitiligo controls of the same age. We found that female
patients at the median age of 60 had developed significantly more extensive depigmentation
compared to male patients, which may reflect a higher level of disease activity in females
throughout life. However, a general time related factor on vitiligo disease extent seems to
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Table 5. Univariate and multivariate regression analyses on risk on thyroid disease development
Thyroid disease

2

Age (median)

Univariate

Multivariate

No (1063)

Yes (241)

OR (95%CI)

p-value

OR (95%CI)

p-value

61

62

1.022 (1.00-1.04)

<0.02

1.02 (1.00-1.04)

0.06

<0.001

5.06 (3.38-7.58)

Sex
male

456

30

1.0 (ref)

female

607

211

5.28 (3.54-7.89)

later-onset

987

215

1.0 (ref)

early-onset

76

26

1.57 (0.98-2.51)

≤10% bsa

525

98

1.0 (ref)

>10% bsa

527

143

1.45 (1.1-1.93)

1.0 (ref)
<0.001

Time of onset
1.0 (ref)
<0.059

1.48 (0.91-2.45)

0.12

Extent of vitiligo
1.0 (ref)
<0.01

1.24 (0.92-1.67)

0.15

ref=reference value; bsa= body surface area

be present as both males and females with a longer disease history had developed more
extensive lesions throughout life, irrespective of intercurrent phototherapy. This appeared
not to be strictly influenced by the start of disease before or after the age of 12 years as
suggested by others11;12;15, but rather reflects the effect of cumulated years of disease activity
(Fig 1).
In this study population aged over 50 years we found 29% of comorbid autoimmune
disease, which is similar to a recent American cross-sectional study in 2273 vitiligo adult
patients (median age unknown) describing 34.8% of self-reported comorbid autoimmune
disease16. A Belgian vitiligo cohort study described 15.4% of self-reported comorbid
autoimmune disease in 700 patients, however the mean age of this study population
was 31 years17. The life-time prevalence of clinical thyroid disease of 18.4% found in this
study, fits with a recent systematic review on this subject reporting a median prevalence
of autoimmune thyroid disease of 18.6% in adult patients with vitiligo18. Overall, studies
reporting on comorbid thyroid disease in patients with vitiligo describe varying prevalences
depending on the mean or median age of patients included11;12;16;17;19. Apparently, the moment
of screening thyroid dysfunction is of great influence on the prevalence thyroid comorbid
disease in vitiligo.
The largest risk factor for thyroid disease development in later life was female sex. Patients
with extensive vitiligo also had an increased risk of thyroid disease development in the
univariate logistic regression model, but this effect was not significant when including age
and sex as additional covariates in the multivariate regression analysis. This is in contrast to
others who did describe a positive relation between affected body surface area and associated
comorbid thyroid disease16;17;20. Women in general are more prone to develop autoimmune
disease compared to men, and particularly autoimmune thyroid disease is described to be
seven times more frequent in older-aged women than in older-aged men21;22. In the general
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population, autoimmune thyroid disease is common, but the prevalence reported in studies
varies with the criteria for diagnosis, the age of the patient when the study was performed,
and the population studied21. In a large study from a general practice in Birmingham, clinical
and mild hypothyroidism were found in 2.0% and 9.6% of women older than 60 years of
age23. Our study showed a thyroid disease life time prevalence of 25.8% in female patients
with vitiligo compared to 9.3% in non vitiligo female controls. (p<0.0001). The relation
between shared susceptibility genes that predispose to autoimmune diseases and the strong
female predominance in developing autoimmune disease probably influenced by oestrogens
needs to be further elucidated9;24;25. As we found a fivefold increased probability of comorbid
thyroid disease in female patients compared to male patients, our data supports awareness
and screening of thyroid dysfunction in specifically the adult female vitiligo population, as
was also previously reported 26.
A limitation of this study is a potential recall bias due to the retrospective study design
with self-reported answers. A similar design was used in a recently published questionnaire
study of 2273 patients with vitiligo on comorbid autoimmune disease16;27. A study on the
overall confirmation rate of self-reported autoimmune diseases in relatives of patients with
lupus and in population-based controls (n=900) showed a confirmation of 74%28.
Our results were obtained in a vitiligo patient population visiting a specialized (tertiary)
vitiligo center and therefore patients included may have had more serious disease than the
general vitiligo patient population. The population studied had not been screened at our
institute for comorbid autoimmune disease. However, a surveillance bias could be present as
patients with vitiligo are possibly more aware of comorbid autoimmune disease and might
have been screened by their general practitioner.
In conclusion, the results of our retrospective analysis in 1307 older patients with vitiligo
indicate that vitiligo is progressive throughout life reflecting rather cumulative years of
disease activity, than age at the time of vitiligo onset. Female patients with vitiligo with a
median age of 60 years have more extensive lesions and more thyroid disease compared to
male patients and female controls. Although recommendations state to screen all patients
with vitiligo annually for autoimmune thyroid disease, our results show that females
especially should be regularly screened throughout life. Larger, and if possible, prospective
cohort studies are needed to assess these findings in other vitiligo populations.
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Background: Vitiligo is a common skin disease characterized by autoimmune melanocyte
destruction. Recent genetic studies suggest a lower susceptibility to melanoma in patients
with vitiligo; however lifetime melanoma prevalence in patients with vitiligo has not
previously been studied. Nonmelanoma skin cancer (NMSC) prevalence has been studied,
but only in small studies and with contradictory results.
Objectives: This retrospective comparative cohort survey was designed to assess lifetime
prevalences of melanoma and NMSC in patients having vitiligo as compared to non-vitiligo
controls.
Methods: Patients with nonsegmental vitiligo, who visited our clinic between January 1995
and September 2010, and were aged 50 years or older at time of study, were invited to
participate in a postal survey. The questions regarded demographics, vitiligo characteristics,
phototherapy history, skin cancer risk factors and the number of skin cancers experienced
during the patient’s lifetime. Patients were asked to have their partner fill in a control
questionnaire. All skin cancers were validated by a pathology report. In total 2635 invitations
were sent and 1307 eligible questionnaires were returned (50%). Multivariate logistic
regression models were used to quantify adjusted odds ratios (ORs) and 95% confidence
intervals (CIs) for associations between vitiligo and lifetime prevalence of melanoma and
NMSC.
Results: Adjusted for confounders, patients with vitiligo had a threefold lower probability of
developing melanoma (adjusted OR = 0.32, 95% CI =0.12-0.88) and NMSC (adjusted OR =of
0.28, 95% CI =0.16-0.50). Subgroup analyses of patients treated with narrowband ultraviolet
(UV)B, and psoralen and UVA did not show dose-related trends of increased age-adjusted
lifetime prevalence of melanoma or NMSC.
Conclusions: Our findings suggest that patients with vitiligo have a decreased risk for both
melanoma and NMSC.

Introduction
Vitiligo is a common skin disease, affecting approximately 0.5% of the general population1.
It is characterized by white patches of skin, which are a psychological burden to many
patients. In recent years an autoimmune aetiology of vitiligo has been corroborated by the
demonstration of CD8+ T-cells playing a major role in the destruction of melanocytes,
through the recognition of melanocyte differentiation antigens2-5.
Genetic studies have also provided crucial knowledge about the susceptibility to develop
vitiligo and its potential inverse relation regarding susceptibility to melanoma. Results from
a genome wide association study in patients with vitiligo showed significant associations
between vitiligo and several genes that regulate immunity 6. Vitiligo was also associated
with a polymorphism in the TYR region, which codes for tyrosinase, the main enzyme in
melanin synthesis. Distinct allelic linkages may correlate with different immune-recognition
of tyrosinase in vitiligo and melanoma which suggests protection of patients with vitiligo
against melanoma because of strong anti-tyrosinase immunity6;7.
Immunotherapy studies showed that patients with melanoma ccan also develop skin
depigmentation called melanoma-associated leukoderma (MAL), resembling vitiligo. Autoimmunity and MAL development are associated with effective immune activation against
antigens that are shared between melanocytes and melanoma cells, which can mediate tumor
regression and may prolong overall survival in patients with melanoma8-11.
So, while autoimmunity seen in patients with vitiligo may protect against melanoma
development, the lack of protective melanin in patients with vitiligo may lead to more
photodamage and an increased risk of melanoma and nonmelanoma skin cancer
(NMSC)12;13. Little is known about the lifetime prevalence of melanoma in patients with
vitiligo, whereas two contradictory studies on NMSC incidence in patients with vitiligo
have been published14;15. Generally, patients with vitiligo are advised to protect themselves
from sun exposure. Furthermore, some dermatologists hesitate to prescribe phototherapy
in vitiligo due to a supposed increased risk for skin cancer development. Although evidence
in this specific population is lacking, phototherapy is advised up to a maximum number of
200 narrow-band ultraviolet B (NB-UVB) and 150 psoralen and UVA (PUVA) treatments
for skin types 1-3 in patients with vitiligo16;17.
The objective of this study was to retrospectively assess lifetime prevalences of melanoma
and NMSC in patients with vitiligo, compared with their non-vitiligo partners. Insight
into the relative risk of patients with vitiligo developing melanoma and/or NMSC will be
valuable in advising patients with vitiligo on sun-related behaviour and treatment options,
in particular phototherapy.

3

Materials and methods
A postal survey was conducted among patients who visited the Netherlands Institute for
Pigment Disorders at the Academic Medical Center of the University of Amsterdam (AMC)
from January 1995 till September 2010. This centre is specialized in diagnosis and treatment
of pigment disorders and has a nationwide patient population. Eligibility criteria were: (i)
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diagnosis of any type of non-segmental vitiligo, (ii) age of 50 years or older at the time of
the study, (iii) knowledge of Dutch language and (iv) residency in the Netherlands. Besides
filling in a questionnaire, patients with vitiligo were asked to invite a non-genetically related
person of the same age group without vitiligo (preferably a life partner) to fill in a control
questionnaire. Both groups comprised exclusively individuals aged 50 years or older to
retrospectively assess the lifetime prevalences of melanoma and NMSC. All correspondence
was accompanied by prepaid return envelopes. Reminders were sent to potential participants
not responding to the invitation letter or those not returning the questionnaire upon
agreement to participate. Questionnaires filled in by non-eligible individuals younger than
50 or incomplete questionnaires were excluded from analysis. The study was approved by
the Local Ethics Committee.
Questionnaire. The questionnaire used in this study was based on the Leeds melanoma
questionnaire and the Leiden melanoma questionnaire (with courtesy of dr. J, NewtonBishop, University of Leeds, U.K., and dr. N. Gruis, Leiden University Medical Center, The
Netherlands)12;18. The vitiligo questionnaire consisted of 28 questions, seven addressed vitiligo
onset, location, percentage of body surface area involvement (rule of 9%) and phototherapy
treatment history (number of years and total number of PUVA and NB-UVB sessions).
If people did not remember the number of treatments they had in the past, but did fill in
the number of years, standard number of annual exposures was imputed conservatively
(50/year) and multiplied by number of years of UV therapy. The 21 other questions were
the same in the vitiligo and non-vitiligo questionnaires and addressed demographics and
phenotypical characteristics, namely age, self-assessment of skin type according to clinical
pictures of skin types Fitzpatrick skin types 1-6, nevus count and the number and type of
skin cancer(s) the patients had experienced during their lifetime. Questions regarding sunexposure and sun-related behaviors were self-assessed and included the following factors: a
history of living in the (sub)tropics, the average number of sunny holidays in the (sub)tropics
per year per decade, resulting in a total cumulative number of weeks of sunny holidays,
number of sunburns in childhood (<19 years) and during the past 5 years (sunburns defined
as causing pain and blistering for 2 or more days), sun-protective measures (clothing and
sun screen use) both in childhood (<19 years) and during the past 5 years; and a history of a
professional life or hobbies outdoors (see tables 1 and 2). All self-reported skin cancers were
validated by a pathology report, upon written consent of the participant.
Statistical methods. The characteristics of participants and non-vitiligo partners
are presented as medians with interquartile ranges, means with standard deviation or
percentages. Differences between groups were compared using the Mann-Whitney test
or the χ2 test in the case of categorical variables. Univariate and multivariate logistic
regression models were used to quantify the relation between vitiligo and other variables,
and melanoma or NMSC, calculating ORs with 95% CIs. A history of skin cancer, as
a depending variable, was analyzed for melanoma and NMSC separately on the entire
cohort. Potential confounders derived from the questionnaire were identified by significant
outcome (95%CI) in the univariate regression analysis. All significant (95% CI) confounders
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in the univariate analysis were included in the adjusted multivariate analyses. All p-values
were two-sided and considered significant with p< 0.05. Missing data were not imputed.
Analyses were performed with Statistical Package for the Social Sciences 18.0 software
(SPSS, Chicago, IL).
Subgroup analyses. The effect of phototherapy on the lifetime prevalence of melanoma and
NMSC was not assessable in the multivariate model due to a large interaction effect with
patients with vitiligo. We therefore stratified the patients with vitiligo into four groups based
on the cumulative number of PUVA or NB-UVB treatments during their lifetime: none,
1-100, 101-300 or >300 treatments. Melanoma and NMSC age-adjusted lifetime prevalence
rates per 1000 person years were presented separately per stratified group.

3

Table 1. Patient and control demographics and characteristics
Vitiligo
(N)

Total

%

IQR/SD

1307

Non-vitiligo
partners (N)

%

IQR

p-value

788

Age
50 - 60

636

48.7

406

51.5

61 - 75

603

46.1

348

44.2

> 76

68

5.2

33

4.2

median

61

(55-66)

60

(56-66)

0.57

Sex
Male

486

37.2

444

56.3

Female

818

62.6

344

43.5
<0.0001

Skin type
Type 1

42

3.2

34

4.3

Type 2

448

34.3

311

39.5

Type 3

624

47.7

358

45.4

Type 4

92

7.0

41

5.2

Type 5

70

5.4

18

2.3

Type 6

19

1.5

2

0.3
<0.0001

Vitiligo age of onset (years) mean

37

±15.6

Affected body surface (%)
<10%

623

47.7

11-50%

516

39.5

>50%

154

11.8

Percentages may not add up till 100% because of missing data. ns: non-significant.
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Table 2. Patient and control ultraviolet exposure and skin cancer cases
Vitiligo (N)

Total

%

1307

Non-vitiligo partners (N)

%

p- value

788

History of living in the (sub)tropics

3

No

1106

84.6

692

87.8

Yes

181

13.8

74

9.4
<0.003

Number of weeks of sunny holidays
0-10 weeks

950

72.7

581

73.7

11-50 weeks

173

13.2

110

14.0

>50 weeks

155

11.9

65

8.2
< 0.045

Sunburn before age 19 years
No

703

53.8

453

57.5

Yes

428

32.7

242

30.7
ns

Sunburn in last 5 years
No

976

74.7

702

89.1

Yes

284

21.7

57

7.2
<0,0001

Protective clothing in last 5 years
No

451

34.5

349

44.3

Yes

773

59.1

328

41.6
<0.0001

Sunscreen use in last 5 years
Never

167

12.8

170

21.6

Sometimes

280

21.4

231

29.3

Often

1051

59.1

279

35.4
<0.0001

Professional life outdoors
No

1058

80.9

646

82.0

Yes

166

12.7

101

12.8
ns

Hobbies outdoors
No

692

52.9

389

49.4

Yes

565

43.2

362

45.9

Melanoma

7

0.5

12

1.5

Nonmelanoma skin cancer

36

2.8

51

6.5

Basal cell carcinoma

30

2.3

47

6.0

Squamous cell carcinoma

5

0.4

4

0.5

ns
<0.02

Percentages may not add up till 100% because of missing data. ns: non-significant
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<0.0001

Results
Study population. In total 2635 eligible patients with vitiligo were invited by post to
participate in the study. Of these, 1505 (57%) answered the invitation positively and 148
(6%) declined. Some of the 982 non-responders (37%) were due to invalid addresses (363)
or returned because the individuals had died (48) (figure 1).
The remaining 571 patients did not respond for unknown reasons, possibly including
death, address change or no interest in participating. Vitiligo questionnaires were sent to
1505 patients, 1162 of whom also received a control questionnaire. Altogether, 1311 patient
and 814 control questionnaires were returned. The majority of controls were the patients’
partners. In total, 1307 vitiligo and 788 control questionnaires were eligible for analysis. The
overall response rate (total returned questionnaires/total sent invitations) was 50%. Of the
1505 patients with vitiligo and 1162 partners who were sent a questionnaire, 87% and 70%
returned the questionnaire, respectively.
The median age of patients with vitiligo and non-vitiligo partners was 61 and 60 years,
respectively. The proportion of women was larger in the group of patients with vitiligo
(n=1307) than in the non-vitiligo group (n=788). All skin types were present in both
populations, with skin types 2 and 3 being the most frequent. The median age of vitiligo
onset was 37 years. Vitiligo lesions comprised <10% of the total skin surface in 623/1307
(47.7%) of the patients, 11-50% in 516/1307 (39.5 %) of the patients and >than 50% in 154/1307
(11.8%) of the patients, with data unavailable for the remaining 14 patients. Regarding UV
exposure, significant differences were found between patients with vitiligo and non-vitiligo
partners for sunburn, using protective clothing, and sunscreen, all during the last 5 years
(Table 2). In the vitiligo group, a larger proportion had a history of living in the (sub)
tropics. Sunburn in childhood and the total number of weeks on sunny holidays were not
significantly different between patients with vitiligo and their partners, nor was having a
history of a profession or hobby outdoors.
In this study we also retrospectively identified four patients with atypical vitiligo who had
been diagnosed with metastatic melanoma within 1 year of their ‘vitiligo’ diagnosis. These
patients were considered to have developed MAL secondary to (metastasized) melanoma
which was not recognized as such in our institute at that time. As this study addresses the
influence of having vitiligo on the risk of developing melanoma and NMSC in later life, and
not the development of secondary vitiligo-like leukoderma in patients with melanoma, we
excluded these patients from this study.

3

Vitiligo and melanoma. Of the 1307 patients with vitiligo who answered the survey, seven
had been diagnosed with melanoma during their lifetime. All melanomas had occurred in
non-vitiligo skin; two were in situ, one was the superficial spreading type and four were
unspecified. The median age of diagnosis of melanoma was 36 years. Of the 788 included
non-vitiligo controls, 12 individuals had been diagnosed with 14 melanomas (three in situ,
six superficial spreading, one nodular and four unspecified). The median age of diagnosis
of melanoma was 47 years.
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Figure 1. Flow chart summarizing recruitment of study participants

In the univariate logistic regression analyses, skin type, sex and age, were not
significantly associated with melanoma (Table 3), but having more than 100 nevi and severe
sunburn during childhood were associated with a three- to fourfold increased probability
of melanoma. In the univariate model, patients with vitiligo showed a significant threefold
decreased probability of developing melanoma compared with non-vitiligo patients
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Table 3. Univariate and multivariate logistic regression analyses of potential risk factors for
melanoma development
Controls

Melanoma
patients

Univariate
OR

(95% CI)

p value

Multivariate
OR

(95% CI)

p-value

Age
50 - 60

1034

8

1.0 (ref)

61-75

941

10

1.37

(0.54-3.50)

0.51

na

> 75

100

1

1.29

(0.16-10.44)

0.81

na

No

776

12

1.0 (ref)

Yes

1300

7

0.35

(0.14-0.89)

0.03

0.32

(0.44-2.75)

0.84

na

3

na

Vitiligo
1.0
(0.12-0.88)

0.03

(0.69-8.75)

0.17

(1.15-8.24)

0.03

Sex
Male

922

8

1.0 (ref)

Female

1150

11

1.10

Light

824

11

1.0 (ref)

Dark

1215

8

0.49

No

1872

15

1.0 (ref)

Yes

128

4

3.90

na

Skin type*
na
(0.20-1.23)

0.13

na

(1.27-11.92)

0.02

2.45

(0.82-1.90)

0.80

na

> 100 nevi

History of living in (sub)tropics
No

1781

17

1.0 (ref)

Yes

253

2

0.83

na

0-10 weeks

1518

14

1.0 (ref)

11-50 weeks

278

3

2.1

(0.74-5.9)

0.16

na

>50 weeks

219

1

0.53

(0.07-4.1)

0.55

na

(1.17-8.44)

0.02

3.08

Sunny holidays
na

Sunburn before age 19 years
No

1150

6

1.0 (ref)

Yes

659

11

3.14

Sunburn in the last 5 years
No

1662

16

1.0 (ref)

Yes

796

3

0.91

na
(0.27-3.12)

0.89

na

(0.84-7.81)

0

na

Protective clothingin the last 5 years
No

791

4

1.0 (ref)

Yes

1087

14

2.56

na

Sunscreen use in the last 5 years
Never

335

2

1.0 (ref)

Sometimes

509

2

0.66

(0.92-4.70)

na

na

Often

1038

13

2.1

(0.47-9.34)

na

CI, confidence interval; na, not applicable; OR, odds ratio; ref, reference value
* Skin type: ‘Light’= Fitzpatrick type 1-2, ‘Dark’= Fitzpatrick type: 3-6
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(OR= 0.35, 95% CI= 0.14-0.89). In the multivariate model that adjusted for risk factors, based
on the level of significance of the univariate analyses (>100 nevi and childhood sunburn),
vitiligo remained associated with a threefold decreased probability of melanoma (adjusted
OR=0.32; 95%CI= 0.12-0.88).

3

Vitiligo and nonmelanoma skin cancer. Thirty of the 1307 patients with vitiligo had been
diagnosed with 37 basal cell carcinomas (BCC) during their lifetimes. Of these, 15 were
nodular BCC, seven were micronodular, five were superficial and 10 were unspecified. In
addition, 5 patients with vitiligo had each been diagnosed with 1 squamous cell carcinoma
(SCC) and one patient had experienced 1 BCC and 1 SCC (Table 2). Two patients reported the
occurrence of a BCC in a vitiligo lesion. In the control group, 47 of 788 non-vitiligo partners
had been diagnosed with a total of 61 BCCs (23 nodular, eight micronodular, 11 superficial
and 19 unspecified) and four patients had had a SCC. In the univariate analysis, elderly
patients had the highest likelihood of developing NMSC (>75 years of age: OR=3.94, 95%
[CI 1.86-8.34] compared with those aged 50-60 years) (Table 4). Having more than 100 nevi
was also associated with a twofold invreased probability of NMSC (OR=2.0, 95% CI=1.003.95). Most of the sun exposure related parameters (i.e, severe sunburn, protective clothing
and using sunscreens, outdoor hobbies) were significantly associated with NMSC in the
expected direction (Table 4). In the univariate analysis, patients with vitiligo had a 60% lower
probability of developing NMSC compared with their partners (OR=0.41, 85% CI=0.270.63). In the multivariate model, which adjusted for all risk factors that were significantly
associated with NMSC development in the univariate analysis, patients with vitiligo had a
threefold decreased probability of NMSC (adjusted OR=0.28; CI =0.16-0.50).

Table 4. Univariate and multivariate logistic regression analysis of potential risk factors for
nonmelanoma skin cancer (NMSC) development (Continued)
NMSC Univariate
Controls patients
OR

(95% CI)

p-value

Multivariate
OR

(95% CI)

p-value

<0.02

Age
50 - 60

1014

28

1.0 (ref)

1.0 (ref)

61-75

902

49

1.97

(1.26-3.16)

0.005

2.47

(1.39-4.40)

> 75

91

10

3.94

(1.86-8.34) <0.001

7.96

(2.84-22.31) <0.001

No

737

51

1.00 (ref)

Yes

1271

36

0.41

Men

897

33

1.0 (ref)

Women

1107

54

1.33

Vitiligo
1.0 (ref)
(0.27-0.63) <0.001

0.28

Sex

42

na
(0.85-2.06)

0.21

na

(0.16-0.50) <0.001

Table 4. Univariate and multivariate logistic regression analysis of potential risk factors for
nonmelanoma skin cancer (NMSC) development (Continued)
NMSC Univariate
Controls patients
OR

(95% CI)

p-value

Multivariate
OR

(1.0-1.0)

0.05

na

(1.00-3.95)

0.05

(95% CI)

p-value

Skin type*
Light

786

49

1.0 (ref)

Dark

1187

36

1.00

No

1813

74

1.0 (ref)

Yes

122

10

2.0

3

na

> 100 nevi
1.0 (ref)
2.94

(1.34-6.47)

<0.01

History of living in (sub)tropics
No

1712

74

1.0 (ref)

Yes

245

8

0.76

na
(0.36-1.59)

0.46

na

Sunny holidays
0-10 weeks

1469

62

1.0 (ref)

11-50 weeks

267

16

1.4

(0.22-1.42)

0.22

na

na

>50 weeks

215

5

0.55

(0.22-1.39)

0.2

na

Sunburn before age 19 years
No

118

77

1.0 (ref)

Yes

632

7

1.90

1.0 (ref)
(1.21-3.00)

0.01

1.90

(1.10-3.27)

<0.02

(0.20-0.95)

0.04

0.46

(0.18-1.19)

<0.11

(0.70-2.21)

<0.44

Sunburn in last 5 years
No

1601

77

1.0 (ref)

Yes

334

7

0.44

Protecting clothing in last 5 years
No

776

24

1.0 (ref)

Yes

1046

55

1.70

1.0 (ref)
(1.04-2.77)

0.03

1.26

Sunscreen use in last 5 years
Never

329

8

1.0 (ref)

Sometimes

502

9

0.65

(0.21-2.0)

0.54

1.0 (ref)
0.62

(0.20-1.90)

<0.40

Often

988

63

3.36

(1.38-8.10)

0.01

3.08

(1.27-7.50)

<0.01

0.84

na

(0.91-2.64)

<0.11

Professional life outdoors
No

1632

72

1.0 (ref)

Yes

256

11

0.96

(0.61-1.50)

na

Hobbies outdoors
No

1045

36

1.0 (ref)

Yes

882

45

1.66

(1.07-2.58)

0.93

1.0 (ref)

0.03

1.55

* Skin type: ‘Light’= Fitzpatrick type 1-2, ‘Dark’= Fitzpatrick type 3-6; OR, odds ratio; CI, confidence interval;
ref, reference value; na, not applicable
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Phototherapy and skin cancer. Table 5 shows the melanoma- and NMSC- stratified ageadjusted lifetime prevalences across four patient subgroups based on cumulative numbers
of NB-UVB and PUVA treatments. Of the 1307 patients with vitiligo, 911 had received
phototherapy of whom 432 had undergone less than 100 treatments, 417 patients had
received 100-300 treatments and 62 patients had received more than 300 treatments.
Age-adjusted melanoma and NMSC lifetime prevalences were not increased in patients
treated with phototherapy and did not increase in patients who had received more
phototherapy treatments.

Table 5. Stratification of patients with vitiligo into subgroups comprising cumulative lifetime
phototherapy treatments [psoralen and ultraviolet (UV) A and narrowband UVB combined]
and age-adjusted skin cancer prevalence rates
Cumulative lifetime phototherapy treatments in vitiligo patients

N

None
person
years

396

24901

with melanoma
(7)

3

170

with NMSC
(36)

16

1101

Total (1307)

N

<100
person
years

432

26272

6.83

3

181

44.17

6

397

Pr

N

100-300
person
years

417

25581

6.89

1

64

15.11

13

811

Pr

N

>300
person
years

62

3652

2.50

0

0

0

31.70

1

57

15.60

Pr

Pr

N= number of patients per subgroup
Pr= Tumour prevalence per 1000 person years

Discussion
In this large retrospective vitiligo cohort study we observed a significant threefold lower
lifetime probability of developing melanoma in patients with vitiligo, both by univariate
analysis and by multivariate analysis adjusted for childhood sunburn and having more
than 100 nevi. Both of these confounding factors are known risk factors for melanoma
development12;13, suggesting adequate internal validity of the study design. The distribution
of UV exposure related variables did differ between patients with vitiligo and controls.
However, adjusting for UV exposure did not change the protective effect of vitiligo suggesting
possible intrinsic factors. The antimelanocyte immune response in patients with vitiligo may
be responsible for the observed decrease in melanoma lifetime prevalence. The results of this
are also consistent with recently published genetic studies showing the likelihood of mutually
exclusiveness of vitiligo and melanoma, since the major alleles of SNPs in the TYR region are
associated with vitiligo and the minor alleles with melanoma6;7.
We also found that patients with vitiligo have a threefold decreased probability of
developing NMSC during their lifetime, adjusted for eight independent NMSC risk factors.
This finding seems to be counterintuitive, as the lack of protective pigmentation is supposed
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to increase the risk of NMSC. However, the multivariate analysis shows that patients with
vitiligo still have a significantly decreased probability of developing NMSC when corrected
for these confounders. In a prospective study of 136 patients with vitiligo in Germany, neither
photodamage nor NMSC were reported in patients with vitiligo14. Another study also found
no significant increase in chronic actinic damage in patients with vitiligo19. Our results are in
contrast with a retrospective cohort study from a decade earlier, performed in 477 patients with
vitiligo, in which a higher but not significant, age-adjusted incidence of NMSC was found, as
compared to U.S. population incidence rates20.
Generally, having more than 100 nevi was associated with a twofold probability of NMSC
prevalence; a finding that has been reported previously for BCC in women.21 We found less BCC
in patients with vitiligo compared to non-vitiligo controls while SCC prevalence was similar,
which may be due to a small sample size. Importantly, the prevalence of BCC found in the nonvitiligo partners is in line with the Dutch Cancer Registry data, suggesting the control group is
representative for the general population22;23. The lower probability of NMSC in patients with
vitiligo may relate to the observed decreased photodamage and increased levels of wild-type p53
expression in keratinocytes in the skin of patients with vitiligo24;25. This tumor-suppressor may
protect against actinic damage and the development of keratinocyte cancer.
We included all skin types in our study to assess skin cancer risk in the entire vitiligo
population. As Fitzpatrick skin types 1-2 are associated with sun burning easily, known to be an
independent risk factor for the majority of skin cancers, we chose to include these skin types as
compared to skin types 3-6 as a covariate in the multivariate analysis. Univariate and multivariate
analyses on our study population with skin types 1-3 yielded comparable results (data not shown).
The photo-aging effect of PUVA and/or NB-UVB is generally thought to increase skin cancer
risk. In our study, 911 of the 1307 included patients with vitiligo had a history of NB-UVB and/or
PUVA. No increased melanoma or NMSC prevalence was seen in phototherapy treated patients
compared with patients who never underwent phototherapy. After stratification of patients
with vitiligo into subgroups according their cumulative amount of phototherapy treatments
(NB-UVB and PUVA combined), no trends were found regarding dose-related age-adjusted skin
cancer prevalence rates. This finding is in line with recently published observations26. It differs
from patients with psoriasis, where long-term PUVA therapy is associated with a dose-related
increase in SCC development, and a high level of UVB exposure with a modest increase in SCC
risk27;28. Also, a dose dependent increase in melanoma risk was documented29. In patients with
vitiligo treated with PUVA, studies so far failed to show an association with NMSC; although
the follow-up period was short and patient numbers limited30-32.
Currently, NB-UVB irradiation, with peak emissions at 311 nm, is the preferred treatment for
adult patients with vitiligo1. It is usually given twice weekly, with a maximum of 200 treatments.
No large studies have assessed the risk of UVB-exposure regarding skin cancer development in
patients with vitiligo. Nonetheless, many dermatologists are cautious in prescribing phototherapy
for patients with vitiligo and guidelines advise a restricted number of treatments17.
To our knowledge, this is the largest case-control study analyzing both melanoma and
NMSC risk in patients with vitiligo. The non-vitiligo controls were population-based and
since most of them were sociodemographically comparable partners of the patients with
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vitiligo we assumed substantial similarity between the exposed and nonexposed patients,
improving internal validity. Also regarding the comparison of skin cancer lifetime prevalence,
it is preferable to use a control group rather than extrapolated cancer registry data.
Potential recall bias regarding questions about sun exposure and behavior, especially
in childhood, applies to both the vitiligo and the control groups. We used questions from
a validated questionnaire from a previous large, retrospective epidemiological melanoma
study to collect optimal data regarding skin cancer risk factors12;18. As many of the potential
participants in this study were older or visited the institute more then ten years ago, a low
overall response rate could be expected. However, the response rates of participants who were
reached by the invitation were high, with 87% in patients with vitiligo, and 70% in the nonvitiligo control group. The lifetime prevalence of melanoma and NMSC in the non-vitiligo
population of this study corresponded to the Dutch Cancer Registry data and a population
based study respectively, so we estimate the effect of selection bias to be limited23;33.
As the median age of melanoma diagnosis is 53 years in the Netherlands, 33;34 and the
highest BCC prevalence rates are found in people over 65 years (median age of BCC diagnosis
67 years), we included patients with vitiligo and non-vitiligo controls aged 50 years or
older to retrospectively assess the lifetime prevalences of melanoma and NMSC. Although
a prospective study would produce qualitatively better data, we considered this large
retrospective study as a more feasible first step to explore the research question involved 22;33.
All skin cancer cases were confirmed by a pathology report excluding overestimation from
unreliable case histories. Because we invited patients with vitiligo who subsequently invited
their partners, we missed patients who died from melanoma in both the vitiligo and control
group. As a result we may have underestimated the melanoma lifetime prevalence in patients
with vitiligo compared to the non-vitiligo partners. The actual effect on study outcome is
present but limited, if we hypothesize that in 7 patients with vitiligo and melanoma in our
cohort, one patient may have died (assuming a 20% melanoma mortality risk)34.
In conclusion, our results show that patients with vitiligo have a decreased risk of
developing melanoma and NMSC during their lifetimes, and suggest that phototherapy
does not increase this risk. More, and preferably prospective, studies in different populations
are needed to corroborate these results.
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Background: Patients with melanoma may develop vitiligo-like skin depigmentation
referred to as melanoma-associated leukoderma (MAL). Many dermatologists are not aware
of the diagnosis MAL and may easily diagnose and treat these patients as having nonsegmental vitiligo, thereby overlooking the underlying (metastatic) melanoma. At present,
the prevalence of MAL and its clinical characteristics are not firmly established.
Objectives: to retrospectively assess the prevalence and clinical characteristics of patients
with MAL referred to our institute under the diagnosis vitiligo.
Methods: We analyzed the clinical presentation, type of depigmentation, and disease
course of patients with MAL who were diagnosed at the Netherlands Institute for Pigment
Disorders from 2009-2014. Additionally we reviewed patients with MAL identified from a
questionnaires study that analyzed the lifetime prevalence of melanoma in 1307 patients
with vitiligo aged 50 years and older.
Results: Seven patients initially diagnosed as having non-segmental vitiligo were identified
with melanoma-associated-leukoderma (prevalence 0.15%). These concerned older patients,
with a sudden onset of highly progressive atypical skin depigmentations on non-typical
vitiligo predilection sites refractory to treatment. All patients were found to have (metastatic)
melanoma within 1-3 years following their presentation.
Conclusion: MAL constitutes only a small percentage of patients presenting with vitiligolike depigmentation. However, correct diagnosis of these patients is crucial to limit further
melanoma treatment delay. Thorough physical examination aimed at suspect melanocytic
lesions should be performed and a history on removed melanocytic lesions should be
recorded in any patient presenting with atypical vitiligo.

Introduction
Vitiligo is a common skin disease, affecting approximately 1% of the general population1.
It is characterized by the development of clearly demarcated depigmented patches of skin
caused by autoimmune destruction of melanocytes2-5. The non-segmental type of vitiligo
has various clinical presentations (acrofacial, mucosal, generalized, universal, or mixed)
and an unpredictable clinical course.
In patients with melanoma skin depigmentation can also occur as a result of strong
antimelanoma immunity against shared melanocyte differentiation antigens. It is commonly
referred to as melanoma-associated leukoderma (MAL), but also known as melanomaassociated hypopigmentation (MAH), melanoma-associated depigmentation (MAD) or
melanoma-associated vitiligo (MAV)6-10. MAL development is associated with prolonged
survival in patients with melanoma treated with immunotherapy 9,11-13 The prevalence of
MAL following immunotherapy is estimated to be around 3.4% in patients with stage
III-IV melanoma13.
MAL can also occur spontaneously in patients with melanoma without treatment,
however the prevalence of this type of MAL is not well studied. A large prospective hospitalbased observational study showed a cumulative incidence of 2.8% of melanoma-associated
vitiligo in 2954 patients with melanoma of different stages regardless of treatment 9.
However, MAL can also present in patients with yet undiagnosed (metastatic) melanoma.
Many dermatologists are not aware of the diagnosis MAL and may easily diagnose these
patients with non-segmental vitiligo. It has been suggested that presentation and response
to treatment is different in MAL as compared to vitiligo, however there is limited data and
no consensus on this issue6,7,14. In this paper we describe 7 patients referred to us under the
diagnosis vitiligo, who turned out to have melanoma-associated leukoderma.
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Methods
We retrospectively analyzed the clinical presentation, type of depigmentation and disease
course of melanoma-associated-leukoderma patients who were diagnosed at the Netherlands
Institute for Pigment Disorders Amsterdam with MAL from 2009-2014. In this period,
3182 new patients were referred to us for diagnosis and treatment of non-segmental vitiligo
(vitiligo ICD code: acrofacialis n=146, focalis n=348, inflammatory n=1, trichrome n=10,
vulgaris =2622, universalis n= 55). No clear definitions of MAL exist regarding the interval
between the start of MAL depigmentation and the detection of melanoma. The largest case
series so far reported a mean onset of 4.8 years following the primary diagnosis of melanoma.
For this study we arbitrarily defined melanoma-associated leukoderma as depigmentation
that developed within one year before the detection of a primary melanoma or within 3 years
before the detection of melanoma metastases with an unknown primary tumor (Cohort 1).
Additionally, we also reviewed the presence of MAL in a cohort of 1307 vitiligo vulgaris
patients older than 50 years in which the life-time prevalence of melanoma was studied15
(Cohort 2).
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Cohort 1. In the period of 2009-2014, 3182 new patients were referred to our clinic by general
practitioners and dermatologists for diagnosis and treatment of non-segmental vitiligo
vulgaris. Four of these Caucasian patients turned out to have MAL. Clinical characteristics
are summarized in table 1.
Patient 1, a 72-year old female was referred to our institute by a dermatologist in July
2010 with very progressive skin depigmentation at the right site of the thorax, upper back,
neck and face since one year. She had a history of primary melanoma on her back which
was excised in 2006. During follow-up at our institute in December 2010, she developed a
growing lump in her right axilla and was diagnosed with axillary lymph node melanoma
metastases. Four years later she is still in total remission.
Patient 2, a 52-year old female, was referred by a dermatologist in December 2011 because
of progressive skin depigmentation since 6 months diagnosed as vitiligo. Treatment with
miconazol(nitrate), hydrocortisone and clobetasol had not lead to any improvement of the
pigmentation. Upon total body examination, she was found to have, besides depigmented
macules, a suspect melanocytic lesion on her abdomen. Histology showed a superficial
spreading melanoma with a breslow thickness of 0.52 mm and signs of regression (AJCC
T1aN0M0). The depigmentations progressed thereafter. Three years later, in October 2014
she was diagnosed with metastasized melanoma, with lung, brain and bone lesions. She is
currently treated with the proteinkinase inhibitor dabrafenib.
Patient 3, a 45-year old healthy male was referred to our institute by a dermatologist in
2011 with a very progressive vitiligo with a sudden onset 3 months earlier. We diagnosed
him with a very active non-segmental vitiligo and he received narrow band (NB)-UVB
therapy 3 times a week during 6 months without any effect. Eight months after his initial
presentation, he was diagnosed with melanoma brain metastasis of an unknown primary
tumor. He was treated with neurosurgery and radiotherapy. Thereafter, he was also found
to have a metastasis in his left axilla which was excised. After the last surgical procedure
27 months ago he is considered in complete remission without any further treatment.
Patient 4, a 59-year old female was referred to our institute in 2012 for a second opinion
because of depigmented skin lesions on the hands since one year. A consulted dermatologist
had diagnosed the lesions earlier as non-segmental vitiligo without performing a total
skin examination. At our center, upon total body examination, we detected a 4mm dark
blue-grey suspect looking pigment lesion on her back with surrounding erythema. Following
excision, the histologic diagnosis was superficial spreading melanoma (Breslow 2mm, AJCC
T3N0M0). She underwent surgical re-excision and a sentinel node procedure which was
negative. The depigmentation remained stable thereafter and she experienced no relapse
up to now 2.5 years later.
Cohort 2. We identified 3 other patients with MAL from a questionnaires study analyzing
the lifetime prevalence of melanoma in 1307 patients with vitiligo aged 50 years and older15.
All three Caucasian patients had been diagnosed with non-segmental vitiligo at our institute
between 1982 and 2007 and all subsequently developed metastasized melanoma within
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the following 1-3 years with an unknown primary melanoma. Clinical characteristics are
summarized in Table 2A and 2B.
Patient Q1 is a 71-year old woman who was diagnosed at our institute with vitiligo
vulgaris in 1993 based on the presence of sharply demarcated depigmented macules on the
legs and thorax and was treated with the combination of UVA phototherapy twice weekly
and topical fluticasone proprionate 0.05% ointment once daily without any improvement. She
was diagnosed with lymph node melanoma metastases in the groin in 1996 without a history
of a primary melanoma. Following surgery and chemotherapy she had another cutaneous
metastasis in 1999. Ever since she has experienced melanoma disease-free survival.
Patient Q2 a 74-year old male who suffered from depigmentation of his skin since
1982 diagnosed elsewhere as vitiligo and for which he had received phototherapy without
improvement. In 1983 he was diagnosed with lymph node melanoma metastases in the left
axilla and underwent a lymph node dissection. He has experienced melanoma disease-free
survival since 1983.
Patient Q3 is a 69-year old female who developed depigmented macules at the age of 61
in 2006. These lesions progressed quickly and were unresponsive to therapy. In 2009 she
was diagnosed with lymph node melanoma metastases in the left groin which were treated
with surgery. Physical examination revealed a verrucous pigmented lesion under the left
foot and the histologic diagnosis was melanoma in situ with signs of regression. Since 2009
she has experienced melanoma disease-free survival. The depigmentation remained active
and progressed further up to 2 years.
This study shows a prevalence of retrospectively detected MAL of 0.1% in the first cohort
considering the total number of newly seen patients with nonsegmental vitiligo in that
period in our institute. For cohort 2, we estimate a (life time) prevalence of 0.23% of MAL
in 1307 patients with non-segmental vitiligo older than 50 years.
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Discussion
In this retrospective study we describe 7 patients who presented with vitiligo-like
depigmentations but were later found to have (metastasized) melanoma. Together our
cohorts show that the prevalence of MAL is estimated between 0.1 and 0.2%.
In our series, the main clinical characteristics of MAL consisted of a very progressively
disease-onset in Caucasian patients. These patients on average presented at older age with
depigmentations unresponsive to topical steroids and UV phototherapy and showed an
atypical distribution with multiple confetti-like lesions, a sign of rapid progression. Six
of seven patients had bilateral depigmented lesions, with a symmetrical distribution in
2 patients. One patient had an unilateral localization of the depigmentations that started
and were restricted to the right side of the body coinciding with the site of the melanoma
metastasis. Other authors also described both symmetrical distribution of MAL and MAL
lesions near the primary tumor or melanoma metastases, with a frequent localization on the
trunk, with centrifugal spread, and with confetti-like appearance of depigmentation7,14. All
our patients with MAL had a negative vitiligo family history, as in 2 other case series6,7. We
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Sex/Age

F/72

F/52

M/45

F/59

Patient

1

2

3

4

2012

2012

2011

2006

Year

20 / SSM

primary
unknown

0,52/ SSM
signs of regression

unknown

Bresl. (mm)/
Histology

back

unknown

abdomen

back

Site

na

2012
2012

2014

2010

Year Metastasis

na; SN-

brain
left axilla

lung, bone

axilla right

Site

I

IV

I

III

Metastasis Stage

local excision

brain surgery,
RT, LND

re-excision

LND; RT

Treatment

Alive DFS 3 yrs

Alive DFS 3 yrs

Alive +
DFS 3 years;
2014 progressed to
stage IV melanoma

DFS; 5 yrs

Alive -

Follow-up

SSM: superficial spreading melanoma ; SN: sentinel node; LND: lymph node dissection; RT: radiotherapy; na: not applicable; alive +/-: alive with/without melanoma; DFS:
disease free survival

1A
Melanoma

Tabel 1A and 1B. Melanoma and MAL characteristics of cohort 1
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F/52

M/45

2

3

F/59

F/72

1

4

Sex/
Age

Patient

2011

2011

2011

2009

MAL
since

2012

2011

2011

2010

First visit
SNIP
Type of depigmentation

dorsal sides of the
hands,
wrists and arms

scattered over back,
chest, axillae
axillae, arms and legs

face (forehead, chin,
cheeks,
temporal, around
eyebrow,
including poliosis)
neck, axillae, perivulvar

miconazol/
hydrocortison
tacrolimus
ointment
FP, CP

none

MAL therapy
received before Dx

bilateral, symmetric; slowly
progressive; multiple sharply
demarcated polycyclic lenticular
confetti-like hypopigmented and
depigmented macules; not responsive
to therapy

tacrolimus
ointment
pimecrolimus
ointment

bilateral; symmetric; very progressive NB-UVB 3x/week
with sudden onset,
(6 months) FP
small sharply demarcated round
tacrolimus
macules
ointment
not reponsive to therapy

bilateral; slowly progressive; multiple
small round patchy
confetti-like hypopigmented and
depigmented macules
with asymmetrical distribution,
perivulvar depigmented lesions
not reponsive to therapy

right side of face, neck, unilateral start; progressive; multiple
back, and right side of
small patchy confetti-like round
upper chest
depigmented macules with a medium
sharply demarcated border; Koebner:-

MAL site

no

no

no

depigmentation
progressed for
1 year then
stabilized
depigmentation
slowly
progressed

depigmentation is
stable

depigmentation is hypothyroid
stable

AID

FU MAL

SNIP: Netheralnds Institute for Pigment disorders; FP: fluticason proprionate 0,005% ointment; NB-UVB: narrow-band ultraviolet B phototherapy; UVA: ultraviolet A
phototherapy; AID: autoimmune disease; FH: family history; Dx Diagnosis

1B
MAL

Tabel 1A and 1B. Melanoma and MAL characteristics of cohort 1 (Continued)
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no

no

no

no

FH
vitiligo

58

Sex/Age

F/71

M/77

F/69

Patient

Q1

Q2

Q3

na

na

na

Year

unknown
primary

unknown
primary

unknown
primary

Bresl. (mm)/
Histology

unknown

unknown

unknown

Site

2009

1983

1996
1999

Metastasis (y)

groin left

axilla left

groin left
abdomen
(cutaneous)

Site

III

III

IV

Metastasis Stage

Sex/Age

F/71

M/77

F/69

Patient

Q1

Q2

Q3

2007

1982

1993

MAL

face, hands, arms,
abdomen,
feet

face, neck chest,
upper arms

chest, lower
extremity

MAL site

bilateral; progressive; depigmented
macules starting at the wrists and
spreading quickly to rest of the body;
not responsive to therapy

bilateral; progressive; sharply
demarcated depigmentated macules
with typical monk’s hood-like
distribution

bilateral; progressive; sharply
demarcated depigmented macules
not responsive to therapy

Type of depigmentation

NB-UVB 2 years,
FP
tacrolimus
ointment

phototherapy

UVA 2x/week, FP
punch grafts
transplantation

MAL therapy
received before Dx

depigmentation
progressed for
2 years
then stabilized

depigmentation is
stable

depigmentation is
stable

FU MAL

LND

LND

DTIC, LND

Treatment

no

no

no

AID

no

no

mother,
brother

FH vitiligo

Alive DFS 6 yrs

Alive DFS; 22 years

Alive DFS 15 yrs

Follow-up

BSA: body surface area; NB-UVB: narrow-band ultraviolet B phototherapy; UVA: ultraviolet A phototherapy; FP: fluticason proprionate 0,005% ointment; clobetasol
proprionate 0,05% ointment; HCB: hydrocortisonbutyraat 0,1%

2B
MAL

NA: non applicable; LND: lymph node dissection; DTIC: dacarbazine; alive +/-: alive with/without melanoma; DFS: disease free survival

2A
Melanoma

Table 2A and 2B. Melanoma and MAL characteristics of cohort 2
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here report the onset of MAL as a sudden, progressive depigmentation, which may become
more stable over time but does not repigment spontaneously or upon vitiligo therapy.
Hartmann et al. describe MAL lesions as non-progressive with in most cases a symmetrical
bilateral distribution and with a centripetal spread, corresponding to vitiligo but without an
association between the location of lesions and the primary tumor6. Moreover, they found
an average age of MAL onset of 56 years versus 28 years in their vitiligo control group. Their
findings of stable depigmentation in patients with MAL correspond to our earlier findings of
low levels of T cell responses against melanocytes in patients with MAL several years after
initial diagnosis of the hypopigmentation, as compared to patients with active vitiligo16.
A limitation of the study is its retrospective design which may underestimate the
prevalence of MAL, by missing potential patients with MAL due to melanoma diagnosis
and treatment elsewhere. Another factor in this respect, is the possibility that a small part of
the vitiligo patient population actually has MAL and experienced a strong immune response
to a melanoma that regressed and never has been diagnosed. We can only speculate about
this and it seems impossible to diagnose such patients with additional diagnostic techniques.
Thorough physical investigation and anamnestic information about the patients history
of melanocytic lesions is probably the most feasible work-up. Only in case of lymph node
enlargement or other health problems additional imaging can be considered.
The majority of the MAL patients with metastasized melanoma in this study experienced
exceptional favorable melanoma disease-free survival. The favorable prognostic sign of MAL
has been shown for patients with melanoma treated with immunotherapy both in individual
studies and in our systematic review and can be explained by strong antimelanoma/
melanocytes immunity 9,13. Patients with MAL should be informed about the potentially
favorable nature of their depigmentation and repigmentation treatment of MAL lesions is
therefore not advisable.
Besides immunological similarities in patients with vitiligo and MAL, such as the
presence of melanocyte specific T cells, we recently described differences in immune
responses in patients with MAL and vitiligo. Whilst auto-antibodies against gp-100 and
tyrosinase are found in both patients with MAL and vitiligo, MART-1 antibodies were only
present in patients with MAL and undetectable in patients with vitiligo16. These differences
in antibody responses in MAL versus vitiligo deserve further investigation.
In conclusion, although MAL only constitutes a small percentage of patients presenting
with vitiligo-like depigmentation, it is essential to diagnose them correctly to limit further
melanoma treatment delay. However, based on only clinical characteristics, it is difficult to
distinguish MAL from non-segmental vitiligo. Furthermore a medical history on removed
pigmented lesions should be asked for. To this end, every newly referred vitiligo patient
deserves a careful examination on suspect melanocytic lesions. In order to not miss MAL,
special attention is needed for older patients presenting with very progressive atypical
vitiligo-like depigmentations refractory to standard treatment
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Patients with melanoma may develop skin depigmentation spontaneously or following
(immuno)therapy, referred to as melanoma-associated leukoderma (MAL). As clinical
presentation of MAL may precede primary/metastatic melanoma detection, recognition
of MAL is important to prevent misdiagnosis as vitiligo and the subsequent application
of immunosuppressive treatment. To reveal the immunity involved in MAL development,
we investigated the presence of antibody and T-cell immune responses directed against
the melanocyte-differentiation-antigens MART-1 (Melan-A), tyrosinase and gp100 in
patients with MAL, as compared to patients with vitiligo. Autoantibodies to gp100 and
tyrosinase were commonly found in both diseases. Interestingly, MART-1 antibodies were
only present in patients with MAL. Melanocyte antigen-specific T-cells were found in all
patients, with relatively more specific T-cells in patients with active vitiligo. Although MAL
and vitiligo may appear clinically similar, our results indicate that the humoral immune
responses against MART-1 differ between these diseases, which can help to differentiate
MAL from vitiligo.

Introduction
Skin depigmentation in patients with melanoma can occur either spontaneously or following
immunotherapy as a result of strong antimelanoma immunity against shared melanocyte
differentiation antigens. It is commonly referred to as melanoma-associated leukoderma
(MAL), but also known as melanoma-associated hypopigmentation (MAH), melanomaassociated depigmentation (MAD) or melanoma-associated vitiligo (MAV) (Koh et al.,
1983). Patients with melanoma who develop depigmented macules may be diagnosed with
vitiligo vulgaris. This especially applies to patients with melanoma with an unknown
primary tumor who consult a dermatologist with progressive skin depigmentation and
shortly after appear to have metastatic melanoma. Correct diagnosis of these patients with
MAL is critical to prevent delay in melanoma treatment and to prevent metastasis. For this
reason, it is important to carefully diagnose MAL and discriminate it from vitiligo.
Melanoma-associated leukoderma is not considered a subtype of vitiligo, although the
clinical appearance may be similar as defined in a recent international consensus (Ezzedine
et al., 2012). A number of studies described the similarities and differences between MAL
and vitiligo (Naveh et al., 2013; Hartmann et al., 2008; Dordic et al., 2012; Merimsky et al.,
1994; Merimsky et al., 1996; Fishman et al., 1997).
Meanoma-associated leukoderma occurs in 2-16% of patients with melanoma, either
spontaneously or during/after treatment (Speeckaert et al., 2011; Teulings et al., 2013;
Quaglino et al., 2010). Clinically, the age of onset of MAL is higher with a median age of
53 years, whereas vitiligo appears around 18-31 years of age (Quaglino et al., 2010). There
are, however, conflicting results concerning the distribution pattern of depigmented lesions
in MAL versus vitiligo (Hartmann et al., 2008; Speeckaert et al., 2011).
Skin depigmentation in patients with advanced melanoma is believed to be a favorable
prognostic sign (Boasberg et al., 2006; Gogas et al., 2006; Phan et al., 2003; Quaglino et al.,
2010; Le Gal et al., 2001). Additionally, autoimmune responses against melanoma cells and/or
melanocytes have been found in blood, tumor or perilesional skin of patients with metastatic
melanoma treated with immunotherapy. These antigen-specific T-cells against the melanocyte
differentiation antigens MART-1 (Melan-A), tyrosinase and/or gp100 (Cui and Bystryn, 1995;
Palermo et al., 2005; Tjin et al., 2011), are associated with favorable clinical outcome. Serological
studies reported antibodies against melanocyte and melanoma-associated antigens such as
gp100, tyrosinase, melanin and tyrosinase-related protein (TRP)-1 and TRP-2 in patients with
advanced melanoma (Huang et al., 1998; Fishman et al., 1997; Dordic et al., 2012). For patients
with vitiligo, the presence of melanocyte antigen-specific T-cells and antibodies, responsible
for melanocyte recognition and attack, is believed to be associated with the extent of skin
depigmentation and decreased responsiveness to immune suppressive therapy (Garbelli et al.,
2005; Naughton et al., 1986; Ogg et al., 1998; Palermo et al., 2005; van den Boorn et al., 2009).
Although a number of studies have reported T-cell and antibody responses to several antigens
in the sera of patients with advanced melanoma and those with patients with vitiligo (Dordic
et al., 2012; Fishman et al., 1997; Hartmann et al., 2008; Kroon et al., 2013; Merimsky et al.,
1994; Naughton et al., 1986), the presence of specific T-cell responses and autoantibodies to
melanocyte differentiation antigens in patients with MAL is still undefined.
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We previously reported the presence of systemic antimelanoma immunity in a patient
with MAL with stage IV melanoma after radiotherapy with an unusually long tumor-free
survival (Teulings et al., 2013). In this study, we investigated the presence of specific T-cells
and antibody responses against various melanocyte differentiation antigens, in relation to the
clinical features of melanoma patients with MAL and patients with active or stable vitiligo.

Results

5

MAL patient details. The clinical features of seven patients with MAL are described in
Table 1. Four patients, who had no history of melanoma, were initially referred to our clinic
as patients with vitiligo (MAL-01, MAL-03, MAL-06, MAL-07). Two of these patients
(MAL-03 and MAL-07) had been suffering from skin depigmentation for one year and,
upon physical examination, were found to have a suspect pigment lesion on their trunk.
Following excision, the histologic diagnosis was melanoma (Breslow 0.52 and 0.20 mm).
Patient MAL-01 came to our institute with progressive skin depigmentation in 2009. She
had a history of primary melanoma which was excised in 2006. In 2010, she was diagnosed
with axillary lymph node melanoma metastases. Patient MAL-06 presented with a very
progressive ‘vitiligo’ at our institute and received narrow band (NB)-UVB therapy and
protopic 0.01% ointment without effect. Within eight months he was diagnosed with
melanoma brain metastases, indicating an unknown primary melanoma. Both patients
were treated with surgery and adjuvant radiotherapy and are currently disease free. Patient
MAL-MER developed progressive skin depigmentation after start of radiotherapy for
axillary lymph node melanoma metastases. Despite the diagnosis of brain metastases in
this patient later on, he experienced an unusual disease-free survival until now (Teulings et
al., 2013). Patient MAL-02 and MAL-04 had metastatic melanoma and showed progressive
depigmentation within one year after receiving ipilimumab. They did have prolonged
disease-free survival, but both deceased in 2014.
Details of patients with vitiligo. All 27 patients with included were assessed by the
six-point vitiligo disease activity (VIDA) score at the time of immunological analysis and
were classified as having active or stable disease. Twenty-one patients with vitiligo treated
with NB-UVB and/or topical steroids (8 male; 13 female; SNIP 1 to 21) were described
earlier (Kroon et al., 2013). Nine had stable vitiligo and twelve had active vitiligo. Six other
patients with vitiligo (VIT 2, 4, 8, 16, 17 and 20; Table 2) were evaluated for clinical and
immunological features at two time points: i) with active vitiligo without any treatment
(2005), and ii) with stable disease or decrease of vitiligo activity after treatment (2013). In
three out of these six patients, repigmentation was observed after UVB therapy (Table 2).
Histological characteristics of patients with MAL and vitiligo. The histological
characteristics of depigmented lesions from patients with MAL and vitiligo were examined
for the presence of melanocytes by staining for MART-1, gp100, and of T-cells (CD3, CD4,
CD8).
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Male

Male

Female

Female

MAL-06

MAL-MER

MAL-02

MAL-04

Female

MAL-07

Female

Female

MAL-03

MAL-01

Sex

Patient

48

47

67

45

72

59

52

Age
(years)

2006

2005

2007

2012

2006

2012

2011

Year of
melanoma

2011

2011

2008

2011

2009

2011

2011

Year of
MAL

Disseminated
over body,
face, poliosis
lashes

Face

Right axilla,
shoulder, face

Back, chest,
legs, armpits

Thorax, back,
face

Hands, arms,
chest

Face, axillae,
poliosis
eyebrows

MAL site

Table 1. MAL patient demographic and clinical details

Surgery,
chemotherapy
vemurafenib,
ipilimumab

Surgery,
chemotherapy,
ipilimumab,
vemurafenib

Surgery,
radiotherapy,
chemotherapy

UVB + Protopic
0.1%

Surgery,
radiotherapy,
chemotherapy

Elidel + Protopic
0.1%

None

Therapy received
before analysis

Progressive
depigmentation
after start
ipilumumab

Progressive
depigmentation
after start
ipilimumab

Progressive
depigmentation
after radiotherapy
right axilla

Progressive
depigmentation

Progressive
depigmentation 2
years after primary
melanoma

Stable
depigmentation

Progressive
depigmentation

MAL disease
course

I

I

III

IV

IV

IV

IV

Primary melanoma (Breslow
0.20 mm) detected at vitiligo
physical examination
One year later detection
of axillary lymph node
metastases
Primary melanoma
unknown, presented with
melanoma brain metastasis
8 months after start
depigmentation
Brain metastases, brain
surgery, whole brain
radiotherapy
Brain, lung metastases,

Lung, bone metastases

Melanoma
disease stage
at inclusion

Primary melanoma (Breslow
0.52 mm) detected at vitiligo
physical examination

Melanoma disease
course
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Deceased

Deceased

Tumourfree survival

Brain
surgery,
tumour-free
survival

Tumourfree survival

No
metastases

No
metastases

Melanoma
disease
follow up

68

Sex

Male

Female

Male

Male

Female

Male

Patient

VIT 2

VIT 4

VIT 8

VIT 16

VIT 17

VIT 20

44

49

48

22

32

74

Age
(years)

4 months

40 years

4 months

8 years

18 years

2 years

Age at vitiligo
onset

Back, neck

Fingertips, face

Face, neck, thorax

Scalp, thorax,
genitalia

Face, thorax, arms,
legs, genitalia

Face, chest, hands

Site of
depigmentation

Table 2. Vitiligo patient demographic and clinical details

2

2

2

2

2

2

VIDA score
(1st time point)

-1

0

-1

0

1

0

VIDA score
(2nd time point)

Progressive

Progressive

Progressive

Progressive

Progressive

Progressive

Disease course
(1st time point)

5
Stable, repigmentation after UVB,
also after therapy stopped

Minimal repigmentation after UVB

Stable, repigmentation after UVB,
cutivate and sunlight, also after
therapy stopped

Stable after UVB

Anamnestic stable

Stable, improvement after UVB

Disease course
(2nd time point)

We found that MART-1 and gp100 positive melanocytes were absent or strongly reduced
in both the depigmented skin of patients with MAL and vitiligo (Figure 1), as previously
reported (Hartmann et al., 2008). T-cell infiltrates were present near the basal layer and
deeper in the dermis of depigmented lesions of all patients, and varied among the patients
(Figure 1).

5

Figure 1. The presence of T-cells and melanocytes in depigmented skin lesions of patients with active
vitiligo, stable vitiligo or MAL. T-cell infiltrates are present in depigmented lesions as detected by
immunohistochemistry using antibodies against CD3 (pan T-cell marker), CD4 or CD8 markers
(CD4+ or CD8+ T-cells). Melanocytes are absent or strongly reduced in the epidermis as detected by
Melan A and gp100 staining. From each patient group: active vitiligo (ACT), stable vitiligo (STA) or
MAL, images from two patients are shown to illustrate the variation among the group and patients
with respect to T-cell infiltrates present in the depigmented skin. Original magnification: 200x. T-cells
or melanocytes in the images are indicated by arrows.
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T-cell specificities patients in patients with MAL and vitiligo. To determine whether
T-cells in patients with MAL and vitiligo were able to recognize melanocytes, T-cells isolated
from peripheral blood or depigmented skin lesions of these patients were analyzed by flow
cytometry using human leukocyte antigen (HLA)-peptide tetramers for the melanocyte
differentiation antigens MART-1, tyrosinase and gp100 (Table 3 and Figure 2). As this analysis
is HLA-A1, A2 and/or A3 restricted, six of seven patients with MAL could be analyzed
(MAL-MER, MAL-01, -02, -04, -06 and -07). We also examined the T-cell responses in six
patients with vitiligo (VIT 2, 4, 8, 16, 17 and 20), both during active disease and later on upon
stabilization or decreased vitiligo activity after a treatment and follow up period of 8t years.
Antigen-specific T-cells against MART-1, gp100(209), gp100(280), tyrosinase were present
in the peripheral blood of both patients with MAL and vitiligo (Table 3 and Figure 2A-E).
Patients with MAL showed relatively low percentages of melanocyte antigen-specific CD8+
T-cells, similar to patients with stable/decreased vitiligo activity (treated), with the exception
of A2/gp100(280) specificity. In contrast, relatively more antigen-specific CD8+ T-cells were
found for several antigens in patients with active vitiligo (untreated) than in patients with
MAL or stable/decreased vitiligo activity (treated). When evaluating the antigen specificity
between the active versus stable phase within the same vitiligo patient group, we observed
that the specificity of the CD8+ T-cells against the melanocyte differentiation antigens
had partially changed or disappeared in most of the patients with vitiligo upon disease
stabilization.
The difference between active vitiligo and MAL was also found for the proliferative
capacity of perilesional T cells. When culturing T-cells from the depigmented skin biopsies
taken from the six patients with vitiligo during active disease, we obtained a growing culture
of melanocyte antigen-specific CD8+ T-cells from all patients after 2-3 weeks. In contrast,
melanocyte antigen-specific CD8+ T-cells could be cultured from only two of seven patients
with MAL (data not shown). The proliferation marker Ki67 was rarely present in MAL and
vitiligo biopsies (active and stable) and did not reveal a clear difference in proliferation
activity between the infiltrating T-cells in MAL and vitiligo (data not shown). It is possible
that failure of T-cell culture from MAL biopsies is due to less prominent immune infiltrates
in the whole MAL biopsies as compared to vitiligo.
Antibody specificities in patients with MAL and vitiligo. Although a relationship between
melanocyte antigen-specific antibodies and recent disease activity in patients with vitiligo
has been proposed in the population levels, (Naughton et al., 1986), this did not translate
into a marker for disease activity on a patient level (Kroon et al., 2013). To study this aspect
in patients with MAL, we analyzed the sera of MAL (n = 7) and patients with vitiligo
(n = 27; SNIP 1 to 21; VIT 2, 4, 8, 16, 17 and 20 sampled after treatment) for antibodies
against MART-1, gp100, tyrosinase, melanin-concentrating hormone receptor 1 (MCHR1)
or tyrosine hydroxylase (TH). Of the patients with vitiligo, thirteen had stable and fourteen
had active disease, respectively.
In four out of seven patients with MAL (MAL-01, -03, -04 and -06), autoantibody
responses were found against MART-1, gp100 and/or tyrosinase, but not against TH and
MCHR1 (Table 4 and Figure 2F-J). In contrast, MART-1 antibody response was not found
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Figure 2. Melanocyte antigen-specific CD8+ T-cells and antibodies in patients with MAL and vitiligo.
Scatter graphs showing percentages (A-E) or antibody indices (F-J) and the medians of indicated
markers in the peripheral blood and serum of patients with MAL and vitiligo (untreated and treated
or active and stable). Any differences between MAL and vitiligo (active and stable or treated and
untreated) groups were analyzed by non-parametric Mann-Whitney tests. The P values for comparing
untreated versus treated or stable versus active vitiligo groups were calculated by Wilcoxon paired
tests or non-parametric Mann-Whitney tests, respectively. Only the significant P values (P<0.05) are
depicted in scatter graphs.
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0.26
0.18
0.26 ±
(0.16-1.44)

VIT 17a

Median ± (IQR 25%-75%). Untreated

4.12

VIT 16a

VIT 20a

0.25
0.09

0.55

VIT 2a

VIT 4a

0.11 ±
(0.02-0.93)

Median ± (IQR 25%-75%)

VIT 8a

0.02

MAL-07

na

na
0.14

MAL-03

MAL-06

0.03

0.08
0.35

MAL-02

MAL-04

0.23

1.44 ±
(0.47-3.57)

0.90

5.56

0.47

0.45

1.97

2.91

0.03 ±
(0.01-0.09)

0.02

0.04

0.01

0.01

2.66
0.02

MAL-01

A2/gp100(209)

MAL-MER

A2/MART-1

Patient

0.44 ±
(0.11-2.30)

0.07

0.47

6.13

0.12

0.41

1.02

0.17 ±
(0.09-0.54)

0.05

0.11

na

0.23

0.91

0.11

0.42

A2/gp100(280)

0.33 ±
(0.10-1.98)

0.12

0.52

3.51

0.03

0.14

1.47

0.07 ±
(0.03-0.49)

0.05

0.03

na

0.09

1.71

0.03

0.08

A2/Tyr

Percentage of tetramer-positive CD8+ T-cells

0.13 ±
(0.02-0.80)

0.04

1.05

0.01

0.02

0.22

0.72

0.04 ±
(0.01-0.07)

0.06

0.01

na

0.06

0.01

0.01

0.10

A2/Flu

Table 3. Antigen-specificity in peripheral blood T-cells of patients with MAL and vitiligo (Continued)
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Vitiligo untreated

MART-1, gp100(209), Tyr

MART-1, gp100(209), gp100(280), Tyr, Flu

MART-1, gp100(209), gp100(280), Tyr

gp100(209), gp100(280)

MART-1, gp100(209), gp100(280), Tyr, Flu

MART-1, gp100(209), gp100(280), Tyr, Flu

neg

MART-1, gp100(280)

na

MART-1, gp100(280)

gp100(280), Tyr

gp100(280)

MART-1, gp100(209), gp100(280), Flu

Overall results of A2/
melanocyte antigen specificity
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0.05
0.04

0.06
0.05 ±
(0.02-0.11)

VIT 20b

Median ± (IQR 25%-75%). Treated

0.746
0.031

0.294
0.092

P value of vitiligo untreated versus vitiligo treated2

0.062

0.010

0.297

0.03 ±
(0.01-0.06)

0.10

0.01

0.05

0.02

0.01

0.04

A2/gp100(280)

Tyr, tyrosinase; Flu, influenza; neg, negative; na, not available
Percentages of tetramer-positive CD8+ T-cells ≥ 0.10 were considered as positive values
1
P values calculated by non-parametric Mann-Whitney tests
2
P values calculated by Wilcoxon paired t tests
1,2
P values < 0.05 were considered significant (indicated in bold)

0.005

0.229

P value of MAL versus vitiligo untreated1

0.03 ±
(0.00-0.05)

0.05

0.05

0.01

0.00

0.00

A2/gp100(209)

0.02

VIT 17b

VIT 16b

0.01

VIT 4b
0.25

0.05

VIT 2b

VIT 8b

A2/MART-1

Patient

0.09

0.421

0.171

0.03 ±
(0.01-0.11)

0.10

0.00

0.05

0.15

0.01

0.01

A2/Tyr

Percentage of tetramer-positive CD8+ T-cells

P value of MAL versus vitiligo treated1

Vitiligo treated

0.312

0.935

0.253

0.05 ±
(0.00-0.09)

0.04

0.08

0.05

0.11

0.00

0.00

A2/Flu
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gp100(280), Tyr

neg

neg

MART-1, Tyr, Flu

neg

neg

Overall results of A2/
melanocyte antigen specificity
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in this cohort of patients with vitiligo, neither in active nor in stable vitiligo, in accordance
with previous vitiligo studies (Waterman et al., 2002). Interestingly, MART-1 antibodies
have not been found in a larger cohort of patients with metastatic melanoma who received
chemo- and immunotherapeutic regimens (Stockert et al., 1998). Our data show that
MART-1 antibody responses can be present in patients with melanoma who developed
leukoderma spontaneously or after therapy. Comparable levels of autoantibodies against
gp100, tyrosinase and TH were detected in both active or stable patients with vitiligo (Kroon
et al., 2013).
Taken together, our data show that cellular immune responses against the
immunodominant antigens MART-1, gp100 and tyrosinase are present in both patients with
MAL and vitiligo. At the antibody level, the response to MART-1 indicates an immunological
difference between patients with MAL and vitiligo.

Discussion
In this study, we investigated the immunological differences of patients with MAL and
vitiligo, focussing on the presence of melanocyte antigen-specific T-cells and antibodies
in peripheral blood and/or depigmented skin. We found specific T-cells against MART-1,
gp100 and tyrosinase in the blood of both patients with MAL and vitiligo. Patients with MAL
showed generally low levels of these T-cells comparable to stable vitiligo, whereas relatively
more melanocyte antigen-specific T-cells were found in active vitiligo. Importantly, we show
that an antibody response against MART-1 was only found in patients with MAL, and not
in patients with active or stable vitiligo.
Several studies have described the presence of antibodies to various melanocyte or
melanoma antigens in both vitiligo and melanoma patients (Dordic et al., 2012; Fishman
et al., 1997; Merimsky et al., 1994; Waterman et al., 2002; Stockert et al., 1998; Naughton
et al., 1986; Harning et al., 1991; Kemp et al., 2011). Our results fit with a previous study
showing no detectable autoantibody reactivity to MART-1 in 51 patients with vitiligo
(Waterman et al., 2002). Autoantibodies to gp100 and tyrosinase were commonly found
in vitiligo, but it is conceivable that MART-1 only induces cellular rather than humoral
immune response in patients with vitiligo (Waterman et al., 2002). A correlation between
the presence of melanocyte antigen-specific antibodies and the disease activity was found
in larger cohorts of patients (Naughton et al., 1986; Harning et al., 1991; Kemp et al., 2011).
However, the presence of antibodies against the melanocyte-differentiation antigens was
of limited value as marker for recent disease activity in individual patients with vitiligo
(Kroon et al., 2013).
In four patients with MAL with metastasized melanoma, we detected MART-1 specific
autoantibodies, which were not found in the sera of 127 patients with metastatic melanoma
(Stockert et al., 1998). So far, no data has been published of the induction of antibody
responses to MART-1 in patients with melanoma receiving immunotherapy (e.g. MART-1
peptide vaccination). Preliminary data of our ongoing immunotherapy clinical trial which
stimulates tumor antigenic release and tumor attack shows that some patients, develop
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autoantibody reactivity to MART-1 (unpublished data, trial register EUCTR2010-02270322-NL). In rodent tumor systems it has been described that antibody titers rapidly fell
after tumor regression, suggesting that antibody response to antigens is dependent on the
level and persistence of the antigenic stimulus and/or tumor load. Whether formation of
autoantibodies against antigens such as MART-1 in patients with melanoma is indeed
dependent on antigenic stimulus or tumor load is a worthwhile investigation.
We found melanocyte differentiation antigen-specific T-cells in the blood of patients
with most active vitiligo analyzed, whereas antibody responses against these melanocyte
antigens were only found in part of the patients with active vitiligo. These results suggest that
autoimmune reactivity towards melanocyte differentiation antigens is more T-cell mediated
rather than B-cell dependent. This especially applies to MART-1 responses, where T-cell
responses are commonly found in both patients with MAL and vitiligo, whereas antibody
responses to MART-1 were only found in patients with MAL. Interestingly, MART-1 seems
to differ from other melanosomal antigens, as MART-1 specific cytotoxic T-cells are also
found in the blood of healthy individuals (Pittet et al., 1999; Pittet et al., 2002; D’Souza et
al., 1998). These circulating MART-1 specific T-cells have a naive phenotype, indicating
that they were not previously activated. MART-1 specific cytotoxic T-cells in melanoma or
patients with vitiligo have a memory phenotype (D’Souza et al., 1998; Pittet et al., 1999).
Thus, a MART-1 specific cytotoxic T-cell response could result from the activation of naive
MART-1 specific T-cells already present in the circulation. In contrast, the formation of
MART-1 reactive antibody responses likely requires more or a stronger activation and may
be dependent on T-cell help. The mechanisms of breaking tolerance to MART-1 in patients
with MAL, which lead to antibody responses, deserve further investigation. Next to that,
it would be interesting to investigate why antibodies to MART-1 are not present in patients
with vitiligo.
Although limited patient numbers, this study has provided more insight of the
immunological differences and similarities between MAL and vitiligo, but also between
active and stable vitiligo. Our data show that MAL and vitiligo may appear clinically similar,
and both have T-cell responses against melanocyte antigens, but differ in the humoral
immune response against MART-1. Our data support the notion that antigen-specific
T-cells and/or systemic antibody responses to melanocyte differentiation antigens in MAL
contributed to the overall very favorable melanoma disease course. The characterisation
of the immunological aspects of MAL and vitiligo thereby helps to better understand
both diseases, and together with better recognition of the clinical differences, may help
distinguishing patients with MAL from vitiligo.

5

Methods
Patients samples. All patients except one were diagnosed for MAL or vitiligo at the
Netherlands Institute for Pigment Disorders at the Academic Medical Center of the
University of Amsterdam, and were assessed between 2005 and 2013. This center specialises
in the diagnosis and treatment of pigment disorders and has a nationwide patient population.
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Patients with MAL (n = 7) were defined as MAL when presenting with depigmented
macules which had developed within one year before or after a primary melanoma or
melanoma metastasis. In case of stage III-IV patients receiving ipilimumab or radiotherapy,
the depigmentation developed within one year after the start of treatment. All patients with
vitiligo (n = 27) were treated with NB-UVB and/or moderate potent topical steroids/protopic
0.01% ointment and assessed by the six-point vitiligo disease activity (VIDA) score, ranging
from -1 (stable with spontaneous repigmentation for more than one year) to 4 (active in the
past six weeks). Active vitiligo was defined as having a VIDA score of 1-4 and stable vitiligo
as having a VIDA score of 0 or -1.
Blood samples and punch biopsies of perilesional skin (two biopsies of 3-mm) were
obtained from patients. Part of the perilesional skin specimen was freshly frozen in liquid
nitrogen after resection. The remaining part was used to isolate infiltrating lymphocytes
in the depigmented lesions. The immunological analyses of the blood and/or skin biopsies
were performed in the year of collection. For six patients with vitiligo, blood samples and/
or skin biopsies were collected at two time points: i) during the period with active vitiligo
without any treatment, and ii) during the period with stable disease or a decrease in vitiligo
activity after treatment.
All blood samples and skin biopsies of patients were collected after written informed
patient consent using protocols approved by the medical ethical committees of the Academic
Medical Centre of the University of Amsterdam
HLA typing. HLA typing of patients was performed on peripheral blood lymphocytes
by flow cytometry using FITC-conjugated mouse anti-human HLA-A2-specific mAb
(BD Biosciences, Breda, The Netherlands) and biotinylated HLA-A1, 36-specific antibody
(BIH0331), HLA-A2-specific antibody (BIH0648), HLA-A3-specific antibody (BIH0269), all
from One Lambda Inc., (Canoga Park, CA), followed by allophycocyanin (APC) conjugated
streptavidin (BD Biosciences) to detect biotin. In parallel, IgG1-FITC (BD Biosciences) and
IgM-biotin isotype control antibodies (One Lambda) were included as negative controls.
Isolation of T-cells from peripheral blood and skin biopsies of patients with MAL and
vitiligo. Biopsies of perilesional skin from MAL or vitiligo lesions were cultured in a
humidified atmosphere at 37°C and 5% CO2 in 24-well plates with 1 ml Iscove’s modified
Dulbecco’s Medium (IMDM) (Cambrex Bio Science, Verviers, Belgium), supplemented with
10% heat-inactivated human serum type AB (Cambrex Bio Science), 40 U/ml interleukin
(IL)-2 (Proleukin, Novartis Pharma, Arnhem, the Netherlands), 5 ng/ml IL-15 (Strathmann
Biotec AG, Duchefa, Bergisch Gladbach, Germany), 15 μg/ml gentamycin (Duchefa, The
Netherlands), 2 mM L-glutamine (Gibco Invitrogen, Breda, the Netherlands), 50 U/ml
penicillin and 50 μg/ml streptomycin (Gibco Invitrogen), and 50 mM 2-mercaptoethanol
(Sigma-Aldrich, Zwijndrecht, the Netherlands). In addition, 1.25 μl/ml anti-CD3/CD28
mAb-coated T-cell expander beads (Dynal Biotech-Invitrogen, Breda, The Netherlands)
were added to promote T-cell outgrowth.
Peripheral blood mononuclear cells (PBMCs) were isolated from peripheral blood
by LymphoprepTM Ficoll gradients (Fresenius Kabi Norge AS, Halden, Norway), and
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resuspended in IMDM with supplements as mentioned above. PBMCs and isolated T-cells
from depigmented skin biopsies were cultured using equal conditions and time periods
(maximum of 3 weeks).
Detection of melanocyte antigen-specific T-cells in peripheral blood. Flow cytometric
analyses using HLA-A2/peptide tetramers for the melanocyte differentiation antigens
tyrosinase, gp100, MART-1 and the control antigen, influenza virus, were performed on
T-cells isolated from MAL or vitiligo skin biopsies or peripheral blood, as previously described
(Tjin et al., 2011). Briefly, R-phycoerythrin (PE)- or APC-conjugated HLA-A2/peptide
complex tetramers were synthesised for the antigens tyrosinase369-377 (YMDGTMSQV),
gp100280-288 (YLEPGPVTA), gp100209-217 (ITDQVPFSV), MART-126-35 (modified position 27
(A>L): ELAGIGILTV) and the control antigen influenza virus58-66 (GILGFVFTL) (tetramer
synthesis by Dr. J.W. Drijfhout and Dr. K.L. Franken, department of Immunohematology and
Blood Transfusion, Leiden, The Netherlands). T-cells were incubated with HLA-A2/peptide
tetramers in PBS, 1% Bovine Serum Albumine (BSA) for 10 minutes at room temperature.
Subsequently, cells were counterstained with FITC-conjugated mouse anti-human CD8 mAb
(BD biosciences). Antibody and tetramer binding to T-cells was analyzed by flow cytometry
using FACS Canto II flow cytometry (BD Biosciences). Data were analyzed using Flow Jo
software (Tristar, Ashland, OR, USA).

5

Radioligand binding assays. Antibodies in sera samples were detected using radioligand
binding assays (RBA), as described previously (Kemp et al., 2002). This technique is at least
as sensitive as ELISA and more sensitive than western blotting (Levy-Marchal et al., 1991).
Briefly, plasmids pcDNA3-TH, pcDNA3-TYR, pcDNA3-PMEL17, pcDNA3-MCHR1 and
pcDNA3-Melan-A (MART-1) were used according to the manufacturer in an in vitro TnT®
T7-coupled Reticulocyte Lysate System (Promega, Southampton, UK) with [35S]-methionine
to produce radiolabelled full-length proteins TH, tyrosinase, gp100, MCHR1 and MART-1,
respectively (Kemp et al., 2002). Radiolabelled antigens were used then used in RBAs (Kemp
et al., 2002) with patient and healthy control (n = 20) sera at a 1:100 dilution. An antigenspecific animal antibody was also included in each RBA as a positive control. In each RBA,
an antibody index for each serum and an upper limit of normal using the antibody indices
of twenty healthy control sera were calculated as previously detailed (Kemp et al., 2002).
Patient sera with an antibody index above the upper limit were regarded as positive for
antibody reactivity.
Immunohistochemistry. Aceton-fixed 5-μm cryosections of the skin biopsies were
incubated with 0.25% hydrogen peroxide and 0.1% sodium azide in TBS for 10 minutes
at room temperature to block endogenous peroxidase. Subsequently, sections were preincubated with 10% normal goat serum (Dako, Heverlee, Belgium) in TBS for 15 minutes.
The sections were stained with the following antibodies: mouse anti-gp100 (NKI-beteb,
Monosan, Uden, The Netherlands), mouse anti-melan-A (MART-1) (Clone A103; Dako);
mouse anti-human CD4 (Clone 346320; BD Biosciences); mouse anti-human CD8 (Clone
346310; BD Biosciences); mouse anti-human CD3 (Leu-4, clone SK7; BD Biosciences); mouse
anti-human Ki67 (clone MIB-1; Dako). Bound antibodies were detected by biotinylated
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polyclonal goat anti-mouse Ig (Dako), followed by streptavidin-HRP (Dako). Bound antibody
was visualised with 3-amino-9-ethylcarbazole (AEC) peroxidase substrate (Vector
Laboratories, Burlingame, CA, USA) and counterstained with hematoxylin (Klinipath BV,
Pigeons, The Netherlands). Isotype-matched control antibodies were included in each assay
and found to be negative.
Scoring of the number of cells expressing the marker of interest was performed for
each staining of serial sections of each tissue sample. Infiltration of immune cells in the
depigmented skin tissue, as detected by CD3, CD4, CD8, was estimated relative to the skin
area. Expression of MART-1 by melanocytes was estimated in the basal layer of the skin.
Scoring was performed by two observers independently (E.P.M.T. and G.K.) using high power
field microscopy and comprised the analysis of the entire skin area per section, excluding
blood vessels or necrotic areas. Images at 200x magnification were acquired using a Leica
DMLB 100S microscope coupled to a Leica DC200 digital camera (Leica Microsystems,
Wetzlar, Germany) and Qwin based analysis system (Leica, Cambridge, UK).
Statistical analysis. Statistical analyses were conducted using IBM SPSS Statistics for
Windows, Version 20.0 (IBM Corp., Armonk, NY, USA). For each melanocyte antigen
marker, percentages of antigen expression in the T-cells of the patients were analyzed
statistically for differences between patients with MAL with untreated vitiligo or treated
vitiligo, using the non-parametric Mann-Whitney test. In case of the patients with vitiligo
who were evaluated at two time points, differences between untreated, active vitiligo versus
treated, stable or decreased vitiligo were calculated with the Wilcoxon paired test. Data are
presented as median and interquartile ranges (IQR) of each marker analyzed. All P values
< 0.05 (two-tailed) were considered statistically significant. Scatter graphs were prepared
using GraphPad Prism 5 (GraphPad Software Inc., La Jolla, CA, USA).
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Background: Melanoma is an immunogenic tumor. The development of skin depigmentation
or melanoma-associated leukoderma (MAL) has been associated with favorable clinical
outcome in patients with metastatic melanoma, especially after immunotherapy. Evidence
for clinically meaningful enhancement of melanoma-directed autoimmunity, as indicated
by MAL, after radiotherapy without immunotherapy has not yet been published.
Objectives: We investigated whether a patient with stage IV melanoma, who developed
leukoderma in the irradiated skin areas following radiotherapy and experienced exceptional
disease-free survival of 3 years despite brain metastasis, possessed antimelanoma immunity
that could be linked to the favorable disease course.
Methods: A detailed immunological analysis was performed consisting of
immunohistochemistry of several melanoma tissues, and analyses of T-cells isolated from
the blood and MAL tissue for melanocyte/melanoma specificity and functionality, as well
as the presence of a melanoma-specific antibody response.
Results: Immunological analyses showed the presence of CD8+ T-cells and antibody
responses directed against melanocyte differentiation antigens expressed in the primary
tumor, lymph node and brain metastasis, indicating adequate tumor recognition by activated
T-cells.
Conclusion: The immune responses found in this patient, probably enhanced by radiotherapy,
are thought to have contributed to his favorable clinical course. Radiotherapy may act as
local immunotherapy in patients with melanoma by destroying melanocytes leading to
the induction, or enhancement of already existent antimelanoma immunity. As in patients
treated with immunotherapy, this may lead to MAL, also at distant sites from the treated
area. This patient is a clear example of the positive prognostic value of MAL, which is
possibly induced by radiotherapy, for patients with melanoma.

Melanoma is considered an immunogenic tumor, and antimelanoma immune responses can
be found in patients with metastatic disease, especially upon immunotherapy. However, only
few patients develop specific antimelanoma immunity that is robust enough to be of clinical
importance. Strong antimelanoma immunity can induce skin depigmentation/melanomaassociated-leukoderma (MAL) by secondary targeting of healthy melanocytes, which share
the expression of melanocyte differentiation antigens with melanoma cells. Autoimmunity,
including skin depigmentation is associated with favorable clinical outcome in patients with
metastatic melanoma treated with immunotherapy1-6.
Traditionally, melanoma is regarded a radioresistant tumor and the treatment effect of
radiotherapy was considered limited for patients with metastatic melanoma. Interestingly,
recent studies have shown clear clinical benefit of adjuvant radiotherapy given pre-or
post nodal dissection in patients with locally advanced melanoma7-9. In these studies,
immunological parameters to define the presence of antimelanoma immune responses
were not determined in the treated patients. Moreover, radiation induced MAL in patients
with melanoma, coinciding with antimelanoma immunity, has not previously been studied.
In the present study we describe a patient with stage IV melanoma who developed
progressive MAL following radiotherapy, without receiving prior immunotherapy,
and showed exceptional survival. We investigated whether the presence of a systemic
antimelanocyte/melanoma immune response may have contributed to his favorable disease
course. To this end, we performed a detailed immunological analysis of several melanoma
tissues, by immunohistochemistry, and of T-cells isolated from the blood and MAL skin
tissue for melanocyte/melanoma specificity and functionality, as well as the presence of a
melanoma specific antibody response.

6

Patient and methods
Case report. A 67-year-old Caucasian male was diagnosed in August 2007 with a nonulcerating melanoma on the left scapula (Breslow thickness 3.1 mm; Clark level 3), for which
he underwent local resection elsewhere. Eight months later, he developed pathologically
enlarged lymph nodes in the left axilla, and a lymph node dissection was performed (5 out
of 9 nine nodes were positive for melanoma). A [18F] fluorodeoxyglucose (FDG) positron
emission tomography (PET)/computed tomography (CT) showed no evidence of disease
at other sites. Surgery was followed by irradiation of the left axillary and suprascapular
region (2Gγ in 30 fractions) in July and August 2008. After a cumulative dose of 50 Gγ, a
painful ‘wet’ desquamation of the axillary skin occurred and a field reduction was necessary.
Within a few weeks, the skin healed but progressive depigmentation in the irradiated area
developed, consisting of sharply demarcated depigmented macules of the axillary skin
and shoulder. In October 2008, the patient suffered from behavioral changes: he showed
aggressive behavior and had signs of desinhibition. A cerebral CT scan revealed a large
hypodense lesion of 5,5 cm in diameter in the right frontal lobe, surrounded by edema.
A MRI confirmed a large mass in the right frontal lobe with a suspected hemorrhage at
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the medial side of the falx. Neurosurgical intervention was performed to release pressure
and remove the hemorrhage and fibrous tissue. Pathologic analysis of the removed tissue
showed a 0,5 cm nodus containing cells with polymorphic nuclei and melanin, suggestive
for melanoma metastasis. Apparently, a frontal syndrome had developed due to a bleeding
cerebral melanoma metastasis, a situation which completely normalized after surgery. The
patient received 20γ (4Gγ in 5 fractions) whole brain radiation therapy (WBRT) using
2 opponent lateral photon fields as adjuvant treatment. An additional CT scan showed
abnormalities in the lungs and enlarged lymph nodes in the mediastinum and he received
6 courses of 1000 mg/m2 dacarbazine chemotherapy for stage IV disease, given 3-weekly
(period November 2008-March 2009). Two weeks after the completion of the WBRT,
vitiligo-like depigmentation developed in the irradiated skin of the head, face and neck
and progressed to non-irradiated areas, a process which was this time not preceded by
desquamation. Interestingly ever since, (PET)-CT scans made during follow-up showed
no signs of residual disease or new metastases. To date, the patient is still in full remission.
Dermatological examination including Wood’s lamp illumination revealed diffuse
demarcated depigmented macules in the face (peri-auricular bilateral, hairline, forehead),
and more sharply demarcated macules in the left neck and left axillary region and poliosis,
patches of white hair, in the beard region and on the scalp (Figure 1) No other family
members of this patient are known to have depigmentation disorders.

Figure 1. Radiation induced MAL under Wood’s light: A. diffuse demarcated depigmented macules in
the face following whole brain radiation therapy (WBRT) B. sharply demarcated depigmented macules
that developed shortly after a painful ‘wet’ desquamation of the irradiated axillary skin.
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Immunological analysis. As this patient presented with such clear MAL and exceptional
survival, we investigated the presence of a systemic antimelanocyte/melanoma immune
response. Informed consent regarding an approved study protocol by the local ethics
committee was obtained prior to the study. We obtained blood and skin biopsies in October
and November 2009, 14 months and 12 months after radiation of the axillary region and
brain, respectively.

Results
We first examined the melanoma tissues for the expression of melanocyte-differentiationantigens and infiltration of T-cells. Immunohistochemical stainings of paraffin-embedded
tissue of the primary tumor, the axillary lymph node metastasis and brain lesions all showed
expression of the melanocyte-differentiation-antigens MART-1 (Melan A), gp100 (HMB45)
and the melanoma marker S100 (Fig 2A, Melan A and S100 data not shown, similar results
as for HMB-45). The section of the primary melanoma contained a small mononuclear
lymphocytic infiltrate in the dermis. In the axillary tumor-invaded lymph node section,
central tumor necrosis and a massive lymphocytic infiltrate, including CD8+ T-cells, was
observed at the border of the tumor. Moreover, in that same area polarized expression
of granzyme B, indicating T cell activation, and active caspase-3, indicating tumor cell
apoptosis (Figure 2), and many macrophages (CD68+) (data not shown) were found,
suggesting eradication of tumor cells by tumor-reactive T cells. Interestingly, the brain
metastasis showed leukodiapedesis with infiltration of CD8+ T-cells and influx of CD68+
macrophages, which are uncommon in healthy cerebral parenchyma. Immunostainings of
the MAL skin biopsy confirmed the loss of melanocytes and showed CD3+ and to a lesser
extent CD8+ T-cell infiltration near the basal layer and deeper in the dermis. In the same
area, granzyme B expression was found, which together with the T-cell infiltration and
the lack of melanocytes supports the presence of antimelanocyte immunity. No apoptotic
melanocytes were found, as expected in depigmented skin (Figure 2)10.
To test the presence of melanocyte/melanoma-reactive T-cell responses in this HLA-A2+
patient, CD8+ T cells isolated from peripheral blood (PBL) and skin biopsies from the
border of the depigmented patches (MAL biopsy) were tested for their antigen specificity
by flow cytometry using HLA-A2/peptide tetramers for the melanocyte-differentiationantigens A2/MART-126-35, A2/gp100209-217, A2/gp100280-288 and A2/tyrosinase369-377 (Fig 3A).
Elevated levels of melanocyte-specific CD8+ T-cells were found in the blood (A2/MART-1:
2.66% and A2/gp100: 0.42%) and in the skin biopsies (A2/gp100: 1.08%), indicating the
presence of both systemic and local antimelanocyte/melanoma immunity. Moreover, the
A2/MART-1 and A2/gp100 specific CD8+ T-cells largely displayed an effector memory
phenotype (CD27- and CD45 RA+), indicating an antigen-specific memory CD8+ T-cell
response upon prior activation (Fig 3B). Also, a fraction of the circulating melanocytedifferentiation-antigen-specific CD8+ T-cells expressed the skin-homing markers CLA
and CCR4. To further investigate the potential effector function of the antigen-specific
CD8+ T-cells isolated from the blood and perilesional depigmented skin, we stimulated
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Figure 2. Immunohistochemical stainings of paraffin-embedded melanoma tissues and cryosections
of MAL skin. Tissue sections were stained with hematoxylin-eosin and antibodies against gp100
(HMB45), T-cell markers (CD3, CD8), and granzyme B (T-cell activation marker) or active caspase-3
(apoptosis marker). Staining was visualized with DAB (3,3-Diaminobenzidine or AEC (3-Amino-9ethylcarbazole) substrates and counterstained with hematoxylin. Original magnification x2.5, x20 or
x40 as indicated in the figure.
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CD8+ T-cells with a specific pool of HLA-A2/melanocyte-differentiation-antigenic peptides,
including MART-126-35, tyrosinase369-377, gp100209-217, gp100280-288 or the control antigen
influenza virus58-66 (Flu) loaded onto EBV-transformed B cells (JY) and the reactivity was
measured by intracellular expression of IL-4, IL-10 and pro-inflammatory cytokines IL-17,
TNF-α and IFN-γ. CD8+ T-cells derived from blood (PBL) produced TNF-α and IFN-γ upon
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Figure 3. Immunological analyses of CD8+ T-cell and B-cell responses against melanocytedifferentiation-antigens in this patient (blood drawn in October 2009, 15 months after radiation of
the axillary region and 12 months after completion the WBRT; similar results were obtained with
assays performed with patient’s blood drawn in November 2009) A. Elevated levels of specific CD8+
T-cells isolated from MAL skin and peripheral blood B. Effector memory phenotype and skin-homing
markers CLA and CCR4 expression of peripheral blood T-cells C. Cytokine production of CD8+
T-cells from the blood (PBL) and perilesional depigmented skin (biopsy) upon specific stimulation
D. serum antibody response.
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stimulation with the melanocyte antigenic peptide mixture or gp100-280 peptide alone,
which was absent against the control peptide (Fig 3C). Interestingly, higher levels of IFN-γ
and TNF-α producing CD8+ T-cells were found in the MAL skin biopsy than in blood.
Moreover, a clear antibody response was found against MART-1 and gp100 in the serum of
this patient, as compared to sera of 20 healthy donors (Fig 3D) (radioimmunoassay, methods
described in11), showing specific B-cell responses against these antigens expressed by both
melanocytes and melanoma cells.

Discussion
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We describe a melanoma patient with stage IV disease including brain metastasis who
developed MAL following radiotherapy, which coincided with an exceptionally favorable
disease course. He was found to have evident antimelanoma immunity without receiving
prior immunotherapy. Immunological analyses showed specific CD8+ T-cell and B-cell
responses against melanocyte differentiation antigens in blood and MAL skin, which were
also present in the primary tumor and metastases, indicating adequate tumor recognition
by activated T-cells.
As far as we know, this is the first case describing CD8+ T-cell infiltration in cerebral
tumor tissue in a patient who did not receive any immunotherapy and is still alive and
disease-free after 3 years. Immune effector cells usually do not cross an intact blood-brain
barrier and are considered to be of limited efficacy on brain metastases. Also, antimelanoma
immune responses found in patients with metastatic melanoma are often not robust enough
to be of clinical importance. To induce effective antimelanocyte/melanoma immunity in
patients with melanoma, breaking of tolerance to melanocytic self-proteins is required,
i.e. specific auto-immunity should be generated. This can be achieved by various types
of melanoma immunotherapy or, theoretically, by any local damage to melanocytes or
melanoma cells accompanied by immune-activating danger signals. Interestingly, Hodi et al.
also described the presence of a cytotoxic antitumor immune response in a melanoma patient
with brain metastases following ipilimumab therapy coinciding with a favorable outcome12.
MAL development is a known side effect of melanoma immunotherapy and has been
described to be associated with improved clinical outcome1-6. To date, MAL development
following radiotherapy has only been observed in one case report13. In other types of cancer,
skin depigmentation has been frequently described and attributed to direct radiation damage
or Koebner phenomenon in susceptible individuals, for example with a (family) history of
vitiligo14-18. MAL is an entity different from vitiligo vulgaris, which often presents at a younger
age and in many cases has a family history. Clinically, MAL is asymmetrically distributed
and often located on the trunk or in the face19;20 with a varying frequency from 2-40 %5;20.
We hypothesize that in this patient, who developed MAL after painful irradiation and
skin toxicity of the axillary region, radiotherapy acted as local immunotherapy by inducing
radiation-induced-apoptosis of melanocytes. Radiotherapy thereby enhanced the release of
antigens followed by uptake and presentation by dendritic cells, leading to specific immune
activation or enhancement of pre-existent antimelanoma immunity, as evidenced by the

T-cell infiltration and local tumor destruction in the lymph nodes already present prior
to irradiation. Following post-surgery radiation of the brain metastasis, the response may
have been re-activated as shown by the subsequent progressive depigmentation both in
irradiated and in non-irradiated skin areas. Although the patient had been treated with
chemotherapy, radiotherapy and neurosurgery, it is likely that the immune responses found
have contributed to his disease-free survival of more than 3 years.
Radiotherapy remains an interesting treatment modality for patients with metastatic
melanoma. The value of adjuvant radiotherapy following lymph node dissection has long
remained uncertain. Recent large clinical studies showed that adjuvant radiotherapy
following nodal dissection in patients with locally advanced melanoma is clearly associated
with improved regional disease control, however survival benefit has not yet been proven7;8.
Immune activation resulting in anti-tumor immunity upon irradiation is thought to
contribute to locoregional control, although most evidence comes from murine models21.
From in vitro studies it is known that irradiation can modify the tumor microenvironment,
induce inflammation and enhance antigen presentation 21;22. In patients with metastatic
melanoma, radiation induced anti-tumor immunity has only been studied using low dose
total body irradiation combined with IL-2; however this resulted in low clinical efficacy23.
Combined radiotherapy-hyperthermia treatment is one of the few modalities applied in
patients with melanoma, based on the beneficial radiosensitizing capacitiy of hyperthermia
on radiation, which may also have an immune activating effect 24. Recently, a case was
described in which a melanoma patient treated with ipilimumab and radiotherapy developed
strong antimelanoma immunity coinciding with tumor regression25. Based on these findings
and the immunogenic character of melanoma, radiotherapy has great potential in inducing
anti-tumor immunity21. Although more clinical studies about the immune activating
properties of radiotherapy in patients with melanoma are needed, awareness of radiation
induced MAL is relevant since the condition reflects the immune status of patients with
melanoma and should be differentiated from common vitiligo.
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Background: Vitiligo-like depigmentation in patients with melanoma may be associated
with more favorable clinical outcome. We conducted a systematic review of patients with
stage III-IV melanoma treated with immunotherapy to determine the cumulative incidence
of vitiligo-like depigmentation and the prognostic value of vitiligo development on survival.
Methods: We systemically searched and selected all studies on melanoma immunotherapy
that reported on autoimmune toxicity and/or vitiligo between 1995 and 2013. Methodological
quality of each study was appraised using adapted criteria for systematic reviews in
prognostic studies. Random-effect models were used to calculate summary estimates of
the cumulative incidence of vitiligo-like depigmentation across studies. The prognostic value
of vitiligo-like depigmentation on survival outcome was assessed using random-effects Cox
regression survival analyses.
Results: One hundred thirty seven studies were identified comprising 139 treatment arms
(11 general immune stimulation, 84 vaccine, 28 antibody-based, 16 adoptive transfer)
including a total of 5737 patients. The overall cumulative incidence of vitiligo was 3.4%
(95% CI: 2.5%-4.5%). In 27 studies reporting individual patient data, vitiligo development
was significantly associated with both progression-free-survival, hazard ratio (HR) 0.51 (95%
CI 0.32-0.82; p<0.005) and overall survival HR 0.25 (CI 0.10-0.61; p<0.003), indicating that
these patients have 2 to 4 times less risk of disease progression and death, as compared with
patients without vitiligo development.
Conclusions: Although vitiligo occurs only in a low percentage of patients with melanoma
treated with immunotherapy, our findings suggest clear survival benefit in these patients.
Awareness of vitiligo induction in melanoma patients is important as an indicator of robust
antimelanoma immunity and associated improved survival

Introduction
Melanoma immunotherapy studies have shown variable success rates in inducing effective
antimelanoma immune responses. The occurrence of immune related side effects (irAE’s)
after melanoma immunotherapy has been associated with increased clinical efficacy (1-6).
Vitiligo-like depigmentation, further referred as vitiligo, is a relatively harmless type
of autoimmunity, that can occur in patients with melanoma both spontaneous or upon
immunotherapy. The depigmentation results from strong antimelanoma immunity that
also targets healthy melanocytes, due to shared expression of melanocytes differentiation
antigens. The incidence of depigmentation in patients with melanoma varies largely between
immunotherapy studies (7-10). A large prospective hospital-based observational study
showed a cumulative incidence of 2.8% of melanoma-associated vitiligo in 2954 patients with
melanoma of different stages regardless of treatment (11). Importantly, vitiligo development
in patients with stage III and IV melanoma was associated with tumor regression and
prolonged survival in individual studies (5, 7, 8, 11-14). However, it is not clear to what extent
these results can be extrapolated to all immunotherapy studies. Also, it is currently difficult
to predict which patients respond to immunotherapeutic treatment. Present prognostic (bio)
markers in melanoma are based on the American Joint Committee on Cancer (AJCC) staging
system (TNM). They include Breslow tumor thickness, presence of ulceration and extent
of nodal involvement for primary cutaneous melanoma and the site of distant metastases
and serum lactate dehydrogenase (LDH) and are related to general disease progression and
survival (15, 16). Response-predictive biomarkers to immunotherapy are scarce. A prognostic
factor to evaluate outcome in patients with melanoma receiving immunotherapy is needed.
Vitiligo development may be useful as a simple visible clinical parameter of anti-melanoma
immunity and clinical response. We therefore conducted a systematic review of patients
with stage III or IV melanoma treated with immunotherapy to determine the cumulative
incidence of vitiligo-like depigmentation development and the prognostic value of vitiligo
development on progression-free survival (PFS) and overall survival (OS).
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Material and methods
Search strategy. A medical librarian (JL) undertook a systematic search of the electronic
bibliographic databases MEDLINE and EMBASE (OVID) from 1st January1995 to July 2013,
using both free-text words and index terms specific to each database (MeSH in MEDLINE).
The search included an iterative process to refine the search strategy through adding search
terms as new relevant citations were identified. Two search approaches were followed. In
the first search (A) we searched for “melanoma” and “vitiligo” and related synonyms. For
vitiligo these were: depigmentation, hypopigmentation, leukoderma, halo naevus, halo nevi,
halo naevi, poliosis, and various textwords describing destruction of melanocytes or antimelanocyte (auto)immunity (Table S1). The second search (B) served to find melanoma
immunotherapy studies that only mentioned vitiligo in the full text and not in title,
abstract and index terms. Search B consisted of the following components: 1. “Melanoma”,
2. “a methodological search filter for appropriate original studies”, i.e. including trials (also
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phase I and II and open or off label), prospective and retrospective studies and studies
analyzing survival and remission 3. “immunotherapy (modalities)”. The complete MEDLINE
search strategy can be found in Supplement Table 1. The bibliographic records retrieved were
downloaded and imported into Reference Manager® software (version 12.0) to deduplicate,
store and analyze the search results.
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Types of studies. Melanoma immunotherapy studies, clinical trials (phase I, II, III), case
series (n≥5 evaluable patients), prospective cohort studies and retrospective studies, which
reported on clinical response to therapy and evaluated toxicity, including any type of
clinical autoimmune side effects (vitiligo, colitis, hepatitis, hypophysitis) were considered
for this review. Studies that did not report a toxicity evaluation and all studies in which
the toxicity evaluation did not mention the presence or absence of any autoimmune events
were excluded. The adverse events/autoimmune toxicity had to be described in the methods,
results or discussion section. Only publications written in English, French, German, Italian
and Spanish were selected. Immunotherapy studies including patients with different cancer
types and not melanoma only were excluded. Reviews, editorials and conference abstracts
were excluded.
Patients. Patients of 18 years or older with stage III-IV (as defined by the American Committee
on Cancer (AJCC)) melanoma and primary cutaneous melanoma were considered for this
review. No restrictions regarding sex, ethnicity or performance status were applied. Only
patients that completed the treatment needed to be evaluated for clinical response, as defined
per individual immunotherapy study, were included.
Interventions. All systemic immunotherapeutic regimens (see included synonyms/search
terms) in patients with melanoma based on inducing a cellular or humoral antimelanoma
immune response were included. Types of immunotherapies were categorized as: 1 General
immune stimulation or cytokine therapy (including all cytokines applied directly to patients
(e.g. IFNα, IL2, GM-CSF)); 2. vaccinations, (including dendritic cell (DC) therapy, vaccines
consisting of (manipulated) tumor cells, DC and/or tumor antigenic peptides or proteins
and combinations of vaccines and cytokine therapy); 3. Antibody therapy (including all
therapy variants using monoclonal antibodies (mAb) to induce immune stimulation,
e.g. anti-CTLA4 mAb, anti-PD1 mAb); or 4. Adoptive cell transfer of tumor infiltrating
lymphocytes. Studies combining mAbs with vaccinations were considered categorized
as mAbs(1, 17, 18). No restrictions were made with respect to dose, type, frequency,
application and duration of the immunotherapy regimen as long as the study endpoint
was clearly stated. Combined chemo-immunotherapy studies were excluded, except in case
of pretreatment with non-myeloablative lymphodepleting conditioning regimens as used
in adoptive transfer studies.
Outcome measures. Two main types of outcome were of interest in this review. In the first
systematic review, the outcome was any autoimmune toxicity and/or vitiligo development
during melanoma immunotherapy in patients who completed treatment. A positive vitiligo
status was defined either as the development of depigmentation or its synonyms leukoderma
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and hypopigmentation, the development of halo nevi, or the exacerbation of a pre-existent
vitiligo at the end of study in patients. A negative vitiligo status was defined as no vitiligo
development reported in the text or the description in the text that no vitiligo or skin
depigmentation occurred. The body surface affected by the depigmentation or how it was
assessed was not extracted as this was not reported in most studies. Progression of an
existing hypopigmentation/vitiligo lesion upon therapy was included, as this is also a marker
of activation of antimelanoma immunity. Studies reporting on other autoimmune toxicity
or no occurrence of autoimmune toxicity, were defined as negative for vitiligo development,
in order to limit selection bias.
In the second systematic review, the outcomes were progression-free survival (PFS)
AND/OR overall survival (OS) in months from start of treatment in patients who did and
did not develop vitiligo during immunotherapy. All studies from from the first systematic
review that reported individual patient data (IPD) on the presence or absence of vitiligo and
survival outcome (OS/PFS) were selected.
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Review procedures
Selection of studies. Eligibility was performed independently and in an unblinded
standardized manner by three reviewers (HET, SNJ, RML). Double publications reporting
on the same study at a later time point were retrieved and excluded from further analysis.
Any disagreement between reviewers were resolved by consensus.
Data extraction. The data from the included studies was extracted by two independent
reviewers (HET, RML) using a tailored data extraction form, which was first validated in a
pilot of twenty randomly selected studies, and refined accordingly. For the first systematic
review, information was extracted on: 1. characteristics of study participants; the number of
patients that started therapy and the number of patients who completed therapy, b melanoma
stage of disease (AJCC); 2. the study design (clinical trial phase I, I-II combined, phase II,
phase III, case series t5 evaluable patients, prospective cohort study, or retrospective study).
If studies were not categorised for study phase, the authors assigned a study category based
on the objectives and study design; 3. Type of immunotherapy and the duration of therapy
till the evaluation for clinical response, as defined per individual immunotherapy study;
4 Type of toxicity screening including autoimmune toxicity AND/OR vitiligo. In the second
systematic review, additional data extraction was performed on mean age, gender, outcome
criteria, PFS and/or OS, defined in months from start of the study.
Assessment of risk of bias. The methodological quality of all studies included in this review
was assessed independently by two reviewers, using criteria adapted from Hayden et al (19):
For the frst systematic review, the following four of the six original domains of potential bias
were scored: 1. The study sample represents the population of interest, 2. Loss to follow-up
is not associated with key characteristics, 3. The prognostic factor is adequately measured in
study participants, 4. Important potential confounders are accounted for. A low risk of bias
was defined for these studies as yeses and should be interpreted as a plausible bias unlikely
to seriously alter the results. An unclear risk of bias was defined as three yeses and one
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response of no/unclear and should be interpreted as a plausible small bias that raises some
doubt about the results. A high risk of bias was defined as ≤ two yeses and ≥ two responses of
no/unclear and should be interpreted as a plausible bias that seriously weakens the evidence.
In case of no/unclear in the third domain (the prognostic factor is adequately measured),
the study was always considered as a high risk of bias, since there is no clear indication
that the presence/induction of vitiligo was thoroughly assessed in studies not reporting
any information on vitiligo. For the second systematic review, the following two additional
domains were scored that involved the outcome parameter of survival, which could not be
scored in in the first systematic review: 5. The outcomes of interest (survival) are adequately
measured in the study, 6. The statistical analysis is appropriate for the design of the study.
A low risk of bias was defined as a minimum of five yeses in response to these 6 questions.
An uncertain risk of bias was defined as four yeses in response to the six questions. A high
risk of bias was defined as ≥ three responses of no/unclear.

7

98

Statistical analysis. To calculate the pooled cumulative incidence of vitiligo (in %), one
has to take into account that the true incidence per study may vary due to clinical and
methodological differences between studies. Therefore, random-effects models were
used to meta-analyze the (logit transformed) percentage of patients developing vitiligo
in each study. These models take into account the precision by which the percentage has
been estimated in each study using the binomial distribution (i.e weighted average with
larger studies receiving more weight) and incorporate any additional variability beyond
chance that exists between studies (i.e. random effects approach). Results are presented as
summary estimates of vitiligo as percentages together with random effects 95% confidence
intervals. (CI). Several study characteristics were added to the basic model to examine
whether the percentage of vitiligo differed between subgroups of studies. The following
characteristics were examined: type of intervention/immunotherapy, studies with different
methodological quality and studies reporting autoimmune toxicity but no mentioning
vitiligo specifically. The non-linear mixed models procedure (PROC NLMIXED) of SAS
9.1 was used to estimate the random effects pooled percentage of vitiligo. P-values below
0.05 were considered as statistically significant.
In the second systematic review, we used studies reporting individual patient data on
melanoma immunotherapy treatment and survival. Using these IPD data, we constructed
univariate Kaplan-Meier survival curves for OS and PFS and stratified for patients with and
without vitiligo development (log-rank comparison)(20).
The prognostic value of vitiligo was analyzed by multivariate survival analysis (Cox
proportional hazards regression model) computing hazard ratio’s (HR’s) and 95% CI
using a random effect’s model adjusted for age and gender for both PFS and OS. PFS in
time was extended with 1 day (+1/30.25) to include patients with PFS 0 at time of clinical
evaluation who would be otherwise excluded for the analysis. The presence of heterogeneity
was assessed by performing the Cochran Q test. Statistical analyses were performed using
the “R” environment (release version 2.15.1) and the SPSS statistical package (SPSS, Inc.,
Chicago version 18.0). Values of 95% CI were used for all analyses. P-values <0.05 were
considered significant.

To examine whether the appearance of vitiligo was associated with the induction of
melanoma-specific immunity we have analyzed all studies included in the survival analyses
and created a 2x2 table with the number of patients with vitiligo induction (+/-) and melanoma
specific immunity (+/-) upon treatment. To this end, data was extracted on the type of immune
activation measured, the number of patients monitored for antimelanoma immunity, the
number patients who experienced activation of melanoma-specific immunity and the number
of patients with vitiligo who experienced activation of melanoma-specific immunity. Only
studies that reported immunomonitoring on the patient level and only patients that completed
therapy were included for analysis. As multiple types of immune responses and techniques
per study were used, we decided to include the immune assay with the highest number of
patients analyzed. In case the numbers of analyzed patients were similar in all assays, we
choose systemic T-cell responses analyses as the best outcome of all immunomonitoring. The
resulting 2x2 table was analyzed using the chi- square test (two tailed)
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Results
Results of the electronic literature search. The combined searches retrieved 3710 records
from MEDLINE and EMBASE databases (Figure 1). Based on the eligibility criteria for
title and abstract, 533 studies were selected for full text screening. Reasons for exclusion
in the primary selection of abstracts were: other type of studies, in vitro/animal studies or
review articles. Lack of evaluation of any type of autoimmune toxicity and/or vitiligo was
the most frequent exclusion reason in the full text screening. In total, 137 studies met the
inclusion criteria.
Description of included studies. The characteristics of the 137 studies comprising 139
treatment arms in total are summarized in Table 1 (Hodi et al reported a 3-arm study (17)).
Details of the included studies are included in table S2. All studies, except for one, were
published in English. The study selection contained 52 phase I studies (37%), 45 phase I-II
studies (32%), 25 phase II studies (18%), 4 phase III studies (3%), 4 cohort studies (3 %),
5 retrospective studies (4%) and 4 case series (3%). Half of the studies involved patients
with stage III or IV melanoma (n=66, 48%), and 65 studies (47%) of patients with stage
IV melanoma only. Five studies (4%) were performed in resected stage III-IV patients and
3 studies (2%) in stage III patients only. The median number of patients per study was 19
(IQR 12-35). Most (87%) of the studies were phase I or II trials, reporting on the toxicity of
a new immunotherapeutic strategy and clinical outcome. Outcome criteria reported were
RECIST (n=42), (modified)WHO (n=22), other criteria (n=16), unknown criteria (n=49).
Of the 139 included treatment arms, 98 (70%) reported on the presence or absence of
vitiligo-like depigmentation upon treatment. The other included studies only reported the
presence or absence of signs of autoimmune toxicity not mentioning vitiligo specifically.
Only 10 (7%) of 137 studies reported a complete skin examination to screen for vitiligo at
baseline in the methods section. Only one of these 10 studies described the use of Wood’s
light examination. All other studies reported newly developed vitiligo upon treatment in
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Search A: vitiligo and
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Studies after
duplicates removed
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x
x
x
x
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x
x
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x

Mixed studies with other
cancers
Ocular metastasized melanoma
only
Immunotherapy with clinical
response not including

Full-texts assessed
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x
x

Patients with other diseases
Patients with non-metastasized
melanoma
Other intervention
Case series (n<5 melanoma
patients)
Reviews, editorials
Other language than English,
French, German, Spanish, Italian

Full-texts included
(n=137)

Treatment arms included for
analysis of cumulative incidence of
vitiligo development (n=139) SR1

Studies reporting IPD on vitiligo and
survival outcome (n=27) SR2

Figure 1. Flowchart of identification, selection and analysis of included studies

the results or discussion section, often as a side-effect and without any specification: the
size of the lesion or by whom vitiligo was assessed was not described in any study. No study
mentioned the involvement of a consulting dermatologist.
Quality Assessment. The risk of bias assessment resulted in 43 of 139 studies with a low risk
of bias (31%). Thirty-eight studies had an unclear risk of bias (27%) and 58 studies (42%) had
a high risk of bias. Studies with low risk of bias clearly indicated the total number of patients
completing therapy, loss to follow-up, patient characteristics, possible confounders and
presence or absence of vitiligo development, whereas studies with high risk of bias often did
not report on the presence or absence of vitiligo but only on autoimmunity in general. For
the second systematic review, 15 of 27 (56%) studies included in the survival meta-analysis
had a low risk of bias, 8 (30%) an unclear risk of bias and 4 (15%) a high risk of bias. The
summary of risk of bias assessment per domain is depicted in Figure 2. The assessment of
methodological quality per study is documented in table S3 for the first systematic review
and table S4 for the second systematic review.
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Table 1. Characteristics of included studies (summary)
Melanoma
Immunotherapy
treatment arms

Immune stimulation (11)

Study design

Autoimmunity Patients per study Patients with
vitiligo (n)
(n) (median
only OR vitiligo
(median +IQR)
+IQR)
outcome

phase I (2)

autoimmunity (3)

phase I/II (2)

vitiligo (8)

27 (16-71)

1 (0-9)

16 (11-26)

1 (0-2)

45 (23-117 )

1 (0-3)

14 (10-20)

1 (0-1)

phase II (4)
phase III (1)
retrospective cohort (2)
Vaccines (84)

phase I (38)

autoimmunity (23)

phase I/II (33)

vitiligo (61)

phase II (4)
phase III (1)

7

case series (3)
Antibody (28)

phase I (5)

autoimmunity
(11)

phase I/II (8)

vitiligo (17)

phase II (6)
phase III (2)
cohort (4)
retrospective (3)
Adoptive transfer (16)

phase I (7)

autoimmunity (4)

phase I/II (2)

vitiligo (12)

phase II (6)
case series (1)

Vitiligo development. Overall, in 85 of the 139 treatment arms, patients with melanoma
developed vitiligo-like depigmentation upon immunotherapy. Three hundred four of 5737
patients included developed vitiligo. The summary estimate of the cumulative incidence
of vitiligo-like depigmentation was 3.4% (95% CI: 2.49%-4.53%) (Figure 3). Excluding
5 retrospective studies, the cumulative incidence of vitiligo was 3.6% (95% CI 2.64%-4.78%)
In 98 studies specifically reporting on vitiligo, excluding the studies that only found other
autoimmune adverse events (not vitiligo), a higher cumulative incidence of vitiligo of 6.0%
(95% CI:4.72-7.72) was found. Eleven studies used general immune stimulation strategies
such as including IFNα and IL-2, which resulted in a cumulative incidence of vitiligo of 4.4%
(95% CI:1.83-10.31). Eighty-four vaccination studies were included, using vaccines based on
DC’s, tumor cells, tumor antigenic peptides and/or gene transfers, yielding a cumulative
incidence of 3.8% vitiligo (95% CI:2.63-5.46). Twenty-eight studies used CTLA 4 blockade
(ipilimumab, tremelimumab) or anti-PD1 antibodies (nivolumab, lambrolizumab) resulting
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Domain 2
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20%
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Risk of bias
Domain 1. The study sample represents the population of interest
Domain 2. Loss to follow-up is not associated with key characteristics
Domain 3. The prognostic factor is adequately measured in study participants
Domain 4. Important potential confounders are accounted for
Domain 5. The outcomes of interest (survival) are adequately measured in the study
Domain 6. The statistical analysis is appropriate for the design of the study
Figure 2. Summary risk of bias assessment per domain

in a cumulative vitiligo incidence of 2.0 % (95% CI:1.11-3.48). Adoptive transfer of tumor
infiltrating lymphocytes was done in 16 studies yielding a cumulative vitiligo incidence of
6.0% vitiligo (95% CI: 2.76-12.44).
A subgroup analysis on the cumulative incidence of vitiligo per risk of bias group yielded
6.8% (95% CI: 4.19-9.71) of vitiligo in studies with a low risk of bias. Studies with a high risk
of bias showed a cumulative incidence of vitiligo of 0.9% (95% CI: 0.53-1.58) Lastly, studies
with an unclear risk of bias had a cumulative incidence of vitiligo of 6.5% (95% CI:4.27-9.68)
(Figure 3).
Survival analyses. Twenty-seven studies included IPD on vitiligo (present or absent) and PFS
and/or OS (Table S5). These studies involved 418 patients with stage III or IV melanoma who
completed immunotherapy treatment. Only 1 of the 27 studies described vitiligo screening at
baseline in the methods section (21). The remaining 26 studies reported vitiligo development
upon therapy as a side-effect in the results or discussion section. Four of the 27 studies
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All studies (n=139)

Studies reporting vitiligo (n=98)

Prospective studies (n=134)

Type of treatment:
Immune stimulation (n=11)
Vaccination (n=84)
Antibodies (n=28)
Adoptive cell transfer (n=16)

7

Risk of bias:
Low risk (n=43)
Unclear (n=38)
High risk (n=58)

0

4

8

12

16

Proportion vitiligo (%)

Figure 3. Summary estimates and 95% confidence intervals of cumulative vitiligo incidence overall
and by subgroups of studies

also reported an occasional patient with existing depigmentation that increased in severity
during therapy (22-25). Univariate survival analysis (log-rank based comparison of KaplanMeier curves) on vitiligo and progression free survival (PFS) showed a significant survival
benefit of the patients with vitiligo (p<0.031) (Figure 4). The Kaplan-Meier curve of vitiligo
and OS showed a significant difference in overall survival between vitiligo and non-vitiligo
patients (p<0.024) (Figure 5). No significant statistical heterogeneity was present among
included studies (Q statistic P= 0.4; I2 =0.0%). Therefore we pooled all IPD data and used
a random effects Cox proportional hazards model (with study number as random effects)
to estimate the overall effect of vitiligo on PFS and overall survival. The hazard ratio (HR)
on the association between vitiligo and PFS adjusted for age and gender was 0.51 (95%
CI 0.32-0.82; p<0.005), indicating that patients who develop vitiligo during melanoma
immunotherapy have 2 times less risk of disease progression, as compared to patients
without vitiligo. The Cox regression random effects analysis on vitiligo and OS adjusted
for age and gender resulted in a HR of 0.25 (CI 0.10-0.61; p<0.003), indicating 4 times less
risk of death in patients with vitiligo development, as compared to patients without vitiligo.
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Vaccin

Vaccin
Vaccin
Vaccin
Vaccin
Vaccin
Vaccin
Vaccin
Vaccin
Vaccin

Kaufman (2006)55

Ridolfi (2006)59

Wei (2006)62

Escobar (2005)66

Heinzerling (2005)68

Kaufman (2005)69

Luiten (2005) 13

71

Daud (2008)43

Schreiber (1999)101
Vaccin

Vaccin

99

Trefzer (2000)

Vaccin

Vaccin

Osanto (2000)98

Mackensen (2000)

Krause (2002)91
Vaccin

Vaccin

88

Smithers (2003)

Vaccin

diNicola (2004)76

97

Vaccin

Butterfield (2008)42

Triozzi (2005)

Vaccin

Eton (2010)36

Adamina (2010)

Vaccin

32

Treatment

Aarntzen (2003)29

Author/Year

unknown

54

50

50

51

51

55

62

49

54

61

47

60

52

56

62

60

52

69

51

Mean age

13

14

32

14

10

11

6

9

28

12

9

18

8

21

11

24

14

36

10

unknown

7

24

9

8

7

2

3

15

unknown

5

11

5

12

unknown

19

11

26

8

19

(n)

(n)

29

Males

Total

Table S5. Patient characteristics included in survival analysis SR2 (Continued)

3

2

1

1

1

4

2

1

2

3

1

0

0

3

0

1

1

1

1

1

(n)

vitiligo

na

1

na

1

1

4

2

1

0

2

na

0

na

2

na

0

1

1

1

1

(n)

vitiligo

na

10

na

12

9

7

3

7

8

9

na

18

na

17

na

18

12

22

9

26

(n)

3

na

0

1

na

na

1

na

0

na

1

0

0

1

0

na

0

1

1

0

(n)

10

na

28

12

na

na

2

na

24

na

6

11

8

16

9

na

11

22

6

25

(n)

non-vitiligo

death

non-vitiligo

progression
vitiligo

OS

PFS

7

Adopt. transfer

Adopt. transfer

Dudley (2008)12

Yee (2002)146

5 adoptive
transfer

2 antibody

20 vaccins

Adopt. transfer

Wallen (2009)138

TOTAL

Adopt. transfer

Adopt. transfer

Antibody

Antibody

Treatment

Khammari (2009)137

Verdegaal (2011)

Phan (2003)5

134

128

Straatsma (2007)

Author/Year

54

50

42

52

63

52

51

53

Mean age

418

10

13

9

14

10

14

211

3

7

unknown

4

6

11

14

(n)

(n)

20

Males

Total

Table S5. Patient characteristics included in survival analysis SR2 (Continued)

40

1

4

1

1

1

2

2

(n)

vitiligo

25

1

2

1

0

0

2

1

(n)

5
1
na
na
10

8
7
9
256

0
na

na

9
7

na

13

12

na

(n)

(n)

203

na

na

8

na

na

(n)

vitiligo

non-vitiligo

non-vitiligo

death

progression
vitiligo

OS

PFS

7
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The results of the analysis of melanoma-specific immunity and vitiligo induction on
the individual patient level are presented in Table S6. Statistical analysis of the 2x2 table
resulted in a two-tailed p-value of 0.0031 implying that vitiligo development is significantly
associated with melanoma-reactive immune activation (Table S7).

Table S7. Association between antimelanoma immunity and vitiligo
No vitiligo (n)

Total (n)

Antimelanoma
immunity (n)

18

102

120

No antimelanoma
immunity (n)

8

158

166

Total (n)

26

260

286

0.8

1.0

The proportion of patients with (n=120) or without (n=166) antimelanoma immunity was compared between
vitiligo (n=26) and non-vitiligo patients (n=260) in the studies reporting IPD, using the data marked in blue in
table S6 in a Chi-square analysis: χ2 = 8.735, df = 1, χ2/df = 8.74, P= 0.0031

0.2

0.4

0.6

Vitiligo absent
Vitiligo present

0.0

Cumulative Progression-Free Survival (probability)

7

Vitiligo (n)

0

12

24

36

287
35

74
13

32
9

Time (months)
19
15
5
3

No. at risk
Vitiligo absent
Vitiligo present

48

60

72

84

13
2

9
1

8
1

Figure 4. Progression-free survival in 322 patients receiving immunotherapy from 22 studies
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1.0
0.8
0.6
0.4
0.2

Cumulative Overall Survival (probability)

Vitiligo absent
Vitiligo present

0.0

7

0
No. at risk
Vitiligo absent
Vitiligo present

12

24

36

48

60

72

84

96

108

17
2

14
2

12
1

8
1

Time (months)
235
18

130
12

67
9

46
7

28
4

23
3

Figure 5. Overall survival in 253 patients receiving immunotherapy from 15 studies

Discussion
In the present systematic review all melanoma immunotherapy studies since 1995 were
screened for vitiligo-like depigmentation in patients. We found a pooled cumulative incidence
of vitiligo of 3.4% in 5737 patients with stage III or IV melanoma upon immunotherapy.
Across the included types of immunotherapy, most cases of vitiligo were found upon adoptive
transfer of cytotoxic T-lymphocytes therapy (6.3%). This is the first IPD meta-analysis on
vitiligo development and its prognostic value for PFS and OS. Our review suggests that
melanoma patients with vitiligo have a 2 times decreased risk of disease progression and a
4 times decreased risk on death, as compared to patients without vitiligo development. This
study indicates the significance of vitiligo as a clinical marker for effective antimelanoma
immunity and clinical outcome following immunotherapy in patients with melanoma.
Little is known about the incidence of vitiligo in patients with melanoma and the relation
with clinical outcome in general, as most evidence comes from individual studies or case
reports. In 1996, Rosenberg et al prospectively evaluated vitiligo development patients with
melanoma treated with high-dose interleukin-2-based immunotherapy and found vitiligo in
15% of patients correlating with a response rate of 61% versus 20% in non-vitiligo patients (9).
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A prospective Italian study showed a cumulative incidence of 5.4% in 738 patients with
stage III melanoma treated with adjuvant Interferon which is comparable to the incidence
we found (11). They also showed that vitiligo was associated with PFS and OS in stage III
and IV patients. Conversely, our previous study among vitiligo patients has shown their
decreased risk of developing melanoma during life, supporting the protective role of vitiligo
against melanoma (26).
The field of melanoma immunotherapy has evolved greatly in the past decades. For
this review, we screened all full texts describing any type of immunotherapy in patients
with melanoma, as many studies did not report on autoimmune toxicity or vitiligo in the
abstract. The majority of these studies did not report on autoimmune toxicity at all, some
reported single autoimmune side effects and even fewer reported on vitiligo development.
The last years, with the introduction of the ant-CTLA4 antibody therapy, more attention
is paid to autoimmune toxicity and its characteristic spectrum of immune-related adverse
events (27). However, since vitiligo is usually graded as grade 1 toxicity, being considered a
mild side-effect not requiring treatment, it is not always reported.
A careful appraisal of methodological quality of all included studies was performed.
One-third of studies to evaluate the vitiligo incidence had a low risk of bias. Most studies were
at an unclear or increased risk of bias due to no clear evaluation of vitiligo and limited data
on patient follow-up, drop-out, completion of treatment and moment of clinical evaluation.
Of the studies included in the meta-analysis on survival, 60% had a low risk on bias which
can be explained by clear IPD representation, a homogenous patient population with mostly
stage IV melanoma unresponsive to prior treatment, assuming considerable homogeneity
in this review’s population and correct use of international standards for clinical evaluation
such as RECIST and WHO criteria. We only included studies reporting on the presence or
absence of vitiligo in the meta-analysis of PFS and OS, excluding high risk of bias papers
reporting on autoimmune toxicity but no vitiligo.
Limitations of our analyses include combining survival and vitiligo development data
across studies, using outcome definitions that are variable across studies. Importantly, the
outcome parameter vitiligo was of observational nature and based on the investigator’s level
of awareness of vitiligo as this was not an outcome parameter in any of the included studies.
No randomized studies and only few phase III studies were included in this review because
of a lack of grade I-II autoimmune toxicity evaluations. All studies only describing the
absence or presence of any autoimmune toxicity parameter other than vitiligo were defined
as vitiligo negative. Therefore, we may have underestimated the incidence of vitiligo in this
meta-analysis. In general, vitiligo may have been considered as non-severe autoimmune
toxicity not necessary to report. Also, it is often not clear whether proper skin examinations
for vitiligo development had been performed. Dermatologists are usually not involved in these
studies and it is unclear to what extent oncologists accurately diagnose vitiligo in patients
with fair skin types. We recommend all future prospective immunotherapy studies in patients
with melanoma to include complete skin examinations by a dermatologists using a Wood’s
lamp to screen for vitiligo at baseline and other time-points. A Wood’s lamp is a hand-held
fluorescent lamp emitting long wave ultraviolet A light which delineates areas of pigment loss.

The limited life span of patients with end-stage melanoma and decreased functional
immune system before entering an experimental study affect the successful induction of
antitumor immunity, vitiligo induction and survival, possibly underestimating the currently
estimated vitiligo incidence.
We excluded studies combining several types of cancer patients to avoid interpretational
problems. Less attention could be expected regarding vitiligo awareness and detection in
patients with other types of cancer as this is uncommon in nonmelanoma patients. Although
being an interesting patient population, we also excluded combined chemo-immunotherapy
studies, as the clinical response could not be solely explained by the immunotherapeutic
strategy and associations between vitiligo and survival would not be based on immune
activation only. We do not know the effect of prior therapy on vitiligo development, but as
most studies were phase I and phase II, all included patients were heavily pre-treated so we
expect this effect to be limited.
Altogether the results of this systematic review show a favorable effect of vitiligo
induction as a relevant clinical parameter in patients with end-stage melanoma receiving
immunotherapy. Although vitiligo occurs only in a relatively low percentage of treated
patients with melanoma, our findings suggest clear survival benefit in these patients
and association with induction of antimelanoma immunity. To draw better conclusions
from vitiligo and autoimmunity development in general in immunotherapy studies, we
recommend the use of the immune-related adverse events criteria and to report vitiligo
systematically on the IPD level (in addition to monitoring of immune responses) in future
melanoma immunotherapy studies. More awareness of vitiligo induction in patients with
melanoma by oncologists may contribute to better recognition of patients with effective
antimelanoma immunity and may influence their treatment options and prognosis.
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Table S1. Search strategy (Continued)
# Searches

Results

Database(s): Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid MEDLINE(R) 1946 to
Present Search Strategy: 2013-07-15

7

1

melanoma/

65324

2

melanom*.tw,ot.

80242

3

1 or 2

92848

4

animal/ not human/

5

3 not 4

82029

6

vitiligo/ or hypopigmentation/

4735

7

vitiligo*.tw,ot.

4379

8

hypopigm*.tw,ot.

2543

9

(halo adj (nevus or nevi or naevus or naevi)).tw,ot.

190

10 (melanoma* adj3 halo).tw,ot.

3906597

19

11 (melanocyt* adj1 disappear*).tw,ot.

16

12 anti-melanocyt*.tw,ot.

29

13 (destruct* adj6 melanocyt*).tw,ot.

225

14 (reactiv* against adj5 melanocyt*).tw,ot.

6

15 (reactiv* adj2 (melanoma adj melanocyte*)).tw,ot.

3

16 reactive with melanocyte*.tw,ot.

1

17 (damag* adj melanocyt*).tw,ot.

9

18 (destroy* adj5 melanocyt*).tw,ot.

25

19 (Melanocytes and (autoimmun* or auto-immun*)).mp.

374

20 melanocyte-directed autoimmun*.tw,ot.

4

21 lys* melanocyt*.tw,ot.

3

22 depigmentation.tw,ot.

1563

23 leukoderm*.tw,ot.

282

24 poliosis.tw,ot.

142

25 or/6-24

9236

26 5 and 25

685

27 limit 26 to yr=”1995 -Current”

490

Database(s): Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid MEDLINE(R) 1946 to
Present Search Strategy: 2013-07-15
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1

melanoma/

65324

2

melanom*.tw,ot.

80242

3

1 or 2

4

exp animal diseases/ or Neoplasms, Experimental/ or Melanoma, Experimental/ or (exp
animals/ not humans/)

4140197

92848

5

exp review/ or letter/ or comment/ or editorial/

3133302

Table S1. Search strategy (Continued)
# Searches

Results

6

3 not (4 or 5)

63879

7

exp clinical trial/

774872

8

(randomized or placebo or randomly or trial or groups).ab.

1823836

9

(trial or study).ti,ot.

1022211

10 (clinical adj2 study).tw,ot.

55802

11 (phase adj (“0” or I or II or III or IV or “1” or “2” or “3” or “4” or one or two or three or
four) adj4 study).tw.

29954

12 ((open or off) adj label*).tw,ot.

29650

13 exp survival analysis/ or disease progression/ or remission, spontaneous/ or remission
induction/ or Survival Rate/

420657

14 exp Cohort Studies/

1332354

15 (cohort* or ((prospective or longitudinal) adj2 stud*)).tw,ot.

458886

16 or/7-15

4038194

17 immunotherapy, active/ or adoptive transfer/ or immunotherapy, adoptive/

15331

18 (adoptive* or immuniz* or immunis* or lymphodeplet* or lympho-deplet*).tw,ot. or
(immunother* or immunomod* or immunostimul* or (immun* adj3 (modulat* or
stimul* or therap* or treat*))).ti,ot.

172368

19 (transfer adj10 (T cell* or TIL or killer or CTL or CTLs or lymphocyte* or TCR or TCRs
or T cell receptor*)).tw,ot.

9250

20 ((immunotherap* or infusion*) adj4 (T cell* or TIL or killer or CTL or CTLs or
lymphocyte* or TCR or TCRs or T cell receptor*)).tw,ot.

4477

21 Receptors, Antigen, T-Cell/

20319

22 Killer Cells, Lymphokine-Activated/

2955

23 (Lymphokine-activated* or LAK).tw,ot.

4322

24 exp vaccines/ or vaccination/ or Vaccinia virus/

199910

25 (vaccin* or m-vax or o-vax or DNP-VACC or vaccimel or allovectin or Oncovex).tw,ot.

222791

26 Peptide Fragments/tu, ad or exp Antigens, Neoplasm/tu, ad or exp Neoplasm Proteins/tu, ad

8025

27 ((peptide* or lysate*) adj3 (immunotherap* or immuno-ther*)).tw,ot.

567

28 ((melan-a or melana or MART-1 or MART1 or MAGE or gp100 or gp-100 or tyrosinase
or TRP) adj10 (immuniz* or immunis* or peptide* or transgen or transgenes or plasmid*
or adenovirus)).tw,ot.

2793

29 HLA-B7 Antigen/ad, ge, tu

182

30 ((MHC or HLA or B-7 or B7 or B07 or B-07 or histocompatibility) adj10 (adenovirus or
transduced or transfect* or transfer or plasmid* or liposom*)).tw,ot.

3427

31 (Genes, MHC Class I/ or exp Histocompatibility Antigens Class I/ or (B-7 or B7 or B07 or
B-07 or histocompatibility).tw.) and (gene transfer techniques/ or transduction, genetic/
or transfection/ or gene therapy/ or genetic vectors/ or plasmids/ or DNA/ad, tu or DNA,
recombinant/ or oncolytic virotherapy/)

4710

32 exp Adjuvants, Immunologic/
33 adjuvants.tw,ot.

7

129643
9277
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Table S1. Search strategy (Continued)
# Searches

34 (ipilimumab or tremelimumab or CTLA-4 or CTLA4).tw,ot. or cytotoxic T lymphocyte
antigen-4.tw,rn,ot.

6320

35 exp Toll-Like Receptors/ or Antigens, CD40/ag or CD40 ligand/tu, im, ad

23022

36 ((TLR* or Toll-like receptor* or CD40* or CD-40* or CDW40) adj4 (ligand* or agonist* or
targeting or targeted or oligodeoxynucleotide* or stimulat* or triggering)).tw,ot.

14635

37 (CD40L or CD40-L or CD-40L or CP-870893 or EMD-273063 or “hu14.18-IL*”).tw,ot.

3848

38 Aminoquinolines/

4450

39 resiquimod.tw,ot. or imiquimod.tw,rn,ot.

2057

40 (freund* or FIA or FCA or BCG or LPS or Bacillus Calmette Guerin or MPL or
Corynebacterium or aldara).tw,ot.

7
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Results

104888

41 (PF-3512676 or PF3512676 or CpG 7909 or CpG7909 or CPG-B or CPGB or 852A or
852-A).tw,ot.

236

42 acetylmuramyl-alanyl-isoglutamine/

1917

43 (MTP-PE or MDP-PE or muramyl* or acetylmuramyl* or safm or T-MDP or CGP-19835a
lipid or squalene).tw,ot.

5113

44 exp Lipopolysaccharides/

65679

45 (lps or lipopolysaccharide* or mpl or monophosphoryl lipid A).tw,ot.

85873

46 Saponins/

8777

47 (saponin* or QS21 or AS02B or detox or montanide).tw,ot.

9363

48 ((cytokine* or interleukin* or immunocytokine*) adj2 (therap* or treat* or biother*)).
tw,ot.

6312

49 exp Interleukin-12/ge, ad, tu or Interleukin-18/ad, ge, tu

4749

50 (interleukin-12 or interleukin-12p70 or interleukin-12p40 or IL-12 or IL12 or IL-12p70 or
IL-12p40 or IL12p40 or rh-IL-12 or rhIL-12 or rIL-12).tw,ot.

23420

51 (interleukin 18 or il18 or il-18 or rhIL-18 or rIL-18 or rIL18 or r-IL18 or interferon
gamma inducing factor or ifn gamma inducing factor).tw,ot.

6413

52 (interleukin 21 or il21 or il-21 or rhIL-21 or rIL-21 or rIL21 or r-IL21).tw,ot.

1530

53 Granulocyte-Macrophage Colony-Stimulating Factor/tu or granulocyte macrophage
colony-stimulating factors, recombinant/tu

2345

54 (rhGM-CSF or rGM-CSF).tw,ot.

852

55 (sargramostim or Leukine or Leukomax).tw,ot.

155

56 Aldesleukin.tw,ot,rn. or (proleukin or roncoleukin).tw,ot.

240

57 ((recombinant adj6 (IL-2 or IL2 or interleukin*)) or rIL-2 or rIL2 or rhIL-2 or rhIL2 or rh
IL-2 or rh-IL2).tw,ot.

9291

58 ((HD or High-dose) adj (interleukin-2 or IL2 or IL-2)).tw,ot.

544

59 ((immunother* or immuno-ther* or deliver* or intratumoral or intra-tumoral or
intratumoral or intra-tumoral or intralesional* or intra-lesional* or perilesional or
locoregional or percutaneous* or intradermal or local* or subcutaneous* or cutaneous*
or single-agent or alone or only or single or therap* or treat* or biotherapy or istillat* or
gene-therapy or gene-transfer) adj2 (IL2 or IL-2 or interleukin-2)).tw.

5322

60 (*Antibodies, Monoclonal/tu or biological therapy/ or gene therapy/) and (Interleukin-2/
or (IL2 or IL-2 or interleukin-2).tw,ot.)

1576

Table S1. Search strategy (Continued)
# Searches

Results

61 exp Interferon Type I/tu

18923

62 (Intron-A or IntronA or Ro 22-8181 or Ro 228181 or Roferon-A or RoferonA or laferon).
tw,ot.

696

63 (rIFN-alpha* or rIFN-alfa* or rIFNa* or rIFN-a1* or rIFN-a2* or rIFN-a3*).tw,ot.

634

64 (r adj2 (InterferonA* or IFNA*)).tw,ot.

11

65 (r adj2 ((Interferon or IFN) adj2 (Alfa* or Alpha* or A or A1* or A2* or A3*))).tw,ot.

194

66 (recombinant adj7 (InterferonA* or IFNA*)).tw,ot.

79

67 (recombinant adj7 ((Interferon or IFN) adj2 (Alfa* or Alpha* or A or A1* or A2* or
A3*))).tw,ot.

3626

68 ((PEG or pegyl*).tw,ot. or Polyethylene Glycols/) and ((IFN* or interferon*).tw,ot. or exp
Interferon Type I/)

7048

69 (peginterferon* or pegifn* or PEG-Intron or PEG-IL2 or PEG-IL-2).tw,ot.

2140

70 ((Adjuvant or polyethylene-glycol or pegyl* or PEG) adj2 (interferon or IFN* or
interleukin* or IL-2 or IL-2)).tw,ot.

5582

71 or/17-70

714027

72 exp Interleukins/ or exp interferon type i/

228740

73 Recombinant Proteins/ or Administration, Cutaneous/ or Injections, Intralesional/ or
Injections, Subcutaneous/ or exp Antigen-Presenting Cells/ or Oncolytic Virotherapy/

292018

74 72 and 73

41353

75 Antibodies, Anti-Idiotypic/

13078

76 ((anti-idiotyp* or antiidiotyp*) adj2 (Ab or Abs or immunoglobulin* or antibod* or Ig or
monoclonal*)).tw,ot.

3355

77 ((antibod* or monoclonal*) adj2 (therap* or treat*)).tw,ot.

13148

78 (KM871 or KM-871 or KW-2871 or KW2871 or R-24 or anti-GD3 or anti-G-D3 or
anti-GD2 or anti-G-D2 or anti-ganglioside or ((ganglioside or GD3 or GD-3 or GD2 or
GD-2) adj2 (antibod* or monoclonal*))).tw,ot.

1494

79 MELIMMUNE.tw,ot.

7

4

80 or/75-79

28584

81 dendritic cells/ or DCs.mp. or (dendritic cell* or Langerhans cells or pDCs or IDC).tw,ot.

59218

82 exp Immunotherapy/ or Interleukin-2/ or Administration, Cutaneous/ or Injections,
Intralesional/ or Injections, Subcutaneous/

290499

83 (immunotherap* or immuno-therap* or deliver* or intratumoral or intra-tumoral or
intralesional* or intra-lesional* or perilesional or locoregional or percutaneous* or
intradermal or puls* or primed or priming or IL2 or IL-2 or interleukin-2 or ((local* or
subcutaneous* or cutaneous*) adj4 (therap* or treat* or inject* or administ* or given))).tw,ot.

951808

84 81 and (82 or 83)

17980

85 71 or 74 or 80 or 84

752308

86 6 and 16 and 85

2443

87 limit 86 to yr=”1995-Current”

1828
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Table S2. Study characteristics (Continued)
Immunotherapy type,
author and year

Study design

Patients included Autoimmunity OR Patients with Response
in analysis
Vitiligo
vitiligo
Criteria

Immune stimulation
Tarhini (2012) 19

phase I/II

23

autoimmunity

0

RECIST

20

phase II

60

vitiligo

1

other

Weide (2010) 21

phase II

48

vitiligo

1

other

Telang (2011)

22

Rasku (2008)

phase I/II

7

vitiligo

1

other

retro

71

vitiligo

0

unknown

Gogas (2006) 4

phase III

138

vitiligo

11

unknown

Pashenkov (2006) 24

phase II

20

autoimmunity

0

RECIST

Satzger (2007) 23

Eton (2002)

7

25

phase I

16

vitiligo

1

other

O’day (2002) 26

phase II

27

vitiligo

9

unknown

Phan (2001) 27

Retro

374

vitiligo

84

other

phase I

9

autoimmunity

0

na

phase II

29

vitiligo

1

unknown

phase I/II

23

vitiligo

2

RECIST

phase I

8

autoimmunity

0

na

phase I/II

10

vitiligo

1

RECIST

phase I

6

vitiligo

2

na

34

phase II

127

vitiligo

5

RECIST

Dangoor (2010) 35

phase I

33

autoimmunity

0

RECIST

phase I/II

36

vitiligo

1

WHO

Bajetta (1998)

28

Vaccines
Aarntzen (2013) 29
Russo (2013)

30

Hunger (2011) 31
32

Adamina (2010)
Baba (2010) 33
Bedikian (2010)
Eton (2010) 36

37

Ginsberg (2010)

phase I

25

autoimmunity

0

na

Hodi (2010) 18

phase III

132

vitiligo

1

WHO

Jacobs (2010) 38

phase I/II

24

vitiligo

2

RECIST

Dehesa (2009) 39

cohort

7

vitiligo

1

unknown

Lienerd (2009) 40

phase I/II

10

vitiligo

1

WHO

phase I

15

autoimmunity

0

na

Yuan (2009) 41
Butterfield (2008)
Daud (2008) 43
von Euw (2008)

114

44

42

phase I/II

14

vitiligo

1

RECIST

phase I

24

vitiligo

1

RECIST
unknown

phase I

14

autoimmunity

0

Osorio (2008) 45

phase I/II

18

vitiligo

3

RECIST

Perales (2008) 46

phase I/II

19

autoimmunity

0

unknown

Slingluff (2008) 47

phase I/II

37

vitiligo

4

RECIST

Dillman (2007) 48

phase I/II

74

vitiligo

0

unknown

Guo J (2007) 49

phase I/II

14

vitiligo

0

WHO

Hamid (2007) 50

phase II

57

vitiligo

1

unknown

Table S2. Study characteristics (Continued)
Immunotherapy type,
author and year

Study design

Lesimple (2007) 51
52

Melanoma Study (2007)
Powell (2007) 53
Slingluff (2007)

54

Kaufman (2006) 55
Kyte (2006) 56

Patients included Autoimmunity OR Patients with Response
in analysis
Vitiligo
vitiligo
Criteria

phase I/II

12

vitiligo

3

WHO

phase II
case series

28

vitiligo

1

unknown

8

autoimmunity

0

unknown
unknown

phase II

39

vitiligo

2

phase I

11

vitiligo

1

RECIST

phase I/II

22

vitiligo

1

RECIST

Lindsey (2006) 57

phase II

26

vitiligo

1

other

Palucka (2006) 58

phase I

20

vitiligo

1

RECIST

Ridolfi (2006) 59

phase I/II

21

vitiligo

3

RECIST

Salcedo (2006) 60

phase I/II

9

autoimmunity

0

WHO

Seledtsov (2006)

61

phase I/II

32

autoimmunity

0

unknown

Wei (2006) 62

phase I/II

8

vitiligo

0

unknown

Yagi (2006) 63

phase I

7

vitiligo

4

RECIST

Akiyama (2005) 64

phase I

6

autoimmunity

0

unknown

Chianese-Bullock (2005) 65

phase I

91

vitiligo

6

na

Escobar (2005) 66

phase I

18

vitiligo

0

other

phase I

15

vitiligo

1

RECIST

phase I/II

9

vitiligo

1

unknown

phase I

12

vitiligo

3

RECIST

phase I/II

28

vitiligo

2

RECIST

phase I

6

autoimmunity

0

na

Escudier (2005) 67
Heinzerling (2005)

68

Kaufman (2005) 69
Luiten (2005)

13

Triozzi (2005) 70
Triozzi (2005)

71

Chapman (2004) 72
Guthmann (2004)

73

phase I/II

9

vitiligo

1

unknown

phase I

24

autoimmunity

0

other

phase I

16

vitiligo

1

WHO

Haenssle (2004) 74

phase I/II

11

vitiligo

0

WHO

Hersey (2004) 75

phase I/II

27

vitiligo

0

RECIST

diNicola (2004) 76

phase I

6

vitiligo

2

unknown

Ribas (2004) 77

phase II

8

vitiligo

1

unknown

Slingluff (2004)

78

phase II

31

autoimmunity

0

unknown

phase I/II

17

autoimmunity

0

other

Vilella (2004)

phase I

11

autoimmunity

0

other

Astsaturov (2003) 81

phase I

7

vitiligo

1

unknown

Butterfield (2003) 82

phase I

16

vitiligo

2

na

Nagayama (2003) 83

phase I

6

autoimmunity

0

unknown

phase I/II

41

vitiligo

1

other

phase I

12

vitiligo

0

na

phase I

17

autoimmunity

0

na

Trefzer et al (2004) 79
80

Phan (2003) 84
Pullarkat (2003) 85
Ragupathi (2003)

86
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Table S2. Study characteristics (Continued)
Immunotherapy type,
author and year

Slingluff (2003) 87

Patients included Autoimmunity OR Patients with Response
in analysis
Vitiligo
vitiligo
Criteria

phase II

23

phase I/II
phase I

Tagawa (2003) 90
Krause (2002) 91
Banchereau (2001) 92

Smithers (2003)

88

Soiffer (2003) 89

Dillman (2001)

93

Gajewski (2001) 94
Lee (2001)

95

Slingluff (2001) 96

7

Study design

Mackensen (2000) 97

vitiligo

2

RECIST

11

vitiligo

4

other

26

autoimmunity

0

unknown

phase I

26

vitiligo

0

other

phase I/II

10

vitiligo

1

unknown

phase I/II

16

vitiligo

2

unknown

phase I/II

66

autoimmunity

0

unknown

phase I

13

vitiligo

1

other

phase I/II

38

vitiligo

1

unknown

phase I

9

vitiligo

2

unknown

phase I

14

vitiligo

1

unknown

Osanto (2000) 98

phase I/II

32

vitiligo

1

unknown

Trefzer (2000) 99

phase I/II

14

vitiligo

2

unknown

Palmer (1999) 100

phase I/II

12

vitiligo

0

other

101

phase I

13

vitiligo

3

other

Wang (1999) 102

phase I

20

vitiligo

0

unknown

Chakraborty (1998) 103

phase I

13

autoimmunity

0

unknown

Schreiber (1999)

Nestle (1998)

104

phase I/II

16

vitiligo

1

WHO

Soiffer (1998) 105

phase I

26

vitiligo

0

unknown

Sun (1998) 106

phase I

14

autoimmunity

0

WHO

Stopeck (1997) 107

phase I

6

autoimmunity

0

other

108

cohort

5

vitiligo

1

unknown

Nabel (1996) 109

phase I

10

autoimmunity

0

na

Jaeger (1996)

Antibodies
Delyon (2013) 110

cohort

73

vitiligo

1

RECIST

Hamid (2013) 111

phase II

135

vitiligo

24

RECIST

Queirolo (2013) 112

cohort

14

vitiligo

1

WHO

retro

752

vitiligo

8

unknown

cohort

31

vitiligo

2

WHO

Voskens (2013)

113

Wilgenhof (2013) 114
Wolchok (2013)

115

Berthe (2012) 116

82

vitiligo

6

WHO

retro

19

autoimmunity

0

RECIST

Ribas (2012) 117

phase I

44

autoimmunity

0

RECIST

Margolin (2012) 118

phase II

20

autoimmunity

0

WHO

Farolfi (2012)

119

Sarnaik (2011) 120
Bronstein (2011) 121
Hodi (2010) 18
116

phase I

cohort

30

vitiligo

5

WHO

phase II

37

vitiligo

3

unknown

retro

119

vitiligo

1

RECIST

phase III

380

vitiligo

14

WHO

Table S2. Study characteristics (Continued)
Immunotherapy type,
author and year

Hodi (2010) 18
122

Kirkwood (2010)
Ku (2010) 123

124

Study design

Patients included Autoimmunity OR Patients with Response
in analysis
Vitiligo
vitiligo
Criteria

phase III

131

vitiligo

3

WHO

phase II

241

autoimmunity

0

RECIST

phase I/II

51

autoimmunity

0

WHO

phase I/II

112

autoimmunity

0

RECIST

Ribas (2009) 125

phase I

16

autoimmunity

0

unknown

Weber (2009) 126

phase II

67

autoimmunity

0

unknown

Camacho (2009)

Weber (2008)

6

Downey (2007) 127
Straatsma (2007)

128

Maker (2006) 129
Attia (2005)

1

phase I/II

88

vitiligo

1

RECIST

phase II

139

autoimmunity

0

RECIST

phase I/II

20

vitiligo

2

RECIST

phase I/II

46

vitiligo

1

RECIST

phase II

42

vitiligo

2

RECIST

Maker (2005) 130

phase I/II

30

autoimmunity

0

RECIST

Reuben (2005) 131

phase I/II

30

autoimmunity

0

WHO

Sanderson (2005) 132

phase I

19

vitiligo

2

unknown

Phan (2003) 5

phase I

14

vitiligo

2

RECIST

7

Adoptive transfer
Pilon-Thomas (2012) 133

phase I

13

vitiligo

1

RECIST

phase I/II

10

vitiligo

1

RECIST

Besser (2010) 135

phase II

20

vitiligo

1

RECIST

Besser (2009) 136

phase II

20

vitiligo

1

RECIST

phase II

14

vitiligo

1

WHO

phase I

9

vitiligo

1

RECIST

Dudley (2008) 139

phase II

50

autoimmunity

0

RECIST

Powell (2007) 140

case series
case series

5
8

autoimmunity
autoimmunity

0
0

unknown
unknown

phase I

15

vitiligo

2

RECIST

Verdegaal (2011) 134

Khammari (2009)

137

Wallen (2009) 138

Duval (2006) 141
Mackensen (2006)

142

phase I

11

autoimmunity

0

WHO

Powell (2006) 143

phase I

9

vitiligo

1

unknown

Dudley (2005) 144

14

unknown

phase I/II

35

vitiligo

145

phase II

22

autoimmunity

0

WHO

Dudley (2002) 12

phase II

13

vitiligo

4

other

146

phase I

10

vitiligo

1

unknown

Lau (2001) 147

phase I

16

vitiligo

0

unknown

Ridolfi (2003)
Yee (2002)

Highlighted studies also included in SR2; na not applicable

Vitiligo-like depigmentation in patients with melanoma

117

Table S3. Risk of bias assessment of studies included in SR1 (Continued)
First Author

Year

Q1

Tarhini 19

2012

+

Telang 20

2011

+

21

2010

+

Rasku 22

2008

+

Q2

Q3

Q4

Risk of bias

-

-

+

high

+

+

+

low

-

+

+

unclear

-

+

-

high

General immune stimulation

Weide

23

2007

+

-

-

-

high

Gogas 4

2006

-

+

+

-

high

Pashenkov 24

2006

+

+

-

+

high

Eton 25

2002

-

+

+

+

unclear

O’day 26

2002

-

+

+

+

unclear

Phan 27

2001

+

-

+

+

unclear

Bajetta 28

1998

+

+

-

+

high

Aarntzen 29

2013

+

-

+

+

unclear

Russo 30

2013

+

+

+

+

low

2011

+

-

-

-

high

2010

+

+

+

+

low

Satzger

7

Vaccines

Hunger

31

Adamina 32
Baba

33

2010

+

+

+

+

low

Bedikian 34

2010

+

-

+

-

high

Dangoor 35

2010

+

-

-

-

high

Eton 36

2010

+

+

+

+

low

Ginsberg 37

2010

-

-

-

-

high

Hodi 18

2010

+

+

+

+

low

Jacobs 38

2010

+

-

+

+

unclear

Dehesa 39

2009

+

-

+

+

unclear

Lienerd 40

2009

+

+

+

+

low

41

2009

-

+

-

+

high

Butterfield 42

2008

+

+

+

+

low

2008

+

+

+

-

unclear

2008

-

+

-

+

high

45

2008

+

+

+

+

low

Perales 46

2008

+

+

-

+

high

Slingluff 47

2008

+

+

+

-

unclear

48

Yuan
Daud

43

von Euw 44
Osorio

2007

+

-

-

-

high

Guo J 49

2007

+

-

+

+

unclear

Hamid 50

2007

+

-

+

+

unclear

Dillman
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Table S3. Risk of bias assessment of studies included in SR1 (Continued)
First Author
51

Lesimple

Melanoma 52
53

Powell

Year

Q1

Q2

Q3

Q4

Risk of bias

2007

+

+

+

+

low

2007

+

+

+

+

low

2007

+

+

-

-

high

Slingluff 54

2007

-

+

+

-

high

Kaufman 55

2006

+

-

+

+

unclear

Kyte 56

2006

+

+

+

+

low

Lindsey 57

2006

+

+

-

-

high

Palucka 58

2006

+

+

-

-

high

Ridolfi 59

2006

+

+

+

+

low

60

2006

+

-

-

+

high

2006

+

-

-

+

high

2006

+

+

-

-

high

-

+

+

unclear

Salced

Seledtsov 61
Wei

62

Yagi 63

2006

+

64

2005

+

-

-

+

high

Chianese-Bullock 65

2005

-

+

+

+

unclear

Escobar 66

2005

+

-

+

+

unclear

Escudier 67

2005

+

+

+

+

low

Heinzerling 68

2005

+

+

+

+

low

Akiyama

69

Kaufman

2005

+

+

+

+

low

Luiten 13

2005

+

+

+

-

unclear

Triozzi 70

2005

-

-

-

+

high

Triozzi 71

2005

+

+

-

+

high

2004

+

+

-

+

high

2004

+

+

+

+

low

Haenssle.

2004

+

+

+

+

low

Hersey 75

2004

+

+

-

+

unclear

diNicola 76

2004

+

+

+

+

low

Ribas 77

2004

-

-

+

-

high

2004

-

-

-

-

high

2004

+

+

-

+

high

2004

+

+

-

+

high

Chapman

72

Guthmann.73
74

Slingluff 78
Trefzer

79

Vilella 80
81

2003

-

-

+

-

high

Butterfield 82

2003

+

+

+

+

low

83

Astsaturov
Nagayama

2003

+

+

-

+

high

Phan 84

2003

+

-

+

+

unclear

Pullarkat 85

2003

+

-

+

+

unclear

Ragupathi 86

2003

-

+

-

-

high

2003

+

+

+

+

low

Slingluff

87
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Table S3. Risk of bias assessment of studies included in SR1 (Continued)
First Author

Smithers

88

Soiffer 89
90

Tagawa

Q1

Q2

Q3

2003
2003

Q4

Risk of bias

+

-

+

+

+

+

unclear

-

+

high

2003

+

+

+

+

low

Krause 91

2002

+

-

-

-

high

Banchereau 92

2001

+

+

+

+

low

Dillman 93

2001

-

+

-

-

high

Gajewski 94

+

+

+

low

2001

+

95

2001

-

-

+

+

unclear

Slingluff 96

2001

-

+

+

+

unclear

2000

+

-

+

+

unclear

2000

-

+

+

-

high

Lee

Osanto

7

Year

98

Mackensen 97
Trefzer

99

2000

+

-

+

+

unclear

Palmer 100

1999

+

+

+

-

unclear

Schreiber 101

1999

+

-

+

-

high

Wang 102

1999

-

+

+

+

unclear

Chakraborty 103

1998

+

+

-

-

high

Nestle 104

1998

-

+

+

+

unclear

Soiffer 105

1998

+

+

+

-

unclear

1997

+

+

-

+

high

1998

+

-

-

-

high

Stopeck

106

Sun 107
108

1996

-

+

+

+

unclear

Nabel 109

1996

+

+

-

+

high

Delyon 110

2013

+

-

+

+

unclear

Hamid 111

2013

+

+

+

+

low

Jaeger

Antibodies

Queirolo

112

2013

+

-

+

+

unclear

Voskens 113

2013

-

-

-

-

high

Wilgenhof 114

2013

+

+

+

+

low

Wolchok

115

2013

+

+

+

+

low

Berthe 116

2012

-

+

-

+

high

Ribas 117

2012

+

+

-

+

high

Margolin 118

2012

+

+

-

+

high

2012

+

-

+

+

unclear

2011

+

+

+

+

low

Farolfi

119

Sarnaik 120
121

2011

-

-

-

-

high

Hodi et al. 18

2010

+

+

+

+

low

2010

+

+

+

+

low

Bronstein

18

Hodi et al.

120

Table S3. Risk of bias assessment of studies included in SR1 (Continued)
First Author

Year

Q1

Q2

Q3

Q4

Risk of bias

Kirkwood et al.

2010

+

+

+

+

high

Ku et al. 123

2010

+

+

-

-

high

2009

+

-

-

-

high

2009

+

+

-

+

high
high

122

Camacho et al.

124

Ribas et al. 125
Weber et al.

126

2009

+

+

-

-

Weber et al 6

2008

+

+

+

+

low

Downey et al. 127

2007

+

+

-

+

high

Straatsma et al. 128

2007

+

-

-

+

high

Maker et al. 129

2006

+

-

+

+

unclear

Attia et al. 1

2005

+

-

+

+

unclear

Maker et al. 130

2005

+

+

-

+

high

2005

+

+

+

+

low

2005

+

-

-

+

high

2003

+

+

+

+

low

Pilon-Thomas 133

2012

+

+

+

+

low

Verdegaal 134

2011

+

+

+

+

low

135

2010

+

+

+

+

low

Besser 136

2009

+

+

+

+

low

Sanderson, et al.

132

Reuben 131
Phan et al.

5

7

Adoptive transfer

Besser

Khammari

137

2009

+

+

+

+

low

Wallen 138

2009

+

+

+

+

high

Dudley 139

2008

+

+

-

+

low

Powell 140

2007

-

+

-

-

high

Duval 141

2006

+

+

+

+

high

Mackensen 142

2006

+

+

-

+

unclear

Powell 143

2006

+

-

+

+

low

Dudley 139

2005

+

+

+

+

high

Ridolfi 145

2003

+

+

-

-

unclear

12

Dudley

2002

+

-

+

+

unclear

Yee 146

2002

+

-

+

+

unclear

147

2001

+

-

+

+

unclear

Lau
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Table S4. Risk of bias assessment of studies included in SR2
First Author/year

D1

D2

D3

D4

D5

D6

Risk of bias

Aarntzen (2013)29

+

-

+

+

-

+

unclear

32

Adamina (2010)

+

+

+

+

+

+

low

Eton (2010)36

+

+

+

+

+

+

low

Vaccine

42

Butterfield (2008)

+

+

+

+

+

+

low

Daud (2008)43

+

+

+

-

+

+

low

Kaufman (2006)55

+

-

+

+

+

-

unclear

Ridolfi (2006)

+

+

+

+

-

+

low

Wei (2006)62

+

+

-

-

-

+

high

Escobar (2005)66

+

-

+

+

-

+

unclear

Heinzerling (2005)68

+

+

+

+

-

+

low

59

7

69

Kaufman (2005)

+

+

+

+

-

+

low

Luiten (2005)13

+

+

+

-

+

+

low

Triozzi (2005)71

+

+

-

+

-

+

high

diNicola (2004)76

+

+

+

+

-

+

low

88

Smithers (2003)

+

-

+

+

+

+

low

Krause (2002)91

+

-

-

-

+

-

high

Mackensen (2000)97

-

+

+

-

-

+

high

98

Osanto (2000)

+

-

+

+

-

+

unclear

Trefzer (2000)99

+

-

+

+

-

+

unclear

101

+

-

+

-

-

+

high

Straatsma (2007)128

+

-

-

+

+

+

unclear

+

+

+

+

+

+

low

Schreiber (1999)
Antibody
5

Phan (2003)

Adoptive transfer
Verdegaal (2011)134

+

+

+

+

+

+

low

Khammari (2009)137

+

+

+

+

+

+

low

Wallen (2009)138

+

+

+

+

+

+

low

Dudley (2002)12

+

-

+

+

+

+

low

+

-

+

+

-

+

unclear

146

Yee (2002)

122

Tm

T cell activation
T cell infiltration in tumor

none

IFNg ELISPOT

CD8 and IFNg RT-PCR

Kaufman 69

T cell proliferation

Kaufman 55

serum

antibody responses

antibody ELISA

3H-thym proliferation

tumor

PBMC

PBMC

skin in vivo

PBMC

skin in vivo

tumor

PBMC

PBMC

skin in vivo

PBMC

tumor

PBMC

tissue
monitored

T cell activation

DTH

CTL frequency

DTH

Mackensen 97

Schreiber 101

T cell activation

IHC

T cell infiltration in tumor

CTL frequency
T cell activation

Tm

T cell activation

DTH

IFNg ELISPOT

T cell activation

IFNg ELISPOT

Dudley 12

diNicola 76

Escobar 66

CTL frequency
T cell infiltration in tumor

Tm

IHC

Luiten 13

type of analysis

immune assay

Author

no

yes

no

no

yes

yes

yes

no

yes

yes

yes

yes

no

yes

IPD
immunodata

6

15

4

14

5

5

13

20

24

all patients

number of patients
monitored

4

13

12

3

1

3

3

13

0

4

20

0

1

23

1

1

# non-vit
pts

# vit
pts
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2

2

5

1

3

3
0

4

4

11

10

2

non-vit
pts

1

1

1

0

0

1

vit pts

number of patients with
antimelanoma immunity

124
CTL frequency

Tm

Straatsma 128

Butterfield 42

Eton 36

CTL frequency

Limiting dilution analysis

Adamina 32

CTL frequency

none

T cell activation

Tm

DTH

IFNg ELISPOT

T cell activation
T cell activation

IFNg ELISPOT

antitumor reactivity

MIA ELISA

Trefzer 99

CTL frequency

Limiting dilution analysis

T cell activation

Osanto 98

T cell activation

DTH

IFNg ELISPOT

CTL frequency

Tm

Krause 91

T cell activation

IFNg ELISPOT

Phan 5

type of analysis

immune assay

Author

PBMC

PBMC

skin in vivo

PBMC

PBMC

PBMC

serum

PBMC

PBMC

skin in vivo

PBMC

PBMC

tissue
monitored

yes

yes

yes

yes

no

yes

no

no

yes

yes

no

no

IPD
immunodata

9

9

36

26

10

5

10

all patients

number of patients
monitored

1

1

1

1

1

1

1

# vit
pts

8

8

35

25

9

4

9

# non-vit
pts
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1

1

0

0

1

0

0

vit pts

number of patients with
antimelanoma immunity

4

9

0

5

6

0

0

non-vit
pts

Triozzi 71

Yee 146

T cell activation
T cell infiltration in tumor
T cell infiltration in tumor

IHC

IFNg RT-PCR

CTL frequency

T cell activation

T cell activation

T cell infiltration in tumor

IFNg ELISA

Tm

IFNg ELISPOT

IFNg intracellular FACS

Wei 62

Smithers 88

IHC

CTL frequency

T cell infiltration in tumor

IHC

Tm

T cell activation

cytokine ELISA

Daud 43

Khammari 137

antibody response

antibody ELISA

T cell activation

Heinzerling 68

T cell activation

DTH

IFNg secretion assay

Ridolfi 59

type of analysis

immune assay

Author

tumor

tumor

serum

PBMC

PBMC

PBMC

tumor

PBMC

tumor

serum

serum

PBMC

skin in vivo

tissue
monitored

yes

yes

yes

no

yes

yes

yes

yes

no

yes

yes

yes

yes

IPD
immunodata

9

9

9

22

9

24

14

7

9

10

21

all patients

number of patients
monitored

8

1

18

4

8

9

0

8

23

1

1

13

1

1

8
6

8

1

18

3
2

1

# non-vit
pts

# vit
pts
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1

0

0

2

0

1

1

1

1

0

2

vit pts

number of patients with
antimelanoma immunity

4

4

3

9

9

9

10

3

5

4

10

non-vit
pts

126
CTL frequency
T cell activation
T cell activation

Tm

cytokine secretion

DTH

PBMC

skin in vivo

PBMC and
SKIL

PBMC and
SKIL

PBMC

T cell proliferation
T cell proliferation

MLTC

CD154, CD137, FACS

tissue
monitored
PBMC

type of analysis
T cell activation/
cytotoxicity

51 Cr release assay

immune assay

no

yes

yes

no

no

yes

IPD
immunodata

29

29

10

all patients

1

1

1

# vit
pts

28

28

9

# non-vit
pts

1

1

0

vit pts

number of patients with
antimelanoma immunity

11

11

8

non-vit
pts

Tm=tetramer; IHC= immunohistochemistry; CTL=cytotoxic T-lymphocyte; DTH=delayed type hypersensitivity; PBMC= peripheral blood mononuclear cell; MLTC=mixed lymphocyte tumor cell
culture

Aarntzen 29

Verdegaal 134

Author

number of patients
monitored
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Purpose: Development of vitiligo-like depigmentation in melanoma patients during
immunotherapy is a favorable prognostic sign and indicates breakage of tolerance against
melanocytic/melanoma antigens. In this study, we investigated a novel immunotherapy
based on inducing skin depigmentation by monobenzone cream combined with imiquimod
cream (MI) in patients with melanoma.
Methods: Patients with stage III and IV melanoma with non-resectable cutaneous melanoma
metastases were treated with daily monobenzone cream and three times a week imiquimod
applied locally to the cutaneous metastases and adjacent skin. After 12 weeks, local tumor
response was assessed and the induction of antimelanoma immunity was evaluated.
Results: 21 patients of 25 enrolled patients were evaluable for clinical assessment at 12 weeks.
MI therapy was well tolerated. Partial regression of cutaneous metastases was observed
in 8 patients and stable disease in 1 patient, thereby reaching the statistical endpoint of
treatment efficacy. Continued treatment in responding patients improved the clinical
responses, including complete responses in three patients. Seven patients developed vitiligolike depigmentation. Melanoma-specific CD8+ T-cell responses were induced in 15 of the
19 patients tested and melanoma specific antibody responses in 7 of 17 patients tested.
Conclusions: These results indicate that targeting melanocytes and melanoma cells directly
by topical skin application of a low-cost and broadly applicable depigmenting agent combined
with imiquimod induces systemic antimelanoma immunity (both CD8+ T-cell and antibody
responses) leading to local regression of cutaneous metastases in 35% of patients.

Introduction
Recent developments show that immunotherapy is a promising approach to treat advanced
melanoma. However, clinical responses are limited by existing tolerance to melanoma
antigens. Although immunotherapeutic strategies emerge and show promising results,
currently they are given patients with inoperable disease only1-4. Patients with stage III
melanoma with extensive cutaneous metastases not eligible for surgery have limited treatment
options. Cutaneous metastases occur in approximately 10% of patients with melanoma and
they imply negative prognostic outcome comparable to lymph node metastases5. It appears
to be difficult to treat all cutaneous lesions in an affected skin area, especially microscopic
lesions. Several local strategies such as carbon dioxide laser ablation, radiotherapy/
hyperthermia, electrochemotherapy, topical immune modifiers and intralesional therapy
with cytokines, diphencyprone and injections with oncolytic viruses (allovectin and T-vec)
have been applied but clinical results vary 6-13. Isolated limb perfusion (ILP) or infusion
(ILI) can be effective but also has significant toxicity 6. Most of these therapies only yield
temporary responses and few show systemic effects. No antimelanoma immune activation
has been measured in these studies.
Patients with melanoma undergoing immunotherapy sometimes develop autoimmunity
against melanocytes resulting in vitiligo-like depigmentation that is associated with
prolonged survival14,15. This type of depigmentation in patients with melanoma indicates
breakage of tolerance against melanoma antigens and strong antimelanocyte/melanoma
immunity. We developed a new immunotherapy, based on the depigmenting agent
monobenzone combined with the topical immunostimulating compound imiquimod (MI
therapy). Monobenzone, or monobenzyl ether of hydroquinone is a potent skin-bleaching
agent that induces vitiligo. Decades ago, it was used to achieve complete depigmentation
in patients with vitiligo universalis16. This skin depigmentation induced by monobenzone
is clinically and histologically indistinguishable from vitiligo16,17. Importantly, in
monobenzone-exposed patients depigmentation also occurred at distant, non-exposited
sites, indicating the occurrence of systemic reactivity against melanocytes. Monobenzone
is therefore not suitable for local skin bleaching purposes. We have previously shown that
monobenzone inhibits melanin synthesis and its interaction with tyrosinase leads to the
formation of the reactive quinone product that is toxic to the melanocyte18. The subsequent
binding of the reactive quinone of monobenzone to melanosomal proteins increases the
immunogenicity of these proteins, leading to melanocyte-specific autoimmunity, which is
also reactive against melanoma18,19. Monobenzone acts synergistically in combination with
the TLR-7 agonist imiquimod (Aldara), to induce effective immunity against established
melanoma, as shown in mice20.
The objectives of this clinical trial were to assess clinical efficacy of the local therapy of
monobenzone combined with imiquimod (MI) on cutaneous metastases in patients with
stage III-IV melanoma and to evaluate the induction of local and systemic tumor-specific
immunity in treated patients.
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Patients and methods
Study design and eligibility criteria. This phase 2a study was approved by the institutional
review board of the Netherlands Cancer Institute-Antoni van Leeuwenhoek Hospital and by
the Central Committee on Research Involving Human Subjects in the Netherlands (CCMO).
All patients provided written informed consent (the Netherlands trial register identifier: NTR
4848, CCMO protocol nr NL33849.031.10.). Eligibility criteria were histologically confirmed
patients with non-ocular melanoma with stage III-IV disease according to the American
Joint Committee on Cancer staging classification with multiple cutaneous metastases not
eligible for surgery or other conventional therapies5, age ≥18 years, performance status 0-1
(WHO) and the subject’s most recent systemic treatment (chemotherapy, immunotherapy)
was at least one month prior to inclusion. Exclusion criteria included primary amelanotic
melanoma, symptomatic brain metastases, concomitant treatment with immunosuppressive
agents and active infections requiring antibiotics.
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Treatment and administration. Patients applied imiquimod cream (2 sachets Aldara (R)
Meda of 250 mg, 5% imiquimod on all cutaneous metastases present on an appointed body
part including 1-2 cm circumferential skin around the lesions ) 3 times a week. Monobenzone
(4-Benzyloxyphenol, hydroquinone monobenzyl ether, PBP, CAS number 103-16-2, Acros
Organics, B-2440 Geel, Belgium) 20% Lanette cream FNA (Formulary Dutch Pharmacists) was
applied daily to the same skin area thereafter (±1.5g). Monobenzone 20% cream was prepared
magisterially for each individual patient upon inclusion in the study by the pharmacy of the
Slotervaart Hospital, Amsterdam, the Netherlands (registration numbers 101018A and 101019C).
Study endpoints and assessments. The primary end point of this study was local clinical
efficacy of treatment with monobenzone and imiquimod (MI) cream on cutaneous
metastases in evaluable patients after 12 weeks. Therefore systemic disease was not evaluated
in this study. In addition, the best overall local clinical response was evaluated regardless
of duration of treatment.
The number of cutaneous melanoma metastases was assessed at baseline, 6, 12, 16 weeks
and from then on every other 4 weeks by physical examination and detailed photography.
Tumor response was assessed as follows: patients with target lesions, i.e. cutaneous
metastases larger than 1 cm diameter at baseline were assessed on the diameter of the
sum of max. 5 target lesions after 12 weeks and compared to baseline with the following
criteria complete response (CR): 100% decrease, partial response (PR): >30% decrease,
stable disease (SD): equal to baseline, progressive disease (PD): >20% increase. Patients
with non-target lesions, i.e. cutaneous metastases smaller than 1 cm diameter at baseline
were evaluated after12 weeks and compared to baseline using the following criteria: CR:
total disappearance of all lesions, PR: decrease in number of lesions, SD: no change in
number of lesions, PD: increase in number of lesions. The final clinical response was based
on the average number of lesions that were counted during physical examination and the
number of lesions that were photographed minus 2 lesions that were deducted from the
total number of lesions at t=0 to correct for the 2 biopsies taken during the study at baseline
and after 6 weeks.
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As this study measured local clinical responses only, routine imaging (CT, PET/CT) was
not included in the protocol. However, all patients were staged by their referring physician
before entering the study. In case distant metastases were suspected after 6 weeks, additional
imaging was performed and, if present and inoperable the patient was referred to a medical
oncologist for systemic therapy. In this case they could not be monitored for local clinical
efficacy further and were considered not evaluable for the study. Evaluable patients were
defined as patients who completed 12 weeks of MI therapy. Patients who experienced an
increase in number or size of MI treated cutaneous lesions after 6 weeks were evaluated as
PD at the primary study endpoint and referred back to their physician. The protocol provided
for continuation of MI therapy in case of a good clinical response.
Patients were monitored for adverse events after the first week and further on a biweekly
basis events using the NCI Common Terminology Criteria for Adverse Events (CTCAE)
version 4.0 including skin toxicity plus analysis of hematology, blood chemistry and S-100B
serum values and treatment compliance.
The secondary objective included the assessment of induction of local and systemic
tumor-specific immunity by MI therapy. A 6-mm biopsy of a cutaneous tumor lesion, a
4-mm biopsy of adjacent, treated skin and peripheral blood (50 ml) were taken at baseline
and every 6 weeks for immunomonitoring purposes.
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Statistical considerations. This study was designed to establish a proof-of-concept of the
MI therapy efficacy. A positive effect in patients is defined as a clinical response (CR, PR,
SD) according to criteria explained earlier in evaluable patients at the primary endpoint. For
the sample size calculation the A’Hern single stage design was applied 21. For MI therapy, a
response of 45% would imply that the treatment justifies further investigation. Setting an α
of 0.05 and a power of 80%, the study should include 21 evaluable patients with 8 being the
minimum number of responses required for a conclusion of treatment efficacy.
Isolation and culture of peripheral blood mononuclear cells (PBMC), tumor-infiltrating
lymphocytes (TIL) and skin-infiltrating lymphocytes (SIL). PBMC were isolated from
peripheral blood by Ficoll gradient centrifugation (Lymphoprep, Fresenius Kabi Norge AS,
Norway), as described previously (20). Tumor-infiltrating lymphocytes (TIL) and skininfiltrating lymphocytes (SIL) were obtained, as described previously22. Briefly, biopsies of
melanoma lesions or adjacent skin were cultured in a humidified atmosphere at 37 °C and
5% CO2 in 24-wells plates with 1 ml Iscove’s modified Dulbecco’s Medium (IMDM) (Gibco,
Life Technologies Europe B.V., Bleiswijk, The Netherlands), supplemented with 10% heatinactivated human serum type AB (Lonza, Basel, Switzerland), 40 U/ml IL-2 (Proleukin,
Novartis Pharma, Arnhem, The Netherlands), 5 ng/ml IL-15 (PeproTech EC, Ltd), 15 μg/ml
gentamycin (Duchefa, The Netherlands), 2 mM L-glutamine, 50 U/ml penicillin and 50 μg/ml
streptomycin (Gibco Life Technologies). In addition, 1.25 μl/ml anti-CD3/CD28 mAbcoated T-cell expander beads (Dynabeads, Life Technologies) were added to promote T-cell
outgrowth and expansion. PBMC’s were cultured similarly during approximately 3 weeks
to obtain cultured peripheral blood lymphocytes (PBL), keeping equal culture conditions
and time periods for PBMC, TIL and SIL of each patient.
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HLA typing. HLA typing of patients was performed on PBL by flow cytometry using
fluorescein isothiocyanate (FITC)-conjugated mouse anti-human HLA-A2-specific mAb
(BD Biosciences, Breda, The Netherlands) and biotinylated HLA-A1/A36-specific antibody
(BIH0331), HLA-A2-specific antibody (BIH0648) or HLA-A3-specific antibody (BIH0269,
all from One Lambda Inc, Canoga Park, CA), followed by allophycocyanin (APC) conjugated
streptavidin (BD Biosciences) to detect biotinylated antibody binding.
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Detection of melanocyte-specific T-cells in peripheral blood lymphocytes and melanoma
tissues. HLA-A1-, HLA-A2- and HLA-A3/peptide tetramers containing peptides of the
melanocyte differentiation antigens tyrosinase, gp100, MART-1 or the control antigen,
influenza virus, were used to detect antigen specificity of T-cells isolated from treated areas
of the tumor (TIL), and adjacent skin (SIL), or peripheral blood (PBMC and cultured PBL), as
previously described 20,23. Briefly, R-phycoerythrin (PE)- or APC-conjugated HLA-A1, HLAA2-and HLA-A3/peptide complex tetramers were synthesized for the antigens HLA-A1:
tyrosinase145-156, tyrosinase243-251; HLA-A2: tyrosinase369-377, gp100280-288, gp100209-217, MART-126(modified position 27 (A>L)) and HLA-A3: gp10017-25, gp10087-95 gp100614-622, tyrosinase25-33,
35
tyrosinase425-434 and MART-142-50 (tetramer synthesis by dr. J.W.Drijfhout and C. Franken,
Leiden University Medical Center, Leiden, The Netherlands). T-cells were incubated with
HLA-A1, -A2, or -A3/peptide tetramers in PBS, 1% Bovine Serum Albumine (BSA), and 0.5%
sodiumazide for 20 minutes at room temperature. Subsequently, cells were counterstained
with FITC-conjugated mouse anti-human CD8 mAb and APC-conjugated mouse antihumans CD3 mAb (both from Biolegend, ITK Diagnostics, Uithoorn, The Netherlands).
Antibody and tetramer binding to T-cells was analyzed by flow cytometry (FACS Canto II,
Beckton Dickinson, USA). Data were analyzed using Flow Jo software (Treestar, Ashland,
OR). In case of low percentages of CD8+ cells in the PBMC (less than 15%), the percentage
of tetramer positive T cells was evaluated based on a minimum number of 2000 CD3+CD8+
T cells. The threshold, above which a population of tetramer-binding T cells was considered
positive, was set at 0.1% of total CD8% T-cells. The induction of an immune response was
defined per tetramer as a positive percentage of tetramer-binding T cells with an increase
of at least 0.1% above the percentage of tetramer-binding CD8+ T-cells at baseline.
Melanoma-specific antibody analysis. Antibodies in serum samples were detected using
radioligand binding assays (RBA), as described previously24. This technique is at least as
sensitive as ELISA and more sensitive than Western blotting25. Briefly, plasmids pcDNA3-TH,
pcDNA3-TYR, pcDNA3-PMEL17, pcDNA3-MCHR1 and pcDNA3-Melan-A (MART-1) were
used according to the manufacturer in an in vitro TnT_ T7-coupled Reticulocyte Lysate System
(Promega, Southampton, UK) with [35S]-methionine to produce radiolabelled full-length
proteins TH, tyrosinase, gp100, MCHR1 and MART-1, respectively24. Radiolabelled antigens
were then used in RBAs24 with patient and healthy control (n = 20) sera at a 1:100 dilution.
An antigen-specific animal antibody was also included in each RBA as a positive control. In
each RBA, an antibody index for each serum and an upper limit of normal using the antibody
indices of twenty healthy control sera were calculated as previously detailed24. Patient sera
with an antibody index above the upper limit were regarded as positive for antibody reactivity.
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Results
Patient characteristics. Twenty-five patients were eligible for treatment on this protocol
of which 21 were evaluable for clinical response assessment after 12 weeks. Clinical and
demographic characteristics are shown in Table 1. The majority of patients had cutaneous
metastases located at an extremity and had been treated previously with surgery only.
Seventeen patients received at least 12 weeks of MI therapy. Four patients stopped after
6 weeks due to local progression and were evaluated as PD at the primary endpoint. Eleven
patients continued MI therapy after 12 weeks. The median duration of therapy was 20 weeks.
Four included patients were omitted from the study and were not evaluable; one decided
to stop treatment for personal reasons. Three patients were diagnosed with metastases at
distant sites during the study.
Toxicity. Adverse events causally related to MI therapy are listed in table 2. MI therapy
was well tolerated. Almost all adverse events (AE’s) were grade 1 or 2 and resolved within
2-3 days, most were skin related (erythema, rash, pruritus, ulceration, crusta, edema, burning
sensation) and few were systemic (transient fatigue, headache, nausea and flu-like symptoms).
One patient developed erysipelas requiring hospitalisation (grade 3) and 2 patients (MI-02
and MI-25) developed a contact hypersensitivity reaction to monobenzone which required
stop of MI treatment after 12 weeks. No serious adverse events were reported and no patient
left the study for safety reasons.
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Clinical responses. Local response of cutaneous metastases and response duration are
listed in Table 1. As all treated lesions were smaller than 1 cm in diameter (non-target
lesions), tumor responses were assessed by changes in the number of lesions, as detailed
in the methods section. The response rate in entire group was 35%, with 8 of 21 patients
achieving PR after 12 weeks of treatment. In addition, one patient had stable disease (SD)
after 12 weeks. This study thereby reached the statistical endpoint of treatment efficacy for
MI therapy. The relative change in number of lesions in evaluable patients at t=12 compared
to baseline (%) are presented in figure 1. Continued MI therapy in responding patients
improved the therapeutic effect, as shown by further decrease in number of lesions during
prolonged treatment. The median response duration in patients receiving prolonged MI
therapy was 8 months. The relative change in number of lesions (%) at the best overall
response over treatment time are presented in Figure 2.
One stage IV patient (patient 4), having stable disease at t=12 weeks, continued MI
therapy for a total duration of 72 weeks and achieved CR of his subcutaneous metastases.
In this patient, a cytologically proven axillary lymph node metastasis detected on PET/CT
scan in September 2011 during the treatment period was no longer visible on the subsequent
PET/CT scans made in July 2012 and thereafter. He later develop lymph node metastases in
the right groin in December 2012. Patient 9 continued MI therapy for 32 weeks and achieved
a CR. Patient 24 (PD) did not show any regression of cutaneous lesions until week 14 of MI
therapy. She continued treatment and achieved a CR at 36 weeks. Patient 16 showed decrease
in number of cutaneous metastases from 16 weeks MI therapy onwards and this partial
regression (PR) continued up to 28 weeks. Patient 8 experienced regression of multiple
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d) Corrected for biopsies taken
e) Response duration in weeks (and best overal response during follow up); + ongoing response
* progressive local disease at t=6
** development of target lesions

42

MI-23

66

MI-19

MI-22

70

MI-18

53

71

MI-17

34

81

MI-16

MI-21

71

MI-15

MI-20

80

75

MI-11

MI-10

MI-14

73

MI-09

leg

60

56

MI-07

Site

Age
Clinical
Patient (years) M/F stage a

Table 1. Patient characteristics at study entry and response to therapy

0.06

0.08

0.08

0.07

0.06

0.05

0.07

0.06

0.08

0.05

0.04

0.05

0.05

0.07

0.14

0.07

0.06

0.07

0.06

0.07

0.04

t=0

0.14

0.09

0.07

0.11

0.05

0.04

0.08

0.1

na

na

0.08

0.06

0.06

0.08

0.11

0.07

0.1

0.06

0.05

0.08

0.05

t=12

serum S-100B

8
-

+

+

+

-

-

-

+

-

-

-

+

-

+

-

-

-

+

-

-

-

94

91

4

63

45

6

69

14

13

8

33

122

11

20

56

165

18

77

7

11

13

93**

70

4

>85

>45

1

161

36

>22

>10

14

278

6

42

65

170

20

70

4

6

10

lesions (n)
vitiligo
t=12 t=0 d t=12

PD

PR

SD

PD*

PD*

PR

PD

PD

PD*

PD*

PR

PD

PR

PD

PD

PD

PD

PR

PR

PR

PR

64

72

16

36+

20

16

28

20

16

32

16

CR

CR

PR

CR

Response
Response
at t=12 Duration (w)e

Table 2. Adverse events of MI treated patients according to Common Toxicity Criteria 4.0
Adverse events by Common Toxicity Criteria

grade I/II

grade III/IV

skin and subcutaneous tissue disorder
maculopapular rash

8

0

pruritus

4

0

skin ulceration

5

0

skin infection

6

1

dry skin

1

0

depigmentation

7

0

14

0

skin other
erythema
crusta

7

0

contact hypersensitivity

2

0

edema

4

0

burning sensation

2

0

general adverse events
myalgia

2

0

fatigue

9

0

flu like symptoms

3

0

headache

7

0

nausea

6

0

malaise

1

0

8

cutaneous metastases in the head, neck and continued therapy up to 64 weeks (Figure 3).
Seven of the treated patients developed vitiligo-like hypopigmentation on areas of skin
that were not treated with MI therapy (Figure 4), indicating a systemic effect of MI therapy.
Immunomonitoring. The induction of T-cell responses at the primary endpoint was
analyzed in the blood of 15 patients who were typed HLA- A1, -A2 and/or -A3 and completed
12 weeks of MI therapy. In 7 of these patients, induction of melanocytes specific CD8+
T-cell responses against one or more melanoma antigens (MART, gp100, tyrosinase) was
found in the peripheral blood (PBMC) after 12 weeks of treatment as compared to baseline
(Figure 5 and Table 3). Two patients were not evaluable due to low CD8+ T-cells levels, and
in 6 patients no induction of T-cell responses was found against these antigens (Table 3).
When testing cultured peripheral blood lymphocytes (PBL), 10 of 15 patients showed the
induction of melanoma specific CD8+ T-cell responses at after 12 weeks. We also analyzed
T-cells cultured from tumor or adjacent skin (TIL or SIL) of four patients for the presence
of antimelanoma CD8+ T-cell responses in treated tumor and skin tissue after 12 weeks. In
patient MI-10 CD8+ T-cell responses against 3 antigens were found at 12 weeks (data not

Monobenzone-imiquimod therapy for cutaneous melanoma metastases

145

% change from baseline
200

150
12 weeks
MI therapy

100

50

6 weeks
MI therapy

0

-50

-100
Patient ID
*

8

Figure 1. Relative change (%)* in number of cutaneous metastases at the primary endpoint after
12 weeks compared to baseline. Calculated by the formula: (L12-L0)/L0 * 100%, in which L0 is the
number of lesions at baseline (t=0) and L12 the number of lesions at t=12. Red bars represent patients
who stopped after 6 weeks due to progression. *patient MI-13 developed target lesions (PD)

% change from baseline
200

150

100

best overall
response
6 weeks
MI therapy

50

0

-50

-100

Patient ID

Figure 2. Relative change (%) in number of cutaneous metastases at the best overall clinical response
compared to baseline. Calculated by the formula: (Lx-L0)/L0 * 100%, in which L0 is the number of
lesions at baseline (t=0) and Lx the number of lesions at the best clinical overal response (least number
of lesions over time), excluding t=6 weeks. Red bars represent patients who stopped after 6 weeks due
to progression; * patient MI-13 developed target lesions (PD)
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Figure 3. Regression of multiple cutaneous metastases in the head and neck of patient MI-08 during
MI therapy. Photographs are taken before therapy (t=0) and at 6,12 and 24 weeks of study

Figure 4. Hypopigmentation on non-treated area following MI therapy to cutaneous metastases on
upper body in patient MI-04
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Figure 5. Number of antigen specificities of induced CD8+ T-cell responses in MI-treated patients.
T-cell responses against one or more melanoma antigens (MART-1, gp100, tyrosinase) were analyzed
in the peripheral blood (A, PBMC) or cultured peripheral blood lymphocytes (B, PBL) after 12 weeks
of treatment (t=12) or at best overall response (BOR). Graphs show the number of patients with T-cell
responses against 1 or more antigen specificities (up to 7).

shown). When analyzing the induction of specific T-cell immunity as best overall response
including t=6 weeks data of all patients and later time points of patients that continued
treatment >12 weeks, 10 of 19 tested patients developed melanoma specific T-cell immunity
against one or more melanoma antigens in peripheral blood (Figure 5 and Table 3). Fifteen
of 19 patients tested showed a melanoma-specific T cell response in blood-derived cultured
PBL. In 5 of 7 patients tested, a CD8+ T-cell response was found against 1 or more antigens
in TIL or SIL (data not shown). The induction of melanoma-specific CD8+ T-cell responses
in the peripheral blood (PBMC, PBL) and in treated tumor or adjacent skin tissue (TIL
and SIL) of patient 11 (PR) is presented in figure 6. The range of CD8+ T-cells found
varied between 0.01% and 1.66 % after 12 weeks, of which the percentages above 0.1% were
considered positive.
In 7 of 17 patients who completed at least 12 weeks of MI therapy, induction of melanocytedifferentiation antigen-specific antibody responses against MART-1, gp100 and tyrosinase
was observed, as compared to baseline (Figure 7). One patient (MI-18) showed MART-
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Table 3. Number of melanoma antigen specificities of induced systemic CD8+ T cell responses
per patient at 12 weeks and best overall response, compared to baseline
Number of induced T cell responses^
T=12 weeks
Patient*

MI-04

Best overall response

HLA type

Tm tested#

PBMC

PBL

PBMC

PBL

A2

4

3

1

3

1

MI-08

A2

4

0

0

2

3

MI-09

A1

2

0

2

0

2

MI-10

A2

4

0

2

0

3

MI-11

A1, A2

6

5

2

6

2

MI-13

A1

2

0

0

0

0

MI-14

A2, A3

10

ne

4

ne

4

MI-16

A1

2

0

1

0

2

MI-17

A2

4

1

0

2

0

MI-18

A1

2

0

0

0

1

MI-19

A1

2

2

2

2

2

MI-20

A1

2

0

1

0

2

MI-23

A3

6

2

3

4

6

MI-24

A2

4

ne

0

ne

0

MI-25

A2, A3

10

1~

3

1~

7

MI-02

A1

2

na

na

0

2

MI-03

A1

2

na

na

0

2

MI-21

A1, A2

6

na

na

1

0

MI-22

A2

4

na

na

1

1

8

^ as measured by the number of tetramers (Tm) showing an increase in % tetramer-reactive T cells, as compared
to baseline
* Patients MI-07 and MI-15 were not HLA-A1, A2 or A3
#, number of tetramers tested
~, based on 4 evaluable tetramers
PBMC, peripheral blood mononuclear cells; PBL, cultured peripheral blood lymphocytes
ne, increase in tetramer reactivity not evaluable due to low percentage of CD8+ T cells at t=12
na, tissue not available at t=12 (6 weeks treated)

specific antibodies at baseline with increasing levels during MI therapy. In the majority,
a time-related increase of melanoma-specific Ab levels was observed. In 4 patients, MI-8,
MI-16, MI-18 and MI-20, both specific CD8+ T-cells and antibodies were induced.
Taken together, these results show that MI therapy effectively induced melanoma-specific
antibody and T-cell responses in the majority of treated patients, which coincided with a
clinical effect in patients responding to MI therapy after 12 weeks (Table 4).
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Figure 6. Induction of antimelanoma specific CD8+ T-cell responses in MI-11 (responder). T-cells
from peripheral blood (PBMC, PBL), skin (SIL) and tumor (TIL) of HLA-A1, A2+ patient 11 were
tested for melanocyte antigen specificity (MART-1, gp100, tyrosinase) at t=0, 6 and 12 weeks. The
numbers represent the percentages of melanocyte antigen tetramer-positive CD8+ T-cells population

Discussion
In the present study, we demonstrate that the synergy of vitiligo-inducing properties of
monobenzone cream combined with the immunostimulatory adjuvant imiquimod cream
can be applied as a novel immunotherapy that induces melanoma antigen-specific immunity
and local tumor eradication in patients with inoperable stage III and IV melanoma with
cutaneous metastases. Promising anti-tumor activity was observed by the decrease in number
of treated lesions. Nine (43%) of the 21 patients had either PR (8 patients) or SD (1 patient).
Continued treatment after 12 weeks strengthened these responses. This encouraging activity
thereby meets the criteria of the study design to declare MI therapy effective and worthy of
further investigation.
The induction of effective anti-tumor immunity requires time. The results of the
best overall response show that more time is needed than the 12 weeks of the primary
endpoint to induce optimal immune responses and to achieve a full clinical response. This
is clearly illustrated by patients who had a PR at 12 weeks and achieved a CR with prolonged
treatment, and by 2 patients who had PD at 12 weeks, but experienced PR at 14 and 16 weeks.
Delayed clinical benefit is known to occur in various immunotherapy regimens including
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Table 4. Overview of the induction of melanoma-specific antibody and T-cell responses in MI
treated patients, in relation to the clinical response at t=12 weeks
Induction
of Ab
response
Best
after 12
overal
Clinical
weeks
Patient Response* response

Antigen
Induction of
Antigen
specificity T-cell response specificity
T cell
antibody in blood after
response
12 weeks
response

Induction
of T-cell
response
in blood
(BOR)

Antigen
specificity
T cell
response

MI-7

PR

PR

+

tyr

na

na

MI-8

PR

PR

+

MART-1,
gp100, tyr

-

+

MART-1,
gp100

MI-18

PR

PR

+

MART-1,
gp100, tyr

-

+

tyr

MI-20

PR

PR

+

MART-1,
gp100, tyr

+

+

tyr

tyr

MI-9

PR

CR

-

+

tyr

+

tyr

MI-10

PR

PR

-

+

MART-1,
tyr

+

MART-1,
gp100, tyr

MI-11

PR

PR

-

+

MART-1,
gp100, tyr

+

MART-1,
gp100, tyr

MI-25

PR

PR

-

+

gp100, tyr

+

gp100, tyr

MI-4

SD

CR

-

+

MART-1,
gp100, tyr

+

MART-1,
gp100, tyr

MI-15

PD

PD

+

gp100

MI-24

PD

CR

+

gp100, tyr

-

MI-16

PD

PR

+

MART-1,
gp100, tyr

+

tyr

+

tyr

MI-14

PD

PD

-

+

MART-1,
gp100, tyr

+

MART-1,
gp100, tyr

MI-17

PD

PD

-

+

tyr

+

MART-1,
tyr

MI-19

PD

PD

-

+

tyr

+

tyr

MI-23

PD

PD

-

+

gp100

+

MART-1,
gp100, tyr

MI-13

PD

PD

-

-

na

8

na
-

-

* clinical response at the primary endpoint (t=12 weeks); BOR, best overal response; Ab, antibody; tyr,
tyrosinase; na, not available

ipilimumab. This lead to the development of immune related response criteria that take into
account an initial increase in disease extent and allow for a longer interval before a response
is established 2,11,26,27. We observed that patients with rapid disease progression at distant sites
did not benefit from local MI therapy. Combining MI therapy with stronger adjuvants may
increase clinical effects in patients with large tumor load or distant metastases. Based on
our preclinical data, we know that combining MI therapy with CpG oligodeoxynucleotides
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Figure 7. Induction of melanoma specific antibody response in treated patients. Sera of treated patients were analyzed at several time points (in weeks) during
MI therapy for melanocyte-specific antibody response (MART-1, gp100, tyrosinase). Antibody indices of indicated markers are shown.

8

further enhances the synergy to achieve systemic clinical effect 20. Moreover, as the clinical
response of ipilimumab or other immune checkpoint blocking antibodies seems to depend
on the presence of preexisting T-cell responses, combination with MI therapy may enhance
the active induction of antimelanoma immunity that is amplified by immune checkpoint
blockade. MI therapy could augment the response rate in patients with low T-cell responses
before treatment with checkpoint blocking antibodies. Also, the targeting of the immune
response against melanoma by MI therapy in such combination therapies may lower the
autoimmune toxicity of immune checkpoint blockade to other unrelated tissues. Vaccines
that aim at inducing T-cell responses against cancer mostly contain tumor-associated
antigens, or differentiation antigens that are expressed in many patients. While vaccines
often incorporate one specific antigen presented in a predefined HLA molecule, MI therapy
targets the whole range of antigens present in melanocytes and melanoma cells without the
need of selecting patients based on HLA type. By its specific interaction with tyrosinase,
either by quinone-modification increasing their immunogenicity, or by epitope spreading
of the T-cell response, monobenzone can induce immunity against a range of melanocyte/
melanoma antigens that is presented in patient-specific HLA types18,20. Therefore, MI therapy
could also be a promising therapy to treat patients with high-risk stage II melanoma in
an adjuvant setting by targeting melanocytes in healthy skin to induce antimelanocyte/
melanoma immunity that prevents metastasis. Currently, no adjuvant treatment is available
for patients with high risk stage II melanoma. A large prospective trial will be required to
assess such preventive effect.
From this study, we conclude that MI therapy primes both cellular and humoral
antimelanoma immunity, acting locally and distant from the application site. Responding
patients showed different types of immunity. T-cell responses or antibody responses
against a whole range of melanocyte/melanoma antigens were observed in the majority
of patients, although the number of responding patients in our study is not sufficient to
deduct correlations at the individual level between clinical response and immune activation.
Moreover these correlations would be obscured by the observation of effective induction
of immunity in clinically non-responding patients, in whom the balance between tumor
load/progression and anti-tumor immune efficacy apparently was shifted towards tumor
progression, despite the induction of anti-tumor immunity.
Interestingly, not much is known about melanoma-specific antibodies and their relation
to clinical outcome from literature. Some studies have described the presence of antibodies to
melanocyte or melanoma antigens in patients with melanoma 28-30. One study described that
patients with metastatic melanoma had a higher titer of antityrosinase antibodies compared
with healthy subjects29. However, the majority of immunomonitoring in immunotherapy
studies focus on T-cell responses, in particular specific CD8+ T-cell responses using tetramer
technology or activation assays. These studies do not assess the induction of melanomaspecific antibodies. We recently demonstrated that melanoma patients with vitiligo-like
depigmentation have antibodies against gp-100, tyrosinase and MART-1 in their serum
while MART-1 antibodies were undetectable in patients with vitiligo31, indicating their
potential role in the melanoma-associated depigmentation. Moreover, our systematic review
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of this phenomenon in a large panel of melanoma immunotherapy trials, has shown the
clinical benefit, including prolonged progression-free and overall survival, of patients with
melanoma who develop melanoma-associated depigmentation after immunotherapy15.
These findings and the observation that MI therapy treated patients also developed MART-1
antibody responses further confirm the mechanism of action of MI therapy to induce
melanoma-associated depigmentation and clinical benefit to patients with melanoma.
The effect of monobenzone is amplified by the addition of imiquimod, a topical immune
response modifier and TLR7 ligand which stimulates the production of cytokines, namely
interferon-α, IL-1, IL-6, IL-8 and TNFα and is known for its anti-viral and anti-tumor
activity32,33. Imiquimod has been used as immunotherapy combined with IL-2 in melanoma
patients with cutaneous metastases and as adjuvant in melanoma patients with metastatic
disease34,35. In another study, treatment of primary melanomas with imiquimod cream for
2 weeks before sentinel node biopsy resulted in an increase in both CD4+ and CD8+ T-cells
in treated skin and an increase in CD4+ T-cells cells in the sentinel node compared to
patients treated with placebo cream36. However, no increases in CD8+ T-cells specifically
recognizing HLA-A 0201-restricted melanoma epitopes in the peripheral blood could be
detected, indicating the limited melanoma-specific systemic effect of imiquimod alone.
Taken together, MI therapy is a low-cost, simple therapy for cutaneous melanoma
metastases which effectively induces systemic antimelanoma immunity (both CD8+T-cell
and antibody responses) leading to regression of cutaneous metastases in 35% of treated
patients. MI therapy is well tolerated and safely administered in an outpatient setting and
applicable in broad range of patients, as it requires no selection of HLA haplotypes, which
makes it ideal for combination with other agents. Prolonged treatment and the combination
with other adjuvants as CpG or immune blockade inhibitors may enhance these effects to
achieve abscopal anti-tumor efficacy.
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General Discussion

Non-segmental vitiligo is a common skin disease characterized by loss of melanocytes from
the epidermis resulting in white skin patches. It is assumed to be an autoimmune disease
with a major role for CD8+ T-cells that recognize melanocyte-differentiation-antigens in
melanocytes leading to their destruction1-4. Also, antimelanocyte antibodies are frequently
found in the sera of patients with vitiligo5. At the other side of the spectrum is melanoma,
which results from uncontrolled growth of mutated melanocytes. Melanoma is an aggressive
type of cancer that metastasizes easily leading to high mortality. Melanoma incidence
has tripled over the last 25 years, faster than any other cancer, and continues to increase.
Melanoma cells are genetically unstable, resulting in tumor cell variants that are resistant
to host immunity and to targeted therapies such as BRAF (a proto-oncogene) inhibitors. It
is an immunogenic tumor as illustrated by the spontaneous regression of the primary lesion
in about 9% of patients with metastatic disease, which is more frequently observed than in
any other type of cancer6. Recent developments in cancer immunotherapy show promising
results. Immune checkpoint blockade by ipilimumab (Yervoy®) against CTLA-4 or anti-PD-1
antibodies can induce objective response rates in patients with advanced melanoma in
30%-38%% of patients7-10. However, the median duration of response of 7-17 months could
be improved. The future challenge is to develop immunotherapeutic strategies that increase
durable clinical responses in patients with melanoma.

9

Vitiligo and Melanoma-associated leukoderma (MAL)
The disease course of non-segmental vitiligo is relatively unknown and risk factors for
extensive disease are not well studied. The result of our questionnaire study (Chapter 2)
show that female patients at the median age of 60 had developed significantly more extensive
depigmentation compared to male patients of the same age, which may reflect a higher level of
disease activity in females throughout life. We found 29% of comorbid autoimmune disease
in this older-aged vitiligo population. Female patients with vitiligo developed more comorbid
thyroid disease compared to both male patients and female controls of the same age. The more
extensive disease in female patients at older age and the higher frequency of autoimmune
disease in female patients are. The more extensive disease in female patients at older age
and the higher frequency of autoimmune disease in female patients are possibly related. The
genetic predisposition for developing autoimmune diseases including vitiligo and a strong
female predominance may be influenced by oestrogens and needs to be further elucidated11-13.
The genetic predisposition for developing autoimmune diseases including vitiligo and a strong
female predominance may be influenced by oestrogens and needs to be further elucidated11-13.
Current British recommendations state to screen all patients with vitiligo for autoimmune
thyroid disease14. In the Netherlands, no official guidelines exist on thyroid screening in
patients with vitiligo. However, based on our results and another prospective study from
our institute15,16, not all patients with vitiligo, but especially adult female patients should be
regularly screened for thyroid disease development during their lives.
In clinical practice, patients with vitiligo are often advised to protect themselves against
sun exposure/UV damage, as decreased skin pigmentation is a well-known factor for
increased photodamage and skin cancer risk. However, in our retrospective comparative
cohort survey (Chapter 3) we observed a 3-fold lower risk for melanoma and non-melanoma
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skin cancer (NMSC) during lifetime in 1307 patients with vitiligo compared to 788 healthy
controls with a median age of 60 years. At first glance, the results of our study may appear
counterintuitive. However, the CD8+ T-cells recognizing melanocytes-differentiation
antigens in vitiligo may be responsible for the lower melanoma prevalence in patients with
vitiligo17. The results of this study are also consistent with recently published genetic studies
showing the likelihood of mutually exclusiveness of vitiligo and melanoma, since the major
alleles of SNPs in the TYR region are associated with vitiligo and the minor alleles with
melanoma11,18. In addition, a recent large independent study replicated our findings and
also found a 3-fold lower risk for melanoma in 10,040 patients with vitiligo compared to
26,0000 controls with a non-dermatological condition while correcting for confounders19.
In Chapter 3 we also found that patients with vitiligo have a 3-fold decreased risk of
developing NMSC during lifetime corrected for 8 independent NMSC risk factors. It could
be hypothesized that patients with vitiligo tend to avoid the sun and therefore experience
less skin cancer. Surprisingly, adjusting for cumulative sun exposure and sun protective
measures did, however, not change the protective effect of vitiligo, which suggests possible
intrinsic factors. For example, the lower risk of NMSC in patients with vitiligo may relate
to the observed decreased photodamage and increased levels of wild-type p53 expression
in keratinocytes in the skin of patients with vitiligo20,21. This tumor-suppressor may protect
against actinic damage and the development of keratinocyte cancer while UV induced
p53 mutations are associated with NMSC22. Possibly, in genetically susceptible patients
for autoimmunity such as vitiligo, the innate immune system is more activated to detect
and destroy slightly mutated cells in various tissues. Although the pathways are not yet
elucidated, it is likely that genetic variation in immune and inflammatory modulators such
as MicroRNA146A (MIR146A) and the cancer susceptibility gene RNASEL, are associated
with susceptibility to develop NMSC23. In a population based case-control study comprising
BCC and SCC patients, an association was found between these modulators of inflammation
and immunity and risk of NMSC23. Regulatory T-cells are a subset of CD4+ lymphocytes that
are important in maintaining tolerance by suppression of self-reactive T-cells. In vitiligo,
less regulatory T-cells are present and their function may be impaired 24,25. Possibly, the
fewer regulatory T-cells enable cytotoxic CD8+ T-cells to be more effective against UVdamaged keratinocytes. However, not much is known about the antigenicity of keratinocyte
cancer and more research is needed on possible cellular and/or humoral immune responses
to these cells. The importance of immunosurveillance in preventing the development of
keratinocytic cancers is also illustrated by the finding that immunosuppressed individuals,
such as organ transplant recipients, experience 65- to 250-fold increased incidence rates of
squamous cell carcinoma (SCC) and 10- to 16-fold increased incidence rates of basal cell
carcinoma (BCC) compared to immunocompetent individuals23.
Another finding of our study was that phototherapy did not increase the risk of melanoma
or NMSC development in our vitiligo cohort (Chapter 3) while the photo-aging effect of
PUVA and/or NB-UVB is generally thought to increase skin cancer risk in humans22 .
Subgroup analyses showed no trends regarding dose-related age-adjusted skin cancer
prevalence rates. This finding is in line with other studies who found the same observation

in patients with vitiligo26-28. It differs from patients with another common skin disease,
psoriasis, where long-term PUVA (>300-400 treatments) is associated with a dose-related
increase in SCC and melanoma development and a high level of UVB exposure (following
PUVA) with a modest increase in BCC and SCC risk 29-31.However, in psoriasis much higher
UV doses and more treatment sessions of phototherapy are given compared to vitiligo which
may contribute to these findings.
In the management of patients with vitiligo narrow band UVB with peak emissions
at 311 nm is the preferred treatment in case of extensive disease32 . Although studies,
including ours, so far did not show any increased risk of NMSC or melanoma in patients
with vitiligo, but even lower risks, there is still hesitation to prescribe phototherapy to
patients with vitiligo19,33. Current vitiligo guidelines advise a maximum of 200 treatments
(2-3 times a week) in Caucasian patients which deserves reconsideration based on our and
others findings14.
Autoimmunity and Melanoma-associated leukoderma (MAL)
The relation between tumor immunity and auto-immunity is complex. On the one hand
immunotherapy should be powerful enough to break tolerance and induce immunity that
effectively eradicates the tumor, but on the other hand the amount of auto-immunity should
be tolerable. The occurrence of immune related side effects such as colitis, hypophysitis,
hepatitis, nefritis, uveitis following melanoma immunotherapy (IL-2, IFN, a-CTLA-4
antibody) is associated with better clinical outcome, but appears also harmful to patients34-40.
Therefore, the autoimmunity induced should preferably be restricted to the specific tumor
tissue that is targeted to avoid toxicities to other organs. Strong antimelanoma immunity
can induce skin depigmentation by secondary targeting of healthy melanocytes, which
share the expression of melanocyte-differentiation-antigens with melanoma cells. This
phenomenon is commonly referred to as melanoma-associated leukoderma (MAL), and also
known as vitiligo-like depigmentation, melanoma-associated hypopigmentation (MAH),
melanoma-associated depigmentation (MAD) or melanoma-associated vitiligo (MAV)41-45.
MAL has been associated with improved survival in individual studies44,46-48. Indeed, our
systematic review (Chapter 7) including a broad range of immunotherapy studies performed
in patients with stage III-IV melanoma showed a positive association between vitiligolike depigmentation and both progression-free survival and overall survival. Responsepredictive clinical signs or biomarkers in immunotherapy are scarce, but based on our
study, the development of MAL might be used as prognostic factor to evaluate outcome in
patients with melanoma receiving immunotherapy. More awareness of MAL induction in
patients with melanoma by oncologists may contribute to better recognition of patients with
effective antimelanoma immunity. Moreover, awareness of MAL in patients with melanoma
may influence treatment options (theoretically these patients would have higher chances
to response to immune checkpoint blockade) and their prognosis. We recommend future
prospective melanoma immunotherapy studies to include complete skin examinations by
a dermatologist using a Wood’s lamp to screen for skin depigmentation at baseline and
follow-up time-points. Also, it may be useful to include the development MAL in databases
such as the Dutch Melanoma Treatment Registry (DTMR) for this purpose.
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Discriminating MAL from patients with vitiligo is important as MAL patients with
undetected primary melanoma or unknown metastases are at risk for treatment delay with
serious consequences for prognosis. In Chapter 4, we describe 7 patients with MAL from
our vitiligo population that appeared to have primary or metastasized melanoma while
they were referred to our institute for vitiligo treatment. Apparently, they all developed
very strong antimelanoma immunity that resulted in their typical skin depigmentation
resembling vitiligo. Our study suggests that special attention is needed for older patients
presenting with very progressive atypical vitiligo-like depigmentation refractory to standard
treatment. Thorough physical investigation and explicitly asking for a history of (removed)
naevi probably is the most feasible work-up. More studies are needed to better characterize
possible clinical differences between MAL and vitiligo.
Interestingly, the immune responses in patients with MAL differ from those found in
patients with vitiligo (Chapter 5). Melanocyte antigen-specific T-cells were found in all
patients, with relatively more specific T-cells in patients with active vitiligo. Auto-antibodies
to gp100 and tyrosinase were commonly found in both diseases but MART-1 antibodies were
only present in patients with MAL. So far, no data has been published of the induction of
antibody responses to MART-1 in patients with melanoma receiving immunotherapy (for
example following MART-1 peptide vaccination). The mechanisms of breaking tolerance
to MART-1 in patients with MAL, which lead to antibody responses, deserve further
investigation. In addition, it would be interesting to investigate why antibodies to MART-1
are not present in patients with vitiligo.
MAL can occur spontaneously, upon immunotherapy, but also upon radiotherapy
as illustrated in our case report in Chapter 6. Interestingly, a clear clinical benefit of
adjuvant radiotherapy given pre-or postnodal dissection in patients with locally advanced
melanoma was shown49,50. In these studies, the antimelanoma immune responses defined by
immunological parameters have, unfortunately, not been determined. While melanoma is
traditionally regarded as a radio-resistent tumor, our case report illustrated that radiotherapy
may act as local immunotherapy in patients with melanoma by destructing melanocytes
leading to the induction, or enhancement of antimelanoma immunity. In our patient,
T-cells were detected infiltrating in the surgically removed brain metastasis tissue, possibly
contributing to his still ongoing full remission of 6 years.
Inducing vitiligo to treat melanoma
Despite improved immunotherapeutic approaches to melanoma, response rates vary and
many patients show relapse. Non-responsiveness of T cells toward tumors is frequently
found in cancer patients51. To date, most therapies are designed to activate T cell responses
against the tumor. A major challenge for successful induction of an immune response is to
effectively break tolerance to self antigens like the melanocyte differentiation antigens gp100,
tyrosinase and MART-1. Successful eradication of tumor cells by cytotoxic T-lymphocytes
depends on the number of antigen-specific CD8+ tumor-infiltrating lymphocytes (TIL)
within the tumor and their ability to recognize the tumor cells. Tumor cells can avoid
cytotoxic T-cell–mediated attack by inhibiting their activation which requires recognition
of specific antigenic peptides bound to HLA class-I molecules. Various immune escape
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mechanisms exist in melanoma leading to loss of the melanocyte antigen and/or HLA
molecule expression preventing immune recognition and making them resistant to T-cell–
mediated lysis52-55. Anergy can occur by immunosuppressive FoxP3 regulatory T-cells, and
the tumor microenvironment cannot provide sufficient DC (dendritic cell)-stimulating
factors during T-cell priming, which may lead to ineffective anti-tumor T-cell activation.
Additional regulatory pathways that hinder T-cell function include direct inhibition by
inhibitory ligands such as programmed death ligand-1 (PD-L1)/PD-1 pathway55. Still, it
remains elusive why some patients with melanoma experience clinical benefit after (immuno)
therapy, whereas others do not. Chapter 8 describes a phase 2a clinical trial that shows that
targeting melanocytes and melanoma cells directly by topical skin application of the low-cost
and broadly applicable depigmenting agent monobenzone combined with imiquimod
induces systemic antimelanoma immunity (both CD8+T-cell and antibody responses)
leading to local regression of cutaneous metastases in 35% of patients. Monobenzoneimiquimod (MI) therapy is well tolerated and safely administered in an outpatient setting
and applicable in a broad range of patients, as it requires no selection of HLA haplotypes,
which makes it ideal for combination with other agents.
Future directions
We and others found that vitiligo skin seems to be relatively resistant against UV related
skin cancers. More research is needed to further elucidate the interaction between UV and
depigmented skin in individuals with vitiligo. This knowledge could contribute to better
understanding of skin cancer development and its prevention. Immunologic responses
appear to be important, as is already known for melanoma, but also for non-melanoma
skin cancer as can be observed in immunosuppressed patients. But other mechanisms, such
as increased concentrations of reactive oxygen species within melanocytes in vitiligo skin,
could also lead to early apoptosis of sun-damaged keratinocytes preventing skin cancer
development56,57.
Although immunotherapy is already successful as therapy for metastatic melanoma,
more knowledge is needed to optimize clinical efficacy and achieve durable results while
reducing the severity of side effects. The immune system consists of multiple arms, both
innate and adaptive (T-cells, antibodies) immunity, that can synergize in the defense against
melanoma. Immune checkpoint blockade by ipilimumab against CTLA-4 or anti-PD1
antibodies can induce long-lasting responses in patients with advanced melanoma. These
antibodies prolong the activation period of existing T-cell responses to attack the tumor, but
do not specifically target melanoma. The clinical response to immune checkpoint blockade
seems to depend on the presence of prior T-cell responses or T-cell infiltration in the tumor
tissue that can be reactivated. The antigen-specificity of T-cell responses that are clinically
effective to attack the tumor is not fully known58. To be active in patients without prior
melanoma specific T-cell responses or tumor-infiltration, immune checkpoint blockade
should be combined with vaccination strategies or MI therapy. Melanoma is a cancer with
a high number of mutations, especially those originating in the UV-exposed skin carry
mutation-derived cancer-rejection antigens, providing potential antigens that are unique to
the patient’s tumor59-61. Mutated antigens form a class of foreign antigens to which tolerance
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is low or absent. T-cell responses against these mutated antigens have been found in patients
responding to immunotherapy61. Developing strategies to activate specific immunity against
these antigens in addition to melanoma-associated antigens, will increases the capacity of
T cell responses to attack the tumor. Immunizing patients with these antigens however
requires characterization and preparation of a specific cancer vaccine for each patient, which
is a time-consuming, laborious and costly approach for clinical application. With regard
to monobenzone, not all patients responding to MI therapy developed depigmentation,
suggesting that induced immune responses also target melanoma antigens that are not
expressed by melanocytes, and may therefore include reactivity against mutated neoantigens.
Investigating the antigen-specificity of these responses would be highly interesting as
monobenzone does not need a patient-specific vaccine preparation.
For the future of MI therapy, prolonged treatment in combination with other adjuvants
such as CpG or immune blockade inhibitors may enhance the observed effects on cutaneous
metastases to be effective against distant metastases. Based on the preclinical data of
combined MI with CpG62, and clinical data of MI therapy (Chapter 8), clinical evaluation
of MI therapy in combination with CpG (MIC therapy) would be an attractive approach
to achieve systemic therapeutic effects. This should be further evaluated in a clinical trial.
The MI(C) regimen is not as expensive as are checkpoint inhibitors and would be an
interesting approach to treat large groups of patients with resected stage III disease in an
adjuvant setting in case of proven effectiveness63. Also, MI therapy could a be a promising
therapy to treat patients with high-risk stage II melanoma in an early stage by targeting
melanocytes in healthy skin to induce antimelanocyte/melanoma immunity, and may
decrease the risk of disease progression. Currently, no adjuvant treatment is available for
patients with high risk stage II melanoma. Induction of immunity by MI or MIC therapy
requires time, which is feasible in these early stage patients. A large prospective adjuvant
trial will be required to assess the preventive effect of MI or MIC therapy in high risk
stage 2 melanoma.
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Summary and conclusions

The work described in this thesis aimed at investigating two skin diseases, melanoma
and vitiligo, with respect to their clinical and immunological characteristics. As the
clinical phenotypes are each other’s opposites, the immunological mechanism causing
depigmentation in vitiligo is important to understand melanoma and its options for
treatment. Melanoma is an immunogenic tumor derived from the melanocyte or pigment
cell and patients with melanoma can benefit from immunotherapy. This thesis presents data
suggesting that having vitiligo protects against developing melanoma and other UV related
skin cancers, while on the other hand developing or inducing vitiligo-like depigmentations
in the course of melanoma apparently favors a better outcome. This thesis subsequently
aimed at improving melanoma treatment using the acquired knowledge to induce vitiligo
as new type of local immunotherapy in patients with melanoma.
Chapter 2 - Vitiligo disease duration and female sex determine comorbidity and
disease extent: a retrospective analysis in 1307 patients older than 50 years
Non-segmental vitiligo is a common skin disease, affecting approximately 0.5% of the
general population. The disease is characterized by loss of melanocytes from the epidermis
resulting in white skin patches. Non-segmental vitiligo is commonly regarded as a chronic
disease, but the long-term disease course is relatively unstudied. Limited data is available
on predictors of extensive disease and life-time prevalence of associated comorbidities in
patients with vitiligo. In Chapter 2 a postal survey was conducted amongst 1307 older
patients (>50 years) with non-segmental vitiligo from the Netherlands Institute for Pigment
Disorders (SNIP) to assess clinical characteristics contributing to disease severity and the
life-time prevalence of autoimmune comorbidities. The latter was compared to the life-time
prevalence of autoimmune diseases in 788 non-vitiligo controls (>50 years). Univariate and
multivariate regression models were used to quantify the relation between time of vitiligo
onset, sex, other variables and the risk on extensive vitiligo and thyroid disease, calculating
OR’s with 95% CIs. We found that patients with vitiligo suffer from increasing leukoderma
throughout life. Extensive vitiligo (affected body area >10%) was more often found in
female than in male patients (OR=1.66; 95%CI 1.31-2.08) and was strongly influenced by
the duration of the disease history but not specifically related to age at time of vitiligo
onset. We hypothesize that vitiligo leads to progressive lesions throughout life caused by
the cumulative effect of episodes of disease activity. Twenty-nine percent of 1307 patients
with vitiligo reported a history of any comorbid autoimmune disease (thyroid, alopecia
areata, diabetes mellitus type I, systemic lupus erythematosus, rheumatoid arthritis).
Female patients with vitiligo appeared to be more prone to develop autoimmune thyroid
disease as compared to non-vitiligo female controls (p<0.0001) and male patients with
vitiligo (OR=5.06;95%CI 3.38-7.58). We therefore recommend that not all adult patients
with vitiligo, but especially adult female patients, should be regularly screened for thyroid
disease development during their lives.
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Chapter 3 - Decreased risk of melanoma and non-melanoma skin cancer in patients
with vitiligo: a survey among 1307 patients and their partners
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Vitiligo is characterized by autoimmune melanocyte destruction. Recent genetic studies
suggest a lower susceptibility to melanoma development in patients with vitiligo; however
lifetime melanoma prevalence in patients with vitiligo has not been well investigated. Nonmelanoma skin cancer (NMSC) prevalence in patients with vitiligo has been studied only
in small studies and with contradictory results. In Chapter 3, a retrospective comparative
cohort survey is described that assesses the lifetime prevalences of melanoma and NMSC in
patients having vitiligo as compared to non-vitiligo controls. Patients with non-segmental
vitiligo, aged 50 years or older at time of study, were invited to participate in a postal survey.
Questions regarded demographics, vitiligo characteristics, phototherapy history (NB-UVB/
PUVA), skin cancer risk factors and the number of skin cancers experienced during lifetime.
Patients were asked to have their non-vitiligo partner fill in a control questionnaire. All
skin cancers were validated by a pathology report. Multivariate logistic regression models
were used to quantify adjusted odds ratios and 95% confidence intervals for associations
between vitiligo and melanoma and NMSC lifetime prevalence. We found that adjusted
for confounders, patients with vitiligo had a 3-fold lower odds of developing melanoma
(adjusted OR = 0.32, 95% CI =0.12-0.88) and NMSC (adjusted OR =of 0.28, 95% CI =0.160.50). Subgroup analyses of phototherapy treated patients did not show dose-related trends of
increased age-adjusted lifetime prevalence of melanoma or NMSC. Our findings suggest that
patients with vitiligo have a decreased risk for both melanoma and NMSC during lifetime
and that phototherapy does not increase this risk.
Chapter 4 - Vitiligo-like depigmentation as first sign of melanoma: a retrospective
analysis from a tertiary vitiligo center
Patients with melanoma may develop vitiligo-like skin depigmentation referred to as
melanoma-associated leukoderma (MAL). The diagnosis MAL is relatively unknown and
patients with MAL can be easily diagnosed and treated as having non-segmental vitiligo,
thereby missing the underlying (metastatic) melanoma. The prevalence of MAL and its
clinical characteristics are not firmly established. In Chapter 4 we retrospectively assessed
the prevalence and clinical characteristics of patients with MAL referred to the SNIP with
the diagnosis non-segmental vitiligo from 2009-2014. Additionally, we reviewed patients
with MAL identified from the questionnaires study (Chapter 2 and 3) to analyze the lifetime
prevalence of melanoma in this large cohort of 1307 patients with vitiligo aged 50 years and
older. Seven patients initially diagnosed as having non-segmental vitiligo were identified with
MAL (prevalence 0.15%). These concerned older Caucasian patients, with a sudden onset of
highly progressive atypical skin depigmentations on non-typical vitiligo predilection sites,
and refractory to treatment. All patients were found to have primary or metastatic melanoma
within 1-3 years following their presentation. We concluded that MAL only constitutes
a small percentage of patients presenting with vitiligo-like depigmentation. However, correct
diagnosis of these patients is crucial to limit melanoma treatment delay. We advise to perform a
thorough physical examination aimed at suspect melanocytic lesions and a to record a history
on removed melanocytic lesions in all patients presenting with atypical vitiligo.

174

Chapter 5 - The antibody response against MART-1 differs in patients with
melanoma-associated leukoderma and vitiligo
To reveal the immune mechanisms involved in MAL development, we investigated
in Chapter 5 the presence of antibody and T-cell immune responses directed against
the melanocyte-differentiation-antigens MART-1 (Melan-A), tyrosinase and gp100 in
patients with MAL, as compared to patients with vitiligo. Autoantibodies to gp100 and
tyrosinase were commonly found in both diseases. Interestingly, MART-1 antibodies were
only present in patients with MAL. Melanocyte antigen-specific T-cells were found in all
patients, with relatively more specific T-cells in patients with active vitiligo. Our results
indicate that although MAL and vitiligo do have clinical similarities, the humoral immune
responses against MART-1 differ between these diseases, which can help to differentiate
MAL from vitiligo.
Chapter 6 - Radiation-induced melanoma-associated leukoderma, systemic
antimelanoma immunity and disease-free survival in a patient with advanced-stage
melanoma: a case report and immunological analysis
In Chapter 6, we present a patient with stage IV melanoma suffering from brain metastasis
with evident antimelanoma immunity without receiving prior immunotherapy. Following
radiotherapy, he developed vitiligo-like depigmentation in irradiated and non-irradiated
skin areas. Until present, he demonstrates a disease-free-survival of 6 years. Immunological
analyses showed the presence of CD8+ T-cell- and antibody responses directed against
melanocyte-differentiation-antigens expressed in the primary tumor, lymph node and
brain metastasis. This indicates adequate tumor recognition by activated T-cells, probably
enhanced by radiotherapy, which may have contributed to his favorable clinical course. We
hypothesize that radiotherapy may have acted as local immunotherapy in this melanoma
patient by destructing melanocytes leading to the induction, or enhancement of already
existent antimelanoma immunity. As in patients treated with immunotherapy, this may
lead to melanoma-associated-leukoderma (MAL), also at distant sites from the treated area.
The disease course in this patient illustrates the potential prognostic value of MAL for
patients with melanoma.
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Chapter 7 - Vitiligo-like depigmentation in patients with stage III-IV melanoma
receiving immunotherapy and its association with survival: a systematic review and
meta-analysis
In line with Chapter 6, MAL or vitiligo-like depigmentation in patients with melanoma may
be associated with more favorable clinical outcome. In Chapter 7, we conducted a systematic
review of patients with stage III-IV melanoma treated with immunotherapy to determine
the cumulative incidence of de novo vitiligo-like depigmentation and its prognostic value on
survival. We systemically searched and selected all studies on melanoma immunotherapy
that reported on autoimmune toxicity and/or vitiligo between 1995 and 2013. Methodological
quality of each study was assessed using adapted criteria for systematic reviews in prognostic
studies. We found hundred thirty seven studies comprising 139 treatment arms (11 general
immune stimulation, 84 vaccine, 28 antibody-based, 16 adoptive transfer) including a total
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of 5737 patients. The overall cumulative incidence of vitiligo-like depigmentation was
3.4% (95% CI: 2.5%-4.5%) as assessed with random-effect models. In 27 studies reporting
individual patient data, random-effects Cox regression survival analyses indicated that
development of skin depigmentation was significantly associated with both progressionfree-survival, hazard ratio (HR) 0.51 (95% CI 0.32-0.82; p<0.005) and overall survival HR
0.25 (CI 0.10-0.61; p<0.003), indicating that these patients have 2 to 4 times less risk of disease
progression/death, as compared to patients without development of skin depigmentation.
Although vitiligo-like depigmentation occurs only in a low percentage of patients with
melanoma treated with immunotherapy, our findings suggest survival benefit in these
patients and an association with induction of antimelanoma immunity. More awareness
of MAL/skin depigmentation in patients with melanoma by oncologists may contribute to
better recognition of patients with effective antimelanoma immunity and may contribute
to better disease management.
Chapter 8 - Antimelanoma immunity and local clinical responses in patients with
cutaneous metastases treated with monobenzone and imiquimod; a phase 2a trial
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Chapter 7 demonstrated that development of vitiligo-like depigmentation or MAL in
patients with melanoma during immunotherapy is a favorable prognostic sign. In Chapter 8,
we investigated a novel immunotherapy for cutaneous metastases based on inducing skin
depigmentation by monobenzone cream combined with imiquimod cream (MI) in patients
with melanoma. Patients with stage III and IV melanoma with non-resectable cutaneous
melanoma metastases were treated with daily monobenzone cream and three times a week
imiquimod applied locally to the cutaneous metastases and adjacent skin. After 12 weeks,
local tumor response was assessed and the induction of antimelanoma immunity was
evaluated. Twenty-one of 25 enrolled patients were evaluable for clinical assessment at
12 weeks. MI therapy was well tolerated. Partial regression of cutaneous metastases was
observed in 8 patients and stable disease in 1 patient. Continued treatment in responding
patients improved the clinical responses, including complete cutaneous responses in three
patients. Seven patients developed vitiligo-like depigmentation. Melanoma-specific CD8+
T-cell responses were induced in 15 of the 19 patients tested and melanoma specific antibody
responses in 7 of 17 tested patients who completed at least 12 weeks of MI therapy. Our
results suggest that local regression of cutaneous metastases can be obtained in in 35% of
patients by targeting melanocytes and melanoma cells directly with topical skin application
of a low-cost and broadly applicable depigmenting agent combined with imiquimod induces
systemic antimelanoma immunity (both CD8+T-cell and antibody responses).

Samenvatting en conclusies
Het onderzoek beschreven in dit proefschrift richt zich op de klinische en immunologische
aspecten van twee huidziekten, melanoom en vitiligo, waarbij pigment een grote rol speelt.
Vitiligo is een auto-immuunziekte, gericht tegen de melanocyten (pigmentcellen) in de
huid, die zich kenmerkt door het ontstaan van witte vlekken. Melanoom is een agressieve
vorm van huidkanker die ontstaat uit de melanocyten. Een melanoom kan herkend
worden door het immuunsysteem en dat kan in sommige gevallen leiden tot stabilisatie
van de tumorgroei of zelfs regressie van de tumor. Immuuntherapie van melanoom is erop
gericht de eigen afweer van de patiënt te verhogen om zo de tumor te bestrijden. Hoewel de
klinische aspecten van vitiligo en melanoom tegengesteld aan elkaar zijn, kan meer kennis
van de immuunresponsen in vitiligo bijdragen aan het verbeteren van de behandeling van
melanoom. In dit proefschrift wordt beschreven dat het hebben van vitiligo beschermt tegen
het ontwikkelen van melanoom en andere UV-gerelateerde huidmaligniteiten, terwijl aan
de andere kant het ontstaan van vitiligo tijdens het verloop van melanoom de prognose
(van melanoom) lijkt te verbeteren. Dit proefschrift heeft vervolgens de mogelijkheden
onderzocht om vitiligo te induceren als nieuwe vorm van lokale immuuntherapie bij
melanoompatiënten.
Hoofdstuk 2 - De ziekteduur van vitiligo en vrouwelijk geslacht hebben invloed op
geassocieerde auto-immuunziekten en de mate van depigmentatie van de huid: een
retrospectieve analyse van 1307 patiënten ouder dan 50 jaar
Niet-segmentale vitiligo is een veelvoorkomende huidaandoening, die bij ongeveer 0,5% van
de bevolking voorkomt. Deze aandoening kenmerkt zich door het verlies van melanocyten
uit de epidermis, waardoor er witte vlekken in de huid ontstaan. Deze vorm van vitiligo
wordt beschouwd als een chronische ziekte, waarvan het ziekteverloop echter niet goed
onderzocht is. Zo is het niet duidelijk welke factoren de uitgebreidheid van de ziekte op
termijn kunnen voorspellen en wat de levenslange prevalentie van met vitiligo geassocieerde
auto-immuunziekten is. In Hoofdstuk 2 is een vragenlijststudie verricht bij 1307 oudere
vitiligopatiënten (≥ 50 jaar) met niet-segmentale vitiligo die bekend waren bij het Nederlands
Instituut voor Pigmentstoornissen (SNIP). Het doel was de klinische kenmerken te
inventariseren die geassocieerd zijn met de uitgebreidheid van de ziekte (ziekteactiviteit) en
de levenslange prevalentie van auto-immuunziekten. Als controlegroep dienden 788 partners
zonder vitiligo ouder dan 50 jaar. De relatie tussen de leeftijd waarop vitiligo ontstond,
het geslacht of andere variabelen, en het risico op het hebben van uitgebreide vitiligo en
schildklierziekten is berekend met behulp van univariate en multivariate regressiemodellen,
uitgedrukt in Odds ratio’s (OR) met 95% betrouwbaarheidsinterval (BI). Uit deze analyses
bleek dat de uitgebreidheid van depigmentaties toenam met het aantal doorgemaakte jaren
met vitiligo. Uitgebreide vitiligo (aangedane lichaamshuid > 10% lichaamsoppervlak) kwam
vaker voor bij vrouwelijke dan bij mannelijke patiënten (OR = 1,66; 95% BI 1,31-2,08). Deze
relatie was afhankelijk van de duur van de vitiligo maar niet specifiek voor de leeftijd waarop
vitiligo was ontstaan. Wij denken dat de depigmentaties ten gevolge van vitiligo in de loop
der jaren een progressief verloop hebben, wat verklaard kan worden door het cumulatieve
effect van episoden van ziekteactiviteit.
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Daarnaast rapporteerde 29% van de 1307 patiënten ooit een auto-immuunziekte te
hebben doorgemaakt (o.a. schildklierziekten, alopecia areata, diabetes mellitus type I,
systemische lupus erythematosus, reumatoïde artritis). Vrouwelijke vitiligopatiënten
in onze studie bleken meer schildklierziekten te hebben doorgemaakt dan vrouwelijke
controlepersonen van dezelfde leeftijd (p < 0,0001) en mannelijke vitiligopatiënten (OR = 5,06;
95% BI 3,38-7,58). Wij zouden daarom adviseren om niet alle volwassen vitiligopatiënten,
maar met name de vrouwelijke patiënten regelmatig te screenen op de ontwikkeling van
schildklieraandoeningen gedurende het leven.
Hoofdstuk 3 - Verminderde kans op melanoom en niet-melanoom huidkanker in
patiënten met vitiligo: een onderzoek in 1307 patiënten en hun partners
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In Hoofdstuk 3, dat een retrospectieve vragenlijststudie bevat die ook beschreven is
in Hoofdstuk 2, is onderzocht of de levenslange prevalentie van melanoom en nietmelanoom huidkanker (NMSC) onder vitiligopatiënten verschilt van controlepersonen
(partners zonder vitiligo) in dezelfde leeftijdscategorie (≥ 50 jaar). In deze vragenlijststudie
zijn de hiervoor relevante gegevens verzameld, zoals de vitiligokenmerken, het aantal
lichttherapiebehandelingen die de patiënten ondergaan hebben (NB-UVB/PUVA),
bekende risicofactoren voor huidkanker zoals zonblootstelling en het aantal en het
type doorgemaakte huidmaligniteiten die zijn opgetreden gedurende het leven. Alle
gerapporteerde huidmaligniteiten zijn gevalideerd aan de hand van het pathologisch verslag.
De mogelijke associatie tussen vitiligo en de levenlange prevalentie van melanoom en NMSC
is berekend met behulp van multivariate logistische regressiemodellen uitgedrukt in Odds
ratio’s (risico’s). Gecorrigeerd voor storende factoren bleken vitiligopatiënten een 3 keer
kleinere kans te hebben op het ontwikkelen van melanoom (gecorrigeerde OR = 0,32; 95% BI
= 0,12-0,88) of NMSC (gecorrigeerde OR = 0,28; 95% BI = 0,16-0,50) gedurende hun leven. In
de groep vitiligopatiënten die lichttherapie had ondergaan was geen dosisgerelateerde trend
te zien tussen het aantal lichtbehandelingen (UVB/PUVA) en voor leeftijd gecorrigeerde
levenslange prevalentie van melanoom of NMSC. Onze resultaten suggereren dat
vitiligopatiënten een verminderde kans op zowel melanoom als NMSC hebben gedurende
het leven en dat lichttherapie dit risico niet verhoogt.
Hoofdstuk 4 - Vitiligo-achtige depigmentatie als eerste teken van melanoom: een
retrospectieve analyse in een tertiair vitiligocentrum
Patiënten met melanoom kunnen vitiligo-achtige depigmentatie van de huid ontwikkelen,
ook wel melanoom-geassocieerde leukoderma (MAL) genoemd. Mogelijk zijn sommige
dermatologen niet op de hoogte van dit verschijnsel en in het geval van een nietgediagnosticeerd primair melanoom zou men deze patiënten makkelijk kunnen
aanzien voor en behandelen als patiënten met niet-segmentale vitiligo. Hierbij kan ook
onderliggende gemetastaseerd melanoom gemist worden. De prevalentie van MAL en zijn
klinische kenmerken zijn relatief onbekend. In Hoofdstuk 4 hebben we retrospectief de
prevalentie en klinische kenmerken geanalyseerd van MAL-patiënten die tussen 2009
en 2015 naar de SNIP zijn verwezen met de diagnose vitiligo. Daarnaast hebben we ook
MAL-patiënten geïdentificeerd uit het grote cohort oudere vitiligopatiënten uit de studie
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in Hoofdstuk 2 en 3. Zeven patiënten die in eerste instantie gediagnosticeerd waren met
niet-segmentale vitiligo bleken MAL te hebben (prevalentie 0.15%). Het betroffen allemaal
relatief oudere Kaukasische patiënten bij wie plotseling zeer progressieve atypische
depigmentaties van de huid waren ontstaan die zeer therapieresistent waren. Alle patiënten
bleken (gemetastaseerd) melanoom te hebben ontwikkeld 1-3 jaar na hun eerste presentatie
met witte vlekken van de huid. We concluderen dat MAL slechts een klein percentage van
de vitiligopopulatie betreft. Echter, een correcte diagnose is cruciaal om vertraging van
behandeling van het melanoom te voorkomen. Alle patiënten die zich presenteren met een
atypische vitiligo zouden daarom uitgebreid lichamelijk onderzocht moeten worden, met
speciale aandacht voor verdachte gepigmenteerde laesies en anamnestische gegevens over
eerdere verwijderde melanocytaire laesies.
Hoofdstuk 5 - De antilichaamrespons verschilt tussen patiënten met melanoomgeassocieerde leukoderma en patiënten met vitiligo
Om een beter beeld te krijgen van de immunologische mechanismen die betrokken
zijn bij MAL hebben we in Hoofdstuk 5 de aanwezigheid van melanoom-specifieke
antistoffen en T-cellen gericht tegen de melanocyt-differentiatie-antigenen MART-1
(Melan-A), tyrosinase en gp100 in MAL-patiënten onderzocht en vergeleken met die bij
vitiligopatiënten. Zowel MAL-patiënten als vitiligopatiënten hadden vaak auto-antistoffen
tegen gp100. Echter, MART-1 antistoffen waren alleen aanwezig bij MAL-patiënten.
Melanocyt-antigen-specifieke T-cellen waren bij alle patiënten aanwezig en in meerdere
mate bij patiënten met actieve vitiligo. Onze resultaten laten zien dat ondanks de klinische
overeenkomsten tussen vitiligo en MAL, de humorale immuunrespons tegen MART-1
verschilt in beide aandoeningen, wat mogelijk kan helpen bij het onderscheiden van MALen vitiligopatiënten.
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Hoofdstuk 6 - Radiotherapie-geïnduceerde, melanoom-geassocieerde leukoderma,
systemische antimelanoom immuniteit en ziektevrije overleving in een patiënt met
gemetastaseerd melanoom: een casus en immunologische analyses
In Hoofdstuk 6 beschrijven we een patiënt met stadium IV melanoom met hersenmetastasen
die uitgebreide anti-melanoomimmuniteit heeft ontwikkeld zonder dat hij werd behandeld
met immuuntherapie. Na het ondergaan van radiotherapie ontwikkelde hij vitiligo-achtige
depigmentaties in zowel bestraalde als niet bestraalde huid. Tot op het moment van schrijven
heeft hij een tumorvrije overleving van 6 jaar. Immunologische analyses toonden aan dat
CD8+ T-cellen en antilichamen gericht tegen melanocyt-differentiatie-antigenen aanwezig
waren in zowel de primaire tumor, lymfeklieren als de hersenmetastasen. Deze bevinding
suggereert dat geactiveerde T-cellen in staat zijn de tumor te herkennen en dat deze
immuniteit mogelijk versterkt is door radiotherapie, wat mogelijk bijgedragen heeft aan zijn
bijzonder gunstig klinisch verloop. De radiotherapie zou het effect van een immuuntherapie
kunnen hebben, waarbij lokale destructie van melanocyten in het bestraalde gebied leidt tot
de inductie van (of versterking van reeds bestaande) anti-melanoom immuniteit bij deze
patiënt. Het ziekte verloop in deze patiënt is een duidelijk voorbeeld van de prognostische
waarde van de in dit geval iatrogene MAL.
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Hoofdstuk 7 - Vitiligo-achtige depigmentatie in patienten met stadium III-IV
melanoom die behandeld zijn met immuuntherapie en de associatie met overleving:
een systematisch literatuuronderzoek en meta-analyse
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In lijn met Hoofdstuk 6, lijkt vitiligo-achtige depigmentatie of MAL bij melanoompatiënten
geassocieerd te zijn met een betere klinische prognose in individuele studies. In Hoofdstuk 7
hebben we een systematisch literatuuronderzoek uitgevoerd om de cumulatieve incidentie
van vitiligo-achtige depigmentatie of MAL vast te stellen en de prognostische waarde hiervan
op de overleving te evalueren in stadium III-IV melanoompatiënten die met immuuntherapie
worden behandeld. Alle immuuntherapiestudies bij melanoompatiënten tussen 1995 en
2013 die rapporteerden over auto-immuuntoxiciteit en/of het optreden van vitiligo zijn
systematisch onderzocht. De methodologische kwaliteit van elke studie is beoordeeld aan
de hand van aangepaste criteria voor prognostische literatuuronderzoeken. We vonden
137 studies bestaand uit 139 behandelgroepen met verschillende soorten immuuntherapie
met in totaal 5737 geïncludeerde patiënten. De cumulatieve incidentie van vitiligo was 3,4%
(95% CI: 2,5%-4,5%). Op basis van 27 studies die individuele patiëntengegevens beschreven
bleek het optreden van vitiligo tijdens immuuntherapie significant geassocieerd te zijn met
zowel de progressievrije overleving, hazard ratio (HR) 0,51 (95% CI 0,32-0,82; p < 0,005)
als de algehele overleving HR 0,25 (CI 0,10-0,61; p < 0,003). Dit betekent dat deze patiënten
een 2 tot 4 keer zo klein risico hebben op ziekteprogressie en overlijden als patiënten zonder
vitiligo. Ook al komt vitiligo-achtige depigmentatie (MAL) slechts bij een klein percentage
melanoompatiënten voor, deze patiënten blijken wel overlevingsvoordeel te hebben. Dit
vraagt om meer aandacht van oncologen voor het ontwikkelen van witte vlekken (MAL) bij
melanoompatiënten, en de registratie ervan. Dit kan bijdragen aan een betere herkenning
van patiënten met effectieve anti-melanoom immuniteit en een adequate keuze van
de behandelingsstrategie.
Hoofdstuk 8- Anti-melanoom immuniteit en lokaal klinische responsen bij
melanoompatiënten met cutane metastasen behandeld met monobenzone en
imiquimod: een fase 2a-studie
Uit Hoofdstuk 7 kunnen we concluderen dat de ontwikkeling van vitiligo-achtige
depigmentatie of MAL bij melanoompatiënten tijdens immuuntherapie een gunstig effect
heeft. In Hoofdstuk 8 hebben we een nieuwe melanoom immuuntherapie onderzocht
die gebaseerd is op het induceren van depigmentatie van de huid met de bleekcrème
monobenzone gecombineerd met imiquimod-crème (MI). Patiënten met stadium III- en IVmelanoom met niet-chirurgisch behandelbare huidmetastasen werden dagelijks behandeld
met monobenzone-crème en 3 keer per week met imiquimod-crème op de aangedane en
omliggende huid. Na 12 weken werd de lokale tumorrespons en de inductie van antimelanoom immuniteit geëvalueerd. MI therapie werd goed verdragen. MI therapie resulteerde
in partiële regressie van cutane metastasen bij 8 van de 21 patiënten en stabiele ziekte bij
1 patiënt, waarmee het vooraf bepaalde statistische eindpunt van klinische effectiviteit is
bereikt. Verlengde behandeling na 12 weken bij patiënten die goed reageerden versterkte het
therapeutisch effect. Zeven patiënten ontwikkelden vitiligo-achtige depigmentaties/ MAL.
Inductie van melanoom-specifieke T-celresponsen trad op bij 15 van de 19 geteste patiënten
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en inductive van melanoom-specifieke antistoffen bij 7 patiënten. Deze resultaten geven aan
dat lokale combinatietherapie met het voor melanocyten toxische middel monobenzone
en het immuunmodulerende imiquimod leidt tot het induceren van een systemische
anti-melanoom immuniteit (zowel CD8+ T-cel als antilichaamresponsen) met als gevolg
lokale regressie van cutane metastasen bij 35% van de behandelde patiënten. Deze lokale
zalftherapie is weinig belastend, goedkoop en in principe breed inzetbaar.
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a retrospective analysis in 1307 patients older than 50 years
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analysis and interpretation of data, drafting the article and revising it critically for important
intellectual content and final approval of the version to be published. Corresponding author.
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interpretation of data and approval of the final article to be published
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PhD Portfolio
Name PhD student:
PhD period:
Promotor:
Co-promotores:

Hansje-Eva Teulings
July 2009- October 2015
Prof.dr. R.M. Luiten
Dr. J.P.W. van der Veen, Prof. J.D. Bos

1. PhD training (Continued)
Year

Workload
ECTS

2009
2009

0.7
0.9

2010
2010
2010
2010
2010
2011
2011
2011

0.1
1.1
0.3
0.9
0.3
1.5
0.8
0.6

2010
2010
2010
2012
2012

2.9
0.9
1.2
2.1
0.9

2015

0.5

European Organisation for Research and treatment of Cancer
(EORTC) melanoma meeting Rotterdam, the Netherlands
Oral presentation

2014

0.5

Perspectives in Melanoma XVIII, Dublin Ireland
Oral presentation

2014

0.5

General courses
The AMC World of Science
- Basic course Legislation and Organization for Clinical Researchers
(BROK)
- Evidence based searching
- Practical Biostatistics
- Clinical Data Management
- Clinical epidemiology
- Clinical epidemiology: systematic review
- Scientific Writing in English for Publication
- Oral presentation in English
- Project management
Specific courses
- Advanced immunology
- Research Immunology (HAN, Sanquin)
- Nederlandse Vereniging voor Oncologie basiscursus
- Advanced Topics in Biostatistics
- Advanced Epidemiology
(Inter)national Presentations
16th Scientific meeting of the Dutch Society of Experimental
Dermatology, Lunteren
Oral presentation

&

Addendum

195

1. PhD training (Continued)
Year

Workload
ECTS

2014, 2012,
2011, 2010

2.0

Multidisciplinair melanoom symposium-Werkgroep
Immunotherapie Nederland voor Oncologie (WIN-O)
Oral presentation

2012

0.5

42st European Society for Dermatological Research (ESDR),
Venice Italy
Poster presentation

2012

0.5

6th International Dermato-Epidemiology Association Congress,
Malmo, Sweden.
Poster presentation

2012

0.5

Dermato-Oncologie Congres Spa, Belgium
(organised by Erasmus MC)
Oral presentation

2012

0.5

2012, 2011

1.0

2012

0.5

2012, 2010

1.0

2012
2011

0.5
0.5

2011

0.5

Clinical and Scientific conference, Department of Dermatology
AMC
Oral presentation

&
Science Club, Department of Cellbiology and Histology
Oral presentation
Refereeravond Dermatologie UMCG Groningen
Oral presentation
Scientific meeting of the Dutch Society of Experimental
Dermatology (NVED), Lunteren
Poster presentation
AMC Immunology Hour
Oral presentation
21st International Society for Pigment Cell Research (IPCC),
Bordeaux, France.
Oral presentation
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1. PhD training (Continued)
Year

Workload
ECTS

41st European Society for Dermatological Research (ESDR),
Barcelona, Spain
Poster presentation/posterwalk

2011

0.5

European Dermato-Epidemiology Network (EDEN) meeting
Oral presentation

2011

0.5

2011, 2010

1.0

PhD Retreat for PhD students working in immunology (AMC),
Texel Oral presentation

2010

0.5

Department of Radiotherapy AMC
Oral presentation

2010

0.5

16th European Society for Pigment Cell Research (ESPCR),
Cambridge, United Kingdom.
Poster presentation

2010

0.5

Multidisciplinair overleg, NKI-AVL
Oral presentation

2010

0.5

Sectie XI vergadering van chirurgisch oncologen, NKI-AVL
Oral presentation

2009

0.5

American Academy of Dermatology, USA

2011, 2015

1.0

Scientific meeting of the Dutch Society of Experimental
Dermatology (NVED), Lunteren, the Netherlands

2010, 2012,
2015

0.75

European Organisation for Research and treatment of Cancer
(EORTC) melanoma meeting Rotterdam, the Netherlands.

2014

0.25

Perspectives in Melanoma XVIII, Dublin, Ireland.

2014

0.25

2013, 2014

1.0

Nederlandse Melanoom Werkgroep IKNL, Utrecht
Oral presentation
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Conferences, lectures and seminars

European Academy of Dermatology and Venereology (EADV)
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1. PhD training (Continued)
Year

Workload
ECTS

Werkgroep Immunotherapie Nederland Oncologie (WIN-O)

2012, 2013

0.5

European Society for Dermatological Research (ESDR)

2011, 2012

1.0

Dermato-Oncologie Congres Spa, Belgium
2012

0.25

6th International Dermato-Epidemiology Association Congress,
Malmo, Sweden.

2012

0.25

21st International Pigment Cell Conference (IPCC), Bordeaux,
France.

2011

0.5

Dutch Tumor Immunology Meeting,
Breukelen, the Netherlands

2011

0.25

2010, 2011

0.25

2010

0.25

2010

0.25

2009, 2010

1.0

2009-2012

3

Science Club, department of Cellbiology and Histology
(weekly meeting)

2009-2012

3

Stuurgroep pigment, clinical research meeting every two months

2009-2012

2

Masterclass by professor G.H. Guyatt

2011

0.2

Open day Skin and Melanoma Center, Antoni van Leeuwenhoek

2010

0.2

Nederlandse melanoom werkgroep IKNL
PhD Retreat for PhD students working in
immunology (AMC), Texel, the Netherlands

&

7th European Melanoma Meeting, Nice, France
European Society for Pigment Cell Research (ESPCR)

Other
Clinical Scientific meeting, Department of Dermatology
(weekly meeting)

198

2. Teaching
Year
Supervising
M. Overkamp, scientific internship, medicine RuG Groningen
2010
E. Ceylan, scientific internship, medicine AMC/UvA Amsterdam
2010-2011
S. Jansen, extracurricular internship, medicine AMC/UvA Amsterdam 2011-2012

Workload
ECTS
3
3
1.5

3. Parameters of Esteem
Year
Grants
Personal grant for medical interns by the Dutch Cancer Society (KWF
Kankerbestrijding) for a PhD trajectory of 3 years to work on the project
‘Chemical induction of anti-tumor immunity to treat melanoma patients’
(principal investigator R.M. Luiten PhD)
Awards and Prizes
Travel Grant for the 21e International Pigment Cell Conference (IPCC),
Bordeaux, France
Travel grant for the 41st European Society for Dermatological
Research (ESDR), Barcelona, Spain.

2009

2011

2011
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4. Publications (Continued)
Publications in thesis
Publications about my research
Beter af met vitiligo
AMC magazine

Year 2013-2015
2015

Vitiligo: the white armour? Alain Taïeb and Khaled Ezzedine
Pigment Cell and Melanoma Research; 2013 Feb 8. doi: 10.1111/pcmr.12076.
Coverage on Teulings HE, Overkamp M, Ceylan E, et al. (2012). Decreased
risk of melanoma and nonmelanoma skin cancer in patients with vitiligo:
a survey among 1307 patients and their partners. Br J Dermatol

2012

Minder kans op huidkanker met vitiligo
NU.nl

2012
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4. Publications (Continued)
Publications in thesis

Year 2013-2015

Minder huidkanker met vitiligo
AMC Magazine

2012

Vitiligo vermindert kans op huidkanker
Artsennet

2012

Melanoom nieuws Stichting Melanoom
Melanoom behandeling met crème

2011

Bleke huid tegen kanker. Melanoom: ziekte met ziekte bestrijden
AMC magazine

2011

Curriculum Vitae (inside cover)
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Hansje-Eva Teulings werd geboren op 22 juli 1983 in Luxemburg. Haar lagere schooltijd
bracht zij op de Europese School in Brussel door. Op haar dertiende verhuisde ze naar
Nederland. In Alkmaar ging zij naar het Murmelliusgymnasium en behaalde in 2001 haar
eindexamen. Direct aansluitend ging zij studeren aan het University College in Utrecht.
Tijdens dit jaar kwam zij tot inzicht liever geneeskunde te willen studeren. Na het behalen
van haar propedeuse startte ze in 2002 de opleiding geneeskunde aan de Universiteit van
Amsterdam. In het tweede jaar van haar studie kwam zij via het honoursprogramma
voor het eerst met de dermatologie in aanraking (prof. J.D. Bos). Dit leidde in haar
vierde studiejaar tot een wetenschappelijke stage naar atopisch eczeem op de afdeling
Dermatologie en de afdeling Celbiologie en Histologie van het AMC. Na haar algemene
coschappen koos zij voor een oudste coschap dermatologie in het AMC. Tevens voltooide
zij een keuze co-schap dermatologie aan het Mount Sinai Medical Center in New York
(prof. M. Lebwohl). Vanwege haar interesse in de dermato-oncologie wendde zij zich tot
prof. dr. R.M. Luiten van het Laboratorium Experimentele Dermatologie van het AMC met
wie zij een beursaanvraag schreef voor translationeel onderzoek naar de mogelijkheden
om de eerder gevonden positieve resultaten in muizenstudies, waarbij vitiligo inductie
werd toegepast als behandeling van melanomen, naar patiënten te vertalen. De aanvraag
werd gehonoreerd door KWF Kankerbestrijding. In juli 2009, aansluitend aan haar artsexamen, begon zij haar promotietraject. Dit project resulteerde, onder begeleiding van prof.
dr. R.M Luiten als promoter en Dr. J.P. Wietze van der Veen en prof. dr. J.D. Bos als copromotoren, in het huidige proefschrift. Eind 2012 startte zij haar opleiding tot dermatoloog
in het AMC met dr. J. Mekkes als opleider. In de zomer van 2015 ging zij naar Australië voor
een verdiepingsstage dermatoscopie en dermatopathologie (prof. P. Soyer). Eind 2017 hoopt
zij haar opleiding tot dermatoloog af te ronden.

Dankwoord
Dit proefschrift was niet tot stand gekomen zonder de begeleiding en hulp van veel mensen.
Graag zou ik iedereen die heeft bijgedragen willen bedanken. Speciale dank gaat uit naar
de patiënten die hebben deelgenomen aan de in dit proefschrift beschreven studies.
Een aantal mensen wil ik in het bijzonder bedanken:
Prof. dr. R.M. Luiten, mijn promotor. Beste Rosalie, bedankt voor je goede en motiverende
begeleiding tijdens mijn promotietraject! Vanuit enkele ideeën en brainstormsessies die
begonnen in 2009 is er een compleet proefschrift tot stand gekomen, inclusief een geslaagde
beursaanvraag. Het was bijzonder om dit avontuur onder je begeleiding aan te gaan. Ik
heb samen met jou aan veel verschillende en uitdagende projecten kunnen werken; van
immunologische analyses van melanoom, MAL en vitiligo patiënten tot epidemiologische
studies en een systematic review. Ook kennen we ondertussen alle ins en outs van het
opzetten en uitvoeren van een klinische trial. Ik heb heel veel van je geleerd en ik ben blij
dat je mijn promotor bent!
Dr. J.P.W. van der Veen, mijn co-promotor. Beste Wietze, bedankt voor je begeleiding
de afgelopen jaren. Je hebt me de mogelijkheid geboden om bij de SNIP klinisch onderzoek
te doen op het moment dat de MI studie vertraging opliep en er ruimte voor andere
projecten ontstond. Dit heb ik zeer gewaardeerd. De vitiligo en MAL studies zijn een
belangrijk onderdeel geworden van dit proefschrift. Dank voor je ideeën voor nieuwe
studies, hulp en adviezen, vele thesisbesprekingen, en de goede suggesties bij het nakijken
van de manuscripten.

&

Prof. dr. J.D. Bos. Beste professor Bos, u heeft mij voor het eerst laten kennismaken met
de dermatologie en mij de mogelijkheid gegeven om onderzoekservaring op te doen tijdens
mijn geneeskundestudie. Dank u wel voor het vertrouwen in mij om een beurs aan te vragen,
waardoor ik bij de afdeling dermatologie een promotietraject kon starten en aansluitend
met mijn opleiding tot dermatoloog kon beginnen. Bedankt voor de gezamenlijke
thesisbesprekingen waarin u altijd goed de grote lijnen in de gaten hield.
Prof. dr. M.A. de Rie, Prof. dr. C.J.A. Punt, Prof. dr. C.J. M. van Noesel, Prof. dr. J.B.A.G.
Haanen, Prof. dr. W. Bergman, Prof. dr. I.J. de Vries, leden van mijn promotiecommissie.
Ik wil u allen hartelijk bedanken voor het plaatsnemen in de commissie en het beoordelen
van mijn manuscript.
Karina Willemsen, heel erg bedankt voor je fantastische werkzaamheden op het lab!
De immunologische dataverzameling en analyses van de melanoom- en MAL studie
patiënten waren zonder jou nooit gelukt. Bedankt voor de fijne samenwerking en de gezellige
momenten op kamer L3-118.
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Dr. Germaine Relyveld , dank je wel voor je begeleiding, enthousiasme en betrokkenheid bij
de MI studie in het Antoni van Leeuwenhoek (AVL). De studie kende enkele uitdagingen,
maar we hebben het tot een goed einde gebracht! Dank voor de fijne samenwerking en
de inspirerende werkomgeving.
Stephanie van der Kleij, dank je wel voor al je inzet bij het includeren en vervolgen van alle
patiënten van de MI studie nadat ik met de opleiding was begonnen. Je was onmisbaar en je
hebt het fantastisch gedaan! Dank voor al je tijd en de fijne samenwerking, zowel op de poli
als tijdens het verzamelen en analyseren van de data aan het eind van de studie.
Mijn overige collega’s van het AVL die hebben bijgedragen aan de MI studie wil ik ook
graag bedanken: dr. Jos van der Hage, voor je hulp bij het opzetten van de MI studie
en je betrokkenheid bij het verdere beloop; Sylvia Termeulen, voor je enthousiasme en
oplettendheid om patiënten voor de MI studie te includeren; dr. Omgo Nieweg, dr. Michel
Wouters, dr. Christian Blank en Prof. dr. John Haanen, voor het verwijzen van patiënten;
dr. Marianne Crijns en de collega’s van de afdeling dermatologie AVL voor jullie bijdrage om
de MI studie logistiek mogelijk te maken; Loes Pronk, Lidwina Wever, Annelies Hiemstra,
Saskia Cooke, dr. Vincent van der Noort en dr. Harm van Tinteren voor het datamanagement
en André Jagt en Martin Lomecky voor het maken van de klinische foto’s.
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Dr. Albert Wolkerstorfer, dank je wel voor je hulp bij de vitiligo vragenlijststudie en de MAL
studies. Bedankt voor je expertise, je enthousiasme voor pigmentaandoeningen en je
feedback op de verschillende manuscripten. Inka Nieuweboer-Krobotova, bedankt voor je
input bij de vitiligo en MAL studies en de eerste begeleiding tijdens de MI studie in het AVL.
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