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CLINICAL REPORT

Immunotherapy-induced Leukoderma from Treatment of Melanoma
with IL-2: A Case Report and a Review of the Literature
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Melanoma-associated leukoderma (MAL) is a relatively
uncommon phenomenon in the literature that can pre-
sent (1) before melanoma detection, (2) after detection
and before treatment, and (3) after treatment with im-
munotherapeutic agents. We report a case of MAL in an
83-year-old man after treatment with high dose IL-2 for
metastatic melanoma and further describe the literature
of the underlying mechanisms behind it that involve the
immune system. Cytotoxic CD8" T cells are thought the
mediate the process at a cellular level. Self-antigens (e.g.
MART-1/2, gp100, tyrosinase) have been presented on
the surface of both normal and malignant melanocytes
and mediate the development of MAL after cytotoxic
CDS8* T cells attack both cell types. Autoimmune mani-
festations have a positive effect on tumor immunity, with
patients at stage III and stage IV melanoma showing a
better prognosis after leukoderma development. In ad-
dition, immunotherapy-induced leukoderma has been
associated with a higher therapeutic response rate. Re-
cently, newer immunotherapeutic drugs, such as vemu-
rafenib and ipilimumab, have been associated with leu-
koderma as a side effect. Key words: leukodermas; vitiligo;
melanoma; immunotherapy; autoimmunity.
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As immunotherapy treatments for melanoma have ad-
vanced over the last decade, it is important to re-examine
the association between leukoderma and melanoma. One
of the known side-effects of immunotherapeutic agents
for melanoma, such as interleukin-2 (IL-2), vemurafenib,
and ipilimumab, is leukoderma; however leukoderma
has also been associated with higher rates of metastatic
melanoma, as well as preceding the detection of me-
lanoma (1-5). Collectively, this phenomenon is called
melanoma-associated leukoderma (MAL). Understan-
ding the temporal relationship between the onset of the
leukoderma in relation to the development and treatment

© 2015 The Authors. doi: 10.2340/00015555-1897
Journal Compilation © 2015 Acta Dermato-Venereologica. ISSN 0001-5555

of melanoma is essential and has important prognostic
implications. We herein report a case of leukoderma in
a patient with metastatic melanoma treated with 1L-2
immunotherapy and subsequently discuss the various
causes of leukoderma in melanoma patients.

CASE REPORT

An 83-year-old man presented to our dermatology
clinic for a routine skin exam. He was diagnosed
with Stage 2B (T3bNOMO) melanoma of the right
lower extremity 7 years previously. At the time of the
original diagnosis, he underwent wide local excision
with 2.5 cm margins and sentinel lymph node dissec-
tion during which 3 out of 3 nodes were found to be
negative. Histological features of the lesion consisted
of a 3.0 mm Breslow depth and Clark level IV with
architecture of this lesion suggestive of metastasis. He
then developed recurrent disease in the incision site 8
months later and underwent a 2™ sentinel lymph node
dissection, which was positive in 3 of 5 nodes. He was
treated with localized external beam radiation. During
a follow-up exam 3 months after completing external
beam radiation, he was found to have enlarged lymph
nodes in his left groin, which was confirmed to be me-
tastatic melanoma by fine needle aspiration biopsy. CT
scan at that time also confirmed an enlarged obturator
node. He was subsequently treated with 4 courses of
high dose IL-2 (600,000 1U/kg). Within one month of
beginning treatment with 1L-2, the patient developed
widespread leukoderma of his face, trunk, back, arms,
and legs (Fig. 1), which progressively worsened over
the following months. At a later follow-up, the patient
had been without recurrence for 5 years.

DISCUSSION

The development of leukoderma post treatment with
IL-2 for melanoma has been previously reported (1-5).
However the occurrence of leukoderma in association
with newer immunomodulating drugs, such as vemura-
fenib and ipilimumab, has just recently been reported
(6, 7). It is important for dermatologists to know about
this potential side-effect and the underlying putative
mechanisms behind it that involve the immune system.
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Fig. 1. Generalized vitiligo on left arm and chest (a), hands (b), right arm (c) and legs (d)
after treatment with IL-2 for malignant melanoma.

are processed and presented on the surface
of'the cell to the CTLs by antigen presenting
cells (APCs). If this process is carried out
in the presence of CTLA-4 the interaction
is inhibited, thus preventing CTLs from
attacking “self” antigens (6). Ipilimumab
blocks the binding of CTLA-4 while the
APCs are presenting to the CTLs, allowing
for a robust immune response (6). However,
this is one of the important interactions that
prevents the CTLs from accidently reacting
to “self” antigens, which is why there is
increased likelihood for an autoimmune
response in the absence of CTLA-4 interac-
tion. Targeted therapy is a relatively new
frontier, with vemurafenib and ipilimumab
offering options for unresectable, stage IV
metastatic melanoma disease. Vemurafenib
is a BRAF-V600E inhibitor that is very
effective for half of metastatic melanoma
patients expressing an altered BRAF (10).
However, while response is usually quick,
it is typically only for a short duration with
minimal long-lasting effects. Ipilimumab is
a CTLA-4 blocking antibody with low rates
of response (20%), but more durable effects
when compared with vemurafenib (10).
CTLs are primarily thought to mediate
the development of leukoderma (8). In
MAL, the immune system is attacking

IL-2 has many effects on the immune system including,  “self-antigens” located within melanosomes of melano-
but not limited to, playing a vital role in allowing cells  cytes such as MART-1/2, gp100 and tyrosinase (8, 11,
to discriminate between “self” and “non-self” antigens 12). These “self-antigens” are processed and presented
(8). In a normal immune response, CD4* T cells are  as derived peptides on the surface of the melanocyte.

presented an antigen; if the CD4*

T cell recognizes the antigen, the
cell becomes activated and IL-2 |
is released (8). IL-2 has a positive
feedback on the CD4" T cell resul-
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ting in immunologic memory, as 1 ol
well as recruiting other immune
cells including CD8* T cells, also
known as cytotoxic T lymphocy- lymph node
tes (CTLs) (8) (Fig. 2). IL-2 also
up-regulates the transcription of
perforin and granzyme, which are
essential in the cytotoxic action of
activated CD8" T cells (9). Thus,
IL-2 promotes a robust immune
response.

blood stream

Fig. 2. Malignant melanocyte antigen on antigen presenting cell (APC) travels from the skin to the
regional lymph node (1). The APC interacts with CD4+ and CD8+ cytotoxic T lymphocytes (CTLs)
T cells. This interaction results in more effective immunotherapy with IL-2 as it strengthens activation

Similarly, ipilimumab is a fully of CTLs. Ipilimumab also affects activation of CTLs by blocking one of the down-regulating receptors,
human antibody that blocks the CTL-associated antigen 4. When this is blocked there is a strong up-regulatory interaction between
cytotoxic T—lymphocyte—associated the APC and the CTLs (2). The activated effector CTLs travel via the bloodstream back to the skin.

antigen 4 (CTLA-4) inhibitory sig-

The CTLs recognize the antigens present on the malignant melanocytes and attack the designated cells
(3). If the antigen present on the malignant melanocytes is similar to or the same as that on native

nal (6) (Flg' 3)‘ Normglly, melar'lo' melanocytes then leukoderma occurs (4a). If the antigen is unique to the malignant melanocytes and
ma cells produce antigens, which does not cross react with native melanocytes then leukoderma does not occur (4b).
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Immunomodulating chemotherapeutic agents for mela-
noma promote activation of a cellular immune response
against the malignant melanocytes. Unfortunately, there
are many instances in which the immunity against the
tumor cells cross-react with normal melanocytes be-
cause they express many of the same derived surface
antigens (8, 11, 12).

It has previously been suggested that autoimmune de-
struction of normal melanocytes cross-react with immune
destruction of malignant melanocytes which provides
T-cell immunity against malignant melanocytes in leuko-
derma patients (11). The relationship is two-fold: CTLs
removed from leukoderma patients have been shown
to destroy malignant melanocytes ex vivo, while CTLs
removed from tumors and peripheral blood of patients
with melanoma have been shown to attack normal me-
lanocytes (8, 12, 13). In a study by Rosenberg & White
(14), 74 patients with melanoma and 104 patients with
renal cell carcinoma were treated with IL-2. Eleven of
the 74 patients with melanoma developed leukoderma
and all of these patients showed an objective response to
IL-2. Interestingly, no patients with renal cell carcinoma
developed leukoderma, suggesting that a robust immune
response to malignant melanocytes may cross-react with
normal melanocytes resulting in leukoderma as a possible
mode of pathogenesis (11).

There are several scenarios in which MAL can
manifest in a melanoma patient and each has distinct
ramifications. Rarely, MAL has appeared with distant
melanoma metastases before the detection of a mela-
noma with unknown primary (MUP) (1-4), with an
estimated incidence of 0.6% in a study by Quaglino et
al. (5). In all of these cases, MAL preceded the detection
of MUP rather than the development of MUP. In other
instances, MAL has appeared after the development of
melanoma but before treatment (5). Lastly, as in our
case, leukoderma has been immunotherapy-induced
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Fig. 3. Ipilimumab is a fully human antibody that blocks the
cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)
inhibitory signal. The CTLA-4 inhibitory signal, when
present, binds cell-surface markers CD80 and CD86. In the
absence of the CTLA-4 inhibitory signal binding against
cell-surface markers CD80 and CD86, complete activation
between an antigen presenting cell (APC) and a CD8+
lymphocyte occurs. An activated CD8+ lymphocyte is able
to destroy malignant melanocytic cells with perforin and
granzyme, enzymes whose transcription is up-regulated
by IL-2. In the presence of the CTLA-4 inhibitory signal
binding against CD80 and CD86, the APC is not able to
activate the CD8+ lymphocyte, resulting in a suppressed
immune response. Immunologic therapy with ipilimumab
blocks CTLA-4 inhibitory signal resulting in a robust
immune response.

after treatment with IL-2, vemurafenib, or ipilimumab,
and is associated with robust response to treatment and a
lower risk of recurrent melanoma (11). In the latter two
instances Quaglino et al. (5) found the combined occur-
rence of leukoderma after the development of melanoma
to be 2.2%. This is why it is important to ask the patient
about the temporal relationship between the onset of the
melanoma and the development of leukoderma.

In our patient, after completion of immunomodula-
ting chemotherapy with IL-2 he developed generalized
leukoderma secondary to the robustly generated anti-
melanocyte antigen immune response. High-dose 1L-2
(720,000 IU/kg, intravenously administered every 8
hours as tolerated for 5 days) was FDA approved in 1998
for the treatment of stage IV metastatic melanoma (11).
Overall, treatment of melanoma with high-dose IL-2 is
associated with a 15% response rate. One-third of these
patients experience a complete response, with durable
and long-lasting immunity leading to an effective long-
term remission (11). While a study by Phan et al. (11)
suggested a higher prevalence of leukoderma develop-
ment post-treatment with IL-2 (84 of 374 patients or
22%), according to the largest scale study performed to-
date, the estimated incidence of developing leukoderma
post-treatment with IL-2 is roughly 3% (5).

Several studies have shown that melanoma patients
treated with high-dose IL-2 who develop immunothe-
rapy-induced leukoderma have a much higher chance
of tumor response than patients who do not develop
leukoderma (5, 11). Phan et al. (11) studied 374 patients
with melanoma treated with IL-2 and found that anti-
tumor response was best mounted in patients who met
several criteria, one of which included the development
of'leukoderma after treatment with immunotherapy. Of
the 84 patients with leukoderma, 33% were responders
(defined as > 50% reduction of the maximum perpendi-
cular diameters lasting at least one month with no new
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or enlarging tumors) compared to 10% responders in the
study participants without leukoderma (11). Recently,
leukoderma was examined as an independent entity in
66 of 2,954 patients with melanoma and found to be
associated with a better prognosis in stage I1I and stage
IV melanoma (5 year survival of 65% vs. 42.5% in
patients without leukoderma; mean survival time 14.4
vs. 9.6 months in patients without leukoderma). Of the
528 patients treated with immunotherapy for melanoma,
only 16 (3%) developed leukoderma (5).

MAL tends to vary in presentation clinically depen-
ding on the initiating event and timing of onset. In the
most prognostically concerning form of leukoderma,
which can precede the detection of distant melanoma
metastases with unknown primary, the distribution has
been found to be more similar to the generalized form of
vitiligo vulgaris. It develops in younger patients as well
demarcated, oval/round shaped, hypomelanotic patches
on the face, upper extremities and feet (5). It is important
to note that MAL preceding detection of MUP is distinct
from generalized vitiligo vulgaris, the latter of which is
not associated with MUP and has recently been shown
to be associated with a 3-fold decreased risk of future
development of melanoma (15). Therefore, vitiligo
vulgaris present in patients who later go on to develop
melanoma is likely coincidental and due to random va-
riation within a population. In immunotherapy-induced
leukoderma, the literature offers contradicting evidence
with regards to presentation. A study by Quaglino et
al. (5) reported a more localized form of leukoderma
confined to the face including perioral and periorbital
areas as well as the upper trunk with irregular patches
and pale (but not white) color. Previously, Hartmann et
al. (16) suggested a more symmetrical, bilateral presen-
tation with centripetal spreading to the trunk. Recently,
two cases of vemurafenib-associated leukoderma were
reported with almost identical clinical manifestations:
symmetrical, patchy depigmentation of the face (7). In
order to further clarify the clinical presentations, more
large-scale investigations may be needed.

As melanoma therapy with immune modifiers is
expanding, it is important to understand the varying
clinical presentations of MAL. While leukoderma deve-
lopment secondary to immunotherapy treatment is asso-
ciated with a higher response rate, not recognizing MUP
before the onset of MAL can have significant prognostic
consequences for the patient. While immunotherapy-
induced leukoderma has been reported in the literature,
our goal is to raise awareness regarding the importance
of the timing of the onset of leukoderma and its prog-
nostic implications. In addition, by understanding the
pathophysiology of leukoderma, clinicians can gain bet-
ter insight into the relationship between autoimmunity
and tumor immunity. Understanding the development
of tumor immunity can provide prognostic information
for the patients and their providers.
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