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Preface
Melanoma Oncologists who have in the past struggled with resolving how best to treat
their patients given the few effective therapeutics available are now beginning to confront the disease directly. These new tools are likely to change clinical practice surrounding melanoma.
In the first section of this book, several manuscripts discuss imaging techniques for diagnosis – currently the best way to cure melanoma early before it develops into a late ‐
stage, metastatic disease. Further, this book discusses the clinical aspects of melanoma
treatment in surgery and long‐term management. Acral, cutaneous and mucosal melanomas are represented in this book, along with some rather unusual clinical observations. As such, it provides insight into rare case studies only observed by a few clinicians. When most people consider melanoma, it is likely to be regarded as cutaneous
melanoma derived by overexposure to a lifetime of UV radiation. In contrast, manuscripts presented here discuss melanoma in the gastrointestinal tract, genito‐urinary
tract, female genital tract, pulmonary metastases, familial mutations leading to melanoma, canine melanoma and melanoma in pregnancy. It is a fascinating representation of the diversity of clinical cases that exist globally.
Again, I have to thank several outstanding people, without whom this would not have
otherwise been possible – Ana Pantar, Petra Nenadic, Juliet Eneh and Molly Altman.
These people helped me throughout this process. In addition, I would also like to thank
my loving spouse, Gary Rollie, who is always a supportive champion of my career. This
past year he listened to me say that, “This will only take a few more minutes,” knowing
that it wasn’t true, but understanding that at some point I would finish. And I did.
I hope you enjoy reading this book as much as I did.
Sincerely,
Mandi Murph, Ph.D.
Assistant Professor
Department of Pharmaceutical and Biomedical Sciences
University of Georgia
College of Pharmacy
Athens, GA, USA

Part 1
Melanoma Models and Diagnostic Techniques




Acral Melanoma: Clinical, Biologic and
Molecular Genetic Characteristics
Minoru Takata





Acral melanomas (AM) is a distinct subtype of melanoma affecting the palms, soles and nail
apparatuses. It is mostly identical to acral lentiginous melanoma according to Clark’s
classification (Clark et al., 1986), but it may also include nodular melanoma and superficial
spreading melanoma that developed on glabrous skin and nail apparatus (Curtin et al.,
2005). While AM is the least frequent subtype of cutaneous melanoma overall in Caucasians,
it is the most prevalent type of melanoma in people of color. Prognosis of AM is generally
poor, which may be in part due to delay in diagnosis (Bradford et al., 2009).
The distinct histological and phenotypic characteristics suggest that AM might differ
biologically from other types of cutaneous melanomas. Recent molecular genetic studies
characterized AM as a unique type of melanoma showing higher frequency of chromosomal
aberrations, especially focused amplifications of particular chromosome regions (Bastian et
al., 2000; Curtin et al., 2005). Furthermore, recent discovery of frequent mutation or
amplification of  gene in AM and mucosal melanoma has led to the molecular targeted
therapy by approved drugs targeting KIT, such as imatinib, for advanced cases (Curtin et
al., 2006). This would represent a first decisive step toward the individualized treatment of
melanoma (Garrido &Bastian, 2010)


Although AM accounts for 5% of all melanomas in the United States (Markovic et al.,
2007)(Table 1), it is a predominant form of melanoma in individuals with darker skin (ie,
Blacks, Asians and Hispanics) (Cormier et al., 2006). The proportion of AM among all
melanoma subtypes is greatest in blacks followed by Asians/Pacific islanders and Hispanic
whites (Bradford et al., 2009). The nationwide survey in Japan shows that AM accounts for
41% of all melanomas (Ishihara et al., 2008)(Table 1), the rate being almost the same in Chinese
(Chi et al., 2011). However, the absolute incidence of AM in darkerskinned individuals is
similar to that in whites (Stevens et al., 1990; Bradford et al., 2009), who have a much higher
incidence of melanoma overall due to the strong susceptibility to sunlight (Cormier et al.,
2006). Thus, carcinogens other than ultraviolet light (UVL) equally affecting all ethnic groups
or endogenous mutagenesis may play a role in the development of AM. Trauma may have a
role in AM development, since 13% to 25% of patients with AM reported prelesional trauma,
such as puncture wounds, friction blisters and stone bruises (Coleman et al., 1980; Phan et al.,






2006). The mean age at diagnosis of AM is 62.8 years, compared with 58.5 years for cutaneous
melanoma overall. Incidence of AM significantly increases with each year of advancing age,
which is seen across the different racial groups (Bradford et al., 2009).
Type of
Melanoma1)
SSM
NM
LMM
ALM
Unknown

United States
(Markovic et al., 2007)
70%
5%
4~15%
5%
5~11%

Japan
(Ishihara et al., 2008)
17%
20%
7%
41%
13%

1)SSM, superficial spreading melanoma; NM, nodular melanoma; LMM, lentigo maligna melanoma;
ALM, acral lentiginous melanoma

Table 1. Comparison of melanoma types between the United States and Japan.

Although acral volar skin and nail beds constitutes only a few % of skin surface, the fact that
nearly half of cutaneous melanomas arise on these anatomical sites in darkerskinned
individuals indicates that these are predilection sites of melanomas not causally related to
UVL exposure. The melanocyte density in palmoplantar skin is five times lower than that
found in nonpalmoplantar sites. Furthermore, the growth and differentiation of palmoplantar
melanocytes are suppressed by dickkopf 1 (DKK1) secreted from dermal fibroblasts through
the downregulation of microphthalmiaassociated transcription factor (MITF) and beta
catenin (Yamaguchi et al., 2004). The reason why such growthsuppressed melanocytes in
palmoplantar skin are more susceptible to melanoma development is currently unknown.


Clinically, AMs on palms and soles begin with irregularly pigmented macular lesions. The soles
of the feet are most commonly involved. Morphological characteristics of early AM lesions
include variable shades of brown from tan to black color, irregular and asymmetric shape often
accompanied by notching at the periphery, and over 7mm in diameter (Saida, 1989) (Fig. 1a).





Fig. 1. Clinical pictures of radial growth phase (a) and tumorgenic vertical growth phase
(b) of AM.
















Fig. 2. Dermoscopy of early AM (a) and melanocytic nevus on acral volar skin (b, c, and d).
a, palarelle ridge pattern; b, pararelle furrow pattern; c, latticelike pattern; d, fibrillar pattern.
Dermoscopic observations of these early lesions show bandlike pigmentation on ridges of
the skin markings, designated as a “parallel ridge pattern”(Fig. 2a). This is in sharp contrast
to the dermoscopic patterns in acral melanocytic nevi, which show parallel linear
pigmentation along the sulci of the skin markings, designated as a “parallel furrow
pattern”(Fig. 2b) and its variants “latticelike pattern“ (Fig. 2c) and “fibrillar pattern”(Fig.
2d) (Oguchi et al., 1998; Miyazaki et al., 2005). The sensitivity and specificity of the parallel
ridge pattern in diagnosing early AM is 86% and 99%, respectively (Saida et al., 2004). A
simple threestep algorism effectively discriminating early AM from acral melanocytic nevi
has been proposed (Fig. 3) (Saida et al., 2011). This algorism classifies acquired pigmented
lesions on acral volar skin by the dermoscopic findings and the maximal diameter, and
recommends three management options including “no need to followup”, “periodic follow
up”, and “excision of the lesion for histopathological evaluation”.
In contrast to the palmoplantar melanoma, nail apparatus melanoma more often affects
fingers than the toes. The digits most commonly affected are the thumb followed by the
great toe. If the AM is situated in the nail matrix, a longitudinal pigmented band of the nail
plate is the earliest sign (Fig. 4a). As melanocytic nevi of the nail matrix also typically
accompany longitudinal melanonychia, identifying early nail matrix melanoma is
challenging. Dermoscopy again provides useful information for this differentiation. The
suspicious dermoscopic features of early nail matrix melanoma are irregular lines on a








brown background, pigmentation of the cuticle (microHutchingson’s sign), a wide
pigmented band, and triangular pigmentation on the nail plate (Fig. 4b) (Koga et al., 2011).
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生検して病理組織学的に検討




Fig. 3. Threestep algorism for the management of acquired pigmented lesions on plams and
soles (Adapted from Saida et al., 2011, with permision).





Fig. 4. Clinical (a) and dermoscopic (b) photographs of early nail matrix melanoma. The
arrow indicates microHutchingson‘s sign.








The tumorigenic vertical growth phase of palmoplantar melanoma is characterized by the
development of a nodule often associated with ulceration (Fig. 1b). The development of a
subungal tumor and the destruction of the nail plate are observed in the vertical growth
phase of nail apparatus melanoma.


Histopathology of the earliest lesions of palmoplantar melanoma shows proliferation of
solitary arranged slightly atypical melanocytes mainly detected in the crista profunda
intermedia, the epidermal rete ridge underlying the ridges of the skin markings (Ishihara et
al., 2006). In early nail apparatus melanoma, slightly atypical melanocytes proliferate in the
epidermis of nail matrix. Eventually, large atypical melanocytes, frequently with prominent
pigmented dendrites, proliferate as single cells in the basal layer of the hyperplastic
epidermis while some tumor cells can be found in the upper layer of the epidermis. Nesting
of melanocytes is not prominent, and tends to occur at the tips of the rete ridges. Brisk
lichenoid lymphocytic infiltrate that may obscure the dermalepidermal junction is common.
In the vertical growth phase, atypical tumor cells are often spindleshaped. Desmoplastic
change is not uncommon (Clark et al., 1986).


There exists clinical heterogeneity in cutaneous melanoma with different susceptibility to
UVL, which may be explained by differences in somatic genetic changes. Recent molecular
genetic investigations have revealed that melanomas from intermittently sunexposed skin,
most of which are located on trunk and extremities, show frequent mutations in either 
or  gene. In contrast,  or  mutations are rather infrequent in melanomas
arising from sunprotected areas, such as acral skin, nail apparatus and mucosa (Table 2).
Instead, these types of melanomas show a higher degree of chromosomal aberrations;
specifically, genomic amplifications involving small portions of chromosome arms (Curtin
et al., 2005). In AM, the most frequently amplified region is chromosome 11q13 which
contains the  gene. Narrow amplifications of other chromosome regions, including
4q12, 5p15, 11q14 and 22q1113, are also found (Bastian et al., 2000). Target genes of 4q12
and 11q14 amplifications appear to be  and , respectively (Curtin et al., 2006;
Chernoff et al., 2009).






a

Melanomas from
Acral melanomas intermittently sun
exposed skin
23% mutated
59% mutated
10% mutated
22% mutated
14% mutated
0% mutated
24% amplified
0% amplified
44% amplified
5% amplified
19% amplified
3% amplifieda

Reference
(Curtin et al., 2005)
(Curtin et al., 2005)
(Curtin et al., 2006)
(Sauter et al., 2002)
(Chernoff et al., 2009)

including one melanoma on face

Table 2. Comparison of somatic genetic changes between acral melanomas and melanomas
from intermittently sunexposed skin.








Cyclin D1 positively regulates the activity of cyclin dependent kinases, leading to
phosphorylation of retinoblastoma protein promoting entry into mitosis, and acts as an
oncogene (reviewed in (Tashiro et al., 2007)). Interestingly, while gene amplifications are
usually found in association with disease progression in other cancers,   gene
amplifications in AM are detected early in the radial growth phase (Bastian et al., 2000).
Furthermore, copy number increase of   gene was observed even in normallooking
melanocytes in the epidermis beyond the histopathologically recognizable margin of
melanoma (Bastian et al., 2000; North et al., 2008), as well as in very early acral melanoma 
 lesions, which shows slight increase of nonatypical melanocytes in the basal cell layer of
the epidermis (Yamaura et al., 2005). These genetically aberrant cells with normal morphology
are “ field cells” (Bastian, 2003), which represent a latent progression phase that precedes the
stage of atypical melanocyte proliferation in the epidermis. These observations suggest that
amplification of the  gene might be one of the earliest events in AM development. The
presence of amplifications, however, indicates that other aberrations likely cause genomic
instability (North et al., 2008). Investigations in a radial growth phase AM cell line SMYM
PRGP harboring   amplification (Fig. 5) suggest that overly expressed cyclin D1
protein may act as a survival factor (Murata et al., 2007).Whilethe progressive increase of the
copy number from normallooking melanocytes to the  portion to the invasive
melanoma was observed, suggesting that the increased gene dosage confers a growth
advantage during later stages of tumor progression (North et al., 2008), this may simply reflect
the increase of genomic instability associated with melanoma progression (Takata et al., 2010).

Fig. 5. Amplification of the  gene in radial growth phase acral melanoma cell line
SMYMPRGP (Murata et al., 2007). Green signals, chromosome 11 centromere; red signals,
.
While mutations of the  and  genes are infrequent in AM, a substantial number
of AM harbor mutations or amplifications of the  gene encoding a receptor tyrosine
kinase (Curtin et al., 2006). Recent studies have revealed  mutations and amplification in
14% and 24% of AMs, respectively (Table 2) (Woodman &Davies, 2010). About 30% of the
tumors with  mutations also show increased copy number/amplification of . The 








mutations identified in AM differ from those found in gastrointestinal stromal tumors
(GIST). The majority of  mutations in GIST are deletions or insertions, whereas those
found in melanoma are substitution mutations. In addition,  mutations are not present in
exon 9, which is the location of 15% of  mutations in GIST. More than half of 
mutations in melanoma are found in exon 11, which encodes juxtamembrane domain of KIT
receptor, whereas mutations are also found in exons 13, 17 and 18 encoding kinase domains
(Woodman &Davies, 2010).
GAB2 is a scaffolding protein that mediates interactions with various signaling pathways
including RASRAFERK and PI3KAKT signaling, and is a critical molecule for melanoma
progression (Horst et al., 2009). A recent study found  amplification in 5 of 23 (19%)
AMs, while amplifications were rare in other types of cutaneous melanomas (Table 2). The
majority of  amplification occurred independent from genetic alterations in
and , suggesting a critical role of  in a subset of AM (Chernoff et al., 2009).


Since  mutations are detected in ~15% of AM, KIT is a promising molecular target of
metastatic AM. Several   experiments using melanoma cell lines harboring 
mutations have actually shown significant growth suppressive effects of small molecular
KIT inhibitors, such as imatinib, which are already approved for other cancers. Imatinib
dramatically decreased proliferation, and was cytotoxic to a mucosal melanoma cell line
demonstrating a highly amplified  exon 11 V559D mutation (Jiang et al., 2008). In
contrast, cell viability of another melanoma cell line with  exon 11 L576P mutation, the
most common  mutation in melanoma (34%) (Woodman &Davies, 2010), was not
reduced by imatinib. However, dasatinib reduced cell viability of this cell line at
concentrations as low as 10nM. Molecular modeling studies found that the L576P mutation
induces structural changes in KIT that reduce the affinity for imatinib but not for dasatinib
(Woodman et al., 2009). An acral melanoma cell line with nonamplified exon 17 D820Y
was also resistant to imatinib treatment. The  D820Y mutation usually arises as a
secondary mutation in the setting of imatinib treatment in GIST, which was shown to be
sensitive to sunitinib. As expected, treatment of the  D820Y cell line with 1 M of
sunitinib showed modest reduction in cell proliferation. (Ashida et al., 2009).
Clinically, dramatic response to imatinib therapy has been observed in several sporadic
cases with metastatic acral and mucosal melanomas with  mutations, such as exon 13
K642E, 7codon duplication in exon 11, and exon 11 V599A (Hodi et al., 2008; Lutzky et al.,
2008; Terheyden et al., 2010). However, gene amplification and overexpression of wildtype
, which is frequently present in acral and mucosal melanomas (Woodman &Davies,
2010), did not translate into clinical efficacy of imatinib (Hofmann et al., 2009). Consistent
with an study, metastatic melanoma patients with the  L576P mutation showed
marked reduction (>50%) and elimination of tumor F18fluorodeoxyglucose (FDG)avidity
by positron emission tomography(PET) imaging after dasatinib treatment (Woodman
&Davies, 2010). Partial response by dasatinib was also observed in a patient with the 
exon 13 K642E mutation (Kluger et al., 2010).
Three phaseII trials of imatinib in unselected metastatic melanomas were mostly
disappointing, and highlighted the importance of proper patient selection (Ugurel et al.,
2005; Wyman et al., 2006; Kim et al., 2008). There are currently three ongoing clinical trials








prospectively testing imatinib in selected patients with melanoma showing mutations or
amplifications (mostly acral and mucosal melanomas)(Table 3). The NCT00470470 trial
selected stage III or IV patients with somatic mutations in . Of the 12 evaluable patients,
2 demonstrated a complete response. Of note, these two patients had both amplification and
mutation of . A partial response was observed in two patients. All but two, who had
mutations known to be resistant to imatinib in GIST, of the remaining patients had stable
disease (Carvajal et al., 2009). In another phaseII trial of imatinib in patients with advanced
melanoma from acral skin, mucosa or chronically sundamaged skin (NCT00424515), five of
ten patients with  mutations demonstrated a partial response. In contrast, none of the ten
patients who had wildtype/amplified  showed a clinical response (Fisher et al., 2010).
In the NCT00881049 trial which recruited Chinese patients with metastatic melanoma
harboring  aberrations, a rate of 20% partial response and 40% stable disease was
achieved, with 60% overall disease control rate (Guo et al., 2010). These results show clinical
benefit of imatinib in a proportion of molecularly selected patients.

Imatinib
Imatinib
Imatinib
Imatinib and
temozolomide
Nilotinib
Nilotinib and
dacarbazine
Sunitinib
Sunitinib
Dasatinib
Dasatinib and
dacarbazine

Phase
2
2
2

NCT number
00470470
00424515
00881049

 aberrations required for eligibility
Mutation or amplification
Mutation or amplification
Mutation or amplification

1/2

00667953

Mutation

2

00788775

Mutation or amplification

3

01028222

Mutation

2
2
2

00631618
00577382
00700882

Mutation or amplification
None
None

1/2

00597038

None

Table 3. Clinical trials of KIT inhibitors for melanoma (Modified from Romano et al., 2011).
Nilotinib is a secondgeneration tyrosine kinase inhibitor of KIT, PDGFR and BCRABL.
Nilotinib is potent as imatinib against mutant , and is significantly more potent than
imatinib against wildtype . A phaseII trial of nilotinib in patients with melanoma
characterized by a  mutation or amplification is ongoing, and a randomized phaseIII,
openlabel study to compare the efficacy of nilotinib versus dacarbazine for treatment of
patients with metastatic melanoma harboring a  mutation has been initiated. PhaseII
trials testing other tyrosine kinase inhibitors targeting KIT, such as sunitinib and dasatinib,
for melanoma are also ongoing (Table 3).


It is now clear that melanoma arises from multiple pathways, with initiating and promoting
factors differing for each. Melanomas on intermittently sunexposed skin preferentially affect
Caucasians who have an inherently high propensity for melanocyte proliferation characterized
by high nevus counts (Whiteman et al., 2003). Exposure to intense bursts of UVL radiation,








especially in childhood, is the major risk factor. This type of melanomas may arise from pre
existing melanocytic nevus, and the mutation of the  gene may be a key initiating
somatic genetic event (Michaloglou et al., 2008). By contrast, AM arises  , and equally
affects all ethnic groups. The first genetic aberration affecting normal melanocytes in acral
volar skin would be one that disrupts the maintenance of genomic integrity. This would lead
to the amplification of and the selection for clonal expansion of affected melanocytes.
Then, acquiring activating mutations in oncogenes, such as  (Curtin et al., 2006), may be a
crucial step inducing proliferation of transformed melanocytes (Takata et al., 2010).
Understanding molecular pathogenesis in different types of melanomas will lead to the
development of effective prevention and treatment strategies for individual patients.
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Wnt/βCatenin Signaling Pathway in
Canine Skin Melanoma and a
Possibility as a Cancer Model for
Human Skin Melanoma
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1. Introduction
Cutaneous melanoma is a relatively common skin tumor in the dog, accounting for 5 to 7%
of canine skin tumors (Bostock, 1986; Rothwell et al., 1987). This tumor originates from the
transformation of the melanocytes, which are present mainly in the epidermis and hair
follicles. The transformed melanocytes lose their normal contact with surrounding
keratinocytes and tend to proliferate to surrounding tissues (Smith et al 2002). Breed has
been reported to be prognostically significant; more than 75% of melanomas in Doberman
pinschers and miniature schnauzers are behaviorally benign, whereas 85% of melanomas in
miniature poodles are malignant (Bolon et al., 1990).
Cutaneous melanoma can be behaviorally benign or malignant, and can occur anywhere on
the body. Some investigations into the molecular and genetic basis of melanoma were
previously performed (Table 1), but the etiology of melanoma is largely unknown. These
tumors usually can be diagnosed by simple fineneedle aspiration cytology; however,
histologic examination is important to determine the potential for malignancy (Aronsohn &
Carpenter 1990; Bolon et al., 1990).
The therapeutic treatment for local cutaneous melanoma in the dog is surgical excision. It
shows an excellent prognosis after surgical excision of benign tumors, whereas the
prognosis of tumors with malignant criteria is guarded or poor; metastatic rates of 30 to
75% have been reported after the surgery (Withrow & Vail 2007). Systemic chemotherapy
for malignant melanoma has shown little promise. Some agents, including mitoxantrone
(Ogilvie et al., 1991), doxorubicin (Moore, 1993), dacarbazine (Gillick & Spiegle, 1987), and
carboplatin (Rassnick et al., 2001) have been used for treatment. However, in general, the
effects of these drugs have been poor and the durations of the effects have been
shortlived. A few researches have been conducted to develop effective therapeutic targets
in the mechanism of melanoma progression and/or metastasis; however, there is no
effective strategy until the present time (von Euler et al., 2008; Han et al., 2010; Thamm et
al., 2010).
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Factor

Normal function
: activate DNA repair protein
: hold the cell cycle at the G1/S
phase
p53 gene
: initiate apoptosis if the DNA
damage proves to
be irreversible
: capture harmful oxidant
Metallothionein
radicals

Abnormality

Reference

: exclusion of p53 from the Koenig et al.,
nucleus
2002

: inactivates p53 functions

Dincer et al.,
2001

: hold the cell cycle at the G1/S
phase
: inhibits the activity of CDK2
and CDK4
: inhibits the AKT signaling
pathway

: exclusion of RB1 from the Koenig et al.,
nucleus
2002
: loss or reduction of ink4a Koenig et al.,
gene
2002
: loss or reduction of PTEN Koenig et al.,
expression
2002

NRAS

: a member of the RAS signal
transduction

: mutation of NRAS gene

VEGF

: important signaling protein in
Rawlings et
: improves the angiogenesis
vasculogenesis
al.,
in tumors
and angiogenesis
2003

RB1 gene
P16/P21/P27
PTEN gene

Mayr et al.,
2003

Table 1. Cutaneous melanomarelated molecular and genetic factors in dogs.

2. Wnt/βcatenin signaling pathway
2.1 Normal regulation of the Wnt/ βcatenin signaling pathway
2.1.1 Wnt signaling: ligands and receptors
The Wnt genes encode a group of 19 secreted cysteine rich glycoproteins that act as ligands
to activate receptormediated signaling pathways that control cell differentiation, cell
proliferation, and cell motility (Chlen & Moon, 2007). Wnt proteins are defined by sequence
rather than by functional properties. Because it is difficult to solubilize active Wnt
molecules, the purification of Wnts is complicated. Its insoluble nature is caused by the lipid
modification causing hydrophobic state. For example, murine Wnt3a, the first identified
Wnt protein, undergoes two kinds of lipid modification; first is the addition of palmitate to
cysteine 77 causing diminishing the ability to activate βcatenin signaling and second is the
addition of palmitoleoyl to serine 209 causing Wnt3a accumulation in the endoplasmic
reticulum (Willert et al., 2003; Takada et al., 2006; Galli et al., 2007; Komekado et al., 2007).
Until now,  Wingless (Wg) is the most investigated Wnt molecule  . Those
researches indicate that the hydrophobicity and membrane localization of Wg are lost when
Porcupine (Porc) gene is eliminated (Zhai et al., 2004; Takeda et al., 2006; Hausmann et al.,
2007). Porc encodes a transmembrane ER protein responsible for Wg lipid modification.
Consequently, it suggests that Porc is a important mediator of both lipid modification and
membrane targeting of Wg.
In Vertebrates, there are two kinds of Wnt signaling pathway; βcatenindependent
(canonical) and βcateninindependent (noncanonical) signaling pathways. Canonical or β
catenindependent signaling pathway is also called as the Wnt/βcatenin signaling
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pathway. Two distinct receptor families are important for the Wnt/βcatenin signaling
pathway: the Frizzled (Fz) seven transmembrane receptors and the LDL receptorrelated
proteins 5 and 6 (LRP5 and LRP6) (He et al., 2004; Logan and Nusse, 2004). In Wnt/Fz
interaction, Wnt proteins bind directly to the cysteinerich domain of Fz receptor; however,
without a cognate ligand, the complex of Wnt/Fz cannot activate Wnt signaling, indicating
Fz activation is ligand dependent. For participating to Wnt signaling, LRPs need to
transport to the cell surface by a specific molecule called Boca in  or Mesd in mice
(Culi & Mann, 2003; Hsieh et al., 2003). Two LRPs act different functions at different
developmental process; LRP6 is more important for embryogenesis while LRP5 is critical for
adult bone homeostasis. In most data, Wnt induces the formation of FzLRP5/6 complex to
activate Wnt signaling pathway.
2.1.2 Wnt signaling: off state
Cytoplasmic βcatenin phosphorylation and degradation is the characteristic feature (Fig. 1).
The Axin protein coordinates sequential phosphorylation of βcatenin at serine 45 by CK 1α
and then threonine 41, serine 37 and serine 33 by glycogen synthase kinase3β (GSK3β)
through the interaction with separate domains of Axin (Kimelman & Xu, 2006). After then,
the E3 ubiquitin ligase βTrcp binds to serine 33 and 37 of βcatenin, and leads to βcatenin
ubiquitination and degradation. GSK3 and CK1 also phosphorylate Axin and Adenomatous
polyposis coli (APC), resulting in the enhancement of βcatenin phosphorylation and
degradation through increased association between Axin/APC and βcatenin (Kimelman &
Xu, 2006; Huang & He, 2008). Additional aspects on Axin complex deserve further
discussion.
1. Serine/threonine phosphatases, PP1 and PP2A, counteract the role of GSK3 and/or
CK1 in the Axin complex. PP1 promote the dissociation of the Axin complex through
the dephosphorylation of Axin while PP2A dephosphorylates βcatenin. Both reactions
result in reduced βcatenin degradation (Luo et al., 2007; Su et al., 2008).
2. Axin concentration is different among each component in , indicating that Axin
controls the rate of the complex assembly (Lee et al., 2003). However, it is not sure
whether the different concentration of Axin in each component is universal to other
organisms.
APC is a part of the Axin complex causing βcatenin phosphorylation. APC also inhibit the
dephosphorylation of βcatenin, and thereby enhancing βcatenin degradation (Su et al.,
2008). APC and Axin compete for same βcatenin, and APC also remove phosphorylated β
catenin from Axin for degradation and for making Axin available for another βcatenin
phosphorylation (Xing et al., 2003; Kimelman & Xu, 2006). APC also promote to remove β
catenin from the nucleus and suppress βcatenin target genes.
Interestingly, APC can promote Wnt signaling through the acceleration of Axin degradation
(Lee et al., 2003; Takacs et al., 2008). It depends on the APC amino acid terminal that is not
involved in βcatenin degradation. Conversly, Axin can also promote APC degradation
(Choi et al., 2004). However, the mechanisms of both APC and Axin degradation are not
known.
2.1.3 Wnt signaling: on state
Wnt/βcatenin signaling pathway is important in many developmental processes including
the formation of neural crestderived melanocytes (Larue & Delmas 2006). In neuralcrest
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Fig. 1. Regulation of Wnt/βcatenin signaling pathway. In the absence of Wnt signals, the
cellular concentration of free βcatenin is low, because a complex of the adenomatous
polyposis coli (APC), glycogen synthase kinase 3β (GSK3β) and axin protein is responsible
for regulating the level of βcatenin, via GSK3βmediated phosphorylation of specific serin
and threonine residues in βcatenin.
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emigration and expansion during the embryogenesis, this pathway has been implicated in
the migration and differentiation of the melanoblast by βcatenin dependent manner (Fig. 2)
(Dunn   2000; Ikeya   1997). A hallmark of the activation of the pathway is the
accumulation of βcatenin protein in the cytoplasm. Wnt signals influence the proteins that
regulate βcatenin stability through several mechanisms and thereby induce the activation
of Wnt target gene through the nuclear translocation of βcatenin as follows;
1. After the signaling of Wnt proteins, the receptor complex transduces a signal to several
intracellular proteins that include Dishevelled (Dsh) through a direct binding between
Dsh and Fz. Dsh is a ubiquitously expressed cytoplasmic protein and interacts with a C
terminal cytoplasmic LysThrXXXTrp motif of Fz (Umbhauer et al., 2000). During the
process, Dsh is also phosphorylated by several protein kinases such as Par1 (Yanagawa
et al., 1995; Sun et al., 2001). Wntinduced LRP phosphorylation is also important for the
receptor activation. LRP5 and LRP6 have five repetitive ProProPro(SerTrp)Pro
[PPP(S/T)P] motifs, which are involved in constitutive βcatenin signaling (Tamai et al.,
2004; MacDonald et al., 2008). GSK3 and CK1 are responsible for PPP(S/T)P
phosphorylation after the stimulation of Wnt proteins (Davidson et al., 2005; Zeng et al.,
2005). These dual phosphorylated motifs become a binding site for the Axin complex
and recruit Axin to LRP6 under Wnt stimulation. Zeng et al. (2008) indicates that GSK3
is responsible for most PPP(S/T)P phosphorylation in GSK α/β null cell lines.
Consequently, Axin/GSK3 interaction mediates LRP6 phosphorylation, resulting in the
accumulation of βcatenin in the cytoplasm.
2. As described above, the receptors transduce a signal to several intracellular proteins
that include Dishevelled (Dsh). Activated Dsh acts as a suppressor of the proteasome
mediated degradation, which is controlled by a complex of glycogen synthase kinase3β
(GSK3β), Axin, Adenomatous polyposis coli (APC), and βTrCP. In particular, Wnt
signals promote to detach Axin from the complex and thereby, induce βcatenin
stabilization (Cliffe et al., 2003; Tamai et al., 2004). Consequently, stabilized βcatenin
accumulates in the cytoplasm.
3. In vertebrates, Caprin2, a cytoplasmic protein, binds to LRP6 and promotes its
phosphorylation by GSK3 (Ding et al., 2008). In addition, Caprin2 promotes the
formation of LRP6AxinGSK3 complex.
4. Microtubule actin crosslinking factor 1 (Macf1) is a member of the protein that links the
cytoskeleton to junctional proteins. It seems that this protein is a transporter of Axin to
LRP6. Its function may be vertebratespecific (Chen et al., 2006).
5. Cytoplasmic βcatenin can enter and retain in the nucleus (Henderson & Fagotto, 2002;
Stadeli et al., 2006). Though the mechanism of the movement is not well understand,
Henderson and Fagotto (2002) suggests that nuclear pore protein interacts directly with
βcatenin, resulting in the movement to the nucleus. A recent study indicates that JNK2
and Rac1 constitute a cytoplasmic complex with βcatenin and thereby promote its
nuclear translocation (Wu et al., 2008).
6. In the nucleus, βcatenin interacts with transcription factors such as lymphoid
enhancerbinding factor 1/T cellspecific transcription factor (LEF/TCF) DNAbinding
proteins. In the absence of Wnt signal, TCF acts as a repressor of Wnt target genes,
however, βcatenin convert the TCF repressor into a transcriptional activator complex
and thereby activates the transcription of the target genes including cmyc and cyclin
D1 that cause a cell proliferation and differentiation. The target genes of Wnt/βcatenin
signaling pathway are summarized in Table 2.
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Fig. 2. Regulation of Wnt/βcatenin signaling pathway. Upon Wnt signaling, the activity of
GSK3β is inhibited by Dsh, hence βcatenin is accumulated in the cytoplasm. The
accumulated βcatenin can enter the nucleus and activates the target genes such as , c
myc and cyclin D1.
Target gene
Fz
Dfz2
Dfz3
Fz7
LRP
Axin2
βTCRP
TCF1
LEF1

Changes in target
gene expression
Suppress
Suppress
Activate

Suppress
Suppress
Suppress
Suppress
Activate

Mediator

Reference

Wnt
Wnt
Wnt
Wnt
Wnt
βcatenin
βcatenin
TCF
βcatenin

Muller et al., 1999
Cadigan et al., 1998
Sato et al., 1999
Willert et al., 2002
Wehrli et al., 2000
Jho et al., 2002
Spiegelman et al., 2000
Roose et al., 2001
Hovanes et al., 2001

Table 2. The target genes of Wnt/βcatenin signaling pathway.
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2.2 Dysregulation of the Wnt/ βcatenin signaling pathway
2.2.1 Wnt signaling in human diseases
In human medicine, mutations of the Wnt/βcatenin signaling pathway have been
introduced as a cause of many hereditary disorders, cancer, and other diseases (Table 3).
These include mutations in several components of Wnt signaling pathway such as ligands
and receptors. Also, the loss of Ecadherin or the abruption of cadherincatenin complex by
MET/RON receptor tyrosine kinases (RTKs) can cause the abnormal accumulation of β
catenin into the cells (DanikovitchMiagkova . 2001; Nelson and Nusse 2004).
Gene

Function

Wnt3
Wnt4
Wnt7a

Tetraamelia
Ligands

Wnt10a

LRP5

Receptor

LRP6
Axin1

Facilitates βcatenin
degradation

Axin2
APC
β
catenin
TCF

Disease
Mullerianduct regression and
viriliation
Fuhrmann syndrome
Odontoonchyodermal
hypoplasia
Hyperparathyroid tumor
High bone mass
Osteoporosispseudoglioma
FEVR eye vascular defects
Early coronary disease and
osteoporosis
Caudal duplication, cancer
Tooth agenesis, cancer

Facilitates βcatenin
degradation

Familial adenomatous
polyposis, cancer

Signal transducer

Cancer

Transcriptional
partner of βcatenin

Type II diabetes (?)

References
Niemann et al.,
2004
BiasonLauber et
al., 2004
Woods et al., 2006
Adaimy et al., 2007
Gong et al., 2001;
Boyden et al., 2002;
Little et al., 2002;
Toomes et al., 2004;
Bjorklund et al.,
2007
Mani et al., 2007
Satoh et al., 2000;
Oates et al., 2006
Liu et al., 2000;
Lammi et al., 2004
Kinzler et al., 1991;
Nishisho et al., 1991
Korinek et al., 1997;
Morin et al., 1997
Florez et al., 2006;
Grant et al., 2006

Table 3. Human diseases caused by mutations of the Wnt/βcatenin signaling pathway
Association of dysregulated Wnt/βcatenin signaling pathway with human cancer has also
been documented through constitutively activated βcatenin signaling. Dysfunction of
APC/Axin/GSK3 complex or βcatenin mutation (especially in exon 3) blocks its
degradation and consequently, accumulated βcatenin leads to excessive cell proliferation
that predisposes cells to tumorigenesis. Particularly, in human skin melanoma, dysregulated
Wnt/βcatenin signaling pathway is essential for metastasis. In this tumor, the
transformation of normal melanocytes into melanoma cells is a multistep process (Albino et
al., 1991; Haass et al., 2005; Meier et al., 2000; Shih & Herlyn 1993). The first step, considered
as benign, is associated with the formation of a nevus and the radial growth phase (RGP).
During RGP, melanocytes tend to proliferate superficially to the basement membrane of the
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epidermis. During the next stage, the vertical growth phase (VGP), the cells bypass
senescence to proliferate actively in a vertical manner in the dermis, crossing the basement
membrane. At this stage, the cells migrate and become clearly invasive (Fig. 3). In RGP and
VGP, the alteration of Wnt/βcatenin signaling pathway has been considered to act
fundamental roles (Sanders et al. 1999; Larue and Beermann 2007). However, in human,
only infrequent mutation has been found in genes encoding the components, such as APC
and βcatenin. Therefore, it is presumed that Wnt/βcatenin signaling is probably activated
by changes in the expression of genes encoding the components directly involved in the
signaling pathway or associated with the regulation of this pathway (Larue and Delmas
2006).

Fig. 3. Cutaneous melanomagenesis in human. After the formation of nervi, constitutively
activated βcatenin results in the progress of RGP and VGP, inducing tumor cell metastasis.
BM, basement membrane.
2.2.2 Wnt signaling in canine diseases
In dogs, abnormalities of the Wnt/βcatenin signaling pathway have been investigated in
mammary tumor and skin melanoma (Gama et al., 2008; Han et al., 2010). In both studies,
decreased membrane βcatenin expression was consistently observed, indicating the
disruption of intercellular adhesion (Fig. 4). On plasma membrane level, βcatenin acts as a
bridge that links cadherin to the cytoskeleton in the plasma membrane of the normal cell
(Demunter et al. 2002; Sanders et al. 1999). Thus, the loss of cadherin molecule or the
disruption of cadherincatenin complex can induce the release of βcatenin into the
cytoplasm. The loss of Ecadherin and the activated MET/RON receptor tyrosine kinases
(RTKs) have been reported to cause the cytoplasmic release of βcatenin in human
melanoma and normal canine kidney cells (DanilkovitchMiagkova et al. 2001; Demunter et
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al. 2002; Sanders et al. 1999). In the study of canine skin melanoma, the authors observed
significantly increased βcatenin expression in mRNA level (Han et al., 2010). It seems that
the increased synthesis of βcatenin can also induce the cytoplasmic accumulation, besides
the translocation of membrane βcatenin. Wnt factor has been considered to increase the
synthesis of βcatenin in human (DanilkovitchMiagkova et al. 2001; Larue and Delmas
2006). However, the expression level of βcatenin in protein level is needed to confirm our
hypothesis as increased RNA synthesis does not always equate with increased protein
synthesis. The authors also examined consistently decreased expression of membrane E
cadherin in all canine skin melanoma tissues, indicating the disruption of intercellular
adhesion (Fig. 5, unpublished). However, the authors couldn’t conclude the relationship
between Ecadherin and βcatenin because of low sample number. In another study, the
authors observed that only 28% of tumor tissues revealed overexpressed MET/RON RTKs
indicating that those RTKs were not a major contributing factor for increased βcatenin
expression in the cytoplasm (Han et al., 2009). As a next study, the authors are examining
the mutation of βcatenin gene. GSK3/APC/Axin complex recognizes the amino acid
sequence encoded by exon 3 of βcatenin gene and initiates phosphorylation, followed by
degradation of βcatenin.

Fig. 4. Immunohistochemistry for βcatenin in canine skin melanoma showing variable
membrane expression and cytoplasmic translocation of βcatenin (authors’ study).
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Fig. 5. Immunohistochemistry for Ecadherin in canine skin melanoma showing variable
membrane expression of Ecadherin (authors’ study).

3. Spontaneous canine skin melanoma as a model for human melanoma
Spontaneous tumors in companion animals are suitable models for human cancer. They
share a similar lifestyle with human (their owner), and have a relatively high incidence of
tumors, large body size and shorter life span (Vail & MacEwen, 2000). Their tumors are also
spontaneously occurring and genetically heterogenous in contrast to the tumor of
experimental animals induced by chemical or transplantation. In companion animals,
tumors that have a potential to be a model for human are mammary carcinoma,
osteosarcoma, melanoma, lymphoma and leukemia.
Although a lot of investigations and therapeutic trials have been conducted, the incidence
and deaths by skin melanoma continue to increase in human, particularly Caucasian
population (Longstreet, 1988; Woodhead et al., 1999). In human, melanoma classifies four
subtypes; superficial spreading melanoma (SSM), nodular melanoma, lentigo maligna
melanoma and acral lentiginous melanoma. SSM is the most common type of melanoma,
accounting for about 70% of all diagnosed cases. The most aggressive type is, however,
nodular melanoma. Nodular melanoma is the second common type, accounting for 15% of
all diagnosed cases. Usually, it develops in people aged 60 and older. Because of high
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incidence of the alteration in Wnt/βcatenin signaling pathway, a genetically modified
mouse model has been developed (Delmas et al. 2007). However, the location of
melanocytes in mice differs from that in the human skin and a mouse model does not
spontaneously develop melanoma (Larue and Beermann 2007). Whereas, in normal skin of
the dog, the melanocyte is mainly present in the basal layer of the epidermis and hair follicle
similar to that of the human. In addition, the age incidence, histopathology and biological
behavior, which rapidly progression to vertical growth phase (VGP) without radial growth
phase (RGP) in canine cutaneous melanoma are very similar to the feature of human
cutaneous nodular melanoma (Chamberlain et al. 2003; Gross et al. 2005; Smith et al. 2002).
It suggests that the canine cutaneous melanoma could be a suitable model for therapeutic
trial by correcting the altered Wnt/βcatenin signaling pathway.
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1. Introduction

Melanoma is the most aggressive skin neoplasm [1] affecting not only adults but also
children and adolescents [2]. Traditional methods of study have been applied to achieve the
best diagnosis in order to recommend the best treatment [3]. The aim of this chapter is to
contribute with new technologies to improve this diagnosis.
Cutaneous melanoma arises from the transformation of epidermal melanocytes, whose main
function is the production of melanin, the pigment that gives skin photoprotection [4,5]. The
epidermal melanocytes also act as sensory and regulatory cells through induction of
neuroendocrine and immunomodulatory, thereby maintaining skin homeostasis [6]. The
human melanocytes, in adulthood, are normally quiescent and mitotic activity may present
with mild action of specific external stimuli such as ultraviolet radiation and wound healing
[5,6]. This proliferative activity specifically requires delicate control of the cell cycle and
changes in their regulatory signals can result in uncontrolled cell division and may
represent the beginning of the process of malignant transformation [5]. The process of
malignant transformation of melanocytes is likely multifactorial and results from complex
interactions between genetic, constitutional and environmental [7] ,
Cutaneous melanoma is a cancer that allows the study of cellular events relevant to
malignant transformation, because its natural history shows progressive stages of tumor
aggressiveness, according to their ability to infiltrate the dermis [7,8,9,10, 11.12]. This feature
of the tumor based on the fact that the transition from radial growth pattern for the vertical
growth pattern with infiltration of the dermis is a major milestone in several biological
properties of the tumor, including its ability to metastasize [11].
As in most human malignancies, the development of melanoma results from disruption of
the integrity of the genome of melanocytes, which induces sustained instability, caused by
chromosomal abnormalities, which will determine the characteristics of these neoplastic
cells [7,8,11]. The genesis of the genome involves dynamic changes produced by mutations
that determine gain of function of oncogenes or loss of function of tumor suppressor genes
[13]. This process occurs in stages, determining the progressive transformation of normal
cells into neoplastic cells [13]. ]
For the purposes of prognosis, one of the most modern assessment takes into account the
concept of "micro-stage." The four major types of melanoma are lentigo malignant
melanoma, acral lentiginous melanoma, superficial spreading melanoma and nodular
melanoma [5].
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The lentigo maligna melanoma has irregular margins and usually occurs on sun-exposed
areas in older patients. The acral lentiginous occurs on the hands and feet and often shows
massive invasion occurs when the vertical growth phase. The most common among
Caucasians is the surface of melanoma, which affects the trunk and extremities. These
lesions have varied colors. Nodular melanoma is highly pigmented and grows rapidly to
make the micro staging of melanoma is important in determining the level of invasion Clark
or Breslow thickness measurement (top of the granular layer of the epidermis to the deepest
extent of tumor) . The association between clinical-pathological correlation and microscopic
measurements are useful in assessing prognosis [1.14].
It is essential to obtain a biopsy in order to have a histopathologic diagnosis of pigmented
skin lesion. The excision biopsy is the procedure of choice in the removal of a lesion with
suspected melanoma. The sentinel lymph node biopsy is an innovation that has helped the
prognosis [15].
Over 95% of melanomas involving the skin belong to one of four major types, but there is a
small but important group of cutaneous melanomas can be classified as unusual variants.
Many of these variants have distinct histopathological features: they include desmoplastic
melanoma, neurotropic melanoma, pedunculated melanoma, metastatic melanoma,
amelanotic melanoma, melanoma that arises on a benign nevus, melanoma regressive
("invisible") and melanoma cells in a balloon. Other lesions may simulate melanoma
histopathologically. Some techniques for histopathology, and immuno histochemistry with
markings for S-100 protein, vimentin, keratin, and HMB-45, can help distinguish these
lesions from true melanoma [1].
Therefore, through the last two decades, many other morphological and biological factors
are still being investigated, as some morphometric characteristics, number of nucleolar
organizer regions [16, 17], expression of p53 protein, indicative of the rate of apoptosis, [18]
as expression of bcl-2 protein, [19] expression of adhesion molecules [20] and markers of cell
proliferation [21]. However, the computerized morphometric analysis has been little studied
and our evaluation o is that the morphometric assessment may contribute greatly to our
knowledge of these tumors and their degree of aggressiveness.
Some techniques of histopathology, as the expression of PCNA, p53, Bax and Bcl-X, have
been used to differentiate malignancies [22]. Immunohistochemistry staining with markings
for S-100 protein, vimentin, keratin, and HMB-45, can help distinguish benign lesions from
true melanoma .
Other prognostic markers, however, which are not yet used in daily practice, might add
important information and thus improve prognosis, treatment, and survival. Therefore a
search for new prognostic factors is desirable. For this purpose, traditional or new
immunohistochemical markers, gene expression arrays, comparative genomic hybridization
and mutational profiling have been applied [22-31]. Most of these techniques are
sophisticated and expensive, requiring specially equipped laboratories with a trained staff,
Detailed morphological analysis of the nuclei in histological or cytological preparations can
give important information on cell physiology and, furthermore, can be of considerable
great diagnostic and prognostic importance [32-42].
Physiologic or pathologic changes of the cell accompany changes of the chromatin
arrangement. In particular, neoplastic growth induces important modifications, not only of
the DNA, but also of the composition and distribution of the histone and non-histone
nuclear proteins, thus provoking alterations of the distribution of heterochromatin in the
nucleus. Nuclear texture features have been studied as prognostic markers in neoplasias .
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The resources available in commercial softwares are usually restricted to basic
morphometric parameters such as diameter, area and perimeter, which cannot adequately
measure texture features of nuclei.
The most common way to process the images has the principle to work with them directly,
as we do, that is, concentrating the work on the intensity and distribution of gray levels at
each point of the figure. These methods are referred to as spatial methods. Thus, the
information can be removed, such as distance between two points, areas, angles, [43] count
of elements such as cells, nuclei, mitosis, and others. The image analysis by the computer
can predict survival in patients with malignancy with a high degree of accuracy and with
less subjectivity than visual examination [44]. However, no quantitative pathology must be
understood as a synonym for self diagnosis or that the responsibility of the pathologist
should be taken on computer applications. For over 30 years, several experimental systems
were developed for the prescreening of cytological preparations, including the use of
techniques of image processing [45]. Despite the large number of algorithms, yet none of the
systems resulted in clinically acceptable commercial product. Images of stained cells are
heterogeneous and complex, and can be difficult to classify them due to the large number of
cellular aggregates and overlays. The automatic processing of images and quantification of
morphological characteristics of cells have a double benefit. First, the process can allow
automated screening and second, to take the diagnostic criteria more objective and
reproducible. [46]. The parameters of image analysis can be used with the advantage of
stimulating small changes in the cellular substance that are not obvious to the human eye, or
are invisible or are difficult to include a qualifying description [47]. There are structures seen
in optical and electron microscopy that could not be readily classified by using simple
parameters such as length, area and circumference, especially if their general appearance
can be described by textural characteristics.
More recently studies have been made that combined computer technology and histology. A
few of these works can be listed. The use of automated microscopy epiluminescente [48] and
the use of multiple cytometric markers such as DNA microdensitometry, cariometry,
AgNOR and MIB1-Ki67 [49] for evaluation of malignancy in pigmented lesions. Tissue
count analysis of histological sections of melanoma associated with the size of the mask [50],
evaluation of components of skin biopsy using the CART (classification and regression
trees) [51] and association of clinic and anatomy of melanocytic skin cancer by analyzing
image dermoscopy [52]. Mijovic Z, Mihailovic D, 2002, [53] used discriminant analysis of
variables kariometric to distinguish between malignant melanocytic skin lesions and benign
lesions. The fractal dimension of clones of K1735 melanoma in mice was studied by Aham et
al [54].
Some studies have been made in distinguishing benign pigmented lesions from melanoma.
Oka et al in 2004 [55] presented a study showing dermoscopic parameters for the
differentiation of melanoma with Clark's nevus, using linear discriminant analysis. Rubegni
et al in 2001 [56] differentiating pigmented Spitz nevus and melanoma by digital
dermoscopy and discriminant analysis. An automated method for the mmunohistochemical
quantification and fractal analysis was presented i by Gerges et al in 2004 [57]. The
vascularization and the fractal dimension of the dermoepidermal interface in guttate and
plaque psoriasis was studied by Uhoda et al [58] in 2005. Cytomorphometric parameters
and the metastatic potential of uveal and cutaneous melanoma, compared with prognostic
factors, was developed by Pereira FB et al in 2001 [59]. The resources available in
commercial software (eg, KS-300) are restricted to basic morphometric parameters such as
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diameter, area, perimeter [60], which in itself helps to objectify, but can not "measure" sets
more morphological complexes, for example, the texture of nuclei.
Whereas a digital one core is composed of pixels with gray levels forming a pattern, texture
nuclear depends on the spatial relationship of each pixel with neighboring pixels in the
nucleus. Thus the texture measures can be studied as statistical properties of an image.

2. Texture and biological function
The texture is a characteristic that describes the generic appearance of part of an image and
appearance is often expressed as soft, sandy, regular, coarse, granular, etc. [35]. The texture
of the image "equivalent" to histological or cytological tissue is closely related to
physiological and pathophysiological disorder of the body, which is the basis of microscopic
analysis. The chromatin texture of nuclei is related to epigenetic changes, such as
methylation or histone modification, remodeling profoundly nuclear architecture
characteristic of each type of tissue. Physiological or pathological changes can still influence
this process, explaining the wide variety of chromatin structure [61, 62, 63, 64].
Therefore, the study of nuclear texture has become increasingly important for
histopathology and cytopathology. Deshabhoina et al in 2003 [45] published a study which
used the texture image to separate melanoma and seborrheic keratosis. Another study
focused on the detection of pigment network and applying dermoscopic images using
texture analysis [66]. The size, shape and texture of the nuclei are of fundamental
importance in cytological evaluation of malignancy [67, 68].
Traditionally, analysis of histological and cytological textures are made by the opinion of
"expert" [69, 70, 71, 72] specialist trained in microscopic analysis [73, 74, 75, 76, 77, 78, 79, 80].
This type of evaluation, however, contains a strong subjective component, which explains
the considerable degree of disagreement among experts in all fields of histopathology and
cytopathology [81, 82, 83, 84, 85, 86, 87]. Christropher & Hotz 2004 [88] show that
subjectivity in their study. This explains the attempts to "objectify" the diagnostic process,
using mathematical tools applied in the analysis of microscopic images [89].
Pilot studies demonstrated the utility of such techniques for objective differentiation of cells
in various malignancies [90, 91, 92]
Texture descriptors have shown great utility in nuclear medicine [.93, 94, 95] Image analysis
To face this problem new parameters have been established, such as entropy, symmetry
parameters (contour and surface) and the application of graph theory [96] A stylish
alternative to texture is that which examines the composition of the image as sums of sines
and cosines. One of the first such attempts was the use of Fourier transform. In 1808, Joseph
Fourier proposed to the Paris Academy of Sciences of the whole curve could be irregular as
a sum of periodic functions. Already in 1809, Gauss, studying the properties of this
transformation has created an algorithm able to calculate it accurately and with greater
performance at a time when there was not even calculators. This algorithm was used on one
computer for the first time only by Cooley in 1969 in a program written in Fortran. Thus,
spectral analysis has become practical using the fast Fourier transform (FFT).
The Fourier transforms have been used in various fields such as crystallography and
communication theory, conducting, respectively, three-dimensional analysis and data
compression. More recently, Fourier transforms were used for the identification and
classification of paintings based on the observation that particular characteristics of a
painting can be more easily removed if the two-dimensional spectrum is examined, rather
than the original painting.
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Fast Fourier Transform

Fig. 4. Sum of sines.
The analysis of Fourier transform images of the space domain to the frequency, generally
assumed that the frequency is a measure of periodic repetition of some event. In image
processing, the spatial frequency is a measure that expresses the rate of change of brightness
(gray levels, usually between 0 and 255) occurring in a sequence of points. High spatial
frequencies correspond to the details of that brightness varies rapidly [97]. Low spatial
frequencies represent slow changes of brightness. The frequency distribution of the image
represents the frequency and directional interference. The Fourier texture features can be
calculated from the distribution of frequencies in different regions of the transformed space.

3. Core subjected to Fourier transform
Computer analysis of images is a breakthrough in the study of pathology since, through this
method, we have more precision in diagnoses that are made today and we can proceed in
diagnoses not previously possible. Another advantage of the method is that it is able to
reduce the influence of subjectivism in the diagnosis, reducing potential human error.
The barrier to the spread of this method is its high cost, either in the acquisition of proper
equipment and in the design and development of computer programs .There is also the cost
of implementation of the procedure.
Few studies were found in the literature that used the Fourier transform for histological and
all could be improved. Banda-Ganboa in 1993 [98] studied cervical cells using this
instrument. As he had not enough technology to eliminate the effects of the troubled border
he could not study the chromatin but only the nuclear contour. Smith in 1999 [99]
successfully demonstrated that the Fourier transform can sort the histological architecture of
prostate tumors in 97.2% accuracy on Gleason grading in the histological images and 88.6%
in the drawings made by hand. He used the method of similarity between the images
processed and employed no pre-processing technique. De Vries [100] in 2000 studied the
organization in cases of dermal eclerodermia. Clark in 2001 [101] explained the transparency
of the cornea demonstrating ultrastructural differences between the connective tissue of the
cornea and sclera through the Fourier transform of images from electron microscopy. In
2002 a study showed the importance of the Shannon entropy [102] in image analysis. Still
another study this year showed the characteristics between the elastotic tissue from patients
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with different skin types [103]. Another study showed the difference between keloids and
hypertrophic scars [104] utilizing texture analysis and, with more resources, the authors
improve their work [105]. The relationship between the texture of chromatin and phenotype
in acute leukemia were studied with image analysis in 2005 [106]. In 2007 the method was
used in a study showing no difference between aggressive and non-aggressive subtypes of
basal cell carcinoma [107]. In 2008, Adam et al [108] improved on his previous work
showing that the pre-processing of images improves the texture analysis of nuclear
chromatin based on Fourier transform. This year the same group published another study
showing that dichotomization of continuous data may be a bug in studies of prognostic
factors.

4. Fractal dimension
For centuries, the objects and concepts of philosophy and Euclidean geometry were
considered as those that best describe the world in which we live. The discovery of nonEuclidean geometries introduced new objects that represent certain phenomena of the
universe, as happened with fractals. Thus, it is now known that these objects depict forms
and phenomena of nature. The idea of fractals has its origins in the work of some scientists
between 1857 and 1913. This work has made known some objects, cataloged as "demons"
that was supposed to have no scientific value. In 1872, Karl Weierstrass found an example of
a function with the property to be continuous throughout its domain, but nowhere
differentiable. The graph of this function is presently called fractal. In 1904, Helge von Koch,
not satisfied with the very abstract and analytical definition of Weierstrass, gave a more
geometric definition of a similar function, now known as Koch snowflake (or Koch
snowflake), which is the result of endless additions triangles to the perimeter of an initial
triangle. Each time new triangles are added, the perimeter grows, and inevitably approaches
infinity. Thus, the fractal covers a finite area within an infinite perimeter.
There were also many other works related to these figures, but that science could only be
developed fully from the 60s of the twentieth century, with the aid of the emerging
computer technology. One of the pioneers to use this technique was Benoit Mandelbrot, a
French mathematician born in Poland, who discovered fractal geometry in the 70s of the
twentieth century, and so named from the Latin adjective fractus, frangere the verb, which
means breaking .
Fractal geometry is the branch of mathematics that studies the properties and behavior of
fractals. It describes many situations that can not be explained easily by classical geometry,
and were in science, technology and computer generated art. The conceptual roots of
fractals dating from attempts to measure the size of objects for which traditional definitions
based on Euclidean geometry fail [109].
A fractal (formerly known as monster curve) is a geometric object that can be divided into
parts, each of which resembles the original object. It is said that fractals have infinite detail,
are generally self-similar and independent of scale. In many cases a fractal can be generated
by a repeating pattern, typically a recurring process or interactive.
In order to introduce the idea that size is not necessarily entirely, Mandelbrot used the
following example:
What is the size of a ball of string? Mandelbrot replied that this depends on the point of
view. Seen from a great distance, the ball is no more than a point with zero size. Viewed
more closely, the ball seems to occupy a peripheral space, thus taking three dimensions.
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Seen more closely, the thread becomes visible, and the object it is in fact one-dimensional,
though that size is only clew around itself so that it occupies a three-dimensional space. The
notion of how many numbers are needed to specify a point continues to be useful. From far
away, there is no need - the point is the only thing that exists. Closer, it takes three. Closer
still, one is enough - any particular position along the wire is single, much as the cord is
coiled up. Computers, with their power of calculation and graphical representations that
can run, are responsible for bringing back these "monsters" to life, generating almost
instantly on the monitor and fractals with their bizarre shapes, their artistic designs or
detailed landscapes and scenery.
Most of the objects of study in pathology have a complex structural characteristic and the
complexity of their structures, for example, the irregularity of the margins of a tumor,
remains at a constant level, despite a large range of magnifications. These structures also
have patterns that repeat themselves in different increases, a property called the scale of self
similarity. This has important implications for measurements of parameters such as length
or area, since, in this case, the Euclidean measures can be invalidated. The fractal geometry
system overcomes the limitations of Euclidean geometry for these objects and measurement
of fractal dimension gives an index of their spatial properties. The fractal dimension (FD)
can be measured using image analysis systems, splitters, and methods of dilation of the
pixel. Some uses include fractal analysis of DNA coding and spatial extent of the property of
tumors, vessels and neurons. Fractal concepts have also been incorporated into models of
biological processes, including epithelial cell growth, vascular growth, periodontal diseases
and viral infections.
An important aspect of texture analysis is the determination of fractality, since this feature
characterizes the complexity of a structure not revealed by classical morphometry based on
Euclidean geometry. Recent studies have shown the fractal nature of nuclear chromatin and
of the surrounding nucleoplasmic space [110-112]. Fractals are self-similar structures, i.e.
they exhibit similar features at different magnifications, in a scale-invariant manner.
Previous studies have shown that fractal characteristics of nuclear chromatin are of
prognostic importance in neoplasias [113-116]. Therefore our group prove that the fractal
dimension of nuclear chromatin measured in routinely stained histological preparations of
melanomas can be of prognostic survival value.
There are studies showing the application of FD of nuclear chromatin as a prognostic factor
in lymphoblastic leukemia [117], to measure irregularities of the nuclei and glandular
margins in order to distinguish benign from malignant lesions [118], to measure margins
infiltrated by malignant tumors [119] to access tumor angiogenesis [93] and for measuring
the distribution of collagen tissue. Fractal geometry was also applied to access the irregular
distribution of chromatin in malignant cells [120]. In the future the fractal geometry can help
in diagnosis, in understanding the pathogenesis and its management of injuries. It may also
provide new perspectives on disease processes.
In a study carried by our group [109], a method for measuring the surface roughness was
used in which a video image of the surface area is formed and divided into a group of
regions covering the entire video image. Each region had the same size. A fractal dimension
value is calculated for each region. The values of fractal dimensions of the regions are
subjected to an average fractal dimension associated with a size of a particular region. The
steps of partition, and average calculation is repeated for each region added, and each had a
unique and equal size. When all the average values of fractal dimension were placed as a
function of a regional size is set straight. The combination of the descending line and the
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point where this straight line intercepts the y-axis indicates the surface roughness of that
area.
Sakar et al [121] in 1992, described that,in order to determine the fractal dimension (FD), one
should have a value of x and y coordinates correspond to the dimensions of an image type
MxM, where we have 2 M pixels. The coordinate z denotes the gray level of pixels. Thus, the
pair x, y indicate the position and height of the image area in the gray level.

5. Image acquisition
Image acquisition may be performed with a digital camera with high resolution (12
megapixels) and an oil immersion objective (x100). The images must be saved in
uncompressed bitmap format 24-bit color. At least 150 nuclei from each tumor, chosen at
random, must be acquired in each case, by the same operator, at best focus, ie, the focus on
the sharp contours are presented in most of the perimeter of the nuclear membrane.
a. Only cores must be acquired with characteristics of melanoma cells, ignoring any other
cells of the field.
b. Core with no creases, folds and crevices.
c. Nuclei with no overlap of any structure, for example, bubbles, precipitation of dye or
other nuclei.
The nuclei must be then converted to a gray scale, 8 bit, by calculating the luminance.
Finally calculate the following parameters for each core :
Core Area
Greater rope
Mean transverse diameter
Form factor
Fractal dimension of chromatin
After normalization of the histogram of gray value (Albrechtsen) for each core a pseudo
three-dimensional image is created with the z axis defined by the gray level of each pixel,
thereby transforming the texture of chromatin stained with hematoxylin-eosin in a rough
surface (Fig. 9). The fractal dimension (FD) of the surface of the pseudo 3-D images is
calculated using a special software.
According to Sarkar et al, one must fill the space with cubes and count the number of
intersections with irregular surface. This procedure is repeated with smaller or larger cubes.
In a log-log diagram type for each of these procedures the number of intersections is placed
against the size of the cubes. The fractal dimension can thus be obtained by the slope of the
linear regression line.

6. Parameters extracted
To prepare the image to be transformed to calculate the fractal dimension tit is converted to
gray scale by calculating the luminance and the white background is replaced by the
average luminance of the nucleus. The following is accomplished the removal of sharp
discontinuities of the edges of the core, using the technique of softening [80].

7. Greater rope
The relevance of tumor thickness, Clark's level and the mitotic rate are well known
prognostic factors in the literature [23,24].

50

Melanoma in the Clinic – Diagnosis, Management and Complications of Malignancy

g

Fig. 5. Softening of core borders.

Sectors
Direction
-90º
0º

+90
º

Fig. 6. Direction of the biggest rope.

Fig. 7. Melanoma – HE.
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Fig. 8. Segmented core.

Fig. 9. Core grayscale.

Fig. 10. Pseudo 3D image.
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The main emphasis of our investigation has been to test karyometic variables being as
prognostic factors.
The use of computerized image analysis has contributed to an objective description of
melanoma cells and decreased substantially inter-observer variation. Objective
measurement of nucleolar organizer regions (AgNORs), proliferating cell nuclear antigen
(PCNA) and Ki-67, nuclear DNA content or karyometric variables such as chromatin
compactness, and nuclear size and shape, have been used for differential diagnosis between
melanomas and several forms of melanocytic nevi [122-125].
Karyometric differences between benign and malignant melanocytic lesions reflect
alterations at the genetic and epigenetic level during the progression from common
melanocytic nevi to dysplastic nevi to melanoma. This process involves dynamic changes in
the genome produced by mutations through gain of oncogene function or loss of action of
tumor suppressor genes. But many additional alterations of gene expression can be found
during tumor progression, passing from the radial to the vertical growth phase and finally
to the metastatic phenotype [23]. Abnormalities in mitotic regulators such as RASSF1A and
Aurora kinases promote chromosomal instability on melanoma cells [126]. Comparative
genomic hybridization revealed a higher number of genetic alterations in primary
melanomas which developed metastases within one year after surgery compared to tumors
that did not metastasize [127]. Thus the aggressive behavior of melanoma seems to be
associated with an accumulation of multiple genetic alterations.
The nucleus is organized at three hierarchical levels: the organization of nuclear processes,
the higher-order organization of the chromatin fiber, and the spatial arrangement of
genomes within the nuclear space. Structure and function interact mutually in a dynamic
way. There is increasing evidence for self-organization of nuclear architecture and function
at all levels of organization leading to a high degree of structural complexity in the
mammalian cell nucleus [128]. Chromatin is separated into two distinct conformations:
euchromatin, which is uncondensed and the much denser heterochromatin, which is
considered to be transcriptionally less active. Recent investigations are challenging this
concept, demonstrating that chromatin structure is correlated with gene density, rather than
activity. According to them, decondensed chromatin is representing gene-rich and
condensed chromatin gene-poor regions [128]. Mascolo et al [129] demonstrated that
overexperession of the chromatin assembly factor-1 which promotes histone incorporation
into chromatin, was associatied with a higher risk to develop metastases. Based on these
studies we may hypothesize that the chromatin organization of aggressive melanomas with
an increased number of genetic and epigenetic alterations should be different from those
with a more benign clinical course. The characteristics of the nuclear architecture, as seen by
the pathologist in routine sections, reflect genomic and non-genomic changes in both the
structure of DNA and chromatin[130]. Taking together all these studies, we may expect that
changes of nuclear shape, size and chromatin texture would accompany tumor progression
and the transformation to a more aggressive phenotype.
Our karyometric measurements corroborate this hypothesis. With increasing tumor
thickness, i.e. vertical growth, the nuclear area enlarged and the form factor decreased, i.e.
the nuclei tended to lose their roundedness. In the univariate Cox regression, nuclear area
was also a significantly negative prognostic factor, i.e., the ability to metastasize was higher
in melanomas with larger nuclei. This result confirms a previous study, which showed that
the mean nuclear volume of primary melanomas with subsequent metastatic course was
larger than tumors that did not metastatize [131]. Talve et al [132] observed in aneuploid
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melanomas a correlation of tumor thickness with nuclear size and increased genetic
instability. The nuclear size is also positively correlated with the fractal dimension of the
chromatin architecture of the nuclei.
The fractal concept of self-similar structures was introduced by Mandelbrot [133].
Paumgartner et al. [134] applied it to microscopic images in biology and medicine. Grosberg
et al [135] postulated that folded polymers should be fractals. During condensation, a
polymer is repeatedly subjected to the self-similar process of crumpling, and this applies
also to chromatin. Thus, the condensed polymer becomes finally a fractal. In that way a long
polymer can be packed in a small volume without entanglements, which facilitates
unravelling when necessary and is therefore an advantage for cell physiology [136]. Recent
experimental studies showed indirect evidence for the fractal nature of DNA, nuclear
chromatin and the surrounding nucleoplasmic space [110-112]. Our results gave evidence
for the fractal nature of nuclear chromatin stained by haematoxylin in paraffin sections of
melanoma cells.
The question whether a given structure should be considered as fractal, is linked not only to
its scaling characteristics, which follow power laws. The goodness-of fit of the linear
regression in the log-log plot is essential. The observed values should lie as close as possible
on the straight regression line, where the slope gives an estimate of the fractal dimension..
We are measuring the fractal dimension of a rough and irregular surface, The dimension of
a plane surface is 2 and that of a cube is 3. In an intuitive way one can interpret the fractal
dimension of a rough, "landscape-like" surface as being in between the dimensions of a
plane and of the cube, therefore 2 < FD < 3. The fractal dimension is equivalent to the slope
of the regression line which depends on the number of intercepts of the surface with the
boxes. A "smoother" surface has less intercepts and therefore a lower FD than a "rougher"
surface. The fractal dimension was an independent adverse prognostic factor for survival in
malignant melanomas. In other words, melanomas with a "rougher" surface had a bad
prognosis. A more aggressive behavior is usually found in genetically unstable neoplasias
with a higher number of genetic or epigenetic changes, which provoke a more complex
chromatin rearrangement, revealing an increased number of darker and lighter areas.
Previous studies demonstrated an association between higher FD values of the nucleus and
worse prognosis in multiple myelomas [116], squamous cell carcinomas of the oral cavity
[113] and in squamous cell carcinomas of the larynx [114]
Tumor thickness, nuclear size, mitotic index and fractal dimension have all been positively
correlated with each other . Nevertheless, the stepwise procedure in the multivariate Cox
regression selected the fractal dimension and the Clark level as independent variables that
built up the best proportional hazard model explaining patients' survival. This implies that
the complexity of chromatin distribution contains relevant prognostic information which is
independent of the Clark level. Since this investigation was based on a relatively small
number of patients, it should be followed by confirmatory studies.[109]
The chromatin texture of hematoxylin-eosin stained nuclei in paraffin sections of melanoma
cells can be described as a fractal. The increased nuclear fractal dimension found in the more
aggressive melanomas is the mathematical equivalent of a greater complexity of their
chromatin architecture. We conclude that there is strong evidence that the fractal dimension
of the nuclear chromatin texture is a new and promising variable in prognostic models of
malignant melanomas [109].
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During the last two decades we have observed an amazing development of imaging
techniques targeted for biomedical applications. New technologies, devices and equipment
combined with sophisticated analysis, visualization and storage algorithms as well as
programs designed for acquisition of data, signal processing, database building or data
manipulation are now available commercially.
Tremendous advances were also observed in the domain of dermatology. Two types of
specialized equipment have been developed for this purpose, namely the dermatoscope and
the SIAscope. The dermatoscope or epiluminescence microscope has become a standard tool
(Argenziano et al. 1998). Connected with a digital camera and lighting equipment providing
light with specific wavelengths, it becomes a powerful diagnostic device. The SIAscope can
be used to acquire images under different lighting conditions while the standard
dermatoscope takes the images under single light wavelength.
Images acquired using dermatoscopes can be stored and analyzed further by digital
computers. Some of such applications for clinical use are based on personal computers or
laptop platforms (Burroni et al. 2004,). Newer versions can be connected even to an iPhone
or handheld device such as a palmtop computer. Several companies produce hardware
solutions for dermatologic diagnosis – one of such popular solutions is proposed by
DermLite.
In both techniques the digital image serves as a basis for medical analysis and diagnosis of
lesions under consideration. As there is a general lack of precision in human interpretation
of image content, advanced computerized techniques can assist doctors in the diagnostic
process (European Consensus 2009). Several companies offer complex software solutions –
let us mention here only a few, such as: Mole Expert, MoleMAX, and DDAX3 (see the
websites listed under Dermatoscopic systems in the list of references).
Analysis these solutions, targeted as an aid for the practicing medical doctor, reveals they all
contain data storage and manipulation software (multimedia database). Some provide also
some basic tools for skin lesion images analysis. Great success in application of the
dermoscopic equipment and software could be noted in Australia – one of the courtiers with
highest incidence of malignant melanoma registered in the last few years. The Solarscan
system has been in use in almost all dermatology clinics across Australia (compare Talbot
and Bischof, Menzies et al. 2005).






In this chapter we review some of the now standard methods of image processing for
melanoma diagnosis and also introduce new identification methods based on color
decompositions used in video and TV image processing as well as new spatial and
frequency information found in the skin texture. These new methods assume that some
neighborhood properties of pixels in dermatoscopic images can be a sensitive probe of
different pigmented skin atypia and the melanoma progression. The most promising
methods are those decomposing different frequency scales of the texture. Such multi
resolution analysis is well suited to determine distinctive signals characterizing the class of
the image. We present also classification analysis of the pigmented skin lesion images taken
in white light based on the inductive learning methods proposed by Michalski (AQ). These
methods are developed for a computer system supporting the decision making process for
early diagnosis of melanoma. Symbolic (machine) learning methods used in our study are
tested on two types of features extracted from pigmented lesion images: color/geometric
features, and waveletbased features. Classification performance with the wavelet features,
although achieved with simple rules, is very high. Symbolic learning applied to our skin
lesion data outperforms other classical machine learning methods.


Analyzing the medical literature and textbooks one can find out that there are several
standard approaches for analysis and diagnosis of cutaneous lesions (Johr 2002, European
Consensus 2009). Let us shortly describe the characteristic features used in each method for
classification of lesions.

This scale is used to differentiate melanoma lesion from a nonmelanoma one. Lack of
negative features and the presence of at least one positive attribute suggest that the lesion
should be diagnosed as melanoma. The features used for differentiation are presented in
table 1.
Negative features

•
•
•

lesion axial symmetry
lesion color symmetry
the presence of one color

Positive features
bluewhite veil
numerous brown dots
pseudopodia
radial streaks
discoloration of a scar
black dotsglobules at the periphery
many colors (5 or 6)
numerous blue / gray dots
extended network

Table 1. Menzies scale feature table.

This scale uses major and minor criteria to grade lesions in scale from 1 to 7. The presence of
any major criteria adds two points, one point is for minor criteria. To diagnose a melanoma
using this scale the lesion must score at least 3 points. Table 2 contains the scoring criteria.






Criteria
Major
• atypical net pigmentation
• atypical vascular pattern
• bluewhite veil
Minor
• Irregular streaks(radial streaks)
• Irregular pigmentation
• irregular spots / globules
• areas of regression
Score



Points
2
2
2
1
1
1
1
< 3 = non melanoma
≥ 3 = suspected melanoma

Table 2. The 7point scale criteria and scoring table.

TDS (Total Dermoscopy Score) – is a uniform system used for dermatoscopy assessment.
Using a linear equation the ABCD rule (Nachbar et al. 1994) introduced the option to grade
skin lesion depending on the degree of their malignancy. This degree is determined by the
TDS value calculated from the following equation:

TDS = A ∗ 1, 3 + B ∗ 0,1 + C ∗ 0, 5 + D ∗ 0, 5

(1)

The ABCD (Asymmetry, Border, Color, Dermoscopic structures) rule is used for diagnosis
of skin changes of melanocytic origin. It is used to assess lesion and brings an answer to the
question whether it is a mild change, suspicious or malicious. The variables for the equation
(1) are determined by visual assessment of: A  lesion shape asymmetry and color
asymmetry, B – border shape and sharpness, C – presence of various colors (red, bluegray,
brown, black, white), D – presence of dermoscopic structures such as pigmentation net,
regression regions, dots, globules and so on.

The ABCDE (Asymmetry, Border, Color, Diameter, Evolution) (Thomas et al. 1998) (Rigel et
al. 2005) is a rule that evolved on ABCD scale used to calculate TDS value. According to this
rule, the lesion is suspicious if visual assessment of the lesion is positive on any of the
following features: A  lesion shape asymmetry and color asymmetry, B – border shape and
sharpness, C – presence of various colors (red, bluegray, brown, black, white), D – diameter
of the lesion is greater than 6mm, E – elevation of lesion has grown over short period of
time, or lesion has evolved rapidly.



Skin cancer is a fast developing disease of modern society, reaching 20% increase of
diagnosed cases every year. In Central Europe the incidence rate is 1014 per 100,000
population and in Southern Europe the incidence is 610 per 100,000; in the USA 1025 per
100,000; and in Australia, where the highest incidence is observed, 5060 per 100,000.








Dermatoscopy is primary and commonly used method of diagnostics for nearly thirty years.
This method is noninvasive and requires great deal of experience to make correct diagnosis.
As described in (Menzies et al. 2005) only experts have 90% sensitivity and 59% specificity in
skin lesion diagnosis, as shown in table 3. The result of strict compliance with the
instructions should be similar to this document. Specificity and sensitivity are indexes
calculated from the following equations:
Sensitivity =

TruePositive
TruePositive + FalseNegative

(2)

Specificity =

TrueNegative
TrueNegative + FalsePositive

(3)

Sensitivity
90%
81%
85%
62%

Experts
Dermatologists
Trainees
General practitioners

Specificity
59%
60%
36%
63%

Table 3. Sensitivity and specificity.
Variables like TP, TF, FN and FP are described in table 4. That is why computer aided
diagnostic gains more popularity every year and more complex algorithms are being
developed. Some of this algorithms use: colorimetric and geometric analysis, statistical
differentiation based on knowledge databases of diagnosed cases (supplied with most video
and photo dermatoscopes).
Diagnosed as Abnormal
Diagnosed as Normal

Actually Abnormal
True Positive (TP)
False Negative (FN)

Actually Normal
False Positive (FP)
True Negative (TN)

Table 4. Diagnosing possibilities.
The diagnostician has to perform difficult classification task and take the decision of telling
the patient that he is in good health or not, basing on available information obtained in the
process of clinical examination.
It is possible to apply computerized image processing, feature extraction and classification
methods to improve diagnosis process and assist the physician in making the decision.


In process of images classification a number of classification methods (Chan et al. 1999) can
be used. For the dermoscopic image differentiation, classification algorithms such as
Artificial Neural Networks (Park et al. 2004) and Support Vector Machines (Wu et al. 2008)
are used. Support Vector Machines (in short: SVM) are commonly used with four types of
kernels: linear, polynomial, radial and sigmoid (Chang et al. 1998), each for different
classification effectiveness. As for classification using Artificial Neural Networks (in short
NN), the radial basis function is preferred. NN are composed of simple elements (neurons)








that are inspired by biological nervous systems. These neurons are working in parallel
creating a network that is trained to perform connections between elements. Before NN can
be used for classification, the network need to be trained, so that when it is given certain
input it will respond with desired output.
Radial basis function, known also as Gaussian function is used often due to its strong
classification power. RBF consists of two layers as shown in figure 1. First layer is a hidden
radial basis layer of S1 neurons.

Fig. 1. Radial Basis Function Neural Network.
The second layer is a linear basis layer of S2 neurons. In figure 1 presents a NN working
with Radial Basis Functions.
Conventional neural networks are performing empirical risk minimization where network
weights are determined by minimizing the error between actual and desired outputs. SVM
are based on the structural risk minimization where the parameters are optimized by
minimizing classification error (see http://www.kernelmachines.org/).


While working with digital images of any kind, the image acquisition is always the first step
of image analysis process. Image acquisition is a stage, at which images are collected in
order to create certain data set, which is later analyzed to see if any of the gathered images
share similar features or contain any of the predefined features, or meet previously defined
assumption.

Dermoscopic images are basically digital photographs/images of magnified skin lesion,
taken with conventional camera equipped with special lens extension. The lens attached to
the dermatoscope acts like a microscope magnifier with its own light source that illuminates
the skin surface evenly. There are various types of dermoscopy equipment, but all of them
use the same principle and allow registering skin images with x10 magnification and above.
Due to light source integrated into dermatoscope lens, there happens to be problem with
skin reflections. To counteract this problem, a liquid is used as a medium layer between the
lens and the skin. In modern dermatoscope the liquid is not necessary, because of the
polarized light source that removes the reflection problem.
Digital images acquired using photo dermatoscope are sufficiently high resolution to allow
for precise analysis in terms of differential structures appearance. Dermatologist can create








accurate documentation of gathered images, opening a path for computer analysis, where
images are processed in order to extract information that can later be used to classify those
images.

Before analysis of any image set can take place, preprocessing should be performed on all
the images. This process is applied in order to make sure that all the images are consistent in
desired characteristic. When working with dermatoscopic images, preprocessing can cover
number of features like: image illumination equalization, color range normalization, image
scale fitting, or image resolution normalization. This can be dependent on defined
prerequisites and methods applied in post processing.
An example of elementary operation such as image normalization is the resolution
matching. Assuming that the image size in pixels is given, and all images are in the same
proportion (e.g. aspect ratio of 4:3), it is easy to find the images of smallest resolution and
then scale the larger images to match the size of the smallest one. This operation allows
calculating the features like lesion dimensions, lesion border length and lesions area
coverage. It is possible to normalize the other parameters like color palette normalization,
color saturation normalization, normalization of color components, and so on. Very
common operation in preprocessing is color components normalization, known as the
histogram equalization.
Image histogram is the distribution of colors values in between extreme colors used in the
palette. Assuming the situation where the brightest points of the grayscale image are not
white and the darkest points are not black, performing histogram equalization will
redistribute all the colors of the image in a way that brightest spot of the processed image
will be color and the darkest regions of the image will become black. Figure 2 illustrates the
results of histogram equalization performed on a dermoscopic image.

Fig. 2. a) original image and its corresponding histogram, b) image after histogram
equalization and its corresponding histogram.
Normalized image is characterized by better brightness, sharpness and color depth, thereby
allowing easier separation the lesion area from the background (skin color). Applying
histogram equalization operation allows for better differentiation of image detail, and thus
improves the efficiency of features extraction. Histogram equalization can be performed for
each of the color components separately, or on all of the components at once.

Filtering an image consists of application of a certain transformation or an algorithm to
image data in order to modify certain part of it. The most common task of a filter is to
separate redundant information from the relevant data. By using simple filters it is possible
to sharpen image, blur image, change color, etc. Applying more complex filters is possible to








enhance more important sections of the image. An example for this can be strengthening
particles or detection edges.
In image processing one certain transformation is most notable, namely the binarization. It
is a point transformation that is one of the basic operations used when processing any
image. This operation based on grayscale image and given threshold value will outputs a
binary image, which uses only two colors (black and white) to represent data. To achieve the
binary image a threshold needs to be defined. This threshold is used to determine which
points of the original image will be converted to black and which to white. The binarization
process is illustrated by figure 3. Having a binary image allows performing various
operations like measuring the length, performing segmentation, determining the number of
elements, etc. Binary image is easy to work with, as most operations are fast to perform and
do not require long computing time. It is quite easy to analyze the shape of objects, calculate
symmetry, or find the center of weight of an object.

Fig. 3. a) original image, b) binarized image using threshold value of 60, c) binarized image
using threshold value of 100, d) binarized image using threshold value of 200.
A simple example illustrating the idea of using filters in dermoscopic images can be the
removal of artifacts such as hair (figure 4). To do this, a maximum filter can be applied on a
binary image. Maximum filter process each point of an image and calculate its surrounding
(neighborhood) in determined distance, then the maximum value is entered in the output
image. As a result, the small details of the image are removed depending on the
neighborhood size. The use of this filter on the single object will reduce it in size.

Fig. 4. Hair removal. a) original image, b) binarized image, c) image with removed artifacts.








Performing binarization on dermoscopic image can sometimes create errors in output, may
it be due to poor illumination of the corners, or hairs on the image. Dealing with unevenly
illuminated image is another practical example of filtering unwanted data from
dermoscopic image. For this purpose a specific algorithm is used and results of its
application can be viewed in figure 5. This algorithm’s task is to check whether there is an
object in the middle of the image, and then whether each of the corners of the image
contains different object in contact with the edges of the image. If it happens that all image
corners contain objects then they are removed. Condition for the proper removal of
redundant objects is that on the image, there must be at least two different objects, and each
of the points in the corners must be a part of one of the objects. If all conditions are met, the
filter removes all points belonging to object in contact with the corners of the image. This
filter can only work with images that cover entire lesion. If image contains only a fragment
of the lesion, this filter will not modify the input image.

Fig. 5. Filtering of vigneting artefacts. a) original image, b) binarized image, c) image with
filtered corners.


Several types of image analysis can be done in an automatic way. Specifically geometric
features and color features/decompositions can be easily performed and are found in many
commercial image analysis and dermoscope accompanying programs.

Many attempts have been made to automate the process of dermoscopic image feature
extraction, and a number of algorithms have been developed to do this. Most common
geometric features that are calculated are lesion dimensions, borders shape, lesion
symmetry and color symmetry lesion area. More complex problem like various differential
structures recognition still exist and is a subject of current image processing research.
Calculation the dimensions of lesion on the dermoscopic image is an easy task. The easiest
way to determine the surface size is to count all points that are marked as the lesion on the
binary image achieved in process of binarization. The sum of these points and its percentage
cover of an image lesion image can be used as variables in classification process. These two
factors can be used to calculate other factors like various color coverage of the lesion.
Border length of the lesion is another feature that is easily calculated from a binary mask of
the dermoscopic lesion image. Border length can be calculates simply by counting all
boundary points on binary lesion mask. It is possible to estimate how irregular the border is








by comparing it to the lesion size, e.g. circular lesion would have shorter border length
comparing to irregular lesion of the same size.
The symmetry of the lesion is an important factor in diagnostic process. Calculating
symmetry value as a geometrical feature requires more complex operations, as it is
necessary to estimate proper axis of symmetry. This task can proved to be complicated, even
with the manual axis alignment. The examples images for determining the symmetry axis
are illustrated in figure 6.

Fig. 6. Examples of lesion shapes.
Using the algorithm of smallest bounding box estimation prove to be effective way to
determine the symmetry axis for various lesion shapes. Symmetry axis for calculated
bounding rectangle is used as the symmetry axis for the lesion. As shown on the figure 7.
Calculating the value of the symmetry is very simple and is done by checking if every point
of the lesion on one side of the symmetry axis has its corresponding point on the other side
of this axis. Symmetry is calculated separately for vertical and horizontal axis, and then the
average value is subtracted from the lesion size value. The percentage of asymmetry can be
calculated from this data and later used in the classification process.

Fig. 7. Different lesion shapes and its corresponding bounding boxes and estimated
symmetry axis.

Skin lesions are difficult to classify because of their short color ranges, instead of realworld
images (Deng et al., 2001). Malignant melanoma is a kind of skin cancer that has some








characteristic color groups like: black, bluegrey, red, light brown, dark brown and skin
color. These colors appear on images and can depend on cancer progress stage, lesion depth
and blood vessels. These colors are also used in melanoma diagnosis scales like ABCD.
Typically in digital images we use RGB (additive) or CMYK (subtractive) color
representations.
There exists however several other decompositions used in video or TV coding. These color
decompositions have not been used so far for melanoma diagnosis – they were first
proposed as useful features in our works (Ogorzałek et al. 2009, 2010). Typical melanoma
image color decompositions are shown in two color spaces in figure 8. It can be easily seen
that in the second picture the points representing colors are grouped in two areas and thus
could be distinguished/classified very easily.

Fig. 8. Three different color decompositions of dermoscopic image. Every point corresponds
to a region of the images. HSV decomposition (middle picture) gives the best classification
possibilities.

Image segmentation is performed in two steps: color quantization and spatial segmentation.
In the first step image is quantized to several region classes. Quantization is done in color
space only. After that a classmap is created by their belonging to the corresponding color
class. Second step is spatial segmentation is performed on created classmap. Color
similarity is in second step not taken into consideration. The next step is objects extraction
(Liu et al. 2005). Described method extracts borders from a segmented image. By using these
borders objects in the image can be extracted. Object extraction is done by a region growing
algorithm. This is the most time consuming part of presented method. The result of the
segmentation process is illustrated in figure 9.
Each object is represented in four color spaces: RGB, HSV, NTSC and YCbCr. Every color
space is represented by few variables like: red, green and blue in RGB. There are 12 color
spaces features.


Our database of dermoscopic images (2272x1704, 24bit) collected with Minolta Dimage Z5
camera with epiluminescence lens consisted of 78 cases of melanoma and 80 cases of
dysplastic nevi (taken at the same conditions). The selection to the categories: melanoma
(label=1) and dysplastic nevus (label=0) was done on the grounds of biopsy and
histopathologic examination (ŻabińskaPłazak et al. 2005).








Fig. 9. a) original image, b) initial segmentation of the image, c) binary segmentation mask,
d) final image segmentation.
The preparation stage for geometric/coloristic feature set (Fikrle et al. 2006) (Ogorzałek et al.
2009) was done in the following way:
All the images were scaled to 800x600 pixels, normalized in the quantization depth by a
histogram correction, and removed the background (in dermoscopic images ‘background’
means skin of normal complexion). Identification of the mole spot was done by color
indexing i.e. reduction of the quantization depth. Then artifacts like obscuration of the
image corners or a pitch on the lesion were extracted. In the end with opening/closing
operations (and binarization when required) we got an output form of the lesion image.
The preparation stage for the waveletbased features (Patwardhan et al. 2003, 2005)
(Surówka et al. 2006) was done in the following way:
Since the wavelet decomposition downscales the input image by a factor of 2 in rows or
columns every iteration, the width and length had to be powers of 2, so the source images
were filled with black pixels in due number of rows and columns. In order to apply any
transform on the picture, the compressed image (JPG) must be changed into a 2D matrix of
numbers. The usual way of extracting the numerical values of pixels consists in changing
the RGB representation into a onedimension color index.

Skin texture analysis based on the multiresolution waveletbased decomposition of the
dermoscopic images is a new method to obtain valuable features for melanoma and
dysplastic nevus classification. Wavelet transforms have been widely studied as tools for a
multiscale pattern recognition analysis. Wavelets are functions well localized both in space
and frequency. The wavelet theory is closely related to the theory of digital filtering
(Kadiyala et al. 1999, Mallat 1989) so the properties of the decomposition filters (the choice of
the basis, degree of regularity, and the subbands of interest) play an important role in
texture characterization.








Performance of the wavelet analysis of images depends on various factors:
• For feature extraction it is important to choose between recursive decomposition of the
lowfrequency branch (Mallat 1989) (the pyramidal algorithm) and, on the other hand, a
more selective treestructured analysis where the further decomposition is applied to
the output of any channel (Patwardhan et al. 2003, Chang et al. 1993). The latter is
advocated by observations that the significant subbands of the pigmented skin texture
are those in the middle frequency range (Patwardhan et al. 2003, 2005).
• The decomposition should be performed over an optimal finite range of resolutions
(Chang et al. 1993, Mallat 1989). This issue addresses the problem of the wavelet order.
• Different wavelet bases have diverse impact on the texture classification (Kadiyala et al.
1999). They have certain constraints and should, in principle, be orthonormal (energy
preserving, nonredundant). Biorthogonal (near orthogonal) bases can produce, on the
other hand, more compact and symmetric wavelets and the requirement for
orthogonality is not superior (Mallat 1989).
• Images are twodimensional signals so separable or nonseparable sampling is possible.
In the former case a onedimensional decomposition algorithm is applied to the rows
and to the columns of the image. The resulting signal is a tensor product of the separate
1D filter. The nonseparable case, on the contrary, is based on lattice sampling. Both
representations have advantages and disadvantages.
Unfortunately, up to now only a limited number of the aforementioned possibilities have
been tested on skin dermoscopic textures (Patwardhan et al. 2005, Patwardhan et al. 2003,
Surówka et al. 2006). Since skin textures are signals consisting mainly of middle frequency
bands it has been shown that the most adequate approach to the waveletbased
multiresolution analysis is the concept of wavelet packets (Chang et al. 1993). In this
approach an image is decomposed along dominant frequency channels forming a parent
child structure of a tree. A certain path of the tree is chosen according to the average energy
content of the channel referenced to the highest energy of a channel on the same
decomposition level. The determined subbands form a feature set for classification. Such an
approach is shown in (Chang et al. 1993). The main bias of the method in (Chang et al. 1993)
is the threshold value of the channel energy that triggers subsequent decompositions. Since
features used for selection of melanoma and dysplastic lesions are clustered into rough sets,
the structure of the tree may be affected by an arbitrary choice of the threshold. In the
adaptive waveletbased tree structure analysis (ADWAT) (Patwardhan et al. 2003, 2005)
decision about the further decomposition of the channel is taken by statistical analysis of
average energy, maximum energy ratio and fractional energy ratio among all the features at
each level of decomposition. The resulting tree structured models of melanoma and
dysplastic nevus are patterns for semantic comparison with unknown skin lesion images.
The sensitivity and specificity of this method is further improved by introducing Gaussian
and Bell shaped fuzzy clustering of the features (Patwardhan et al. 2005). Work (Surówka et
al. 2006) is based on the idea presented in (Patwardhan et al. 2003) to perform a treelike
selective wavelet analysis of the skin lesion images. Unlike in (Patwardhan et al. 2003) the
feature set is built from all of the analyzed channels and the decision to include a given
branch of the tree does not come from ADWAT. Instead, all the wavelet based features are
input to the Ridge classification model (Merkwirth), which determines a minimum–bias
optimal vector of features. Those selected features can be used in various machinelearning
methods.








After the preparation stage described earlier, the 2D=1Dx1D wavelet transform was applied
to the values of pixels extracted from the discussed dermatoscopic images. The class of the
filter was Daubechies 3 (Daubechies 1992) and its efficient algorithm was taken from
(Numerical Recipes in C 1999). The choice for the filter was made concerning simplicity,
performance and possible comparisons with (Patwardhan et al. 2003).
One iteration of the wavelet algorithm produces 4 subimages which can be considered as
LL, LH, HL and HH filters, where L and H denote the respective lowpass and highpass
filters. One subimage is a product of the wavelet transform acting on each raw and then on
each column of the parent image. Each iteration reduces half of the rows and half of the
columns from the parent image. The algorithm presented in (Numerical Recipes in C 1999)
is a pyramidal one i.e. it decomposes the image along the LL band in each iteration. An
example of the decomposition process with 3 iterations is shown in figure 10. Here the
smooth and the detail part resulting from any iteration can be easily recognized.

Fig. 10. Multiband images i.e. a set of images of the same mole from its different frequency
segments. Here recursive decomposition of the lowpass band takes place. For the sequence
of the pyramid see next figure. Note that the luminosity of this summary image is offset
otherwise it would be too dark for a presentation
According to the idea of the wavelet analysis, we adapted the pyramidal algorithm to a
selective analysis of any subband of the parent image. Altogether 3 iterations were
calculated. The proper sequence of filters in that decomposition is shown below. Every
iteration has the same arrangement of filters with (sub) labels denoting 1=lowlow, 2=low
high, 3=highlow and 4=highhigh subband.

Fig. 11. Sequence of the pyramid construction.








Following the original idea (Chang et al. 1993) and its extended applications (Patwardhan et
al. 2003, 2005) a feature set at a given level of decomposition was built. One iteration
(resulting in 4 subimages) produced 11 coefficients calculated from the energy of the pixels
(e1, e2, e3, e4), the maximum energy ratio (ei/emax, i=any three out of four except the
subimage with the maximum energy) and the fractional energy ratio (e1/(e2+e3+e4) + its two
permutations). Term ‘energy’ means here the sum of the absolute values of the pixels, where
M and N denote the actual dimensions of the subimage.
Energy is calculated according to the following equation:
e=

1 M N
∑ ∑ f (m , n)
MN m= 1=n 1

(4)

Since the algorithm is applied to the image recursively, the number of coefficients amounts
to (1+4+16)x11=231. Numbers 1, 4 and 16 in this calculation mean here the number of sub
images to filter in each iteration.
In the approaches presented in (Patwardhan et al. 2003, 2005) the calculated features were
discriminated according to their distributions within a particular channel. Only features that
generated bimodal distributions separating melanoma and dysplastic images were kept in
the feature set. All other were rejected. In (Surówka et al. 2006) the features were not used to
control the development of the tree structure signatures. Instead, all 231 coefficients were
accepted as potentially significant discriminating signals.
Since the number of dermatoscopy images taken to the analysis was limited and the 231
coefficients affect the classification in a different way, one can additionally preselect the
coefficients by their importance. The criterion was to maximize the classification
performance of 20 and then10 most significant features. In (Surówka et al. 2006) the selection
was twofold and was done in a Matlab toolbox ENTOOL (Merkwirth). First one Ridge
regression model with 40 penalty vectors was used to determine an optimal representation
⌢
y X β + β 0 (X
of the images in a numeric form. Ridge regression constructs a linear model =
data matrix, yvector of categories), but instead of minimizing the sum of squared residuals
the regularized loss function (Tikhonov
( y − X β + β0 )T ( y − X β + β0 ) , it minimizes
T
regularization): RSSpen. =( y − X β + β 0 ) ( y − X β + β 0 ) + λβ T β
The additional penalty λβ T β shrinks the regression coefficients βˆ towards zero, thereby
moderately increasing bias while considerably decreasing variance of the constructed
models. The penalty parameter λ ≥ 0 controls the amount of shrinkage and can be used to
fine tune the biasvariance tradeoff. For this study, the optimal ridge penalty λ is
automatically determined by LeaveOneOut Cross Validation on each training fold
individually. To apply ridge regression to a binary classification problem, training outputs
were coded as y = 1 (melanoma), y = 0 (dysplastic) and a threshold of 0.5 was applied to
discriminate between both classes when doing predictions. Prior to the model construction,
input variables were normalized by removing the mean and dividing by the standard
deviation for each variable separately. Ten most significant features are presented below.
They were obtained from a statistical analysis in ENTOOL (see Merkwirth). Indices denote
the subchannels of the three different decomposition levels.
The ROC curve below presents the classification performance of 10 most significant features
derived with help of 100 Ridge regression models. AUC is 95%.






average energy

e4.1.2 , e2.1.1 , e3.3.2 , e3.3.1

maximum energy ratio

e1.2.2 / e1.2.1 ,e4.2 / e4.1 ,e4.3 / e4.1

fractional energy ratio

e1.2.2 /( e2.3.1 + e2.3.2 + e2.3.4),e3.1.1 /( e3.1.2 + e3.1.3 + e3.1.4)



Table 5. coefficients calculated from the energy (the sum of the absolute values of the pixels):
e1, e2, e3, e4, the maximum energy ratios: (ei/emax, i=any three out of four except the
subimage with the maximum energy), and the fractional energy ratios (e1/(e2+e3+e4) + its
two permutations).

Fig. 12. ROC curve presenting the classification performance of 10 most significant features
derived with help of 100 Ridge regression models. AUC is 95%.
Following are the sets of images no which the system was tested:

Fig. 13. Selected images from two data sets used for testing. On the left melanoma images on
the right dysplasty images.


Classification models constructed using waveletbased tree structure decomposition of the
dermoscopy images are reported in the literature (Chang et al. 1993), (Patwardhan et al. 2003,








2005). In (Chang et al. 1993) channel decomposition is determined based on the ratio of the
average energy of that channel to the highest average energy of a channel at the same level
of decomposition. The decomposition is performed if this ratio is above a predefined
threshold value. In the learning phase treelike topologies of both classes are produced. In
the testing phase unknown images are decomposed with the thresholds set in the learning
phase to build tree structures that are classified due to the Mahanalobis distance from the
known patterns. The maximum performance obtained is TPF=70% and FPF=20% for the
learning phase of 15M+15D and the testing phase 10M+15D (M=melanoma, D=dysplastic
nevus). Arbitrary selection of the maximum energy thresholds is the main drawback of this
method.
In the ADWAT method (Patwardhan et al. 2003), like in this work, different combinations of
channel energy ratios over a given decomposition level are used as additional features and a
statistical analysis of the feature data (not solely the maximum energy) is used to find the
threshold values. Based on histograms of the features only linearly separable and bimodally
distributed features between image classes are further decomposed. The thresholds are
selected to optimally partition the two image classes. In the testing phase unknown skin
lesion images are semantically compared with the tree structure of the melanoma and the
dysplastic nevus class.
Results from (Patwardhan et al. 2005) for the ADWAT method read: TPF=86.66%,
FPF=11.11%, and the method itself is more robust than (Chang et al. 1993). Such results are
cited for 15M+15D in the learning phase and 15M+45D in the testing phase.
In (Patwardhan et al. 2005) an extended ADWAT method is reported. In this approach three
classes are defined: melanoma, dysplastic nevus and suspicion lesion. Unknown images are
classified as melanoma only if the tree structure completely matches the pattern assigned to
the melanoma image class. Incomplete tree structures are assigned to the suspicious lesion
class and their transillumination images are analyzed in the second step. The trans
illumination images are taken in 580nm and 680nm light by the Nevoscope tool in an
illumination mode that provides lesion depth and structural information. For the
learning/testing scheme of 15M+15D and 15M+45D this method yields TPF=93.33% and
FPF=8.88%.
When additionally fuzzy membership partitions of the melanoma and dysplastic lesion
images by the Bell or Gaussian membership function are applied, better results are obtained:
TPF=100% and FPF=4.44% (FPF=17.77%) for the Gauss (Bell) partition functions.


We experimentally apply to the dermoscopic images the main global machine learning
methods, namely neural networks, and support vector machines. They serve as a
generalization engine in the classification task.
The selected machine learning methods were tested over the same set of samples (78 cases of
melanoma + 80 cases of dysplastic nevus). Due to small statistics of individuals, for each
classifier we applied the nfold cross validation test to gain a reasonable estimation of its
accuracy. The nfold cross validation method randomly divides the set of all available
patterns into n subsets. N different models are then trained using data from n−1 sets and
validated using the remaining one (the holdout fold). The procedure is repeated for each of
the n folds. Accuracy of both classifiers was measured by means of the Receiver Operating
Characteristics (ROC) (Receiver operating characteristic (ROC) analysis 1998). The ROC








curve shows the sensitivity, i.e. ratio of correctly identified melanoma lesions, in relation to
the specificity, i.e. ratio of correctly identified dysplastic nevi. For the aforementioned
methods we cite the area under the ROC curve (AUC) as the key indicator of the
performance.


The MLP neural network classifier is easy in implementation and provides stable solutions.
The topology of the network was subject to tests to determine an optimal configuration for
maximizing its performance (both quality of the classifier and minimal training time).
The examined threelayer feedforward backpropagated neural network had the following
architecture. The input layer was composed of ten linearoutput neurons with constant
unity weights. The hidden layer made of ten neurons and an output layer formed by one
neuron had logisticlike activation functions. In one training cycle some 150 000 iterations
were performed until the network could classify the input with a defined precision.
To evaluate features according to their rank, which was crucial in effective teaching of the
neural network, prior to the training of the neural network, the number of features was
reduced by the Ridge model to twenty and ten (out of 231) most discriminating ones, to
avoid the network overtraining effect.
The classifier was trained on the ten selected features. Ten most significant features selected
with help of the Ridge linear model yielded sensitivity (TPF) of 89.2% and specificity (1FPF)
of 90% (Surówka et al. 2006). The cross validation set was shifted between the training runs.
Bimodal distribution of the MLPclassified lesions is displayed in figure 14. As we can see,
correctly identified lesions are those distributed around 1 on the ordinate and around 0 for
the other ones. On average the classification performance yields sensitivity (true positive
fraction) of 89.2% and specificity (1false positive fraction) of 90%.

Fig. 14. Distribution of the recognized image classes. Input tags on the abscissa are:
1=melanoma, 0=dysplastic.
Lack of full separability of the two categories exhibits, as the major factor, the generalization
error. Yet the inherent fuzzy nature of both feature sets also plays a role. The magnitude of
both effects can be estimated by comparing appropriate performance factors above.
Due to statistics of our database we decided to perform experimentation with the
oversampling technique. The image data were limited to the pigmented spot of the mole
(backgroundfree) and divided into 64x64 blocks of pixels. Each block was decomposed with








the Daubechies3 wavelets for all possible subbands of frequency (3 iterations). When the
blocks were treated as individual images the accuracy of the feature set was estimated by
AUC=87.8%. Segments grouped to their parent images yielded AUC=91.4%. This method
appeared not to significantly improve the accuracy of the MLPclassifier and was a burden
for our computational resources.


The Support Vector Machine (SVM) technique (Vapnik et al. 1997, 1998) is well suited to
search for an optimal binary classifier. In the Support Vector Machine approach input
vectors are mapped into higher dimensional space to identify a hyperplane that best
separates the positive and negative samples i.e. maximizes the margin between two classes.
This principle is more intuitive than the MLP ‘black box’ approach. Since we cannot expect
perfect separation of melanoma and dysplastic lesion images, the CSVM algorithm was
employed with the RBF kernel implemented in the osusvm3.0 toolbox for Matlab (Chang).
The input data set was processed by scaling the values of each feature to [−1, 1]. The CSVM
approach with the radial base kernel (RBF) appeared to yield very good performance.
Taking into consideration the whole feature set (231) the result for the scaled data was
TPF=94.7% and (1FPF)=95%. The most efficient discrimination between class melanoma
and dysplastic nevus was found for the parameters C = 512 and = 0.000244, which were
fixed by a grid search over the full parameter space. The feature set limited by the same
Ridge model (Surówka et al. 2006) to the 10 most discriminating features yields a TPF=84.2%
and (1FPF)=85%, which is a very good result taking into account the reduction in the
feature space. Tests with the polynomial kernel were not stable and yielded worse results.
In table 6 we show results of the above mentioned methods tested on the same data set.

#attributes
TPF
1FPF

MLP
10
89.2%
90%

SVM RBS
231
10
94.7%
84.2%
95%
85%

Table 6. Classification performance of the MLP and SVM RBS methods tested on our data
set. The quality of the methods is quoted in terms of TPF (true positive fraction) and FPF
(false positive fraction). Tests were conducted with all 231 features and with 10 most
important selected by the Ridge linear model (Surówka et al. 2006).
It must be stressed that unlike in (Patwardhan et al. 2005) we do not take advantage of any
specialized instruments (Nevoscope) and our lesion images are taken in white light only.



Classification of the pigmented skin lesion images can vary from linear models through
MLP, SVM, kNN, to ensembles of models. Applicability of symbolic methods of
classification to the problem of early detection of melanoma has not been thoroughly tested
yet. However, one can show that inductive classification based on symbolic rules and
knowledge inference (Meyrowitz et al. 1993) can be both simple and comprehensive for
human understanding, and yield high classification performance to compare with ‘black
box’ machine learning methods.








Symbolic methods of classification generate symbolic/declarative information about the
classes. It is done usually by classification rules or sets/chains of notions/ideas inferred
from the learning cases. On the contrary, classical numeric approaches as neural networks,
fuzzy sets or genetic algorithms produce complex, less comprehensive (interpretable)
knowledge (Michalski et al. 2006).
In this approach we study the classification methods developed by Michalski and applied in
his software tool AQ21 (Michalski et al. 2006, Wojtusiak 2005). The learning phase of this
classification i.e. construction of descriptions of the classes is the most important for the
knowledge induction (Michalski 2004). In this step all positive and no negative examples
form a description of a class (in the simplest way as an alternative of positive values and
negation of counterexamples). Then such a definition is subject to maximally specific
generalization to be able to classify new unknown examples (by elimination/addition of
selectors, value range extension, value range closure, resolution, or negation extension). In
the theory of Michalski class definitions should obey two conditions: completeness (each
member of the class should comply with the class description), and consistency (if an object
fulfills its class description, it cannot belong to other classes). Assigning an object to its
proper class according to the generated rules can be represented in the form D :≫ Y
(Ddescription of class Y), where the description is a disjunction (an alternative) of the
complexes: D
= C 1 ∨ C 2 ∨ …C n . Such a form eliminates inseparable or incomplete
descriptions by precedence of the class whose object membership probability is the biggest.
Reduction of the description, which is the goal of this calculus, leads to the maximum
detailed set of complexes (called a star). To focus on the most promising candidate
descriptions a heuristic LEF function (Lexicographic Evaluation Functional) is used.
Out of the lesion images the following features were extracted (altogether 45 features):
Set A: Geometry: area, perimeter, roundness, aspect ratio, fullness ratio, symmetry, border
length, bounding rectangle.
Colors: average values and standard deviations, min, max for components {R,G,B}, {H,S,V},
{Y,Cr,Cb}, weighted color transforms, grayblue, white, black, number of colors, area
percentage.
Distributions: distance of the centre of gravity of a color component from the lesion centre of
gravity and the bounding rectangle centre of gravity, zone: whitish, reddish, lightbrown,
darkbrown.
Set B: For wavelet features the (1D)x(1D) Daubechies wavelet packets (Mojsilovic et al. 2000)
were applied sto the indexed images. An efficient pyramidal algorithm (Mallat 1989) (Chang
et al. 1989) was adapted into a tree structure multilevel filter. In each iteration of the wavelet
algorithm four subimages were produced: LL (upper left), LH (upper right), HL (lower left)
and HH (lower right), where L and H denote the respective low and highpass filters
(Porter et al. 1996). One iteration produced 11 coefficients calculated from energies of the
four subimages (e1, e2, e3, e4), the maximum energy ratio (ei/emax, i=any three out of four
except the subimage with the maximum energy) and the fractional energy ratio
(e1/(e2+e3+e4) + its three permutations), where the term energy means the sum of the
absolute values of the pixels normalized by the total number of pixels in the (sub)image
(Patwardhan et al. 2003, 2005). Altogether 3 iterations were done yielding (1+4+16)*11=231
features. Both feature sets have been used separately.
AQ21 implements methods of the Attributional Calculus (Michalski 2004), so prior to the
learning stage all continuous domains of the features have to be digitized by invoking the
builtin ChiMerge algorithm (ChiMerge 5) (Kerber 1992). Since we had 231 features in the
wavelet domain we decided to preselect the most relevant ones. For feature selection we
used the simplified ‘Promise’ method (Baim 1982) available in AQ21.








Pseudocode of the simplified Promise algorithm looks as follows:
P=0
For each value of the attribute vi
S = {examples : e = vi}
Find class C that has the largest number of examples in S
P = P+ #C ∩ S /#S
Return P
The ‘Attribute_selection_threshold’ parameter defining the minimum attribute
discriminatory power was experimentally set to 0.9. This value limited our feature set B to
less than 10 attributes out of 231.
The AQ21 program was run in two different learning modes: Theory Formation (TF) and
Approximate Theory Formation (ATF) (Wojtusiak 2005). In the TF mode, learned rules are
complete and consistent, whereas the ATF consists of rules optimized according to the Q
measure that reads: Q( R , w) = compl( R )w i cons( R )( l − w ) , where the optimization parameter w
may cause a loss of completeness (compl) and/or consistency (cons) but may increase the
predictive power of the learned rule (R).
Due to limited statistics of individuals (78+80) the classification accuracy was tested by the
nfold cross validation: (testing(1M+1D)/learning(the rest of M and D).
A summary of other AQ21 settings used in our experiments are presented below.
Learning phase:
Consequent=[class=*],
MaxRule=1,
Cross_validation=80.
Testing:
Method=atest,
Threshold=0.5,
Eval_of_conjunction=min, Eval_of_disjunction=max,
Eval_of_selector=strict.
Overall results obtained for feature set A and B are shown in table 7. In case of multiple
instances due to cross validation we quote below the average predictive accuracy as
1 (#errors+#no_class + #both_classes) /(#iterations).

Feature set A
Feature set B

TF
88%
94%

ATF
93%
100%

Table 7. Results of the AQ21 classification in feature set A and B
From table 6 we can see the quality of both feature sets. Our working hypothesis was that
the geometric/colorimetric features, as more prone to local distortions/artifacts and also
more sensitive to the segmentation process (Ogorzałek et al. 2009), should yield worse
results than the waveletbased signals which reproduce frequency modes of the skin lesion
of melanoma and dysplasticlike origin. On this stage of work we cannot answer the
question if the wavelet features carry better signals of melanoma than other direct measures,
or they are just less biased by the image analysis process. However in view of the fact, that
early stages of melanoma do not reveal apparent structures of malignancy it seems, that
wavelet bases may probe those inherent signals.








Another conclusion is that methodology of Approximate Theory Formation (ATF) seems to
fit the best to the inherent fuzzy nature of benign and malignant skin lesion images.
However comparison of the feature sets was not the primary goal of our study. Output
generated from the tests includes learned rules consisting of selectors with a feature name,
relation and the value/range. This is the full knowledge we can get from the symbolic
classification methodology. We can observe the learned rules, and see the meaning and
precedence of features (Meyrowitz et al. 1993). For instance from the feature set B we get an
example rule:
[class=1]
# Rule 1
< [co188_M=0.421220..0.446530,0.520865..0.525190,0.596670..0.640195,0.642360..0.793450 :
78,0,100%,78,0,100%]
This rule gives a range of values where the selector “col88” (which corresponds to a
fractional energy ratio e2,3,4/(e2,3,1+e2,3,2,+e2,3,3) has the total predictive power for the class
“melanoma”. Of course this feature can be interpreted not only in terms of energy, but also
structural interpretation may be deduced. The same analysis for the feature set A gives less
predictive (94%) and more complex rules with some primary features like: “average level of
red“ and „symmetry“ (Ogorzałek et al. 2009).
Comparisons with other machine learning methods tested on the same data set and analysis
of the published results show that performance of the presented approach may be better
than other learning methods and is promising in view of further research with better
statistics of the melanoma data (Sboner et al. 2003)(Burroni 2004)(Surówka et al. 2007).


78 (80) dermoscopy images of the melanoma (dysplastic) lesions, all confirmed by
histological examinations, have been classified using a waveletbased set of features.
Discriminant power of those features has been determined by either Ridge regression
models, or the ‘promise’ algorithm, and generalized in a threelayer backpropagated neural
network/support vector machine, and by the Attributional Calculus.
Our results, presented in table 6 and table 7, confirm that neighborhood properties of pixels
in dermoscopy images record the melanoma progression and together with the selected
machine learning methods may be important diagnostic aids. Especially the inductive
learning approach (AQ21, table 7) shows great classification potential.
The present accuracy of the classifiers is a promising factor for the further research in the
field, especially considering the fact that all dermoscopy images were taken in white light
without any specialized instruments. The constructed model of features for melanoma and
dysplastic lesions can evolve, after some finetuning and improvements, to a computer
aided diagnostic system.
In future work, the most important factor is increase in statistics of the dermoscopic images.
This is the most critical factor due to low rate (12%) of melanoma patients in the population
(~1500) examined for the sake of this study.
Diversity of images should also cast a light on the role of image acquisition and quality.
Since the features of melanoma and dysplastic nevus form two joint sets, it would be
reasonable to study soft membership functions to categorize the members of classification.
Another interesting aspect that has not been investigated is considering the class melanoma
as a few subsets of different morphology.
Last but not least, probing different bases of the wavelet decomposition should explain the
role of the basis for optimal selection of the feature set.
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1. Introduction
Biomedical optics is one of the fastest growing areas of research. The non-ionizing nature of
light applied for investigation and detection of abnormalities in human tissues make this
area very attractive for development of new diagnostic techniques and modalities (Wang,
2007). The optical spectra provide biochemical and morphological information about the
tissue under investigation based on its absorption, reflectance, fluorescence and elastic
scattering properties (Wang, 2007; Tuchin, 2002). Many techniques based on the recent
progress in optics have been developed for biomedical applications. Fluorescence,
absorption and diffuse scattering spectroscopy have been widely applied as probes
acquiring information about physical, chemical, or physiological processes in the tissues.
These methods have been proposed to be used by the medical community in view of
extending the capabilities of the standard diagnostic modalities that have already been
introduced in the clinical practice, as x-ray, magnetic resonance and ultrasound imaging.
Laser-induced autofluorescence spectroscopy (LIAFS) could be utilized to quantify
differences between normal and abnormal tissues in vivo, thus providing an appropriate
method for detection of pathological lesions in real time. Diffuse reflectance spectroscopy
(DRS) also allows distinguishing between pathological areas and normal tissue
surroundings. In recent years, there has been growing interest in the combined use of laserinduced autofluorescence and reflectance spectroscopy to differentiate diseased from
normal surrounding tissue – mainly for detection and differentiation of cancerous and precancerous changes in human body.
Laser-induced autofluorescence spectroscopy is very promising from a technical point of
view due to the easy coupling with optical fibres for delivering the excitation light to every
part of the human body without significant losses of light power, as is the case of incoherent
light sources, as well as because of the possibility to use information from naturally
occurring endogenous fluorophores, without adding external fluorescent markers. LIAFS is
also notable among the other non-invasive diagnostic techniques, as it offers real-time
detection and differentiation of the lesion investigated with promising precision, selectivity
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and specificity (Bigio, 1997; Bachmann, 2006). The fluorescent technique is widely applied to
cutaneous lesions’ investigations, including erythema (Sinichkin, 1998), psoriasis, vitiligo
(Borisova, 2000), and skin cancer (Wang, 2006; Troyanova, 2006). This method yields
information about the biochemical composition of the tissue under study.
On the other hand, diffuse reflectance spectroscopy is mainly providing morphological
information concerning the tissues. The scattering intensity and spectral distribution of the
signals detected could give information about the scatterers’ size and distribution (cells,
nuclei, etc.). Most of the tissue pathologies, including tumours, exhibit significant
architecture changes on a cellular and sub-cellular level. The elastic scattering of light
penetrating into the tissues depends on this alteration in their architecture, so that the backscattered signals detected could be used for determining pathological structural changes
occurring in the organ under study (Morant, 2003). As the diffuse reflectance signal detected
is a superposition of diffuse scattering and absorption from tissues pigments, the resultant
spectrum on the tissue surface reveals also information about the main absorbers in the
biological tissues, such as haemoglobin and melanin in the skin and its pathologies. To
benefit fully from reflectance spectroscopy’s advantages, one needs to relate the spectral
features with the morphology and biochemical composition of the tissue investigated.
(Tuchin, 2002, Borisova, 2006).
Combination of fluorescence and reflectance optical techniques could rapidly improve the
sensitivity and specificity of cutaneous tumours’ diagnosis (Borisova, 2008). Using imaging
analysis techniques in the processing of fluorescence and reflectance spectral data received
from cutaneous pathologies could further improve the diagnostic accuracy (Borisova, 2008).
Our work is a stage in the development of methods for skin cancer diagnostics on the basis
of optical spectra. The preliminary analysis showed that the spectra of lesions differ from
those obtained from normal tissue, with the differences observed depending on the type of
pathology. A more “damaged” tissue changes the colouring more intensively. If a lesion’
area could be localised correctly, it would provide more precise information about this
lesion’s structure. In addition, not only does the intensity value of the reflected/emitted
light vary from patient to patient, but it also depends on the position of the tested area
inside a given lesion. We proposed that the variations in the reflected/emitted value of the
light could be caused by two possible reasons:
• different degree of “damaging” – lesion stage of development, and
• different thickness of the suspicious lesion area.
The specific features of the spectra are suitable for the development of a hybrid diagnostic
algorithm (including both image and spectra) for detection and discrimination of different
type of tissue damaging. We applied this approach to studying skin cancer in an attempt to
separate the melanoma from benign and dysplastic melanin-pigmented lesions. The
ultimate goal of the investigation is developing a reliable technique for predicting the type
and level of skin damaging and the stage of its progress.

2. Basic theory
2.1 Image processing
The aim of image processing is obtaining an image with a value of the lightness of pixels,
which depends on the saturation of the damaged tissue. CIE.Lab is a standard for estimating
of colours using features of the illuminating light source.
The system presents the colours as relative lightness and chromaticity that consist of two
components: a - a red- green axis, and b - a yellow-blue axis. The other parameter -
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chroma, is calculated as the distance of the particular chromaticity from the centre of the
area (Fig. 1) and corresponds to the visible saturation of the colours.
+b

chroma = a *2 + b *2
-a

+a

-b
Fig. 1. Chromaticity diagram and chroma distance in the Lab system.
If we use another coloured light to illuminate the object, all the visible colours would
change. However, the calculated coordinates (eq. (1)) in the Lab chromaticity area will keep
their position, since the colour of the source becomes achromatic.
L = 116. f (Y / Yn ) − 16
a* = 500.[ f ( X / Xn ) − f (Y / Yn )]
b * = 200.[ f (Y / Yn ) − f (Z / Zn )]

(1)

chroma = a * 2 +b * 2
where f (t ) = t 1/3 for t > 0,008856 and f (t ) = 7,787.t + 16 / 116 otherwise.
Here Xn, Yn and Zn are the CIE XYZ three stimulus values of the reference white point.
If we use another colour as a “referent white”, all available colours’ coordinates would be
changed, but the white point again will be at the centre of the chromaticity area with no
saturation. Thus, if the healthy skin colour is used as a “referent white” point, all changes of
the pigmentation could be described by chroma. Applying this to digital images, the colour
of the tissues transforms to grey levels and the areas whose colour differs from the
“healthy” one will occur with higher intensity. However, the images consist of pixels whose
RGB signals measure relatively and reproduce the colorimetrical features of the objects.
Concerning equations (1), a transformation from RGB to XYZ is needed to obtain the Lab
parameters and chroma. The relation depends on the chosen area of Locus that needs to be
converted and are established for several more frequently used spaces – sRGB, AdobeRGB,
ProPhoto etc. given as values of the coefficients cij in equation (2).
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 X  c11 c12 c13   R 
 Y  = c
  
   21 c 22 c 23  . G 
 Z  c 31 c 32 c 33   B 

(2)

Applying these transformations to images of lesions we achieve a decrease in the saturation
of the healthy skin surrounding the damaged one. The sequenced linear contrast stretching
of the whole image improves the visibility of the tested area by highlighting the saturated
pixels and allowing the lesion localization. The saturation could be imaged by transforming
each pixel’s chromaticity to a grey level presenting their chroma.
2.2 Spectra processing
The aim of the processing is to highlight the peculiarities of the distribution obtained from
suspicious tissues. We used a simple technique developed for the reflected spectra also
described in monograph about chromatic monitoring [ed Jones, 2008] that ensures a
comparison between the healthy and the tested unhealthy tissues’ spectra. We calculated the
ratio “healthy skin” to “tested skin” spectrum (Fig. 2)

Healthy skin
spectrum fh(λ)

Tested skin
spectrum ft(λ)

Ratio spectrum (healthy/tested)
fr(λ)=fh(λ)/ft(λ)
Conditions of reflection or different stimulation
Fig. 2. Scheme of spectra processing.
The result is a new distribution, which is a straight line if the two spectra are proportional to
each other, or otherwise may have any other shape. This gives rise to a possibility to
overcome the ambiguities resulting from the different patients’ states and to extract only the
peculiarities common for the disease.

3. Experimental set up
In our investigation we used images and spectra of melanin-pigmented cutaneous benign
lesions obtained from 30 patients, dysplastic nevi - obtained from 18 patients, and lesions of
malignant melanoma obtained from 27 patients.
The images were obtained from simple photographs taken by a photo camera and processed
by a specially prepared computer program that transforms the colour parameters by the
sRGB standard. The fluorescent spectra were obtained using three different excitation
sources with maxima of the emitted light at 365, 385, and 405 nm, respectively. The emitted
fluorescence is registered by a fibre optic micro spectrometer (USB4000, “Ocean Optics,”
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Inc., Dunedin, USA). A high-sensitivity linear CCD detected the reflected light dispersed by
a grating with 600 lines/mm, with the total spectral resolution of the micro spectrometer
being approximately 2 nm. The same device was used for registering the reflectance spectra.
All spectra were limited into the range of visible light between 420 and 780 nm. The
intensity and shape of the curve of reflected/emitted spectra in different conditions could be
estimated in the cases of different patients and different points of obtaining the spectra
inside of the lesion.
The results were analysed based on two criteria:
• Significant signal level dependence on the reflection and excitation light wavelength,
• Coincidence of the shape of the spectra ratios obtained from different patients and
different points of registering depending on the diagnosis.

4. Results and discussion
4.1 Benign nevus
Figure 3 shows the initial image of a benign nevus lesion, the image of healthy tissue used
for obtaining the values of XnYnZn parameters, and the grey “chroma” image after
processing. The damaged area is inhomogeneous. The pixels that pertain to it could be
extracted by simply setting a threshold to the grayscale. One could expect that spectra
registered from the central and the peripheral area of the spot should be similar in shape
and level.
Figure 4 shows the reflected and emitted spectra of the central area obtained from three
different patients denoted by P1, P2 and P3. The intensity of the reflected light changes from
patient to patient, but, as it is seen, the curves have similar shape. In what concerns the
intensity of the emitted spectra, a higher level is present in the case of stimulation with the
wavelength of 385 nm. Figure 5 shows the reflected and fluorescent spectra of the central
and peripheral areas and the spectra of the healthy areas. The comparison of the shapes of
these spectra allows us to suggest that only 385 nm is suitable for seeking similarity.
Concerning the reflected spectra, the shape of the curves does not depend on the positions.
This fact is confirmed by the spectra ratio given in figure 6.

Xn,Yn,Zn

a

b

c

Fig. 3. Benign nevus. Initial image-a, healthy area-b and the “chroma” image after
processing- c.
The suggestion that the spectra do not depend on the position inside of the lesion is valid for
the intensity in practically all cases of fluorescence; this holds true for the shapes only if
stimulation is carried out at 385 nm. Similarity is present in the shapes of the reflected
spectra only, but not in their intensity.
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Fig. 4. Reflected and fluorescent spectra of the central area obtained from different patients
in dependence on the wavelength of stimulation for benign nevus diagnose
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Fig. 5. Reflected and fluorescent spectra of several points in dependence on the wavelength
of stimulation for benign nevus diagnose.
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wavelength of stimulation for benign nevus diagnose.
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4.2 Dysplastic nevus
Figure 7 illustrates the results of applying the techniques discussed to the image of a
dysplastic nevus. The damaged area has clear outlined borders and could be easily extracted
again by setting a threshold to the greyscale. The internal structure shows a low-density
area concentrated into the centre of the lesion, and higher density near the borders. It could
be assumed that the spectra would have different shape and intensity in dependence on the
position of registering.

Xn,Yn,Z

a

b

c

Fig. 7. Dysplastic nevus. Initial image - a, healthy area - b and the “chroma” image after
processing – c.
30

5000

reflectance spectra

P1
P2
P3

P1
P2
P3

stimulation with 365 nm
4000

Intensity (au)

Intensity (au)

20

10

3000

2000

1000

0
420

480

540

600

660

720

0
420

780

480

540

wavelength (nm)

600

660

720

780

wavelength (nm)

5000

10000

P1
P2
P3

4000

P1
P2
P3

9000
8000

Intensity (au)

Intensity (au)

7000
3000

2000

1000

5000
4000
3000
2000

stimulation with 385 nm
0
420

6000

480

540

600

wavelength (nm)

1000
660

720

780

0
420

stimulation with 405 nm
480

540

600

660

720

780

wavelength (nm)

Fig. 8. Reflected and fluorescent spectra of the central area obtained from different patients
in dependence on the wavelength of stimulation for dysplastic nevus diagnose.

96

Melanoma in the Clinic – Diagnosis, Management and Complications of Malignancy

Figure 8 shows reflected and fluorescent spectra of the central area obtained from three
patients denoted again by P1, P2 and P3. The intensity of the reflected light is almost similar
for the different patients, but the shape of the curves is different. Concerning the emitted
spectra intensity, a higher level is seen again in case of stimulation at 385 nm. The next
figure 9 also shows the reflected and fluorescent spectra of the central and peripheral areas
and the spectra of the healthy areas. It could be seen that the shape of the fluorescent spectra
does not depend on the position in all wavelengths stimulations tested. However, only the
stimulation with 385 nm gives simultaneously a similarity between the spectra ratios and
sufficient differences from the other spectra ratio (figure 10) in the cases of stimulations at
365 and 405 nm.
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4.3 Malignant melanoma
A malignant melanoma lesion is presented in fig. 11 by images resulting from two different
processing: the one described above, the other using the program of MoleMax system. The
latter uses ABCD criteria to set a diagnose by image analyses. The technique of greyscale
„chroma“ image shows better visibility of the differences inside the lesions than the method
used in the MoleMax program. The density spreading implies the absence of a relation
between the position (centred or near borders) and the shape and intensity of the spectrum.

Xn,Yn,Zn

a

b

c

d

Fig. 11. Malignant melanoma: initial image-a, healthy area b, the “chroma” image –c, and
image after MoleMax system processing-d.
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Fig. 12. Reflected and fluorescent spectra of the central area obtained from different patients
in dependence on the wavelength of stimulation for malignant melanoma desease.

Investigation of Relations Between Skin Cancer Lesions, Images
and Their Reflectance and Fluorescent Spectra

99

Figure 12 shows reflected and fluorescent spectra of the central area obtained from three
patients denoted by P1, P2 and P3. The intensity of the reflected spectra varies from patient
to patient. The same is valid for emitted spectra independently of the stimulation
wavelength. The shapes of the spectra obtained from different areas of one patient are
similar, but those of the spectra from different patients are different (figure 13). The spectra
ratio given in figure 14 show different intensity, but the shape obtained by stimulation at
365 and 385 nm of peripheral areas are similar. The same applies to the reflected light
spectra for.

25

20

9000

stimulation with 365 nm
healthy
pos1
pos2

8000
7000

15

Intensity (au)

Intensity (au)

10000

healthy
pos1
pos2
pos3
pos4

10

5

6000
5000
4000
3000
2000

reflectance spectra

1000

0
420

480

540

600

660

720

0
420

780

480

wavelength (nm)

720

780

healthy
pos1
pos2

9000

healthy
pos1
pos2

8000
7000

8000
7000

6000

Intensity (au)

Intensity (au)

660

10000

9000

5000
4000

6000
5000
4000

3000

3000

2000

2000

0
420

600

wavelength (nm)

10000

1000

540

1000

stimulation with 385 nm
480

540

600

wavelength (nm)

660

720

780

0
420

stimulation with 405 nm
480

540

600

660

wavelength (nm)

Fig. 13. Reflected and fluorescence spectra of several points in dependence on the
wavelength of stimulation for malignant melanoma disease.

720

780

Melanoma in the Clinic – Diagnosis, Management and Complications of Malignancy
6

P1
P2
P3

5

au

4

365 nm stimulation, central areas

3

2

1

0
420

480

540

600

660

720

780

wavelength (nm)
6

P1
P2
P3

5

au

4

365 nm stim ulation, peripheral areas

3

2

1

0

420

480

540

600

660

720

780

wavelength (nm )

30

P1
P2
P3

25

20

au

100

15

385 nm stimulation, central areas

10

5

0
420

480

540

600

wavelength (nm)

Fig. 14. (a)

660

720

780

Investigation of Relations Between Skin Cancer Lesions, Images
and Their Reflectance and Fluorescent Spectra

6

6

P1
P2
P3

5

405 nm stimulation, central areas

385 nm stimulation, peripheral areas

au

au

4

3

2

2

1

1

0
420

P1
P2
P3

5

4

3

101

480

540

600

660

720

0
420

780

480

540

wavelength (nm)

600

660

720

wavelength (nm)

6

P1
P2
P3
4

au

405 nm stimulation, peripheral areas

2

0
420

480

540

600

660

720

780

wavelength (nm)

(b)
5

central pos
periph pos1
periph pos2
periph pos3
periph pos4

4

3

au

reflectance
2

1

0
420

480

540

600

660

720

780

wavelength (nm)

(c)
Fig. 14. Reflected and fluorescence spectra ratio of several points in dependence on the
wavelength of stimulation for malignant melanoma desease.

780

102

Melanoma in the Clinic – Diagnosis, Management and Complications of Malignancy

Many technical advances and new optical methodologies for early detection of cancer have
been recently developed, but there still exist considerable challenges concerning the precise
diagnosis and differentiation of cutaneous malignant lesions. Most dermatologists still rely
on their practical experience in visual evaluation of pigmented lesions. It is well known that
the diagnostic accuracy depends on the clinical experience of the specialist (Morton and
Mackie (1998)). In general practice, where such experience is low, diagnostic accuracy is
quite bad (Bedlow 1995). In the early stages of the disease, the diagnosis is difficult even for
experienced clinicians.
Within the wavelength range 400 – 800 nm, which we used in our observations, the stratum
corneum, epidermis and dermis have relatively high scattering coefficients and lower
absorption coefficients, particularly at longer wavelengths. Consequently, the spectrum of
white light passing through such a tissue can be affected by the various components and
thus become biased towards the longer wavelengths (Jones, 2000).
To benefit fully from optical spectroscopy’s advantages, one needs to relate the spectral
features with the morphology and biochemical composition of the tissue investigated.
Account needs to be taken of various other skin tissue characteristics, such as melanin
content in the epidermal layer, haemoglobin derivatives in the dermis and their influence on
the detected spectra, so adding to the complexity of the conditions to be monitored.
Chromatic techniques have the potential for providing a means for quantifying the tissue
spectral characteristics selectively under such conditions and for producing an assistive
automated diagnosis means. When a combination of fluorescence, reflectance and chromatic
techniques for analysis is applied, the diagnostic accuracy for malignant melanoma
detection reaches 90 % (Borisova, 2008). In the situation when only one of these analytic
techniques is applied, the diagnostic accuracies achieved are very similar for all three
methods – about 70%.
Such an increase in diagnostic accuracy (by 20 %) demonstrates that applying chromatic
techniques for monitoring biological tissues via the fluorescence, reflectance, absorption and
scattering of polychromatic light could be extremely useful in tumour detection and
evaluation. Therefore, unification of spectral and chromatic techniques in a common
diagnostic tool is a very promising future step in the development of medical diagnostic
systems, as it leads to increasing the diagnostic accuracy (ed. Jones, 2008, Borisova 2008) and
allows one to develop computerized automatic systems for diagnostics decisions when one
investigates cutaneous pathologies.

5. Conclusion
There are two common problems that impede one in obtaining optimal results.
• First, the greyscale “chroma” image resulting from the image processing depends on
the healthy area; thus, any sparkles are able to produce incorrect chroma spreading
inside the lesion. The problem could be avoided by controlling the image registration.
• The second problem is related to the wavelength interval of visibility of the stimulating
laser pulse. In fact, the interval under 480 nm becomes useless.
Overcoming these problems is a task of data registration and do not have relation to the
processing mentioned above.
Final greyscale images yield enough information about the density spreading inside one
lesion. It makes it possible to control precisely the position of obtaining the spectrum.
Calculated spectra ratios emphasize the differences resulting from skin damages
independently of the patients. A simple analysis shows that the data from emitted spectra
after stimulation at 385 nm are suitable for setting a diagnose. For a benign nevus, the data

Investigation of Relations Between Skin Cancer Lesions, Images
and Their Reflectance and Fluorescent Spectra

103

could be extracted from the any part of the lesion; for the dysplastic nevus, from the centre
of the area; and from the peripheral area for the malignant melanoma.
The spectra ratios from reflectance calculated for a benign nevus could be distinguished
from the spectra ratios for a dysplastic nevus, while the same spectra ratios for malignant
melanoma clearly differ from the others.
Summarising the test results, we can conclude that the techniques described above form a
good basis for the development a non-invasive method for estimating the type of skin
damage.
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1. Introduction
The body is composed of various types of cells that unite in harmony to live in the natural
environment. Viral infections, toxic products, and environmental stresses may affect the
cells to initiate transformation for the development of tumors, an uncontrollable and
unfavorable state of cells. Such a tumor state of cells is closely watched by the internal
immune-surveillance system that generally controls or eliminates them to maintain the
harmony of the body.
The internal immune-surveillance system is composed of two distinct parts; an innate
immune system predominantly located on the surface areas of the body, such as the skin or
mucosal compartments, and an acquired/adaptive immune system found mainly in
systemic compartments, including circulating blood, lymph nodes, spleen, and various
organs (Medzhitov and Janeway, 1997a) (Fig. 1). The cells of the innate immune system find
and fight foreign bodies intruding from the outside, such as viruses and bacteria, through
their pattern-recognition receptors (PRRs) (Medzhitov, 2007), such as Toll-like receptors
(TLRs) (Akira et al., 2001) and C-type lectin receptors (CLRs) that recognize pathogenassociated molecular patterns (PAMPs) (Medzhitov and Janeway, 1997b), although they do
not have any specific memories of foreign bodies. In contrast, the acquired immune system
will respond to foreign elements only when competent cells of the acquired system
recognize them specifically through their receptors established via gene-rearrangements
(Palm and Medzhitov, 2009). Among these acquired receptors, a T-cell receptor (TCR) can
specifically recognize foreign antigens as a specific structural component composed of
protein-derived amino acids presented particularly by self-restricted antigen-presenting
molecules, termed major histocompatibility complex (MHC) (Takahashi, 2003)
Although the precise mechanisms remain to be elucidated, such specific memories mediated
through TCRs are instructed by innate cells, particularly dendritic cells (DCs), which are key
cells to present antigenic information though their MHC together with co-stimulatory
molecules that will promote memory formation via gene-rearrangements in acquired T cells.
Therefore, innate DCs have the ability to capture tumor-derived antigens, processed them
into antigenic fragments, and present the antigenic fragments in association with their MHC
and co-stimulation molecules (Azuma et al., 1993; Chen et al., 1992), such as B7-1 (CD80),
B7-2 (CD86), or CD40, to establish TCR-mediated antigen-specific memories in acquired
immunity (Fig. 2).
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Fig. 1. Innate immunity and acquired immunity.

Fig. 2. Antigen selection and presentation by innate DCs to acquired T cells.
Two distinct MHC molecules are expressed on the surface of antigen-presenting cells, class I
and class II MHC. In general, class I MHC molecules can present processed fragments of
internally produced tumor-gene or virus-gene-derived antigens to CD8+ T cells, whereas
class II MHC present processed fragments of externally captured antigens to CD4+ T cells
(Takahashi, 1993) (Fig. 3).
Among TCR-mediated specific acquired immunity, class I MHC molecule-restricted tumorpeptide-specific immunity by CD8+ cytotoxic T lymphocytes (CTLs) is particularly important
in the elimination of tumor cells and both class I MHC molecule-associated antigenic
stimulation and co-stimulatory signals on the same antigen-presenting cells (APCs) are
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required to elicit such CD8+ CTLs; however, in general, tumor cells that present tumor-derived
antigenic peptides in association with their class I MHC do not express appropriate costimulation molecules and thus they cannot induce tumor-specific CD8+ CTLs.

Fig. 3. Two distinct antigen presentation pathways mediated in DCs via class I and class II
MHC molecules.
In addition, DCs will not usually become tumor cells and thus are unable to present tumor
antigens in conjunction with their class I MHC, despite expressing suitable co-stimulation
molecules for the elicitation of tumor-specific CD8+ CTLs.
On the basis of our recent findings (Moriya et al., 2010), this chapter propose a new direction
for the establishment of tumor immunotherapy to generate tumor-derived epitope-specific
class I MHC molecule-restricted acquired CD8+ CTLs against tumors by selective activation
of DEC-205+ DCs that have the ability to process and cross-present antigenic fragments from
externally captured tumor-derived products via class I MHC as well as innate effectors such
as NKT cells and  T cells through their CD1 molecules (Takahashi, 2010).

2. Innate and acquired effectors against tumor cells
Tumor cells originate from normal functional cells, like melanoma from melanocytes, via
several transformation steps, which can be classified into two types; early transformation
steps initiated by stress-related substances and late transformation steps that generate
mutated genes to gain uncontrollable proliferative capacity. The stress-associated products
are expressed on the cell surface in association with MHC class I chain-related A (MICA)
and MICB molecules, which are composed of a similar structural pattern of class I MHC.
These MICA/MICB-associated compounds are recognized by NK group 2D (NKG2D)
receptors of activated innate effectors, such as natural killer (NK) cells, natural killer T
(NKT) cells, and T cells, bearing invariant receptors produced without generearrangements (Higuchi et al., 2009). These innate effectors recognize early transformed
tumors via NKG2D receptors and eliminate them. Also, MICA/MICB expressing tumor
cells usually show down-modulation of class I MHC that will stimulate NK cells to
eliminate them (Suarez-Alvarez et al., 2009).
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In contrast, mature tumor cells with mutated genes and expressing tumor-gene-encoded
antigenic peptides on their surface in association with class I MHC molecules can be
specifically recognized and eliminated by acquired CD8+ CTLs. Thus, stress-associated early
transformed tumor cells appear to be regulated mainly by innate effectors, while mature
tumor cells with specific structural mutations with high proliferative capacity can be
specifically controlled by acquired CD8+ CTLs in a class I MHC molecule-restricted manner.
Taken together, internally transformed tumor cells gained uncontrollable proliferating
capacity can be recognized and regulated by both innate and acquired effectors (Fig. 4).

Fig. 4. Immune control of immature and mature tumor cells.

3. Antigen-presenting molecules on DCs
Induction of these innate and acquired effectors seems to be regulated by DCs via various
antigen-presenting molecules. Innate immunity is chiefly regulated via species-restricted
CD1 antigen-presenting molecules and acquired immunity is controlled via individually
restricted MHC molecules on DCs. CD1 molecules are further divided into four classes,
CD1a, CD1b, CD1c, and CD1d. These CD1s have been found to present lipid/glycolipid
antigens to T cells bearing relatively invariant T-cell receptors (TCR), most of which are
conserved among species (Barral and Brenner, 2007; Cohen et al., 2009). For example, highly
conserved CD1d molecules present -galactosyl ceramide (-GalCer) to NKT cells of their
own species (Saito et al., 2005). Indeed, human NKT cells generally express unique
combinations of TCRs that consist of an invariant V24 chain preferentially paired with a
V11 (Dellabona et al., 1994), while murine -GalCer-reactive CD1d-restricted NKT cells
express invariant V14 paired with various V combinations (Gui et al., 2001).
In contrast to species-restricted CD1 antigen-presenting molecules, both class I and class II
MHC molecules are highly diverse among individuals as self-restricted elements presenting
internally processed peptides as antigens, which can be recognized by the same MHC
molecule-bearing TCR-expressing T cells with antigen-specificity established by
intracellular gene rearrangements. Such gene rearrangements for the establishment of T cellmediated acquired immunity can be initiated through the combination of antigen-loaded
MHC molecules plus appropriate co-stimulatory signals on DCs, although the induction of
CD1-associated T cells does not require such co-stimulatory signals. Thus, co-stimulatory
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signals appear to be required for the development of MHC molecule-restricted highly
specific acquired immunity (Nakatsuka et al., 1999). Generally, CD8-positive T cells
recognize the processed epitope peptide from internally synthesized proteins presented by
class I MHC molecules, whereas CD4-positive T cells recognize epitope peptide from
externally captured proteins in association with class II MHC (Dustin, 2009). The structures
of the two distinct groups of antigen-presenting molecules, CD1 and class I MHC, closely
resemble each other, having three regions of chains (1, 2, and 3) with non-covalently
bound 2-microglobulin that may regulate the antigen-binding capacity of the presenting
molecules (Kozlowski et al., 1991). However, although CD1-encoding genes are highly
conserved and their structures are shared among species with limited polymorphism
(Couedel et al., 1998), the class I MHC-encoding gene is highly diverse among individuals.
So far, it has been reported that most innate NKT cells can be activated through CD1d and
some T cells are activated through CD1c molecules on DCs (Cohen et al., 2009). Moreover,
we have recently observed that live bacillus Calmette-Guerin (BCG)-activated DCs elicit
innate effectors, such as NK cells, NKT cells, and T cells, to inhibit the growth of bladder
carcinoma via IL-12 secretion (Higuchi et al., 2009). Collectively, DCs have the ability to
manipulate innate effectors through CD1s and cytokines, as well as acquired effectors via
MHC molecules to control internal tumors.

4. DC subset and “cross-presentation”
Recently, it has been demonstrated that two non-overlapping subsets of DCs are arranged to
regulate internal immune responses in vivo; 33D1 (recognizing dendritic cell inhibitory
receptor-2 (DCIR2))-positive and DEC-205-positive DCs (Dudziak et al., 2007). It has also
been reported that in vivo targeting of DEC-205 with either poly(I:C) (Trumpfheller et al.,
2008) or an antibody specific for DC-NK lectin group receptor-1 (DNGR-1) (Sancho et al.,
2008) induced dominant Th1 immunity or potent CTL responses via cross-presentation,
respectively. As indicated in Fig 5, it has turned out that the most suitable CTL epitope
peptides within externally captured antigenic proteins are selected to present in association
with class I MHC in DEC-205-positive DCs via cross-presentation (Moriya et al., 2010).
We have shown that such cross-presentation, the shift of the antigen-presentation pathway
from the class II MHC to class I MHC processing route for externally captured antigenic
proteins, can be achieved by a bark-derived saponin-associated adjuvant, such as ISCOMs
(Takahashi et al., 1990), cholera toxin (CT) (Wakabayashi et al., 2008), and BCG (Higuchi et
al., 2009). We have also demonstrated (Fujimoto et al., 2004) that TLR3-signaling of DCs,
previously loaded antigenic proteins, by double-stranded RNA, polyriboinosinic
polyribocytidylic acid (poly(I:C)), which reflects a natural genetic product from a variety of
viruses, can generate the cross-presentation.
These results suggest that selective stimulation of DEC-205+ DCs in vivo may elicit effective
acquired CD8+ CTL responses through Th1 dominancy by which protective immunity
against tumors will be achieved even in the absence of externally added tumor antigens. We
have recently established 33D1+ DC-depleted C57BL/6 mice obtained by treatment with
33D1-specific monoclonal antibody (Moriya et al., 2010). As expected, 33D1+ DC-depleted
mice, implanted with syngeneic B16-F10 melanoma cells into the dermis, showed apparent
inhibition of already established tumor growth in vivo when subcutaneously (sc) injected
with LPS after tumor implantation, in which serum IL-12 secretion that may be mediated by
the remaining DEC-205+ DCs was markedly enhanced upon TLR4 signaling (Moriya et al.,
2010). Unexpectedly, LPS-stimulated 33D1+ DC-deleted tumor-bearing mice apparently
produced H-2Kb-restricted epitope-specific CD8+ CTLs among tumor infiltrating
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lymphocytes (TILs) against already established syngeneic tumor cells (Moriya et al., 2010).
These findings indicate the importance and effectiveness of selective targeting of a specific
subset of DCs, such as DEC-205+ DCs, for the activation of tumor-specific class I MHC
molecule-restricted CD8+ CTLs without externally added tumor antigen stimulation in vivo.

Fig. 5. New direction for tumor immuno-therapy.

5. Concluding remarks: A new direction for tumor immunotherapy
Because tumor epitope-specific CD8+ CTLs can be primed in vivo by immunization with
epitope peptide-pulsed syngeneic DCs (Takahashi et al., 1993), most of the present works for
the establishment of cancer immunotherapy have focused on identifying tumor-derived
epitope peptides in each tumor; however, tumor-derived specific epitope peptides are
generally very difficult to determine for most tumors because the structure of each epitope
and its MHC cassette is highly diverse among individuals.
Here, we would like to propose a new, promising strategy for the development of cancer
immunotherapy; selective activation of DEC-205+ DCs in vivo. It should be noted that innate
DEC-205+ DCs do not have memories and thus, repetitive intermittent stimulation is
required to carry out this procedure. By this method, selectively activated DEC-205+ DCs
recognizing newly appeared tumor cells capture antigenic molecules and present their
antigenic epitopes in association with class I MHC via cross-presentation, and the presented
epitope will prime acquired tumor-specific class I MHC molecule-restricted CD8+ CTLs that
specifically recognize tumor cells with mutated genes and attack them. As far as we have
examined, ISCOMs, CT and BCG have the capacity to selectively stimulate DEC-205+ DCs in
vivo. Indeed, repetitive immunization with adjuvant alone shows apparent inhibition in the
growth of syngeneic implanted tumors (Wakabayashi, A., Nakagawa, Y., Date, T., Tomita,
Y., Shimizu, M, and Takahashi, H.; manuscript in preparation).
In addition, as has been shown above, live BCG has the ability to activate innate effectors
such as NK cells, NKT cells, and T cells to suppress the growth of early transformed
tumors expressing MICA/MICB and stress-related substances via NKG2D (Higuchi et al.,
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2009). These results strongly suggest that we can manipulate appropriate immunity to
control tumor cells by repetitive stimulation of DEC-205+ DCs with a BCG-derived
substance. Now we should recall the name of Chisato Maruyama (1901-1992), a professor of
the Department of Dermatology as well as the past President of Nippon Medical School in
Japan, who had noticed that there were a very low number of cancer patients suffered from
tuberculosis and established special substance from Mycobacterium tuberculosis as a cancer
vaccine, named the “Maruyama Vaccine (SSM; special substance of Maruyama)” in 1944.
The SSM has been widely used, particularly for various cancer patients in Japan; however,
the actual mechanism of the SSM has been unknown until now. Thus, although a number of
cases with excellent effects on cancer regression by SSM have been reported, many doctors
are still suspicious of the effect of SSM. Here, it is proposed that new adjuvant therapy
should be considered, including BCG or SSM that will activate internal innate immunity,
particularly DEC-205+ DCs.
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Adoptive immunotherapy for the treatment of melanoma has attracted growing interest in
recent years. The trend reflects, at least in part, the disappointing results of conventional
chemotherapy to induce lasting remission in advanced stages of the disease with multiple
metastases and to cure patients even after initially complete response. The isolation of tumor
infiltrating T cells from melanoma lesions, the identification of melanomaassociated
antigens and the significant progress in our understanding in redirecting an immune
response favored the development of novel strategies in adoptive immunotherapy of
melanoma. Most recent advances in selectively eliminating melanoma cell subsets from
tumor tissues together with the identification of socalled melanoma stem cells, however,
imply to redefine the therapeutic target in melanoma. The review discusses current
challenges and perspectives in the rational design of cellular immunotherapy of melanoma.


Despite of major improvements in the therapy of melanoma, the frequency of partial or
complete responses after chemo and radiotherapy has not significantly risen since years
(Garbe et al. 2010). Disseminated melanoma is still an incurable disease and overall survival
correlates with the stage of the disease at time of diagnosis. A 10yearsurvival rate of 75
85% can be reached when the primary tumor was diagnosed in stage I or II, melanoma in
stage III or IV, however, is commonly associated with poor survival (Garbe et al. 2010). The
situation is mainly caused by two major drawbacks due to the particular biology of
melanoma cells. Firstly, melanoma early disseminates into distant organs including the
brain by forming micrometastases which are small in cancer cell numbers and beyond the
detection limit of current tomographic procedures (Denninghoff et al. 2004; Bedikian et al.
2010). Micrometastases can persist for long time without any change in size in a “dormant”
stage (Leiter et al. 2010). Secondly, many melanoma cells are notoriously resistant against
chemo and radiation therapy (Bradbury & Middleton 2004; Pak et al. 2001; Pak et al. 2004).
Both drawbacks result in the unsatisfactory situation that surgical removing of tumor
lesions in early stages is the only curative option to fight melanoma. In more progressed
stages of the disease recruitment of the cellular immune defense is thought to be an option.
In this context immunemodulatory adjuvants, including interferon α2b, exhibit some effect






although are not curative (Kirkwood et al. 2000; Kirkwood et al. 1996) and still a matter of
debate. These efforts, however, indicate that activation of the patient’s immune response can
be effective in fighting melanoma; a more tumorspecific way of immune cell activation
needs to be explored. We here summarize evidence for the potency of adoptive immune cell
therapy in melanoma and discuss premises and future treatment options.


Based on early evidences that the concerted action of the immune system is capable to fight
cancer efforts were focused to redirect cytolytic effector cells towards autologous cancer
cells. First experiments following the strategy were performed by the Rosenberg group in
1984 by treating transplanted tumors in mice by adoptive transfer of syngeneic lymphocytes
in combination with IL2 (Rosenberg 1984; Grimm et al. 1982). In addition to promote
activation and proliferation of both cytolytic and helper T cells, IL2 also activates natural
killer (NK) cells as well as macrophages (Waldmann & Tagaya 1999) which provided the
rationale to administer IL2 as immune adjuvant in cancer patients. Between 1985 and 1993
overall 270 melanoma patients were treated with IL2 in the context of eight clinical trials
with an objective response rate of 16%, comprising 6% complete and 10% partial responses
(Atkins et al. 1999). While IL2 doubtless induced an immune cell antitumor response, the
immune cell activation was not specifically redirected towards melanoma.
The elucidation of socalled “tumor antigens” preferentially expressed on melanoma cells
led to the concept to immunize patients with defined T cell antigens in order to activate by
natural selection melanoma specific T cells in a more specific fashion. Two antigens were
primarily considered as promising candidates, namely MelanA/MART 1 and gp100
(Rivoltini et al. 1996; Rivoltini et al. 1995). By using different strategies of vaccination
including injection of antigen or application of antigenpulsed dendritic cells melanoma
reactive T cells could be amplified in the cancer patient (Kawakami & Rosenberg 1997).
Until today a variety of clinical studies using dendritic cells loaded with T cell recognition
peptides were performed with various therapeutic effects. A metaanalysis in 2008
comprising 38 trials with overall 626 patients revealed that 3% of the patients responded to
treatment with complete and 6% with partial remission, 21% achieved stable disease
(EngellNoerregaard et al. 2009). These results were irrespective of both the antigen used for
loading and the type of DCs. The route of injection and the administration of adjuvant had
no impact on clinical outcome. In conclusion no therapeutic advantage could be
documented for patients treated with vaccines compared to treatment with immune
stimulatory cytokines.
As a consequence further developments in the immunotherapy of melanoma were thereon
focused on the adoptive transfer of immune effector cells itself. The development was
further strengthened by the success in isolating tumor infiltrating lymphocytes (TILs) which
are found in substantial numbers in a variety of melanoma lesions. First described in 1969
(Clark et al. 1969) TILs particularly from melanoma gained interest in during the last years
since these cells are believed to recognize melanomaassociated antigens and thereby
specifically accumulate in melanoma lesions. Freshly isolated from melanoma lesions TILs
are mainly of T cell origin consisting of both effector and helper T cell subsets. While the
prevalence of TILs in primary melanoma lesions and metastases is not a prognostic factor
itself, high numbers of infiltrating lymphocytes, however, correlate with better clinical
outcome (Clemente et al. 1996; Burton et al. 2011), moreover providing a rationale to use








these lymphocytes as effector cells in the treatment of melanoma. Protocols according to
GMP standards were developed to isolate TILs and to amplify them ex vivo to numbers
suitable for reinfusion (Figure 1). To expand preferentially highly melanoma reactive T cells
first lymphocyte expansion protocols were based on cultures in presence of IL2 on feeder
layer cells expressing melanoma antigens (Vignard et al. 2005). While the concept perfectly
worked in mouse models, the application in patients turned out to need further
improvements. Upon adoptive TIL infusions regression of metastases could be observed in
the majority of patients, only few, however, remained in complete remission (Besser et al.
2010). In most cases a partial shrinkage of the tumor mass followed by stable disease was
observed. The disappointing results despite the high numbers of infused TILs is thought to
be due to the fact that the cells were extensively amplified over weeks ex vivo and have
entered anergy unable to be properly rescued for an antimelanoma attack after infusion
(Chhabra 2010). More recent expansion protocols therefore aim to select socalled “young
TILs” which underwent minimal culture times and which were not selected for melanoma
reactivity prior reinfusion. A first phase I trial showed improved response with increased
frequencies in partial and complete remission (Besser et al. 2009). All trials were performed
under myeloablative conditions and IL2 administration based on the rationale to provide
space and stimuli for homeostatic expansion of adoptively transferred T cells. Other
cytokines like IL7 and/or IL15 are worth to be explored since they do not activate
regulatory T cells.

Fig. 1. Strategies in the adoptive immunotherapy of melanoma.
Tumor infiltrating lymphocytes (TIL) are isolated from a melanoma lesion, amplified ex
vivo and readministered without further modification. Alternatively, T cells from the
peripheral blood of the melanoma patient are engineered ex vivo to express either a
chimeric antigen receptor (CAR), which forms a homodimer, or a recombinant T cell
receptor (TCR), which is composed of the α and β chain, with specificity for a melanoma
associated antigen, amplified and readministered in therapeutic doses to the patient.


While adoptive transfer of TILs is showing promising efficacy in first trials, attempts are
made to redirect blood T cells with predefined specificity toward melanoma. The rationale








for using effector T cells from the peripheral blood is provided by the frequent inability to
isolate TILs in sufficient amounts from a given melanoma lesion and the more progressed
proliferative stage of TILs compared to blood T cells.
To redirect peripheral blood T cells specifically towards melanoma antibodies were
combined in a bispecific antibody format which targets T cells with by an antiCD3
antibody as one arm and the melanoma cell with the other arm. Upon application it is
assumed that bispecific antibodies build a bridge between T cells and melanoma cells
thereby forcing peripheral blood cytolytic effectors towards their target. Bispecific
antibodies were directed against melanoma p97, gp100 (Cochlovius et al. 1999), and
melanoma chondroitin sulfate proteoglycan (MCSP, also called high molecular weight
melanoma associated antigen HMWMAA) (GrosseHovest et al. 1999). Therapeutic potency
was demonstrated by longterm survival in preclinical models resulting, the efficacy,
however, critically depends on the number of recruitable effector cells at the tumor site. Bi
specific constructs triggering CD28 costimulation of T cells furthermore increased tumorcell
killing predominantly by recruiting cytolytic cells without targeted specificity (Grosse
Hovest et al. 1999; GrosseHovest et al. 2003).
While first generation bispecific reagents were conventional heterodimeric antibodies,
second generation antibodies are constituted of two single polypeptide chain antibodies
covalently joined by a linker domain (GrosseHovest et al. 1999; Bluemel et al. 2010a). Those
socalled bispecific T cell engager (BiTE) antibodies targeting CD3 on T cells and a tumor
associated antigen on malignant cells of solid tumors showed efficacy even in nanomolar
concentrations in a clinical trial (Bargou et al. 2008). The size of antigen as well as the
targeted epitope impacts the efficacy in T cell activation since a BiTE antibody targeting the
membrane proximal domain of HMWMAA on melanoma cells showed more potent than
those binding to more distal domains (Bluemel et al. 2010b). The same observations were
made when targeting EpCAM indicating that there is obviously a correlation between
epitope positioning relative to the cell membrane and the potency in T cell activation.
Technical advances in genetically engineering blood T cells ex vivo fueled efforts to design T
cells with predefined specificity for redirected targeting melanoma cells. Recombinant
DNA technology and the structural elucidation of the T cell receptor (TCR) complex
together with recent developments in vector design made the genetic T cell modification
with a recombinant TCR feasible. The melanoma gp100 specific TCR was one of the first be
cloned from T cells accumulating at the tumor site. TCR α and β chains were introduced ex
vivo by retroviral gene transfer into naïve, fresh T cells which gained specificity as indicated
by redirected cytotoxicity towards primary melanoma and established melanoma cell lines
and by increased secretion of proinflammatory cytokines including IFNγ (Schaft et al.
2003; Morgan et al. 2003). TCR modified T cells were amplified ex vivo and reinfused in
therapeutic doses to the patient (Figure 1). Similarly, recombinant TCRs with specificity for
MART1/MelanA or MAGEA1 could be transferred into naïve T cells (Hughes et al. 2005;
Willemsen et al. 2005).
In 2006 the Rosenberg group published the first clinical trial using T cells with engineered
specificity for melanoma. Adoptive transfer of those T cells caused a strong response against
metastases in distant organs. Engineered T cells persisted in circulation of most patients for
nearly 2 months. The therapeutic efficacy, however, was disappointingly low with 2 out of
17 patients showing objective regression of metastases resulting in complete response. In
those patients, interestingly, engineered T cells were detected in the blood for a year after
treatment implying that therapeutic efficacy may correlate with longterm antimelanoma








immunity (Morgan et al. 2006; Coccoris et al. 2008). In a very recent trial, similarly TCR
engineered T cells showed efficacy towards brain metastases of melanoma indicating that
this procedure may be useful to treat otherwise incurable metastatic sites (Hong et al. 2010).
Although these and other trials showed technical feasibility in engineering TCR modified T
cells and clinical practicability in the adoptive transfer of those cells, the unexpected low
clinical response raised concerns with respect to clonal variability of the targeted melanoma
lesion.
Melanoma like other malignant diseases displays clonal evolution during tumor progression
which enables the tumor to evade T cell recognition. Common mechanisms are the down
regulation of MHC complex expression (Seliger 2008), point mutations in the β2
microglobulin chain (Sigalotti et al. 2004), and deregulation of various components of the
antigen processing machinery (Seliger 2008; Vitale et al. 2005). As a consequence TCR
engineered T cells are no longer able to recognize and destroy those melanoma cells with
mutant or lack of MHCpeptide complexes.
Limitations in the expression of a recombinant TCR in T cells additionally dampened
enthusiasm in the strategy. Coexpression of a recombinant TCR together with the
physiological TCR in T cells turned out to create new but unpredictable specificities which
may result in severe autoreactivity. The molecular basis is the similarity of the recombinant
α and β TCR chains to the respective chains of the physiological TCR which leads to the
formation of heterodimers loosing the specificity of the recombinant TCR (Coccoris et al.
2010). In mouse models heterodimer formation resulted in severe autoimmunity (Bendle et
al. 2010). Tremendous efforts were undertaken to solve the problem including replacement
of TCR constant domains by homologous murine domains (Cohen et al. 2006) and
introducing cysteine bridges (Kuball et al. 2007) to enforce αβpairing of the recombinant
TCR chains.
Advances in the engineering of recombinant signaling molecules facilitated the
development of a “onechainreceptor” molecule for redirected T cell activation. Zelig
Eshhar pioneered the strategy in generating a chimeric antigen receptor (CAR) molecule
composed of an extracellular single chain antibody for binding and an intracellular TCR
signaling domain (Eshhar et al. 1993). The CAR, also named immunoreceptor or nicknamed
“Tbody”, thereby combines the MHCindependent recognition of antigen by an antibody
with the T cell activating machinery of the TCR. Naïve T cells from the peripheral blood of
melanoma patients are engineered ex vivo to express the CAR, amplified and administered
to the patient (Figure 1). Due to the modular design a nearly unlimited variety of antigens
can be targeted as long as an antibody is available, including nonclassical T cell antigens
like carbohydrates as HMWMAA, also called MCSP (Reinhold et al. 1999). Different CARs
were reported to target melanoma antigens, including HMWMAA (Reinhold et al. 1999),
melanotransferrin (Schmidt et al. 2011), GD2 (Yvon et al. 2009) and GD3 (Lo et al. 2010). The
modular composition of CARs moreover allowed combining primary signaling moieties
with costimulatory signals in order to modulate the T cell response in a predicted fashion
(Hombach & Abken 2007). Along with multiple other modifications the stability of
expression and antigen binding has been substantially improved during the last years
(Bridgeman et al. 2010). Although CARs use the TCR signaling machinery, the strategy is
obviously not restricted to redirect T cells; monocytes, macrophages as well as NK cells can
be specifically redirected by CARs as well (Pegram et al. 2008; Kruschinski et al. 2008).
Appropriate models and, finally, trials need to address whether redirected nonT cells have
a benefit in tumor elimination in general and in melanoma therapy in particular.








Some TCRs and CARs specific to melanoma associated antigens are already applied in
phase I clinical trials, and several others are in an advanced phase of preparation (Table 1).
Only a few of these studies have been published; other information is derived from
registries and from personal communications.
A clinical trial by the Brenner group, Baylor College of Medicine, (Pule et al. 2008) has
shown a correlation between the persistence of adoptively transferred, modified T cells and
the clinical outcome. EpsteinBarr virus specific cytotoxic T cells were engineered to express
a CAR directed to the diasialoganglioside GD2, an antigen expressed by human
neuroblastoma cells, aiming that redirected T cells would receive optimal costimulation
after engagement of their EBVspecific TCR, enhancing survival and antitumor activity
mediated through their CAR (Savoldo et al. 2007). When administered to tumor patients the
EBVspecific T cells engineered with a GD2specific CAR indeed survived longer than T
cells with the same CAR but lacking virus specificity. Infusion of these genetically modified
T cells was associated with tumor regression or necrosis in half of the patients. Results show
the safety, feasibility, and potential antitumor activity of adoptive therapy with CAR
modified T cells; clinical application, however, has to take into account some particular
aspects as recently summarized (Büning et al. 2010) and briefly discussed below.



There are potential balances to advantages of the CAR or the TCR strategy in the adoptive T
cell therapy of melanoma which need careful consideration. Melanoma cells frequently
downregulate proteins associated with antigen processing and presentation (Seliger et al.
1997) which effectively renders the tumor cell invisible to a physiological T cell attack.
Consequently, the MHCindependent targeting of cell surface molecules through a CAR
makes those melanoma cells vulnerable to T cell attack while remaining invisible for TCR
engineered T cells. The CAR strategy moreover has the advantage that immune cells with
defined specificity for a variety of cell surface molecules can be produced. Powerful
selection systems, such as phage display provide a plethora of binding domains to target
virtually any cell surface molecule. Melanoma cells which do not express the targeted
antigen, however, are not attacked by CAR redirected T cells making antigenloss cell
variants a source of potential tumour relapse after initially successful treatment. TCR
redirected T cells, on the other hand, may recognize even those melanoma cells when they
crosspresent the targeted antigen. Most recently, TCRlike single chain antibodies were
generated and used as targeting domain in a CAR, thereby combining the MHCrestricted
recognition of antigen with the CAR strategy. T cells with TCRlike CAR were redirected
towards NYESO1 and MAGEA1, respectively (StewartJones et al. 2009; Willemsen et al.
2001). The advantage of these MHC restricted CARs over the use of recombinant TCRs
remains unclear aside from the fact that the CAR consists of a single expressed protein while
the TCR approach requires coexpression of both α and β TCR chains.
The high complexity of the recognition and signaling process in the T cell and the variety of
antigen structures on the melanoma cell imply that the optimized configuration of a CAR
universal for each antigen may not exist. In contrast the TCR recognition and activation
process through MHC presented antigen is much more standardized. The antibodyderived
binding domain of a CAR moreover displays extraordinary high affinity compared to a
TCR. By mutagenesis the affinity of a given antibody binding domain can be increased or








reduced (StewartJones et al. 2009; Chmielewski et al. 2004). Increase in affinity, however,
does not necessarily improve CAR redirected T cell activation which is assumed for TCR
mediated T cell activation as well. CD28 costimulation, moreover, does not impact the
activation threshold of CAR redirected T cells (Chmielewski et al. 2011).
Critical to the success of therapy will moreover be the choice of targeted antigen and the
membrane topography of the targeted epitope. In vitro data suggest that an optimal T cell
totarget cell spacing distance is required for T cell activation. For instance, binding the more
membrane distal epitope of the targeted antigen showed less T cell activation than binding
of the membrane proximal epitope (Hombach et al. 2007). The rigidity of the antigen itself as
well as the antigen mobility in the cell membrane will moreover impact redirected T cell
activation. Carbohydrate antigens like HMWMAA are thought to act differently than
polypeptide antigens like melanotransferin, both expressed on the same melanoma cell. As
such, empirical testing may be required to identify the best targeted epitope for the
particular antigen for redirected T cell activation.
The TCR or CAR binding avidity impacts recruitment of engineered T cells to tumor sites.
Strong binding to target antigen may cause the T cells to be locally trapped while low
avidity interactions may not provide sufficiently long T cell – melanoma cell contact to
execute the cytolytic attack. On the other hand, the amount of antigen on the melanoma cell
surface is also important. In essence, low affinity binding directs the activity of engineered T
cells preferentially against targets with abundant antigen levels; high affinity binding is
thought to be also effective against low antigen levels on target cells. The optimized affinity
which sustains selective T cell trafficking to the tumor, however, is still unclear. Homing
and migration of engineered T cells may also be manipulated through coexpression of
chemokine receptors alongside with CARs (Cheadle et al. 2007). Alternatively, isolated T cell
subpopulations which express or lack certain chemokine receptors may be used, in
particular when targeting melanoma lesions in the periphery. Studies investigating these
issues in animal models are now gaining momentum and are likely to improve the anti
tumor efficacy. Once entered the tumor lesion engineered T cells are assumed to efficiently
recycle lytic capacity and to kill multiple targets. While this is suggested by in vitro
evidences formal in vivo confirmation is still lacking.
A beneficial effector celltotarget cell ratio at the tumor site is likely to be required for
efficient target cell lysis. Higher numbers of engineered T cells applied per dose are likely to
increase clinical efficacy, an estimation based on clinical data, however, is not yet available.
Current trials are applying up to 1010 cells per dose. These and higher numbers of
engineered T cells can be generated by current expansion protocols; cells with the optimal
phenotype for adoptive transfer, however, may not be generated under these conditions.
Short term amplification protocols are therefore discussed for both TILs from melanoma
lesions and for engineered T cells.
Autoimmunity may result from offtarget T cell activation against healthy tissues which
physiologically express low levels of the targeted antigen. A number of socalled “tumor
associated antigens” are also expressed on healthy tissues, although frequently at lower
levels, e.g., MART1 on melanocytes. When targeting those antigens, vitiligo and deafness
(Offringa 2009; Johnson et al. 2009a) to a certain degree is frequently observed; uveitis and
inner ear toxicity were observed upon adoptive therapy with TCR engineered T cells
(Johnson et al. 2009b). Since nearly all tumorassociated antigens are selfantigens, strategies
need to be adopted to ensure offtarget toxicities are kept to a minimum although toxicity
may be a surrogate for clinical efficacy. In the adoptive therapy of melanoma, indeed, off








target toxicities generally predict for antitumour responses (Overwijk et al. 2003). It is
currently under investigation whether T cells with lowavidity TCR are less prone to induce
such unwanted side effects. Toxicity, however, can be controlled using steroids to deplete
modified T cells locally (Johnson et al. 2009b) or systemically as has been the case in CAR
targeting carboanhydrase IX (G250), a renal cell carcinoma antigen also expressed at low
levels on bile duct epithelia (Lamers et al. 2006a; Lamers et al. 2006b).
One of the major hurdles of redirected immunotherapy of melanoma is the heterogeneity of
antigen expression within the malignant lesions which negatively affects the longterm
therapeutic efficacy of the approach. Whereas melanotransferinpositive or HMWMAA
positive melanoma cells may be successfully eliminated by redirected T cells engineered
with the respective CAR, antigennegative tumor cells, however, will not be recognized by
those T cells. The limitation may be overcome by utilizing mixed T cell populations
modified with different CARs recognizing different antigens of the same tumor. On the
other hand, activation of proinflammatory immune cells in the tumor microenvironment
led to the speculation whether IL2, secreted in high concentrations by activated T cells, may
attract a second wave of nonantigen restricted effector cells which eradicate antigen
negative tumor cells. Experiments with antibodycytokine fusion proteins indicate that at
least in an animal model antigennegative melanoma cells are indeed eliminated when co
inoculated with antigenpositive melanoma cells and that the T cell mediated immune
response is followed by a longlived transferable protective immunity (Becker et al. 1996).
As far as safety concerns, insertional mutagenesis by retro or lentiviral gene transfer of the
TCR or CAR encoding transgene also needs to be addressed. While more than 100 patients
have been treated so far, malignant transformation of blood T cells has not been observed in
any case which is in contrast to genetic modification of hematopoietic stem cells.
Retrovirally modified, mature polyclonal T cells seem not to produce clonal amplification
upon adoptive transfer (Newrzela et al. 2008). Apart from that, the search for a safer vector
system using nonintegrating vectors (Perro et al. 2010), RNA transfer (Zhao et al. 2010), or
targeted recombination (Carroll 2008) into safe sites is still ongoing. Once adoptively
transferred, controlling the engineered T cell in vivo represents an important option. Novel
gene suicide systems using tagged receptor molecules which can be targeted by T cell
depleting antibodies in vivo (Kieback et al. 2008) and inducible caspasebased suicide
systems (de Witte et al. 2008) have recently been developed to permit specific depletion of
the engineered T cells rather than total T cell depletion by steroids.


Current therapeutic strategies in oncology aim to eliminate all cancer cells within a tumor
lesion. The histology, however, teaches us that a variety of different cancer cells make up
most tumor tissues in addition to nonmalignant cells which form the socalled stroma.
Transplantation of individual cancer cell subsets from melanoma under limiting dilution
conditions revealed that a subset of cancer cells is capable to induce tumors of the same
histological phenotype as the parental tumor (AlHajj et al. 2003; Schatton et al. 2008;
Zabierowski & Herlyn 2008). Transplantation assays moreover revealed that a low number
of sorted cells, most rigorously one cancer cell, is capable to induce tumors when
transplanted under appropriate conditions (Quintana et al. 2008). The conclusion drawn
from these experiments was that melanoma is organized in a hierarchical manner following
an initiator cell or socalled cancer stem cell (CSC). The same observation was drawn from








other tumor entities (Ailles & Weissman 2007; Clevers 2011). Low abundance, induction of
tumors, selfrenewal and differentiation into heterogeneous phenotypes of cancer cells are
properties postulated for CSCs. While established as early as 1968 (Fiala 1968), the CSC
paradigm experienced revival when Bonnet and Dick (1997) showed that most subtypes of
acute myeloid leukemia can be established in their broad diversity by transplantation of a
defined and rare subset of malignant CD34+ cells fully recapitulating the leukemic
phenotype (Bonnet & Dick 1997). A variety of cancer stem cells were subsequently identified
in solid tumors including mammary, prostate, pancreatic and colon carcinoma as well as
glioma (AlHajj et al. 2003; Dalerba et al. 2007; Singh et al. 2003; RicciVitiani et al. 2007; Li et
al. 2007). In melanoma, however, the identity of CSCs, their frequency and more even their
existence in a given lesion is still controversially debated (Marotta & Polyak 2009; Rosen &
Jordan 2009; Hill 2006; Shackleton et al. 2009; Shackleton & Quintana 2010). A first study
using the limiting dilution transplantation assay identified a melanoma cell subset which
exhibits stemlike capacities and expresses CD20 (Fang et al. 2005). Under more strict assay
conditions other groups isolated tumor initiating cells which express either the transporter
protein ABCB5 (Schatton et al. 2008) or the nerve growth factor receptor CD271 (Boiko et al.
2010). A recent study from Weissman and colleagues calculated the frequency of
tumorigenic cells in melanoma of about 1/2000 cells (Boiko et al. 2010). Investigations by
Quintana et al. (Quintana et al. 2010; Quintana et al. 2008) questioned the existence of any
melanoma stem cell. Transplantation under more rigorous conditions revealed that nearly
every forth randomly chosen melanoma cell (1/2 – 1/15) is capable to induce melanoma in
the appropriate host and that the potential of melanoma induction is not associated with
any surface marker tested so far. This demonstrates that the number of potential CSCs in
melanoma may not be necessarily low and that the melanoma inducing capacity is not
associated with a fixed phenotype of melanoma cells while these cells reconstitute the exact
marker pattern of the parental tumor irrespective of marker positivity or negativity. The
observations imply that reversible transformation of the melanoma cell is crucial for the
initiation of a new melanoma after xenotransplantation and that a substantial number of
melanoma cells are capable to undergo this transformation process. The melanoma cell may
express a variety of different markers at the time of isolation from an established lesion,
after transplantation, however, the cell reprograms to the tumor initiating phenotype.
Another so far not appropriately recognized consequence of the CSC paradigm is that a
hierarchy of cancer cells is preserved in an established tumor lesion. If the hypothesis is
fulfilled for melanoma, some melanoma cells maintain tumor progression whereas the bulk
of tumor cells does not. Consequently, specific ablation of the properly rare melanoma
sustaining cells, which may but must not be identical to CSCs identified by the
transplantation assay, from the established tumor tissue must inevitably lead to a decay of
the tumor lesion independently of targeting the cancer cell mass. A most recent study
addressed whether specific elimination of defined melanoma cells from an established
lesion causes tumor regression (Schmidt et al. 2011). By adoptive transfer of engineered T
cells with a CD20 specific CAR established xenotransplanted tumors could be completely
eradicated whereas targeted elimination of any random melanoma cell population did not.
The frequency of CD20+ melanoma cells in the tumor tissues was about 1  2% irrespective
of the melanoma subtype; in about 20% of melanoma samples no CD20+ melanoma cells
could be detected. In those tumors, consequently, adoptive transfer of CD20 redirected T
cells did not induce tumor regression. Reexpression of CD20 in those tumor cells,
moreover, did not reconstitute the capacity to maintain melanoma progression indicating








that CD20 per se does not induce the capacity. CD20 expression, however, indicates
melanoma cells in an established lesion with such tumor maintaining properties. The
observations have substantial impact on the future design of melanoma therapy.
First, eradication of hierarchically organized melanoma needs to eliminate those cancer cells
which maintain melanoma progression. Elimination of any other cancer cell populations
will debulk the tumor lesion and induce rapid tumor regression but the tumor will
inevitably relapse due to surviving melanoma sustaining cells. The prediction reflects the
clinical observation of frequent melanoma relapse after chemotherapy and radiation.
Second, melanoma maintaining cells are rare and unlikely to be eliminated by random
targeting as provided by most therapeutic agents. Specific targeting by cytotoxic T cells
redirected towards CD20 or by CD20specific therapeutic antibodies like Rituxan™
(rituximab) or Arzerra™ (ofatumumab) will be required.
Third, melanoma maintaining cells like other CSCs will less replicate than the majority of
cancer cells making antiproliferative drugs less efficient. Moreover, melanoma CSCs
express transporter molecules like ABCB5 (Schatton et al. 2008) which efficiently counteract
chemotherapy. Both properties together contribute to CSC resistance towards a variety of
physiological and pharmaceutical signals which is frequently described as “dormancy”. The
dormant state, however, reactivates under so far unknown conditions resulting in
melanoma relapse.
Forth, the prevalence of CD20+ melanoma maintaining cells in a tumor lesion may correlate
with prognosis. It is unresolved, however, whether those cells accumulate during tumor
progression and metastasis.
Fifth, functional and phenotypic plasticity of melanoma maintaining cells may require
continuous presence of therapeutic agents specifically targeting those cells which freshly
gained melanoma initiating capacities. Clonal evolution of genetic and epigenetic
modifications may moreover contribute to cancer cell heterogeneity. In their therapeutic
approach, Schmidt and colleagues (2011) used engineered T cells which are known to
penetrate tissues, scan for targets and persist for longterm acting as an antigenspecific
guardian. This is a major advantage of cellular therapy in comparison to other drugs which
need to be present in therapeutic levels over long times which in the case of melanoma may
be years. It will therefore be of benefit to debulk the tumor mass by conventional therapy in
advance to eliminating melanoma initiating cells by specific agents.


Current trials using melanoma TILs show first promising results, the efficacy in longterm
needs to be confirmed. Using artificially redirected T cells previous and ongoing phase I
studies demonstrate the feasibility in generating suitable numbers of genemodified T cells
for adoptive transfer. Each trial is being performed with CARs and TCRs which have been
empirically optimised and possess subtle but significant differences suggesting that the
direct comparison between clinical trial outcomes may not be possible. While
lymphodepletion prior T cell therapy is widely accepted, substitution of IL2 in high,
medium or low doses is still a matter of debate. As such, it is likely that some basic
formulations will need to be determined before the field moves on towards larger, multi
centre clinical testing of modified T cells.
There are currently clear limitations in adoptive immunotherapy of melanoma and of other
malignant diseases. Adoptive immunotherapy uses “drugs” which need to be individually








generated for each patient. Whilst T cells can be produced for early phase trials, the ability
to generate sufficient cells to perform large scale trials is currently beyond the capabilities of
any production centre. With clinical success the biotechnological issues need to be
investigated.

 




TIL

unknown none

II

TIL

DMF5

none

I/II

TIL

unknown none

I/II

TIL

unknown none

I

TIL

MART1

I

TIL

unknown IL12

none

I/II

young TIL unknown none

II

young TIL unknown none

II

T cells

MART1

TCR

I/II

T cells

MART1

TCR

I

T cells

MART1

TCR

II

CD8+ T
cells

NYEso1 TCR

I/II

CD8+ T
cells

VEGFR2

I/II

CAR


Jacob Schachter, Sheba
Medical Center, Tel
Hashomer, Israel
Steven A. Rosenberg,
NIH, Bethesda, USA
Brigitte Dreno, CHU de
Nantes, Nantes, France
Cassian Yee, Fred
Hutchinson Cancer
Center, Seattle, USA
Marcus Butler, Dana
Farber Cancer Institute,
Boston, USA
Steven A. Rosenberg,
NIH, Bethesda, USA
Steven A. Rosenberg,
NIH, Bethesda, USA
Steven A. Rosenberg,
NIH, Bethesda, USA
Brigitte Dreno, CHU de
Nantes, Nantes, France
Steven A. Rosenberg,
NIH, Bethesda, USA
Antoni Ribas, UCLA,
Los Angeles, USA
Aude Chapuis, Fred
Hutchinson Cancer
Center, Seattle, USA
Steven A. Rosenberg,
NIH, Bethesda, USA



NCT00287131
NCT00924001
NCT01082887
NCT00045149
NCT00512889
NCT01236573
NCT01118091
NCT00513604
NCT00720031
(Morgan et al.
2006)
NCT00910650
NCT00871481
NCT01218867

Table 1. Clinical trials in the adoptive immunotherapy of melanoma.
As a system eminent limitation the TIL approach is limited by the lack of knowledge of
melanoma specificity and the failure to isolate TILs in sufficient numbers from all tumor
lesions. The CAR approach, on the other hand, is limited to targets on the cell surface while
intracellular antigens cannot be targeted; the TCR approach is limited to proper MHC
expression and antigen presentation. While novel strategies are currently explored by
combining the advantages and eliminating the limitations, the key aspect for adoptive
immunotherapy is that the effector cells need to get to the tumor site and infiltrate the solid








tumor tissue. In the tumor tissue infiltrating T cells experience the counterattack by the
immune suppressive environment provided by suppressive cytokines and regulatory cells.
Different T cell subsets may be more effective than others in resisting repression, eliminating
regulatory T cells by lymphodepletion favours therapeutic efficacy of adoptively transferred
T cells.
Taken together, strong arguments support the development of cellular immunotherapy of
melanoma. Since the initial descriptions of the approach, most of the early technological
hurdles in generating melanomaspecific effector cells have been largely overcome and an
increasing focus is upon understanding the clinically relevant mechanisms of T cell directed
therapies and how to make the methodology more economic and widely applicable.
Adoptive cell therapy in melanoma has moved at a pace and the current clinical and pre
clinical activities will furthermore determine whether adoptive immunotherapy with
redirected T cells can control melanoma in longterm.
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Malignant Melanoma is a highly aggressive, deadly, chemoresistant and difficulttotreat
form of skin cancer (Flaherty and Gadgeel, 2002), which develops as a consequence of
multifactorial perturbations from a series of architectural and phenotypically distinct stages,
finally culminating into metastasis. It continues to increase in most western countries
amongst the white population, the incidence has been increasing yearly by 57% and the
prognosis for this metastatic disease remains poor (Greenlee et al., 2001). Melanoma
incidence is influenced by pigmentation of the population as well as geographical
parameters such as latitude and altitude (Armstrong and Kricker, 2001). According to
epidemiological and experimental studies, the major risk factor of melanoma is ultraviolet
radiation, which is associated with intermittent burning doses, especially during childhood
(Whiteman et al., 2001). Melanoma is usually diagnosed at an early stage and is amenable to
primary surgical treatment. However, it is sometimes characterized by an aggressive disease
course with widespread metastasis and poor prognosis, which does not respond to standard
therapy. Melanoma is largely refractory to current adjuvant therapies including
chemotherapy, radiation therapy and/or immunotherapy (Chin et al., 2006) and therefore
remains as a significant cause of mortality in Caucasians.
Immune responses are believed to have an important function in the natural history of
melanoma since tumor infiltrating lymphocytes (TILs) are commonly found in melanoma,
often associated with spontaneous regression and considered a favorable prognostic factor
in primary melanoma (Mackensen et al., 1994). Hence, melanoma is the most studied tumor
model in the field of human tumor immunology. NK cells represent a critical first line of
defense against malignant transformation. NK cells were identified in melanoma in the 80s
by Kornstein (Kornstein et al., 1987). Tumor immune surveillance allows recognition and
destruction of cancer (hostprotective) but may also shape cancer immunogenicity (tumor
promoting) through a ‘cancer immunoediting process’ due to selective pressure from the
immune system. We have shown evidence for an immunoediting process enabling
melanoma cells to escape from NK cell recognition (Lakshmikanth et al., 2009). In this
chapter, we have taken into consideration the work accomplished by many investigators in
trying to understand the immunology of melanoma and to identify various treatment
strategies. The immune system basically has two main possibilities for dealing with
malignant tissue which are Antigen (Ag)specific CTLs and Agnonspecific immune






response by NK cells. We here put forth current perspectives on therapeutical strategies
used against melanoma with specific focus on NK cells and provide insights into new
opportunities for NK cellbased immunotherapy of melanoma disease.


NK cells comprise approximately 1015% of peripheral blood lymphocytes in human and
are known to kill transformed cells and produce cytokines critical to the innate immune
response (Cooper et al., 2001). NK cells are found in peripheral tissues, including the liver,
peritoneal cavity and placenta. Resting NK cells circulate in the blood, but following
activation by cytokines, they are capable of extravasation and infiltration into most tissues
that contain pathogeninfected or malignant cells (Morris and Ley, 2004). NK cells were
originally described based on their ability to lyse certain tumors in the absence of prior
stimulation (Herberman et al., 1975; Kiessling et al., 1975a). NK cells may play a role in
antitumor surveillance (Kiessling et al., 1975b), in vivo rejection of tumor cells (Porgador et
al., 1995) and prevention of tumor metastases (Taniguchi et al., 1985). Much knowledge has
been acquired with respect to origin, differentiation, receptor repertoire and effector
functions of NK cells, as well as to their ability to shape adaptive immune responses
(Colucci et al., 2003). NK cells induce target cell lysis and apoptosis in a cellcontact
dependent manner through release of cytotoxic granules containing perforin and granzymes
(Trapani et al., 2000), and/or ligands engaging death receptors on the target cell, such as Fas
or TRAILR (Lieberman, 2003). In addition, NK cells can secrete a number of effector
cytokines such as interferonγ (IFNγ) which play critical roles in antiviral defense as well as
in tumor surveillance (Biron et al., 1999; Street et al., 2001), tumor necrosis factorα (TNFα),
granulocytemacrophage colony stimulating factor (GMCSF), Interleukin (IL)5, IL10 and
IL13, all of which influence adaptive immune responses (Loza et al., 2002). NK cells
respond to a variety of cytokines, such as IL2 (Talmadge et al., 1987), IL12 (Trinchieri,
1998), IL15 and Type I IFNs (α and β) (Santoni et al., 1985), which increase their cytolytic,
secretory, proliferative and antitumor functions. NK cells express a variety of adhesion
molecules like integrins, selectins (Morris and Ley, 2004), and immunoglobulin (Ig)
superfamily molecules like DNAM1 (CD226) (Shibuya et al., 1996), aiding migration to
peripheral tissues (Colucci et al., 2003), and infiltration of tumors (Fogler et al., 1996).

Fig. 1. A schematic figure showing interaction of a human NK cell with a tumor target by
ligation of NK cell activating receptors and inhibitory receptors with corresponding ligands
on the targets. Activating receptors include NCRs, NKG2D or DNAM1. Inhibitory receptors
are KIRs and CD94/NKG2A.









NK cells utilize several parallel recognition mechanisms to distinguish and eliminate
aberrant cells (Karre, 1991; Lanier, 2005). Recognition is based on an array of activating and
inhibitory receptors. Activating receptors often bind to cognate ligands that are up
regulated on ‘stressed’ cells (e.g. tumor or virusinfected cells), while the major inhibitory
receptors bind to MHC class I molecules which may be downregulated on tumors and
virusinfected cells, referred to as ‘missingself’ recognition (Fig 1) (Ljunggren and Karre,
1990).
   mainly involved in tumor cell lysis are represented by the Fcγ
receptor, CD16 (Lanier, 2005), the NKp46, NKp30, and NKp44 (collectively called natural
cytotoxicity receptors; NCRs), all belonging to the Ig superfamily (Moretta et al., 2001).
There is limited information on the ligands for NCRs with the exception of B7H6 ligand
recognized by NKp30 (Pogge von Strandmann et al., 2007). In addition, Ctype lectinlike
receptors like NKG2D are expressed by NK cells as well as CTLs. NKG2D recognizes the
stress inducible MICA/B and ULBP proteins (Lanier, 2005). DNAM1 is expressed by NK
cells, partially expressed by T lymphocytes and monocytes and recognizes PVR (CD155)
and Nectin2 (CD112) (Bottino et al., 2003). The activating receptors have a short
cytoplasmic tail without signaling motifs and associate with adaptor proteins via charged
amino acids in their transmembrane domains. Adaptor proteins contain the immune
receptor tyrosinebased activation motifs (ITAMs), which get phosphorylated upon receptor
engagement and recruit tyrosine kinases, leading to activation of lymphocytes. Synergy
between different activating receptors is important in activation of naive NK cells by target
cells. Engagement of specific combinations of receptors govern the degree of activity but
also dictates qualitatively distinct events, such as target cell adhesion, granule polarization
and NK cell degranulation (Bryceson et al., 2005). A large number of adhesion and
costimulatory molecules such as CD2, CD7, CD161, CD59, NTBA, CD62L, NKp80, and
LFA1 also play an important role in fine tuning the NK cell activity (Lanier, 2005).
 ligate major histocompatibility (MHC) molecules to modulate the
immune response. Human NK cell inhibitory receptors that recognize antigens encoded by
the HLAA, B, C loci are members of the Ig superfamily and termed Killer
immunoglobulinlike receptors (KIRs) (Long, 1999). Other receptor families include natural
killer group 2 (NKG2) which are Ctype lectins that heterodimerize with CD94 and
recognize nonclassical HLAE molecules. Engagement of inhibitory receptors can turn an
NK cell off via intracellular signaling mediated through phosphorylation of
immunoreceptor tyrosinebased inhibitory motifs (ITIMs) in their cytoplasmic tail (Lanier,
2005). In contrast, the absence or incomplete expression of host MHC class I molecules will
result in lack of inhibition and render a cell susceptible to NK cell attack (Ljunggren and
Karre, 1990).
NK cell response thus depends on the net effect of activating and inhibitory receptors and is
regulated through a balance between positive and negative signals. NKmediated killing can
occur if the target cell expresses appropriate activating ligands and/or lacks inhibitory
ligands (Lanier, 2005). Stimulation is initiated through a combination of signals from
multiple receptor/ligand interactions, which initiates several signaling cascades, resulting in
cytokine secretion and release of cytolytic granules (Davis and Dustin, 2004).

Melanoma is the most studied tumor model in tumor immunology since it responds to
various immunotherapeutic approaches and displays spontaneous regressions (Lotze et al.,








1992). Immunotherapy treatmentrelated skin depigmentation is considered a favorable
prognostic sign during melanoma intervention. NK cells were identified as important
effectors in the host defense against melanoma in the 80s (Trinchieri and Perussia, 1984).
Experiments demonstrated that loss of HLAI expression in melanoma cell lines,
accompanied by escape from autologous CTLs, sensitized targets for NK cell attack
(Pandolfi et al., 1991). NK cells, being present in the skin and able to sense stressinduced
ligands on premalignant cells, may be important early before clinically detectable
malignancy arises (Luci et al., 2009). NK cells could thus orchestrate a response in the
microenvironment before overt tumor transformation (Strid et al., 2008). Some studies have
reported that NK cells were less represented in TILs (Lakshmikanth et al., 2009; Vetter et al.,
2002) while others have reported frequent NK cells in malignant melanoma specimens
(Becker et al., 2000; Kornstein et al., 1987). NK cells play a critical role in tumor
immunosurveillance (Smyth et al., 2002). A role for NK cells in the control of hematogenous
dissemination and growth of melanoma metastases was observed by Kornstein (Kornstein
et al., 1987). Animal models have demonstrated a critical role in preventing the
establishment of metastatic disease dependent on IFNγ and perforin (Kim et al., 2011;
Markovic and Murasko, 1991). The involvement of NK cells in antitumor immunity in vivo
was demonstrated in several mouse tumor models using NK celldepleting antibodies and
genetically modified mutant mice (Diefenbach et al., 2001; Shankaran et al., 2001; Smyth et
al., 2002). Using the B16 murine melanoma model, NK cells were shown to be major
mediators of the natural control of both spontaneous and experimental metastatic
dissemination (Markovic and Murasko, 1990). Defects in NK activity in patients with
metastatic disease have been described (Muller et al., 1989), however, there is no correlation
between NK activity and prognosis in melanoma patients (Hersey et al., 1980). Some studies
have shown a decrease in NK cell activity of all melanoma patients, associated with
advancing stage of melanoma disease (Sibbitt et al., 1984) and due to IL10 and TGFβ (Jovic
et al., 2001).
To date, little substantial information exists on the ability of autologous NK cells to kill
melanoma tumors. One study shows efficient autologous NKmediated lysis of HLA class I
negative melanoma cells in patients undergoing specific T celltherapy (Porgador et al.,
1997). The susceptibility of melanoma cells obtained from patients to autologous NK cells
and the role of activating/inhibitory receptors were comprehensively analyzed in one study
(Carrega et al., 2009). However, there are no reports on autologous NK lines as a potential
tool for treatment of melanoma patients. As loss of MHC class I expression renders tumor
cells more sensitive to NK cell killing, it may be associated with improved prognosis in
melanoma (Porgador et al., 1997). There is evidence for susceptibility of melanoma cells to
NKmediated lysis due to insufficient amounts of HLA class I molecules (Pende et al., 1998).
Some of our recent work points towards strategies for NK cellbased immunotherapy. These
will be explained more in detail in a later section. First, in the B16F10 mouse melanoma
model, blockade of mouse NK cell inhibitory NK receptors (Ly49), mimicking a ‘missing
self’ phenotype, in combination with IL2 treatment significantly delayed outgrowth of
established subcutaneous tumors in an NK celldependent manner (Vahlne et al., 2010).
Second, syngeneic mouse NK cells, autologous human NK cells, and allogeneic NK cells
from healthy donors were shown to have the intrinsic capacity to recognize and target
melanoma cells. Further, autologous and allogeneic NK cells preferentially targeted lymph
node (LN) melanoma metastases over metastases from skin, pleura and liver. The NCRs and
DNAM1 emerged as key receptors in directing the NK antimelanoma cytotoxicity








(Lakshmikanth et al., 2009). These results have implications in patients with melanoma for
the design of immunotherapeutic strategies.
A major part of melanoma patients are of old age. It is therefore important to consider age
dependent changes in the immune system in relation to immunotherapy of melanoma. With
increasing age, the number of NK cells seems to increase. However, the killing activity of
naive NK cells was decreased in some studies, but could sometimes be fully restored by IL2
activation (Le GarffTavernier et al., 2010). NK cells from older donors may, however,
require higher concentrations of IFNα for activation (Burns and Leventhal, 2000).


Lack of inhibition and recognition of activating structures on target cells are the key events
to prime NK cellmediated cytotoxicity and cytokine production (Bryceson et al., 2006).
Therefore, integration of signals derived from multiple activating and inhibitory receptors
regulates the NK recognition of tumors but the relative importance of different receptors
varies between different cancerous situations (Farag and Caligiuri, 2006). The main
activating NK cell receptors as described in section 2.1 are NCRs, NKG2D and DNAM1.
Signaling through these receptors has been shown to be important in NK recognition of
melanoma that expresses ligands for these activating receptors (Lakshmikanth et al., 2009;
Solana et al., 2007). The importance of ligands for the NCRs has been demonstrated by use
of blocking monoclonal antibodies in vitro in several studies (Pende et al., 1999). Results
from blockade of two or more NCRs indicate that multiple NCRs are involved in NK
recognition of melanoma (Lakshmikanth et al., 2009; Pende et al., 1999). The importance of
NCR in disease progression in vivo has been demonstrated in NKp46deficient mice, which
developed more lung colonies than wild type mice, when melanoma cells were transferred
intravenously (Lakshmikanth et al., 2009). NK cells along with CD8+ and γδT cells express
NKG2D (Hayakawa and Smyth, 2006). The role of NKG2D in NK recognition of melanoma
cells has been demonstrated, as well as a correlation between NKG2D function and
expression of ligands on melanoma cells (Pende et al., 2002). Recent observations show that
the ligands, MICA/B, may be downregulated in metastatic lesions (Vetter et al., 2002), but
there are contrasting data (Markel et al., 2009), as well as data showing heterogeneity in
NKG2D ligand expression (Lakshmikanth et al., 2009). It is therefore important to
understand if NKG2D ligand expression changes with disease progression. The DNAM1
receptor is important in recognition of freshly isolated cells from melanoma by NK cells. In
vivo interference of DNAM1 by antibodymediated blockade or genetic ablation
compromises rejection of melanoma cells in transplanted mice (Gilfillan et al., 2008;
Lakshmikanth et al., 2009). PVR and Nectin2 ligands were recently shown to bind also to T
cell immunoglobulin and ITIM domain (TIGIT), a recently identified inhibitory receptor that
counteracts the activating effects of DNAM1 (Yu et al., 2009). Potential modulation of
DNAM1 ligands during melanoma disease progression requires further investigation. The
relative roles of NCRs, NKG2D or DNAM1 in NK cell recognition will vary depending on
the expression of relevant ligands on tumors. Effective lysis is often seen when DNAM1 is
triggered in concert with other activation receptors, typically NCRs and/or NKG2D
(Bryceson et al., 2006; Pende et al., 2001). Synergistic effects between different receptors have
been demonstrated in melanoma (Carrega et al., 2009; Casado et al., 2009; Lakshmikanth et
al., 2009) showing that in the absence of ligands for a particular receptor, other receptors
would synergize for the complete eradication of the tumor. Similar findings were reported
for suppression of poorly immunogenic melanoma metastases (Chan et al., 2010).








Melanoma cells also express death receptors that bind to ligands belonging to the Tumor
necrosis factor (TNF) family: TNFα, FAS ligand (FASL), TNFrelated apoptosisinducing
ligand (TRAIL) and TNFweak inducer of apoptosis (TWEAK) expressed on lymphocytes.
Interaction with ligands on lymphocytes results in activation of the caspase pathway and
apoptosis. This kind of ligandreceptor mechanism has been shown to be important in
tumor recognition in vivo (Smyth et al., 2002).


Most patients with solid tumors die due to metastatic spread of the disease. Metastatic cells
have a highly unstable phenotype and can rapidly adapt to selective pressure, allowing the
cells to survive even under the most unfavorable circumstances (Meier et al., 1998). We have
recently shown that melanoma metastases obtained from different anatomical sites of
human melanoma patients display differential susceptibilities to NK cell lysis in relation to
their phenotypic expression profile. Tumor metastasis of cutaneous melanoma is a stepwise
process; where the tumor cells first colonize the lymph nodes, then enter the systemic
circulation and reach remote tissues like skin, brain, lungs or liver. During the local invasion
and metastatic spread of melanoma, invasive characteristics appear. Tumor cells then
dissociate from the primary lesion, migrate through the surrounding stroma, and invade
blood vessels and lymphatics (Haass et al., 2005). Most cancers spread early through the
lymphatic vessels to lymph nodes, which can be a source of further metastases through the
blood stream to the viscera, where development of secondary tumors can affect vital
functions and cause death (Cochran et al., 2006). Tumors may even influence immune cells
in adjacent lymph nodes. Significant differences were shown in lymphocyte subpopulations
between different lymph nodes of patients with melanoma, with a marked decrease in the
number of CD4+ T helper (TH) and an increase in the number of CD56+ NK cells, which
correlated with the clinical stage of melanoma, distance of the node from the primary tumor
and the tumor status of the node (Farzad et al., 1990). There are also reports on reduced
lymphocyte activity as well as immune inhibitory activity from cells in lymph nodes close to
tumors (Wen et al., 1989). This may facilitate the establishment and expansive growth of
metastatic tumors in lymph nodes (Cochran et al., 2001).

Downregulation of MHC class I molecules to escape CTL recognition is a process well
known to occur in solid tumors during metastatic progression (Marincola et al., 2000). This
can remarkably sensitize tumor cells to NKmediated lysis (Ferrone and Marincola, 1995).
However, owing to the selective pressure posed by NK cells, tumors have evolved various
mechanisms by which they can evade NK cell attack. These mechanisms include
interference with NK cell activation or adhesion, induced inhibition as well as modulation of
NK cell function.

The MICA/B proteins are recognized by the activating receptor, NKG2D. Loss of MICA/B
proteins during uveal melanoma tumor progression has been shown to occur, suggesting an
immune selection of MICnegative tumor variants with reduced NK sensitivity (Vetter et al.,
2004). There is evidence for strong immunoediting of tumors by NK cells. The phenomenon
has been well studied in receptor knock out mice for NKG2D (Guerra et al., 2008; Smyth et








al., 2005) or DNAM1 (IguchiManaka et al., 2008) or NKp46 (Elboim et al., 2010). We have
recently shown evidence for this phenomenon in human melanoma patients (Lakshmikanth
et al., 2009). Several studies have also reported various alterations in expression of activating
receptors on NK cells from melanoma patients. Decreased expression of receptors like
CD161, NKG2D, CD16, NKp30 and NKp46 has been reported (Konjevic et al., 2007). There
are also reports on NK cell activity changes between stage I and II melanoma in lymph
nodes (Farzad et al., 1990; Hersey et al., 1980), suggesting the involvement of NK cells in the
early phase of melanoma development. Sustained exposure of NK cells to NKG2D ligands
on the target cell can strongly downregulate the NKG2D receptor as shown in vitro (Benitez
et al., 2011) and in vivo using ligand overexpressing transgenic mice (Oppenheim et al.,
2005; Wiemann et al., 2005). Furthermore, soluble forms of MICA/B can bind to NKG2D,
leading to receptor internalization and escape from NK cell recognition (Groh et al., 2002). A
similar phenomenon can occur when tumors overexpress PVR and release it as soluble
factor (Baury et al., 2003), which will bind to DNAM1 and prevent its immune recognition.
This could be an effective immune escape mechanism for tumor cells to evade from NK cell
surveillance or cytokinebased immunotherapies.

NK cells and subsets of CTLs express inhibitory receptors specific for nonclassical HLA
class Ib molecules with a restricted tissue distribution. Upregulation of HLAG has been
reported in many types of cancer including melanoma, this negatively regulated NK cells
and conveyed evasion of NK recognition (Paul et al., 1998). CEACAM1 (CD66a), a member
of the carcinoembryonic antigen family is a cell adhesion molecule, mediating homophilic
and heterophilic interations and which can act as an inhibitory NK cell receptor (Markel et
al., 2002). CD66a expression in primary tumors of melanoma patients is associated with and
can be an independent predictor for risk of metastasis (Thies et al., 2002). Melanoma cells
can evade attack from NK cells through CD66a interactions (Markel et al., 2002).

A lack of expression of costimulatory molecules such as B71 (CD80), B72 (CD86), CD40
and CD70 by tumors hinders an optimal NK activation via CD28 and CD27 costimulatory
pathways (Carbone et al., 1997; GaleaLauri et al., 1999) and may lead to T cell anergy
(Schwartz, 1990). The interaction between LFA1 on NK cells and ICAM1 (CD54) on tumor
cells is important for cell adhesion and killing. Surprisingly, low expression of ICAM1 by
melanoma cells following immunotherapy lead to longer overall survival of patients
(Quereux et al., 2007). Shedding of ICAM1 from melanoma cells has also been described
which results in masking of LFA1 on effector cells (Haass et al., 2005). Melanoma cells can
sometimes evade immune recognition from CD8+ T cells and NK cells by developing
resistance to TRAIL and granzymeBinduced death pathways. In addition, lymphocytes
from advanced melanoma patients demonstrated lower expression of TRAIL (Nguyen et al.,
2000). Studies of melanoma patients have shown that there is a range of abnormalities that
have been selected to inhibit TRAILmediated apoptosis (Hersey and Zhang, 2001).

Tumors can influence the nature and efficacy of the immune responses of the host in order
to escape immune surveillance. For example, induction of regulatory T cells (Tregs) or
myeloid suppressor cells and/or production of several immunosuppressive factors
including arginase1, NOS2, IDO, or TGFβ by tumor cells or components of the tumor








microenvironment may result in functional subversion of tumor infiltrating
immunocompetent cells (Zitvogel et al., 2006). A recent study showed that tumor cells can
induce granzyme B expression in Tregs, which then utilizes this protease to induce the death
of NK and CD8+ T cells in a perforindependent fashion (Cao et al., 2007). Release of
prostaglandin E2 (PGE2) by fibroblasts isolated from metastatic melanoma patients have
been shown to interfere with induction of NK cell effector functions (Balsamo et al., 2009).

Uveal melanoma metastases were shown to frequently lose MHC class I molecules.
However, in contrast to cutaneous melanoma where MHC class I loss correlated with worse
survival, loss of MHC class I molecules in uveal melanoma lesions was associated with an
improved prognosis. This difference may be explained by that uveal melanoma spreads
hematogenously, and thereby immune surveillance may be mainly based on NK cells. In
contrast, cutaneous melanoma is first spread via lymph nodes resulting in predominant
exposure to T cells (Hanna, 1982; Jager et al., 2002). As noted above, uveal melanoma
metastases may escape NK cells via downmodulation of MICA/B proteins. In vitro and in
vivo studies of murine melanoma show evidence for NK cell killing of metastatic uveal
melanoma in the liver in an IL2 and TGFβdependent manner (Ma and Niederkorn, 1995).
More details on uveal melanoma are discussed in other chapters of this book.



A convergence of information from the fields of molecular biology and cellular immunology
has opened new opportunities for immunomodulating agents to be tested in the clinic. We
here list some of the immunomodulating agents used to enhance NK cell activity against
cancer, tested in vitro and in vivo using cell lines and preclinical mouse models, and some of
which are in clinical trials (Fig 2). Other immunotherapeutic agents used against melanoma
have been reviewed in the next section.

Many different cytokines are being tested to enhance NK cell activity against tumors. The
role of IL2, IFNs, IL12, IL15, IL18 and IL21 discretely or in combination with each other
or with other modulators has been tested in cancer immunotherapy. Combinations of
cytokines have been proposed to enhance NK cytolytic activity (Carson et al., 1994).
 comprises a cornerstone of systemic therapeutic modalities in disseminated melanoma
(Tsao et al., 2004). IL2 has been used to generate in vitro Lymphokine Activated Killer
(LAK) cells, consisting of activated NK cells and T cells. Adoptive infusion of LAK cells is
reviewed in section 6.1. Clinical trials have assessed effects of lowdose IL2 administration
on activation of NK cells in cancer patients. Whereas IL2 significantly expanded the
circulating NK cells in vivo, cytotoxicity was increased to some extent, as determined by in
vitro assays (Miller et al., 1997). Infusion of IL2activated NK cellenriched populations or
intravenous IL2 infusions combined with subcutaneous IL2 augmented in vivo NK cell
function but without consistent efficacy when compared with matched control cohorts (L. J.
Burns et al., 2003). Objective clinical benefits were observed only in 20% of patients treated
with IL2, occasionally patients were cured. Immunocomplexing of cytokine and anti
cytokine monoclonal antibody (mAb) prolongs halflife and can increase or modify cytokine








activities in vivo. Treatment with IL2 immunocomplexes, lead to suppression of B16 tumor
metastases in the lung (Jin et al., 2008). Hence, IL2 immunocomplex treatment offers a novel
therapeutic strategy to enhance NK cell activities also in humans. However, there are dose
limiting toxicities associated with IL2, which have compromised its clinical use and other
cytokines with an improved therapeutic index are therefore needed.
 are a group of cytokines mainly known for their antiviral effect. They have a wide
range of activities in modulating the immune system and have been reported effective in
mice against spontaneous as well as experimental metastases (IFNα) (Brunda et al., 1984).
IFNα enhances innate immune antitumor activity by inducing NK cell proliferation and
cytotoxicity (Konjevic et al., 2007) and induces a favorable Th1response (Bremers and
Parmiani, 2000). IFNα induces cytokines, perforin and FasL and mediates antitumor
activity via interferon response factor1 (IRF1) (Kroger et al., 2002). It also promotes an
increase in NKG2D and CD161 expression on NK cells in melanoma patients (Konjevic et al.,
2010). IFNα is currently approved as adjuvant therapy in highrisk melanoma patients, to
eradicate micrometastases after surgical removal of the primary tumor and has
demonstrated improved disease free survival but with conflicting results regarding overall
survival (Ascierto and Kirkwood, 2008). Combination treatment with IFNα and IL2
induced expression of activating receptors on NK cells and was found to be clinically
beneficial in melanoma patients (Konjevic et al., 2010). Upregulation of MHC class I
expression is a major effect of IFNγ, which may induce resistance to NK cells. Data on the
effects of IFNγ on tumor cell killing by NK cells have however been conflicting (Routes,
1992). The current notion on IFNγ is that it can be protumorigenic and anti–tumorigenic,
depending on the context, intensity and durability of the IFNγ signal (Zaidi et al., 2011). The
IFN ‘survival signature’ is one of the mechanisms to evade immunosurveillance. Therefore
IFNγ/IFNγR or their downstream pathway members represent potential prognostic
markers in melanoma.
 acts as an NK cell and T cell growth factor (Perussia et al., 1992), enhances cytolytic
activity of NK and LAK cells (Naume et al., 1992), and augments cytolytic T cell responses
(Gately et al., 1992). IL12 has direct effects on lymphocytes and NK cells by enhancing IFN
γ production (Lamont and Adorini, 1996). In a mouse melanoma model, intratumoral
treatment with IL12encoding DNA resulted in NK cellmediated significant regression in
melanoma tumor development (Heinzerling et al., 2002). NK cells coinjected with IL2 and
IL12 into SCID mice showed favorable antitumor effects (Hill et al., 1994). The interaction
between IL2 and IL12 was found to enhance NK cell spontaneous cytotoxicity against
tumor cells (Chehimi et al., 1992). In addition it stimulates NK cell cytokine production that
may induce antitumor activity from macrophages and neutrophils (Perussia et al., 1992).
The combination of IL12 and Trastuzumab (Herceptin) in a mouse model led to tumor
regression mediated through NK cell IFNγ production (JaimeRamirez et al., 2011). HER2 is
the target structure for the mAb Trastuzumab and its overexpression is associated with a
poor prognosis (Ross and Fletcher, 1998). IL12 in combination with stimulation of the TNF
receptor superfamily member 41BB has been suggested to stimulate CD8+ Tcell responses
in a mouse melanoma model. Hence a synergy between IL12 and anti41BB induced
regression of established melanoma via NK and CD8+ T cells (Xu et al., 2004). Adenovirus
vectormediated delivery of IL12 was shown to improve efficacy of adenovirusvector
mediated immunization with a melanoma antigen in a mouse B16 melanoma metastasis
model. The effects of this combined therapy depended on both T cellmediated immunity
and NK cellmediated cytotoxicity (Hirschowitz and Crystal, 1999).








 is involved in development and maintenance of NK cells and binds partly to the same
receptor as IL2 (Fehniger and Caligiuri, 2001). IL15 overexpression in transgenic mice
enhanced antitumor immunity (Yajima et al., 2002). A pronounced synergy between IL15
and IL12 that exceeds the IL2 and IL15 combination has been reported (Seidel et al., 1998).
IL15 is as efficacious as IL2 but may have a superior therapeutic index (Munger et al.,
1995). Clinical trials of IL15 are expected soon (Fewkes and Mackall, 2010).
 is similar to IL12 in inducing IFNγ secretion from NK and T cells and augments NK
cytolytic activity (Okamura et al., 1995). Although IL18 and IL12 synergize in IFNγ
production, their receptors and signaltransduction pathways appear to be different (Kohno
et al., 1997). Evaluation of IL18+IL12 in a mouse melanoma model showed synergistic
antitumor effects that associated with markedly elevated IFNγ production but also had side
effects. The IL18 effect was mediated by NK cells and CD4+ T cells, independent of IFNγ
and IL12 (Osaki et al., 1998). A phase II study of IL18 in patients with metastatic melanoma
has confirmed its safety but suggested limited efficacy of IL18 monotherapy in this setting.
IL18 may be of better use in combination with other immunostimulatory cytokines,
vaccines, or monoclonal antibodies (Srivastava et al., 2010).
 is produced by CD4+ T cells, have sequence homology to IL2, IL4, and IL15 and
stimulate T and NK cells. Synergy between IL21, FLT3 ligand and IL15, promotes
expansion and differentiation of NK cells from the bone marrow and enhances their lytic
function against B16 melanoma targets in vitro (ParrishNovak et al., 2000). Administration
of plasmid DNA encoding murine IL21 significantly induced tumor killing by NK cells in
vivo without obvious toxicity and prolonged survival of s.c tumor bearing mice (G. Wang et
al., 2003). Clinical trials have been initiated, showing that IL21 is well tolerated and
possesses antitumor effects when administered as a single agent to patients with malignant
melanoma and renal cell carcinoma. Future studies may combine IL21 with vaccines and
adoptive cell therapies (Fewkes and Mackall, 2010).

This section will focus on chemotherapeutic agents with immunomodulatory function on
NK cells. The epidermal growth factor receptor (EGFR) pathway inhibitors, erlotinib and
gefitinib, induce NKG2D ligands on cancer cells and sensitize them to NK cellmediated
killing as demonstrated in lung cancer (Kim et al., 2011). The small molecule multiple
protein kinase inhibitors, sorafenib and sunitinib, have been approved for treatment of
renal cell carcinoma. Sorafenib and sunitinib upregulate NKG2D ligands as observed on
nasopharyngeal carcinoma (Huang et al., 2011). Sorafenib also inhibits the shedding of
MICA on hepatocellular carcinoma (Kohga et al., 2010). The ubiquitinproteasome
pathway inhibitor bortezomib was shown to sensitize tumors to autologous NK
cytotoxicity and this effect was enhanced upon depletion of Tregs (Lundqvist et al., 2009),
as will be further discussed in section 7. Therapeutic compounds like thalidomide (Davies
et al., 2001) in multiple myeloma and imatinib in gastrointestinal stromal tumors (Borg et
al., 2004) might indirectly enhance NK cell functions, survival and proliferation (Fig 2).
MICA and MICB proteins may be induced on hepatoma cells with an increase in NK cell
mediated lysis, using the histone deacetylase (HDAC) inhibitor, Valproic acid (Armeanu
et al., 2005).








Fig. 2. Immunomodulatory strategies to harness NK cells in melanoma.

NK cell missingselfreactivity (as alluded to in section 2.2) can be mimicked by blocking
interaction between inhibitory receptors on NK cells and cognate MHC class I ligands.
Blocking of inhibitory receptors using F(ab’)2 fragments enhanced antitumor activity both
in vitro and in vivo and inhibited growth of syngeneic leukemia cells in an NK cell
dependent manner (Koh et al., 2001). However, it was not clear whether the in vivo effect
occurred through direct induction of NK cell rejection or longterm influence on the NK cell
population. Using a mouse model, we investigated this further using F(ab’)2 fragments to
block Ly49C/I NK cell inhibitory receptors on mouse NK cells. When used alone, inhibitory
receptor blockade lead to enhanced rejection of RMA lymphoma cells. In combination with
highdose IL2 it further boosted the antilymphoma activity of NK cells. Combination
therapy even delayed growth of B16 melanoma tumors established s.c (Vahlne et al., 2010)
(Fig 2). Recently, Romagne et al have generated and characterized a fully human antiKIR
therapeutic candidate mAb, 17F9, which is currently in clinical development with the
overall aim to increase antitumor responses of endogenous NK cells in patients with
hematological malignancies without transplantation (Romagne et al., 2009), this therapy was
not tested with solid tumors yet.









Melanoma is an immunogenic tumor resistant to chemotherapy and irradiation. Though
there is some evidence that metastatic melanoma can be successfully treated by
immunotherapy only in a minority of patients (Rosenberg, 1997), recent advances have
highlighted the potential of immunotherapeutic approaches as a valuable complement for
cancer therapy (Dudley et al., 2002). While chemotherapy treats the tumor directly,
immunotherapy treats the immune system. Finding the right formulation of combination
therapies, determining the optimal dose and schedule of administration is the main
challenge for incorporating immunotherapies into the standard of care. As tumors evade T
cell recognition, they become prone to NK cell attack. NK cell numbers in tumors increase
following activation in vivo (Albertsson et al., 2003) or after adoptive transfer (Geller et al.,
2011). Further, NK cells detected in melanomas after isolation of TILs, were more potent
tumor killers than T cells (Azogui et al., 1991). Previously reported correlations between
histological features and NK activity suggest that NK cells may represent an additional
prognostic factor (Hersey et al., 1982). The detection of NK cells in stage IV melanomas
(Fregni et al., 2011) further encourages us to design NKbased immunotherapeutic strategies
for melanoma patients. As many melanoma patients are of old age it is important to
consider agedependent changes in the immune system in relation to immunotherapy of
melanoma. Information on responses to immunotherapy in elderly is sparse, but in one
study, high dose IL2 treatment of tumor patients, aged 70 or older, resulted in a response
rate similar to that in younger patients (Quan et al., 2005).

NK cells are attractive for adoptive cell therapy because of their unique ability to lyse target
cells without any priming. Moreover, the reported low MHC class I expression on
melanoma metastases (Algarra et al., 1997) allows NK cell triggering. Adoptive transfer of
immune cells to patients with cancer was pioneered in the mid1980s by Rosenberg and
collaborators who infused autologous LAK cells together with highdoses of IL2 to patients
with advanced metastatic melanoma and renal cell carcinoma (Rosenberg et al., 1985). The
FDA approved this treatment for patients with melanoma metastases (Rosenberg et al.,
1987) with 20% of patients responding to the LAK cell infusion containing autologous NK
cells. In follow up studies there was a response rate of 1317% of the patients. The limited
success may be explained by that high doses of IL2 expand regulatory T cells, inhibiting NK
cell activity via TGFβ (Ghiringhelli et al., 2005). The modest results of LAK cell/IL2
therapy were further limited by serious side effects. A new era in the exploitation of NK
cells in cancer immunotherapy started with Ruggeri et al who demonstrated that in bone
marrow transplanted patients with a donorKIR/hostKIRligand mismatch, alloreactive
donorderived NK cells were protective against acute myeloid leukemia (AML) relapse
(Ruggeri et al., 2002). This study has been reproduced in AML patients by Giebel S et al
(Giebel et al., 2003). Furthermore, alloreactive KIRincompatible NK cells effectively
eliminate melanoma and renal cancer cells in vitro (Igarashi et al., 2004). These data would
suggest that allogeneic NK cells may have potent antitumor effects but this strategy remains
to be tested in melanoma patients. A potential problem with adoptive transfer of NK cells is
to direct the NK cells to the site of the tumor. Even if adoptively transferred NK cells
produce cytokines like IFNγ and TNFα that may be able to function systemically, these
cells need to be in close contact with the tumor for recognition and complete elimination of








tumor targets. Activation of NK cells with IL2 ex vivo increased their migration to the
tumor site, and in vivo cytokine treatment may improve this further (Yang et al., 2003).

Immunological and biological agents convey their antitumor effect by potentiating cytotoxic
and antiproliferative effects of chemotherapy by modulating antitumor reactions mediated
primarily by cell subpopulations of the innate immunity. The range of therapeutic options
against melanoma encompasses chemotherapeutic, immune, antiangiogenic and hormonal
strategies. The sequence of these therapies used should correlate with the therapeutic
activity. One study demonstrated that a subcutaneous metastasis obtained after two rounds
of therapy with fotemustine, IFNα and IL2 showed strong expression of MICA/B on
tumor cells and NKG2D on the infiltrating immune cells, while metastases from the same
patient prior to therapy lacked these molecules. So chemotherapy may offer a great
alternative in the induction of activating ligands on tumors (Vetter et al., 2004).



The challenges faced by clinicians and the scientific community working with melanoma are
formidable and it is required that we translate the growing body of scientific information
clinically to be useful in targeting melanoma in patients and prolonging their survival. T
cellbased immunotherapies have shown limited success so far (Fang et al., 2008). The main
obstacle in using adoptive cell therapy with T cells is MHC class Inegative tumor variants
that are insensitive to T cells (R. F. Wang and Rosenberg, 1996). Further, a cancer vaccine
based solely on T cell therapy might drive development of class Inegative melanoma
variants and/or variants that have lost the immunodominant target antigen (Yee et al.,
2002). Therefore, new strategies are required. Reduced MHC class I expression opens up
opportunities for NK cellbased immunotherapy at early stages of the disease when ligands
for NK receptors are first expressed. Based on findings obtained on immunomodulation of
NK cells we put forth our opinion on promising strategies and opportunities that can be
explored for NK cellbased immunotherapy of melanoma.
Over the past years, there have been several reports on the importance of NK cells in
immunotherapy (Fernandez et al., 1999). As the knowledge on NK cells has been growing
over the last two decades, successful NKbased therapeutic breakthroughs have however
not been accomplished. One potential reason for failure of adoptively transferred
autologous NK cells or LAKs to mediate objective rejection of metastatic solid tumors is that
autologous NK cells are subject to inhibition via KIRligands on tumor cells (Law et al.,
1995). In addition, autologous NK cells in melanoma often have decreased expression of
stimulating NK cell receptors. KIR/KIRligand mismatched NK cells have shown enhanced
efficacy against melanoma and renal cell carcinoma in vitro (Igarashi et al., 2004). Thus,
allogeneic NK cells may have a greater antitumor effect than autologous ones in adoptive
transfer (Ljunggren and Malmberg, 2007; Terme et al., 2008). In a promising study by Miller
et al, human allogeneic NK cells derived from haploidentical related donors were
adoptively transferred along with IL2 in the presence of highdose cyclophosphamide and
fludarabine immunosuppression. NK cells expanded and persisted in vivo accompanied by
a rise in endogenous IL15 levels (Miller et al., 2005). This lead to an enhanced antitumor
effect, which was prevalent when KIR/KIRligand mismatch existed between donor and








recipient, reminiscent of results in AML patients receiving haploidentical hematopoietic
transplantation. Further, ‘unlicensed’ or ‘hyporesponsive’ NK cells, i.e. NK cells expressing
no inhibitory receptors for selfHLA class I, lysed melanoma cells in vitro (Carrega et al.,
2009). Appropriate activation may enable these NK cells to kill autologous melanomas.
These cells can act independently of HLA class I expression in melanoma cells, but more
studies are needed to understand their functional properties and trafficking patterns to
utilize them successfully in cancer immunotherapeutic approaches. Clinical trials using
adoptive transfer of NK cells are currently ongoing (Velardi et al., 2009).
Recently, a new strategy was proposed by Markel et al to augment anticancer activity by NK
cells based on matching of activating NK cell receptors and their ligands. Increased killing was
observed against melanomas in vitro in matched effectortarget combinations (Markel et al.,
2009). Matching of activating receptors/ligands as well as ex vivo testing of tumor susceptibility
to lysis by NK cells (Carlsten et al., 2007) may improve adoptive cell therapy protocols.
Most clinical studies exploiting allogeneic NK cells for adoptive immunotherapy have been
performed with NK cells selected from leukapheresis products by immunomagnetic bead
selection protocol (Iyengar et al., 2003; MeyerMonard et al., 2009). Ex vivo expansions of
NK cells will facilitate infusion of higher numbers of activated NK cells (Carlens et al., 2001).
Several approaches are being tested. Largescale expansion of functional human NK cells
from hematopoietic progenitor and stem cells without use of animal products and feeder
cells (cytokinebased method) generated 100% pure and activated NK cells at a high log
scale magnitude which were able to lyse AMLs and solid tumors like melanoma (Spanholtz
et al., 2010). This method may hold a great promise for ex vivo generation of clinical grade
NK cell products for cellular immunotherapy against melanoma.
Tumors can be sensitized to NK cell killing via death receptors. Bortezomib treatment of B16
melanoma has been shown to augment their susceptibility to syngeneic NK cells in mice by
increasing TRAIL receptors on tumor cells, as growth of Bortezomib treated human
melanomas was delayed in SCID mice adoptively transferred with human NK cells
(Lundqvist et al., 2009). Hence, NK cell activity against cancer can be substantially bolstered
by combining adoptive NK infusions with bortezomib treatment (Lundqvist et al., 2006).
Other therapeutic approaches used to activate the TRAILsystem are reviewed by Hersey
(Hersey and Zhang, 2001).
As elucidated in the previous sections, we have recently demonstrated that NK cells have
the intrinsic capacity to recognize and target malignant melanoma cells. Tumor metastases
in the lymph nodes were more susceptible to peripheral blood NK cells. NCRs and DNAM
1, but not NKG2D, emerged as key receptors in NK cellmelanoma cytotoxicity, indicating
that NK subsets expressing these receptors might be good candidates for adoptive transfer
in melanoma patients. Furthermore, using a xenogeneic model of cell therapy we have
shown that allogeneic NK cells potently eliminated LN metastases expressing ligands for
NCRs and DNAM1, but did not affect metastases from skin, ascites, or pleura
(Lakshmikanth et al., 2009). The use of allogeneic NK cells in therapy of melanoma patients
needs to be further tested (Fig 3) but the results suggest enhanced potency of KIR
mismatched allogeneic NK cells against melanoma cells (Igarashi et al., 2004) and provides
important implications for the use of NK cell immunotherapy in melanoma. Based on the
findings obtained in our study, we have presented our perspectives as two nonexclusive
approaches that include augmentation of endogenous NK cell activation/migration
pathways and intervention with allogeneic NK cell therapy. We have also raised a number
of unanswered questions whose knowledge will help better in designing the most effective








therapy for melanoma (Burke et al., 2010). It is understood that once the melanoma tumor
spreads beyond the skin and regional lymph nodes, it is frequently incurable by available
chemotherapeutic agents. Since tumor metastases from lymph nodes were more susceptible
to NK cells it may be crucial to recruit NK cells and elicit response in that site to prevent
hematogenous tumor dissemination and further metastasis development. Autologous
peripheral blood NK cells could be redirected to the LN by administration of TLR ligands as
shown in a mouse model (MartinFontecha et al., 2004). It is of note that most of the TLR
ligands can serve as excellent adjuvants in classical T cell vaccines. It has been shown that
only a small proportion of advanced melanoma patients respond to IL2. However, it is still
one of the few cytokine therapies with demonstrable clinical activities. Recent data from a
mouse model suggest that NKtumor cell interaction via DNAM1 or NKG2D receptors was
important for the efficacy of IL2, 12 or 21 therapy (Chan et al., 2010). Hence assessment of
ligand expression on tumors may be a predictive marker for the efficacy of cytokine therapy
(Fig 3). Further, in light of our results, augmenting DNAM1–mediated recognition of
melanoma appears as an attractive approach. Recently, Santoni and coworkers found that
melphalan, doxorubicin and bortezomib increase DNAM1 ligands on multiple myeloma
cell surface, similar immunochemotherapy could optimize melanoma patients’ treatment
leading to a more effective autologous NK cell antimelanoma cytotoxicity (Soriani et al.,
2009). Furthermore, genotoxic chemotherapeutic agents have been shown to upregulate NK
activating ligands for NKG2D like MICA/B on tumor cells by mechanisms that activate the
Hsp70 promoter (Liu et al., 1996). This is of particular interest as it would link
chemotherapy and immunotherapy and explains the synergistic effects of these different
therapeutic approaches observed clinically. Similarly, chemotherapeutic agents that activate
p53 can also induce NK specific activating ligands on tumors and augment NK cell
mediated killing of melanomas and other tumor cell types as shown by us in a more recent
study (Li et al., manuscript submitted, 2011). Thus, reestablishing NK cell
immunosurveillance by strategically forcing the expression of NK activating ligands on
tumor cells by appropriate chemotherapeutic antiblastic drugs can be an interesting
approach for melanoma therapy (Fig 3).
As mentioned in previous sections, we have recently shown that NK cell missingself
reactivity can be mimicked by blocking selfspecific inhibitory receptors on NK cells using
F(ab’)2 fragments which in combination with IL2 lead to delayed outgrowth of melanoma
tumor cells (Vahlne et al., 2010). Further, Romagne et al have characterized a fully human
antiKIR therapeutic candidate mAb, which is currently in clinical development, with the
overall aim to boost antitumor responses of endogenous NK cells from patients with
hematological malignancies without transplantation (Romagne et al., 2009). This needs to be
tested in solid tumors like melanoma as they do express a certain level of MHC class I
molecules on their cell surface during the initial stages of their metastatic spread. Hence,
NKbased therapeutic strategies in combination with each other, as well as with established
treatments, could form the basis for future therapy developments in melanoma.


As advances made in tumor immunology are enabling fastpaced discovery and translation
of results into potential clinical tools, there is clearly a dire need to improve response rates
and overall survival of melanoma patients. Despite limitations in the NK cell field, a great
interest has grown recently in exploiting the potential of NK cellbased immunotherapy








Fig. 3. Strategies to manipulate NK cells in targeting melanoma. 1). The subset of NK cells
residing in the blood are CD56dim CD16+, a more cytotoxic subset unlike the CD56bright
CD16 subset that resides in the lymph node which has a more cytokine secreting profile.
Peripheral blood NK cells can be redistributed or trafficked into the LN by using TLR
adjuvants or matrix metalloprotease (MMP) activators; 2) Adoptive transfer of higher
numbers of autologous NK or allogeneic NK cells from healthy donors that can target
metastases in LN which prevent further hematogenous spread of tumors into the viscera; 3)
Boosting autologous NK cells by injecting antiblastic drugs like doxorubicin, bortezomib or
melphalan, that might upregulate ligands for NKG2D or DNAM1 on tumors.
(Long et al., 2001) as shown by in vitro studies (Igarashi et al., 2004), murine studies
(Lundqvist et al., 2007), retrospective data from allogeneic transplant trials (Giebel et al.,
2003; Ruggeri et al., 2007), and clinical trials evaluating adoptive allogeneic NK cell
infusions in cancer patients (Miller et al., 2005). Clearly, many questions have to be
answered before designing optimal NKbased therapy. Great achievements have been made
at the bench and in the clinic over the last decade that will gain cancer patients in the
coming future. Several prognostic markers have also been determined. Furthermore, by the
use of comprehensive genomic, genetic and phenotypic analysis of human samples and with
refined mouse models, molecular insights into the mechanisms of resistance of melanoma
tumors to various immunebased therapies or chemotherapeutic drugs will be understood
well. It is reasonable to anticipate that alternative therapeutics to resistant tumors and








various combination strategies will emerge in the coming future. Development of effective
therapeutic regimens against advanced melanoma will require more sustained effort and the
hope is that the developments in understanding of melanoma tumor biology will translate
into a significant benefit for patients.
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Melanoma is a devastating disease frequently encountered within both veterinary and
human medicine. Melanocytic tumours are relatively common in dogs and represent 4 to 7%
of all canine neoplasms. It is the most common malignant neoplasm of the oral cavity and
the second most frequent subungual neoplasm. Classically, body location is one criteria
used to establish a prognosis of these tumours (Martínez et al., 2011; Smith et al., 2002).
Cutaneous canine melanocytic lesions are usually benign. However, the canine
oropharyngeal, uveal, and mucocutaneous neoplasms are aggressive and have high
metastatic potential (Marino et al., 1995; Smith et al., 2002; Spangler & Kass, 2006).
In other animals species melanocytic tumours were also seen, but in cats it is not as common
and carries a poor prognosis (Dorn&Priester, 1976; Goldschmidt, 1985). In white or gray
horses melanoma is very common, considered almost inevitable (Johnson, 1998; Valentine,
1995). In pigs, melanoma is very frequent in some breeds, as Sinclair (Berkelhammer&Hook,
1980; Hook et al., 1982; Misfeldt & Grimm, 1994).
Generally, cutaneous melanoma in domestic animals does not share the same degree of
diversity described in the medical literature. Canine cutaneous melanoma can be either
benign (melanocytoma) or malignant (melanoma) and are most common in older animals
with darker coats. The benign form is often referred to as melanocytic nevus or
melanocytoma, and is welldefined, firm, domeshaped, with less than 2 cm in diameter and
mobile. Malignant melanomas are less frequent in the skin and appear ulcerated with a
rapid grow. Most oral and mucocutaneous (except eyelid) and 50% of nail bed (subungual)
melanomas are malignant (Smith et al., 2002)
Unlike humans, dogs do not seem to develop malignant melanomas due to exposure to
ionizing solar radiation. With the exception of gray horses, malignant transformation of
benign lesions is very uncommon in animals, and most melanomas are believed to arised
“” from melanocytes in the epidermis, dermis, ocular epithelium, and oral epithelium
(Conroy, 1967; Smith et al., 2002). However, little is known about initiation of most animal
melanomas. Breed and familial clustering in domestic animals suggest that genetic
susceptibility, possibly resulting in a greater frequency of spontaneously mutated cells, may






be critical to initiation of many of these tumours (Goldschmidt, 1985; Smith et al., 2002).
Conroy described two canine cases of melanoma that arose from junctional or dermal
pigmented nevi (hamartomas), although in neither case was metastatic behavior observed
(Conroy, 1967). There is a single report of a primary melanoma in the skin of a dog that
originated from a subcutaneous melanocytoma (Mulligan, 1961).
Cutaneous melanoma is the group of melanocytic lesions that constitute the big challenge to
pathologist. The majority of the cases are benign but can be find malignant melanomas with
elevated aggressiveness. Mitotic rate is highly predictive of the degree of malignancy and a
mitotic rate of less than 3 per 10 highpower fields is strongly associated with benign
behavior (Smith et al., 2002). Additional analysis by flow cytometry has shown a correlation
between DNA ploidy and malignancy (Bolon et al., 1990). In the last years, several
prognostic factors related to proliferation (Laprie et al., 2001; Roels et al., 1999), angiogenesis
(Mukaratirwa et al., 2006; Taylor et al., 2007), apoptosis (Roels et al., 2001), and others have
been investigated.
The incidence of melanocytic lesions is increasing among canine population. Canine
malignant melanoma could have an aggressive behavior, metastasize early in the course of
the disease and is resistant to most current therapeutic regimens. The role of a vaccine and
the search of novel therapeutic tools are essential in the fight against this devastating
disease. Furthermore, the similarities between human and canine melanoma make
spontaneous canine melanoma an excellent disease model for studying the correspondent
human disease (Bergman et al., 2006; Smith et al., 2002; von Euler et al., 2008).
Inflammation in tumour stroma greatly influences its development. In human cancer it has
been described that tumour associated macrophages (TAMs) may promote tumour cell
invasiveness and potentiate metastatic diffusion. Among the various inflammatory
mediators generated by TAM, assume particular relevance the arachidonic acid metabolites,
which are known to influence several biological responses involved in tumour progression,
such as inflammatory and immune reactions, haemostasis and angiogenesis. Although the
scientific evidence of an association between TAM and histological aggressiveness in human
melanoma (Bianchini et al., 2007; Brocker et al., 1987), in the dog there are no studies
concerning this subject.
Cyclooxigenase (1 and 2) are isoenzymes that promote the transition of arachidonic acid in
to different prostanoids. These isoenzymes are also the main targets of the NSAIDs (non
steroid antiinflammatory drugs). Several studies have been suggested the potential role of
NSAID blocking particularly cyclooxygenases2 (Cox2) in the prevention and treatment of
malignant tumours in humans (Cerella et al., 2010; Dubois et al., 1998). In dogs, there are
evidences of a strong relationship between Cox2 expression and malignancy in several
types of cancers (bladder, skin, intestinal, mammary, bone, nasal) (Mohammed et al., 2004;
Queiroga et al., 2007). Cox1 and Cox2 expression in canine melanocytic lesions has been
recently published by the authors, describing that Cox2 expression was restricted to the
malignant melanoma group, being found in 11 of the 20 cutaneous malignant melanomas, in
all oral malignant melanomas and in one of two ocular malignant melanomas analyzed.
Authors also found that Cox2 labeling was particularly intense in the more aggressive oral
tumours (Pires et al., 2010). In human melanoma, Cox2 has been implied in tumour
progression (Chwirot&Kuzbicki, 2007; Kuzbicki et al., 2006).
The aims of the present work were: a) to describe, the number and the distribution of TAMs
in canine melanocytic lesions; b) to investigate associations between TAMs and several
clinicopathological characteristics; c) investigate the possible association between Cox2
expression and the presence of TAMs in these tumours.










Thirty seven melanocytic tumours, obtained from the UTAD Histopathology Laboratory
archives were included. For the histopathologic study, 4mthick tissue sections were
stained with the hematoxylin and eosin with and without blanching by incubation in 0,25%
potassium permanganate for 30–60 minutes, depending on the amount of pigment and then
by incubation in 0,1% oxalic acid for 5–8 minutes. Each sample was reexamined by two
independent pathologists (IP and JP) in order to confirm the diagnosis, according to the
World Health Organization International Histological Classification of Tumours of
Domestic Animals criteria (Goldschmidt et al., 1998).

The following clinicopathological features were evaluated: histological typemelanocytoma
(benign), melanoma (malign); presence of ulceration; presence of necrosis; mitotic index;
nuclear grade; degree of pigmentation, presence of aberrant tumoural cells; stroma; and
tumoural vascular invasion. Mitotic index was calculated by counting all the mitosis present
in 10 high power fields (HPF) (400x): mitotic index I (<3 mitosis in 10 HPF); mitotic index II
(3–5 mitosis in 10 HPF) or mitotic index III (>5 mitosis in 10 HPF). For nuclear grade, the
following grades were defined: (i) nuclear grade I when the nuclei had minimal variations in
their shape and size compared to normal nuclei; (ii) nuclear grade II consisted of moderate
alterations of nuclear shape; and (iii) nuclear grade III consisted of the nuclei that were
irregular and larger than normal (Queiroga et al., 2010).The degree of pigmentation was
estimated using a subjective scale from scant (pigment in fewer than 30% of cells), moderate
(pigmentation in 31–80% of cells), and abundant (pigment in more than 80% of cells). The
amount of stroma was categorized in: scant, moderate, and abundant (RamosVara et al.,
2000).

For immunohistochemical studies, 3m sections were cut from each specimen and
mounted on silanecoated slides. MAC 387 (for macrophage immunolabelling) and Cox2
immunoexpression were carried out by the streptavidinbiotinperoxidase complex method,
with a commercial detection system (Ultra Vision Detection System; Lab Vision
Corporation, Fremont, USA) following the manufacturer’s instructions, with and without
blanching. Antigen retrieval was by microwave treatment in citrate buffer (pH 6.0) three
times for 5 min each in a 750 W microwave oven, followed by cooling for 20 min at room
temperature.
Primary antibodies were: MAC 387 (AbDSerotec, MorphoSys UK Ltd., Kidlington,
Oxford,U.K.; Clone MCA 874G) diluted 1 in 100 in PBS and applied for 1 h at room
temperature and COX2 (Transduction Laboratories, Lexington, Kentucky; clone 33) diluted
1 in 40 in phosphate buffered saline (PBS; pH 7.4, 0.01 M) and applied overnight at 4°C.
Immunoreaction
was
visualized
by
incubation
with
3,3’diaminobenzidine
tetrahydrochloride (DAB) at 0.05% with 0.01% H2O2 as the final substrate for 5 minutes.
After a final washing in distilled water, the sections were counterstained with haematoxylin,
dehydrated, cleared and mounted.
The primary antibody was replaced by PBS and by an irrelevant antibody for negative
controls. Positive controls consisted of canine epidermis and liver for MAC 387 and sections
from  of young normal canine kidney for Cox2.









Positivity was indicated by the presence of distinct brown cytoplasmic labeling.
Immunoreactivity was evaluated ‘‘blindly’’ by two observers (IP e FLQ).
TAMs were counted in the three regions with more intense and homogeneous positivity of
each of counting areas (Hussein et al., 2009). In these regions, we counted all labeled cells,
evaluating a total of ten highpower fields (HPF), (400x magnification power). TAM were
then categorized in three classes: 1: <20 positive macrophages (sparse); 2: 20100 (moderate),
3: >100 positive macrophages (intense) (Piras et al., 2005).
Positive Cox2 expression was defined when more than 10% of the tumour cells showed
positive staining. The staining intensity was not scored in this method.

The statistical software SPSS version 12.0 was used for statistical analysis. The Chisquare
test and the Fisher’s exact test were used for studying categorical variables. In all statistical
comparisons, p< 0.05 was accepted as denoting significant differences. 



From the 37 tumours included in the study, 8 cases were classified as melanocytomas
(benign tumours) and 29 cases as malignant melanomas (malignant tumours, Fig.1).

Fig. 1. Cutaneous malignant melanoma in a German Shepard dog.

MAC 387 immunostaining was always observed in the cytoplasm of macrophages in a
diffuse and homogeneous pattern. The upper layers of epidermis also stained with MAC
387.
TAMs were observed in all the samples analyzed (n=37). As shown in Table 1, all the benign
lesions had sparse macrophage infiltration, while malignant melanomas presented a








moderate or intense infiltration (Fig.2 and Fig.3). The number of tumouralassociated
macrophages in malignant melanoma was signiﬁcantly higher than the mean values in the
benign counterparts (p=0,002).

Fig. 2. Canine malignant melanoma showing a moderate number of TAMs. IHC. Bar, 30
mm.

¶
Fig. 3. Intense infiltration of macrophages in a cutaneous melanoma. IHC. Bar, 120 m.

The expression of COX2 was absent in 18/37 (48,6%) of the canine melanocytic tumours
(Fig. 4). None of the 8 benign tumours expressed Cox2 in tumoural cells. Among the








malignant tumours, COX2 was expressed by 19 of the 29 melanomas (65,5%), (Fig. 5 e Fig.
6). There was a significant difference in COX2 expression between melanocytomas and
malignant melanomas (p < 0,001).

Fig. 4. Cutaneous malignant melanoma considered negative to Cox2 (less than 10% of
positive cells). IHC. Bar, 30 m.

Fig. 5. Cox2 expression in canine malignant melanoma. IHC. Bar, 30 m.








Fig. 6. Cox2 expression in canine melanoma; positive cells invading epidermis. IHC. Bar, 30
m.


Table 1 presents the clinicopathological variables analyzed and its association with TAM
and Cox2 expression in canine melanocytic tumours.
The number of TAMs presented a statistical significant association with the presence of
ulceration (p<0,001), presence of necrosis (0,001), nuclear grade (p=0,046), degree of
pigmentation (p<0,001), tumoural aberrant cells (p=0,014), stroma (p=0,018) and tumoural
embolus (p=0,011). Canine melanocytictumours with ulceration, necrosis, with a high
nuclear grade, less pigmented, with the presence of tumoural aberrant cells, with a scarce or
moderate stroma and with vascular invasion have a high number of macrophages
associated to the tumour.
COX2 expression was associated with ulceration (p=0,005), necrosis (p=0,003), mitotic index
(p=0,029), nuclear grade (p=0,035) and degree of pigmentation (p=0,001). Cox2 expression
was observed in tumours with epithelium ulceration, necrosis, high mitotic index and
nuclear grade and in less pigmented neoplasms.

There was a significant association between the number of TAMs and COX2 expression in
canine melanocytic tumours (p=0,006). Cox2 positive tumours had a high number of TAMs.
Among Cox negative tumours, only 3 out of 18 tumours had a moderate or abundant
number of TAMs. Considering only malignant melanomas, in spite of Cox2 positive
tumours had more TAMs than Cox2 negative tumours, the association was not statistical
significant.
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Table 1. Association of clinicopathological variables with TAMs and Cox2 in canine
melanocytic tumours.











0,068
0,154

0,232







Absent
Present

Absent
Present

I
II
III

I
II
III

Scant
Moderate
Abundant

Absent
Present

Scarse
Moderate
Abundant

Absent
Present









7
6

1
9

10
3








0
6



4
6

4
15

0,390

6
4

0
6



8
2

8
11

0,114

1
2
10

2
1
7

0
1
5

1
1
8

2
3
14

1
2
10

8
3
2

3
4
4

2
5
3

3
8
8

0
9
4

7
1
2

5
1
0




1
5
4

11
6
2

11
2

7
3

2
4

0,08

8
2

12
7

3
9
1

7
3
0

4
2
0

4
6
0

10
8
1

11
2

8
2

2
4

8
13

2
6

0,760

0,235

0,165







0,814



0,431
0,555

0,675

Table 2. Association of clinicopathological variables with TAMs and Cox2 in canine
malignant melanomas.


Melanoma is relatively common in dogs, accounting for 3% of all neoplasms and up to 7% of
all malignant tumours. Melanocytic neoplasms that arise in the oral cavity, one of the most
frequent localization of melanocytic tumours in dog, are virtually always considered
malignant and constitute the most common oral malignant neoplasm (Smith et al., 2002).
Much work is currently underway in to try and identify specific tumour markers, associated
with malignancy. However, more studies are needed to differentiating canine benign from
malignant melanocytic neoplasms or predicting survival times.

It has long been thought that inflammation and carcinogenesis are related (Le
Bitoux&Stamenkovic, 2008). Macrophages belong to the innate immune system and as such








constitute one of the first barriers against infection. Depending on the activation state of the
macrophage, this antigen presentation may trigger a fullblown active immune response, or
may suppress a potential immune reaction (Jager et al., 2011). The role of macrophages in
tumour growth and development is complex and multifaceted. Whilst there is limited
evidence that TAMs can be directly tumouricidal and stimulate the antitumour activity of T
cells, there is now contrasting evidence that tumour cells are able to block or evade the
activity of TAMs at the tumour site. In some cases, tumourderived molecules even redirect
TAMs activities to promote tumour survival and growth (Bingle et al., 2002).
In our study, TAMs were observed in all tumours analyzed. Melanocytomas presented few
macrophages, while malignant melanoma showed generally moderate or intense
macrophage infiltration. Higher number of TAMs has been associated with malignancy in
different types of human tumours (Siveen&Kuttan, 2009), as breast carcinomas (Leek et al.,
1996) and gliomas (Nishie et al., 1999). In human cutaneous melanoma (Torisu et al., 2000),
uveal melanoma (Toivonen et al., 2004) and sinonasal melanoma (Shi et al., 2010) a high
number of TAMs was closely associated with bad tumour phenotypes. These observations
were in accordance with our results in canine melanocytic lesions.
In canine melanocytic tumours, a higher number of TAMs appears associated, in a statistical
significant way, with ulceration (p<0,001), necrosis (0,001), nuclear grade (p=0,046), degree
of pigmentation (p<0,001), tumoural aberrant cells (p=0,014), stroma (p=0,018) and tumoural
embolus (p=0,011). Even considering only malignant melanomas, an association was noted
between TMAs and ulceration (p=0,016), histological necrosis (p=0,007), degree of
pigmentation (p=<0,001) and presence of vascular invasion by tumoural cells (p=0,049).
Interestingly most of these characteristics are classically linked to higher tumoural
aggressiveness and poor clinical prognosis in these neoplasias. TAMs could constitute an
important marker of canine melanocytic aggressiveness; however, studies with prognostic
are needed to clarify this subject.
The statistical significant association observed between tumoural necrosis and a high
number of TAMs in malignant melanomas is not surprising. Indeed, in human cancer,
evidence has emerged for a symbiotic relationship between tumour cells and TAMs. The
pathways involved in this crosstalk could imply a response to microenvironmental factors
such as hypoxia, as well as various growth factors and enzymes that stimulate tumour
angiogenesis (Bingle et al., 2002). Many macrophage products released in the tumour stroma
can directly stimulate the growth of tumour cells and/or promote tumour cell migration
and metastasis. These include, for instance, the epidermal growth factor (EGF), cytokines
like IL6 and TNF, as well as chemokines such as CXCL12. TAMs contribute to tumour
progression also by producing several factors which enhance neoangiogenesis and the
dissolution and remodeling of the interstitial matrix. Moreover TAMs are a source of potent
immunosuppressive molecules, such as IL10 and PGE2, contributing to the tumour
immuneevasion (Allavena et al., 2008; Mantovani et al., 2002; Van Ginderachter et al., 2006).
It is probably that similar mechanisms occur also in canine malignant melanomas.

Cox2 is a key enzyme controlling the conversion of arachidonic acid to prostaglandin H2,
the precursor of various molecules, including prostaglandins, prostacyclins and
tromboxanes. Cox2 is commonly undetectable in normal tissues, but can be induced
through several stimuli, including mitogens, growth factors, hormones, and cytokines
(Dubois et al., 1998). In recent years, many molecular pathways have been suggested to








explain how increased Cox2 and the resultant prostaglandin overproduction might
contribute to carcinogenesis (Hu et al., 2009; SinghRanger et al., 2008; Wu&Liou, 2009).
These pathways included stimulation of tumoural angiogenesis, decreased tumoural
apoptosis, increased invasion and metastasis, immune suppression and tumour associated
inflammation (Ghosh et al., 2010). Various studies indicate a link between high Cox2
expression and malignancy in both human (Balan et al., 2011; Costa et al., 2002; Lee et al.,
2011) and canine tumours (Queiroga et al., 2007; Queiroga et al., 2010). In the dog, Cox2
‘‘upregulation’’ has been investigated in different tumours, including prostate
(L'Eplattenier et al., 2007), ovarian (Borzacchiello et al., 2007), bladder (Khan et al., 2000),
intestinal (McEntee et al., 2002), mammary (Queiroga et al., 2005; Queiroga et al., 2007; Dias
Pereira et al., 2009), nasal carcinomas (Impellizeri & Esplin, 2008) and sarcomas, including
osteosarcoma and oral fibrosarcoma (Heller et al., 2005; Mullins et al., 2004). In human
cancer, Cox2 expression has been detected in a considerable number of epithelial tumours
as breast, lung, colon, prostate, head and neck, gastric, ovary, among many others (Ghosh et
al., 2010; Menczer, 2009; Wu et al., 2010).
Concerning malignant melanoma, in humans it was recently reported that changes in Cox2
expression levels were correlated with development and progression of human melanoma
(Goulet et al., 2003; Kuzbicki et al., 2006). COX2 expression arises as a potential
immunohistochemical marker for distinguishing human cutaneous melanomas from benign
melanocytic lesions (Minami et al., 2011; Pires et al., 2010). Additionally, Cox2 expression
appears as a useful prognostic marker being related with histological and clinical malignant
melanoma aggressiveness (Becker et al., 2009).
In canine melanocytic tumours, Cox2 expression was recently described (Paglia et al., 2009;
Pires et al., 2010). Cox2 overexpression was related with a tumoural malignant behavior
(Pires et al., 2010) and with a poor overall survival (Martínez et al., 2011). In the present
work, Cox2 expression was associated with ulceration (p=0,005), necrosis (p=0,003), mitotic
index (p=0,029), nuclear grade (p=0,035) and degree of pigmentation (p=0,001). These
associations could represent the higher aggressiveness of Cox2 positive melanocytic
tumours. Curiously, these associations lost their statistical significance when we consider for
statistical analysis only the group of malignant melanomas. However, an association with
mitotic index is observed, that suggests that Cox2 is associated with a higher cellular
proliferation. The real significance of these results needs to be clarified. Clinical studies, with
followup information and proliferation markers will be necessary to clarify if Cox2 could
be more important in early phases of carcinogenesis or also in tumour progression.

Tumour associated macrophages and high COX2 expression have been both associated
with malignancy in canine melanocytic tumours, but their potential interdependence has
not yet been evaluated. The present study showed that there is a close relationship between
TAMs and Cox2 expression in canine melanocytic lesions. This is the first time, to our best
knowledge, that a similar relationship was investigated in tumours of domestic animals.
This crosstalk is referred in human tumours, as colorectal carcinoma (Naghshvar et al.,
2009), urotelial carcinoma (Chen et al., 2009), basal cell carcinoma (Tjiu et al., 2009) and in
breast cancer cells (Hou et al., 2011). The pathways involved in this relationship are diverse,
and remain to be completed elucidated. In human basal cell carcinoma, macrophages
induced COX2dependent release of matrix metalloproteinase9 and subsequent increased
invasion and induced COX2dependent secretion of basic fibroblast growth factor and








vascular endothelial growth factorA, and increased angiogenesis (Tjiu et al., 2009).
Macrophagemediated induction of COX2 in breast cancer cells is a consequence of IL1β
mediated stimulation of ROS→Src→MAP kinase→AP1 signaling. IL1βdependent
induction of COX2 in breast cancer cells provides a mechanism whereby macrophages
contribute to tumour progression (Hou et al., 2011). Another mechanism proposed could
involve Cox2 induced angiogenesis through increasing TAM infiltration or hypoxia
inducible factor1alpha by hypoxia (Chen et al., 2009).
Considering only malignant melanomas, the association was not significant that could
suggested that this crosstalk (between TAMs and Cox2 positive tumoural cells) could be
decisive in carcinogenesis but not in tumour progression. Only more studies could help to
investigate the meaning of these findings. In turn, in human oral squamous cell carcinoma,
Cox2 and TAMs are not related (Boas et al., 2010).
The development of therapeutic targeting of cancer promoting inflammatory reactions is
crucially dependent on defining the underlying cellular and molecular mechanisms in
relevant systems (Allavena et al., 2008). By inhibiting the release of prostaglandins from the
tumour and by blocking COX activity in immune effector cells, NSAIDs may also bias the
function of immune cells towards a more tumouricidal phenotype (Lang et al., 2006).


In conclusion, this study presents a close relationship of TAM and Cox2 expression in
canine melanocytic lesions. It is possible that proinflammatory cytokines released by
intratumoural macrophages, upregulate Cox2 tumour cells expression stimulating tumour
progression. Additionally, the differences observed between benign and malignant
melanocytic lesions may suggest that TAM and Cox2 are implicated in the progression of
melanocytic precursor lesions to malignant melanoma.
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Malignant melanoma of gastrointestinal (GI) tract is a less common condition especially in
eastern countries and can be either primary or metastasis. Most of the cases are secondary
melanoma. GI metastases are frequently found during autopsy, only small proportion of the
patients can be detected while living (25% of the patients). Clinically, a primary GI
malignant melanoma is suggested if the patient has no obvious primary cutaneous lesion or
other extraintestinal disease especially the ocular system. Malignant melanoma of
anorectum is the most common site of the primary tumor of GI tract. For metastasis, small
bowel is the most frequently site followed by stomach, large bowel and esophagus. Mucosal
melanoma pursued more aggressive nature and poorer prognosis than other subsets of
melanomas. Prognosis of malignant melanoma of GI tract is very poor because of difficult to
diagnosis.
Malignant melanoma of GI tract can present as abdominal pain, upper or lower GI tract
bleeding, obstructive jaundice, obstruction or perforation. Several case reports demonstrated
small bowel obstruction from intussusceptions of malignant melanoma. The diagnosis can
be made by GI endoscopy or imaging radiographic studies. The definite diagnosis is the
pathological examination. Management of GI malignant melanoma depends on the location
and number of the lesion. Surgical resection for primary melanoma of GI tract is the
mainstay treatment and provides a chance for cure. For metastatic disease, multidisciplinary
approach is the best option. Surgery is the alternative way to use in selected patient.


Melanoma originates from melanocyte, a pigmented, dendriticlike cell located in epidermis
of skin, eye, epithelium of the nasal cavity, oropharynx, anus and genitourinary system. The
diagnosis of melanoma includes assessment of the architectural and cytological features
combine with the clinical examination. The only staging system of malignant melanoma is
used for cutaneous melanoma because of the high incidence rate compare to noncutaneous
group, accounts about 90% of all melanoma. Of the remaining forms of melanoma, ocular
melanoma accounts for 5%, mucosal melanoma for 1% and melanoma of unknown origin






for 2%. Within the mucosal subgroup, half of them are head and neck origin followed by
anorectal, female genital, and urinary tract tumors respectively. The pathological staging of
primary tumor uses the tumor thickness and ulceration. Ulceration is defined as the absence
of the intact epithelium overlying a major portion of the tumor. Ulceration is the result of
the thickness of tumor and has a strong correlation to survival.
Recently, American Joint Committee on Cancer (AJCC) presented the 7th edition of the
melanoma staging system in 2009. Differences from the 6th edition (2002) included the used
of mitotic rate to classify stage 1a and 1b, used of immunochemical detection of nodal
metastasis and no lower threshold to define positive nodal status. For stage IV disease, the
staging system is not change. The site(s) of metastases and elevated serum levels of lactate
dehydrogenase (LDH) are used to divided M stage to three categories; M1a, M1b and M1c.
The definition and survival were shown in table 1.
Oneyear survival rates

M stage

Site

Serum LDH

M0

No distant metastases

NA

M1a

Distant skin, subcutaneous, or
nodal metastases

Normal

62

M1b

Lung metastases

Normal

53

M1c

All other visceral metastases
Any distant metastases

Normal
Elevated

33



%
NA

<0.0001

Table 1. Modification of the 7th AJCC classification of metastatic melanoma.
Most of melanoma in GI tract is metastases. Only 215% of all GI melanomas are
primary. Whenever a seemingly primary melanoma is detected in GI tract, it is prudent
to conduct a through clinical investigation to consider the possibility of metastatic
disease including history, physical examination and investigations. Carefully history
taking and comprehensive physical examination are the initial crucial step of the
approach. Skin and eye examination should be mandatory examination in all patients.
Gynecological and abdominal examination include rectal examination should be
performed for the next step.
Ozdemir et al. proposed criteria for diagnosis primary bronchial melanoma to be defined as
a primary lesion that can apply to GI melanoma as well. The criteria including (1) there is
only single lesion in the surgical specimen (2) there must be no previously excised skin
tumor (3) no previous ocular tumor (4) morphology must be compatible with primary
tumor (5) there must be no other demonstrable melanomas at the time of surgery (6)
findings should be confirmed by careful autopsy. The lesions that not fulfill these criteria
should be termed secondary. The problem of the criteria is we could know the exact
diagnosis after the autopsy when patient passed away. Then, these criteria did not have an
impact to the treatment, only for the epidemiology. Blecker et al. suggested the following
criteria for a diagnosis of primary intestinal melanoma: 1) no evidence of concurrent
melanoma or atypical melanocytic lesion of the skin, 2) absence of extraintestinal metastatic
spread of melanoma, and 3) presence of intramucosal lesions in the overlying or adjacent
intestinal epithelium.










Small bowel is the most common site of GI melanoma and bleeding is one of the most
frequent presentations of the patients. Therefore, a GI endoscopy with magnification should
be the procedure of choice to diagnose malignant melanoma of GI tract. Multiple black,
depressed lesions (1+ 5 mm in diameter) with a “bull’s eye” appearance are usually viewed
in the GI mucosa (Figure 1). At present endoscopic ultrasonography (EUS) guided fine
needle aspiration (FNA) may play an important role for cytological diagnosis in the patients
with advanced disease (Figure 2).

Fig. 1. Endoscopic view showed multiple typical black color lesions in the second part of
duodenum.

Fig. 2. EUSguided (A) FNA for cytological confirmation (B) in the patient with advanced
malignant melanoma.









Small bowel metastatic may present as varying sized single or multiple nodules that can
have polypoid or infiltrating appearance. Central ulceration can occur when lesions
outgrow their blood supply, giving a “target” appearance on barium study. The target sign
can be found with other hematogenous metastases such as lymphoma or sarcoma. For small
bowel metastatic, the lesion can be intraluminal involvement and act as leading point for
intussusceptions.
Capsule endoscopy (CE) is the current standard and one of the most sensitive investigations
for detection of small bowel lesion. The finding could be a polypoid lesion with central
umbilication or an ulcerative lesion with bleeding. Prakosa et al. reported a series of 21
patients diagnosed malignant melanoma and underwent positron emission tomography
(PET) scanning and CE. They suggested that CE could identify and provide confirmation of
smallbowel involvement in patients with metastatic melanoma after PET scanning. These
two investigations are recommended as part of the workup of all patients with or without
GI symptoms.

Computed tomography (CT) is the most commonly used imaging technique for staging and
follow up in the malignant melanoma patients. Two studies have compared staging with
Positron emission tomography (PET) and CT scan in all stages. Both studies found PET to be
superior in terms of sensitivity and specificity to CT in all stages of Melanoma. In the
contrary, Krug et al. demonstrated inferiority of PET to CT for the detection of lung and
liver metastases.
Magnetic resonance imaging (MRI) is a good investigation for detection of brain and bone
metastases. For anorectal region, MRI and endorectal ultrasonography are the good
investigational methods for preoperative evaluation both of primary tumor and local nodal
status. In one prospective study of 64 patients, wholebody MRI has been reported to have
an overall accuracy for the detection of lesion slightly lower than PETCT (78.8% vs. 86.7%),
but the sensitivity for the detection of bone and liver metastases was better than PETCT.

Positron emission tomography (PET) is an advanced diagnostic imaging technique. This
technique exploits the increased metabolism of glucose in malignant viable cells. 18F
fluorodeoxyglucose (FDG) is one of the most commonly used radioisotopes. FDG is
transported into tumor cells like glucose molecule. There is a manyfold increase in glucose
metabolism in malignant tumors as compared with normal cells, therefore, the different in
metabolism of tumor call and normal tissue can be detected by this technique. The potential
benefits of FDGPET for melanoma included the detection of locoregional and distant
metastasis for staging.
The presence or absence of regional lymph node metastases is an important prognostic
factor for patients with melanoma. FDGPET has shown a limitation of sensitivity and wide
variation of the data from previous studies. The sensitivity of FDGPET is varied from 8% to
100%. Moreover, in the subgroup of subclinical nodal disease in stage I and II melanoma,
the sensitivity of FDGPET is only 1417% whereas, sentinel node biopsy reached 8694%.
Crippa  . identified the correlation between size of lymph node and sensitivity;
sensitivity is 23%, 83% and 100% for lymph node less than 5mm, 610mm and greater than








10 mm in diameter, respectively. Therefore, FDGPET might not be the investigation of
choice for locoregional evaluation especially for clinically nonpalpable group.
For the distant metastatic evaluation especially in curative intent resected patients, the
precise identification of the location and number of metastatic lesions could be important for
surgical planning. From several studies, FDGPET has been shown to be more accurate than
conventional modalities such as ultrasonography, CT, and MRI. Then, FDGPET is most
commonly used for suspected or known distant metastases. The sensitivity is varied from
79% to 92% and specificity is varied from 86% to 90%. Several reports identified the
influence of therapy by FDGPET, 17 48% of patients were changed their treatment plan. In
the same way, FDGPET is highly sensitive and specific for detection or restaging of
melanoma. Prichard  reported the sensitivity and specificity of FDGPET for detection
of recurrent melanoma, 74100% and 67100%, respectively. Figure 2 is the one example of
PET scan of intraabdominal metastatic of melanoma.

Fig. 3. PET scan revealed multiple metastasis lesions of malignant melanoma of
gastrointestinal tract such as pancreas, liver and small bowel.


GI tract is not the normal organ that contain of melanocytes. Then, how be possible primary
melanoma can develop in GI tract? One explanation is neural crest cells that demonstrated
in the intestines, these cells have a potential to develop to mature melanocyte. Another
reason, the aberrant migration of melanocytes that usually migrate from neural crest to the
epidermis, hair follicles, oral cavity, nasopharynx, uvea, leptomeninges, and inner ear








during early embryogenesis. These are the reasons that why melanoma can be found in the
gastrointestinal tract.
Primary GI melanoma can arise in various GI mucosal sites, including oral cavity,
esophagus, stomach, small bowel, colon and anorectum. Distinguish between primary and
metastatic from an unknown or regressed cutaneous melanoma may be difficult. Clinically,
a primary GI melanoma is suggested if the patient has no obvious primary cutaneous
melanoma from history and physical examination. Moreover, the patient has an isolated GI
lesion without extraintestinal metastases. For histologically, the presence of atypical
melanocytic cells in the basal layer of the epithelium and extending in a pagetoid fashion in
to more superficial epithelium, may be reported in 40100% of primary GI melanoma. The
surgical treatment and the outcomes were depended on the organ of tumor involvement.
Then, we divided primary melanoma in this section to organ specific. Summarized of the
survivals was showed in the table 2.

Oral cavity
Esophagus
Stomach
Small intestine
Colon
Anorectum
Gallbladder and biliary tract


2738.9
1213.4
512
16
27.5
1528.6
20.141


3040%
4.214 %
0
10%
2156%
1730.6%
29 %

Table 2. Summarized of survivals divided by primary organ involvement.



Primary malignant melanoma of esophagus is the rare condition, accounts only 0.10.2% of
primary esophageal tumors. Whereas, cadaveric study from De la Pava . demonstrated
the presence of melanocytes in 4% of all esophageal specimen examined. Then, there are
other entities of melanotic condition that can be found in esophagus. One benign condition
called esophageal melanocytosis need to differentiate from the esophageal melanoma. This
condition described the distribution of melanocytes in the basal layer of the esophageal
squamous epithelium. The incidence is about 0.072.1% from previous reports. For primary
esophageal melanoma is commonest in older males and more found in the middle and
lower esophagus.
Patients may present with symptoms of dysphagia, retrosternal discomfort, weight loss,
regurgitation or melena. After careful history and physical examination, barium swallow
and/or endoscopy is the next investigation same as all esophageal lesions. The characteristic
endoscopic appearance of primary malignant melanoma is a polypoid, irregularly
pigmented, obstructive esophageal tumor. The tumor most often is polypoid; the
nonpolypoid form is extremely rare. The color of the tumor may vary from black to white.
An ulcerative lesion of the mucosa can be found in some case, then some tumors may be
difficult to differentiate from esophageal carcinoma. Most of the cases are grossly
pigmentation, but not almost always. The endoscopic biopsy can diagnose only half of the
patients due to submucosal nature of the tumor. Up to 25% of all esophageal melanomas are








amelanotic. Presence of associated benign melanocytes or in situ melanoma from
pathological examination favors the diagnosis of primary, rather than metastatic. If primary
malignant melanoma is suspected at endoscopy, immunohistochemical staining of biopsy
specimens is essential for diagnosis.
Regard to difficulty of the diagnosis, half of the patients are stage IV when diagnosed. The
median survival is about one year and 5year survival varied from 4.2% to 14%. The
mainstay of the treatment is still surgical resection with dissection of the regional lymph
nodes. Compared with other esophageal tumors, wider margins of resection are required.
For earlylocalized lesion, radical resection had a significantly longer survival compare to
local excision. Radiation can increased the mean survival rate from 14.2 months to 16.7
months, while adjuvant chemotherapy have a limited benefit. Only some case reports that
demonstrated the longterm survival from surgical resection combine with chemotherapy.
There are some alternative techniques such as endoscopic mucosal resection and localized
ablative approaches were proposed in case report but the data still limited.

Primary melanoma of stomach is the very rare disease entity and related to poor outcomes.
Most of the reports are the case report then, the data is quite limited. The presenting
symptoms of gastric melanoma are nonspecific including nausea, vomiting, abdominal
pain, weight loss and anemia. Perforation and/or upper GI bleeding can be presented as an
initial diagnosis in some patients. Barium study, endoscopy and CT scan are the most
common investigational methods. In the same way of esophageal melanoma, pigmentation
of the lesion is the most clues for diagnosis and found in the majority. The median survival
is usually less than 1 year. Cheung   reported 18 cases of primary gastric melanomas
with the median survival is only 5 months without 5year survival. Regard to limitation of
the data, it is difficult to conclude that which operations are the appropriate surgical
procedures of primary gastric melanoma.

Primary melanoma of gallbladder is extremely rare condition as well as isolated metastasis
to gallbladder. Regard to clinical presentation, involvement of the gallbladder rarely
produces symptoms. Some case reports presented acalculous cholecystitis as a clinical
presentation of these patients. Therefore, it is difficultly to diagnose melanoma of
gallbladder preoperatively. Abdominal ultrasonography is a useful, easy, and inexpensive
modality for assessing a gallbladder lesion. CT scan and Magnetic resonance
cholangiography may add more information. Surgical resection of gallbladder is the
treatment of both primary and metastatic lesions. The mean survival times for primary
gallbladder melanoma is 20.1 months and for metastatic is 8.4 months, with few patients
surviving longer than 2 years.
In 1963, Zaide first described primary malignant melanoma of common bile duct. This is
also rarely disease entity same as the others primary GI melanoma. The existence of
melanocytes in bile duct tissue is truly possible. Melanocytes derive from cells of the neural
crest and can migrate throughout the body. They have been definitely identified in areas of
endodermal origin, including gallbladder. The symptoms of this tumor mostly presented
with obstructive jaundice. In most of the cases, the diagnosis can be made after the time of
surgery. Wagner  . reported the review of 6 cases of primary malignant melanoma of
common bile duct from 1963 to 2000.








Fig. 4. Gastroscopy revealed multiple lesions of metastasis malignant melanoma in the
stomach (A&B).
All of the patients underwent surgery including 4 Whipple operations, 2 partial
hepatectomies and one resection of common bile duct. Three of them (2 Whipple and 1
hepatectomy) dead within 618 months from distant metastasis whereas three of patients
didn’t mention about follow up period. Therefore, it is not possible to conclude the optimal
surgical option for this disease due to very limited of the data. There are also had a few
literatures that reported the extremely rare primary malignant melanoma of intrahepatic
duct and liver in a case report format. Because of the limitation of the data, then we not
presented the detail of these disease entities in this chapter.

Cutaneous melanoma is the most common types of the tumor metastasis to GI tract which
small intestine is the most common site of metastatic melanoma in the GI tract. However
primary melanoma of small intestine is not common. Small bowel lesion can present with
bleeding, abdominal pain, obstruction, weight loss and malabsorption. Intussusception can
be a presenting symptom of small bowel melanoma. Diagnosis of small intestine lesion is
typically made by contrast imaging study (small bowel followthrough), CT scan,
endoscopy (push, single or double balloon and capsule endoscopy) and PET. Primary
intestinal melanoma tends to be more aggressive and worse prognosis than cutaneous
origin. The possible reasons are due to late diagnosis and rapidly growth of the tumor in the
rich vascular and lymphatic supply of the intestinal mucosa.
Surgery is the treatment of choice in patients with primary or metastatic intestinal
melanoma. Segmental resection with adequate free margins is a recommended procedure.
Morbidity and mortality of this type of surgery is very low. Systemic adjuvant therapy has a
limited role for this disease. The median survival rate is 16 months and 5year survival rate
is 10%.









Primary melanoma of the colon is also a rare clinical entity. Khalid . (2011) reported their
review study of 12 patients with primary melanoma of colon. Rightsided colon is the most
common location of the disease; about 65% of the patients. Lower GI bleeding is the most
common presentation (50%) followed by abdominal pain (20%), obstruction (20%), and
weight loss (16%). Amelanocytic colon melanoma is found in 14% of the cases.
For localized disease, surgical resection is the mainstay of the treatment. We cannot
conclude that what is the standard of the operation because of the limitation of the data.
Most of the patients in the previous studies underwent the oncologic colon resection same
as adenocarcinoma. The prognosis of primary malignant melanoma of the colon seems to be
better than other types of primary mucosal melanomas. However, colon melanoma is still
aggressive than cutaneous origin. Oneyear and fiveyear survival rates are 3760% and 21
33%, respectively and the median survival is 27.5 months.

In 1857, Moore first described anorectal melanoma, a rare and very aggressive tumor with
the extremely poor prognosis. The incidence is less than 1% of all melanomas and about 2 
4% of all anal malignancies. Majority about twothird of all lesions are pigmented. Two
third of anorectal melanoma is located within the anal canal or at the anal verge and the
others demonstrated in the rectum. Presentation is often nonspecific symptoms and
indistinguishable from other conditions in this area such as rectal bleeding, palpable of anal
mass, anal pain or discomfort. Some of the patients underwent an excision due to
misinterpreted as a thrombosed hemorrhoid or anal polyp. Anorectal melanoma is
diagnosed histologically by melanin pigment. However, immunohistochemical staining of
melanoma antigen such as HMB45 and S100 protein are adjunctive for diagnosis.
Unlike cutaneous melanoma, noncutaneous origin are more likely to be found metastasized
to locoregional lymph node or distal organ when the time of diagnosis. For anorectal
melanoma, incidence rate for locoregional lymph node is 61% and distant metastases are
29%. Surgery still is the mainstay of the treatment for primary anorectal melanoma. The
extent of resection (wide local excision versus radical resection) and extent of
lymphadenectomy remain debated. Early some studies proposed radical resection like
abdominoperineal resection was associated with the better outcomes. Unfortunately, other
studies have reported similar patterns of recurrence and survival in patients undergoing
local excision. Unlike anorectal adenocarcinoma, in the study from Memorial Sloan
Kettering, demonstrated lymph node metastases did not predict outcome of patients
undergoing radical resection. Moreover, prophylactic bilateral inguinal lymphadenectomy
in the patients with clinically nonpalpable lymph node has not shown to improve survival.
The details of results from previous studies were summarized in the table 3.
Change of practice patterns over the time depend on the new data that suggested local
recurrence and survival are not associated with extent of resection. Moreover, recurrences of
primary anorectal melanoma after surgery are more commonly distant and lethal. Then,
local excision is the appropriate surgical management for localized primary anorectal
melanoma. More radical resection and nodal resection may be needed in selected patients
with clinically bulky tumor, involved sphincter complex or nodal positive including
locoregional and inguinal area.













(1990)

(1993)

(1995)

(2004)

(2006)
.
(2008)

(2009)

1974
1990
1973
1987
1929
1993
1977
2002
1984
2003
1997
2006
1960
1999















24











55











85












40





14



46










79











251

















Table 3. Summarized of previous studies of primary anorectal melanoma (DFS: Disease free
survival, OS: Overall survival, NS: not significant).


Survival rate of stage IV melanoma patient is really worse, typically measured in months
rather than years. Recurrence is identified about onethird of the patients, most of them
recur at the regional nodes. For distant metastasis, almost major organ and tissue can be a
site of metastases. Commonly of metastatic image is a wide spreading disease then role of
surgical management is often palliative. In a retrospective review of 4,426 patients with
stage IV melanoma treated at the John Wayne Cancer Institute, only 35% of all cases
underwent surgical resection. These patients had a 5year overall survival of 23% compared
with 6% in those who were not surgical candidates (p< 0.001). Surgery with the intent of
providing longterm survival should be considered only when all sites of disease can be
completely removed. Therefore, a careful evaluation is an importance step of management
and for looking to exclude others organ involvement. Regard to palliative intent, patient’s
status, comorbidities, symptoms and life expectancy are the clues to decide the operative
procedure.
Preoperative evaluations include history taking, physical examination and assessment
investigation such as ultrasonography, CT scan and MRI are a useful tool to evaluate status
of the patients. CT scan is the most commonly used staging modality and has sensitivity
about 60%. PET scan seems to have more sensitivity than CT scan, previously the sensitivity
was reported in range from 70100%. There are some reports proposed that the precise
preoperative imaging can change surgical decision making 1748%.
The GI tract is an uncommon site for malignant metastases, only 25% of these patients can
be detected clinically. However, melanoma is one of the most common tumors that
metastasis to GI tract. Small intestine is the most common size. GI metastases are usually
associated with disseminated disease. From previously studies, the median survival time is








only 511 months in secondary GI melanoma and estimated 5year survival is usually less
than 10%. Depend on the nature of the disease, the intent of surgical treatment usually for
palliation. Surgery can relive the symptoms about 7090% of the group especially
obstruction, bleeding and perforation. The morbidities and mortalities of GI surgery are
acceptable usually mortality less than 5% from previous studies.
One paper from Memorial SloanKettering Cancer Center reported 68 patients, who
underwent surgical exploration for metastatic GI melanoma from total 7965 melanoma
patients. The most common presentations are anemia (60%), abdominal pain (59%) and
bleeding (44%). Sixtytwo from 68 of patients had small bowel involvement. The median
survival was estimated to be 8.2 months (6.911.4 months). The 1, 2 and 5year survivals
were 35%, 23% and 18%, respectively. The significant factors from multivariate analysis
were included preoperative serum LDH (p< 0.01) and residual disease (p= 0.03). Ninety
percent of the patients had palliation of symptom after surgery.
Another large series of secondary abdominal melanoma from M.D. Anderson, 251 patients
was enrolled from the year 19701991. The common metastatic organs are small bowel
(62%), mesenteric lymph nodes (45%), liver (37%) and stomach and duodenum (31%). The
median of interval time after diagnosis was 38.5 months (1258 months) and 13% of the cases
developed intraabdominal recurrence during the first year of followup period. The median
survival is 8 months in only intestinal metastatic group, 5 months in only visceral metastatic
group and 4 months in both metastatic organs group. For palliative surgical resection, the
median survival was increase significantly from 5 months in nonsurgical group to 11
months in surgical group (p< 0.0001). This benefit of the palliative surgical resection is
concordant to our study that previously reported. In the 86 patients’ subgroup that had
severely symptoms, surgergical approach was associated with longer symptomfree periods
compared with nonsurgical approach significantly (p< 0.0001). The multivariate analysis
revealed that complete tumor removal, only intestinal metastasis and interval time of
recurrence after diagnosis greater than 48 months were significance associated to better
overall survival (p= 0.0001, =0.002, =0.005, respectively). Concomitant to most of the reports
that supported complete resection, GI tract as a first site of metastasis, longer of disease free
interval or interval from diagnosis, and lower level of LDH were associated to better
outcomes. Summarized of favorable factors from multivariate analysis was in table 4.

 Complete removal of the tumor
 Intestinal metastasis without others abdominal visceral involvement
 Interval time of recurrence after diagnosis greater than 48 months
 GI tract as a first site of metastasis
 Presence of extraabdominal disease
 Preoperative serum LDH level < 200 u/L
Table 4. Summarized of favorable factors from multivariate analysis.
From these data, we can summarized that for secondary GI melanoma, particularly if the GI
tract is the first site of metastasis, the curative surgical resection should be strongly
considered not only for palliation of symptoms but also for improvement in survival.
Although, improvement of survivals is only in the number of months, but surgery can
provide significant improvement in quality of life of the patients with acceptable operative
morbidity and mortality.









Over the past 50 years, more than 100 randomized clinical trials have investigated cytotoxic
chemotherapeutic agents and immunostimulants such as Bacille CalmetteGuerin (BCG),
, and levamisole. Interestingly, nonspecific immunotherapy declined
as more active immunostimulatory cytokines, in particular interferon (IFN), came to clinical
practice. In this chapter, we briefly presented the alternative management of surgery
including chemotherapy, immunotherapy, vaccination and radiation in the setting of
adjuvant and metastatic treatment.

Most of the data are in the setting of treatment of metastatic disease. Apart form IL2,
Dacarbazine (DTIC) is one of the two agents that were approved from U.S. Food and Drug
Administration (USFDA) for the treatment of advanced melanoma. The response rate was
1928% from previous studies. Unfortunately, no any studies demonstrated the benefit of
overall survival of DTIC compare to supportive care in the advanced melanoma patients.
Temozolomide (TMZ), an analog of DTIC with similar activity, the potential benefit over
DTIC is available in oral form. Several studies suggested TMZ is active against CNS
metastases. Therefore, TMZ should be considered in the patient with brain metastases
although, no difference of overall survival compare to DTIC.
The combination of chemotherapeutic agents have been developed including BOLD
(Bleomycin, Vincristine, Lomustine, and DTIC), CVD (Cisplatin, Vinblastine, and DTIC),
The Dartmouth regimen (DTIC, Cisplatin, Carmustine, and Tamoxifen). The response rate
was improved, but no difference in survivals compare to DTIC alone. Moreover, the toxicity
was increased when used of the combine regimens.

High dose of the Interferon α2b (IFN α2b) is the only adjuvant therapy for stages II and III
cutaneous melanoma that got the approval form USFDA. Relapsefree survival was
significantly prolonged (p= 0.006, HR= 1.30) compared to observational group.
Unfortunately, the data did not show a survival benefit. The toxicities considerably affect
quality of life over the course of the treatment. The most common toxicity is neutropenia.
Interleukin2 (IL2) was approved by USFDA for the treatment of adults with advanced
metastatic melanoma. IL2 toxicity can involve multiple organ system, most significantly
cardiovascular, respiratory, and excretory system. Most of the toxicity is related to the
capillary leak syndrome. To improve the activity of immunotherapy, combining different
chemotherapy agents (Biochemotherapy, BCT) and vaccines has been reported. All of
studies concluded that BCT is associated with increased toxicity and the highest response
rate is about 50%. A metaanalysis of BCT by the Cochrane Collaboration included 2,625
patients. The response rate is increased in the group of BCT, but no difference in overall
survival. (p= 0.31, HR 0.89)

Melanoma has a unique relationship to the immune system with the development of
spontaneous tumorspecific immune responses in patients. For this reason, melanoma has
been a frequently targeted disease in the development of cancer vaccines. The various
vaccines were used in the treatment of melanoma including DNA vaccine, dendritic cell
vaccines, peptidebased vaccines, and viral vaccines. Although vaccines have been








demonstrated to produce immunologic responses, unfortunately, no clinical benefit has
been demonstrated in the previous large randomized vaccine trials performed in melanoma
in the adjuvant setting.

Despite of increasing understanding the biology of melanoma, the novel therapeutic agents
that developed based on the new knowledge with some demonstrated promising antitumor
effect in several clinical trials. Ipilimumab (MDX010) is an IgG1 antibody. The several of
phrase II trials of ipilimumab demonstrated a promising 1year OS of over 47% and a 2year
OS of over 30% (compare to 25% of 1year survival from metaanalysis). A double–blinded
phrase III randomized study is ongoing. The in depth other agents such as Bevacizumab,
Thalidomide is beyond the scope of this review.
The discovery of , ,  and  alterations in melanoma has supported the
development of various rational therapeutic approaches. Sorafenib, PLX4032, and
GSK2118436 are the effective  inhibitors. Most of the studies still ongoing, hopefully
these new agents may be a novel effective treatment options for the patients with advanced
melanoma in the near future.

Although, melanoma is a relatively radioresistance tumor, undoubtedly, radiation is an
effective palliative treatment for the 40 50% of patients who develop unresectable, locally
recurrent, and/or metastatic disease resulting in bone pain, spinal core compression, tumor
hemorrhage, and central nervous system dysfunction secondary to cerebral metastases.


Malignant melanoma of GI tract is uncommon especially primary GI melanoma. History
taking and careful physical examination is the first step of approach to rule out the primary
other sources. Skin, eye and rectal examination should be mandatory performed.
Investigation including endoscopy, ultrasonography, contrast GI studies, CT scan, MRI, and
PET scan can be used for different purposed. Prognosis is quite poor, particularly in
secondary GI melanoma. Anorectal melanoma and small bowel is the most common site in
the primary and metastatic GI melanoma respectively. Surgery is still the mainstay of the
treatment for localized primary disease. Extensive surgical resection is reserved for selected
patients. Melanoma is one of the most common tumors that metastasis to GI tract. The
median survival is usually less than year and estimated 5year survival is less than 10%.
Palliative surgical resections are recommended for symptoms relieved. Moreover, it can be
prolonged survival in the subgroup that completely tumor removal was achieved.
Unfortunately, most of the cases after resection will experience recurrence of the diseases.
Then, the current adjuvant treatment such as immunotherapy, chemotherapy, targeted
therapy, and vaccination may play the important role in this setting.
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1. Introduction
Malignant melanoma (MM) is rapidly becoming a major health problem in the USA and in
Europe. It has been estimated that more than 55,000 Americans developed MM in 2004, and
that about 8,000 ultimately died of it (1).
More than one third of patients operated for MM develop tumor recurrence; melanoma
patients’ annual risk of death in Stage IV of the American Joint Committee on Cancer
(AJCC) has been estimated to be about 20% during the first 3 years (2). The site of relapse is
a very important predictor of survival. Regional lymph node recurrences in fact, may be
surgically resected and 5-year survival rate have been reported to be between 20% and 50%
(3-4). Distant metastases (MTS), both in visceral and non-visceral sites, reported a 5-year
survival of approximately 5% (5-7); for these patients surgery is not often feasible and
systemic treatment (chemotherapy, immunotherapy, radiotherapy) is sometimes the
curative option.
Lung is the second most common site for metastatic MM spread (8). The annual probability
of developing lung MTS progressively increases from 10% at 5 years to 17% at 15 years after
the resection of the primary tumor (9). Lung MTS are usually asymptomatic, sometimes
multiple, occasionally detected with radiological imaging during patient follow-up.
Once lung MTS has developed, the possible surgical treatment remains controversial. Even
if a clear clinical advantage in overall survival (OS) after resection of pulmonary MTS from
osteogenic sarcoma, soft tissue sarcoma, non-seminomatous testicular neoplasms, colorectal
and renal cell carcinoma has been demonstrated, 5-year survival rates in melanoma patients
were lower, ranging between 5% and 31% (10-12). These ranges indicate how a preoperative
patient selection is mandatory. In fact, only 10-35% of all metastatic melanoma patients are
suitable for a complete surgical resection (13).
Systemic treatments including chemotherapy, radiotherapy, immunotherapy and more
recently molecular target agents, demonstrated a partial clinical response only, with severe
adverse effect and a dramatic impact on patient’s quality of life (QOL), providing little, if
any, attested survival benefit. Chemotherapy regimens may include: dacarbazine, cisplatin
and carmusine, alone or in combination with a variety of immunotherapies, including
cytokines, monoclonal antibodies and vaccination strategies with synthetic peptides, naked
DNA, dendritic cells and recombinant viruses (14-17). Unfortunately, results are presently
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discouraging: <20% of patients treated with such therapeutic options present with a partial
response rate and very few are long-term survivors.
Due to these reasons, surgery remains the treatment of choice to improve OS in Stage IV
melanoma patients; anyway, surgery cannot be offered to all of metastatic patients. The
need for a correct patient preoperative clinical assessment, in order to avoid incomplete
surgical resections, has been demonstrated by many studies.
The aim of this paper is to underline the prognostic factors which influence survival in
melanoma patients with pulmonary metastases undergoing surgical resection. The first part
regards the experience of the Thoracic Surgery Department of the University of Torino;
lastly we discuss our results at the light of those of the most important series published in
Literature.

2. Surgical treatment of pulmonary metastases: indications and results
2.1 Oliaro-Filosso et al. – University of Torino (2000-2008)
In 2010 our group, a dedicated high-volume thoracic surgical team with long time
experience in the management of pulmonary metastases, published its experience on the
surgical treatment of pulmonary metastases from MM (18). Twenty-six patients were
operated between January 2000 and December 2008. Table 1 shows patients clinical
characteristics.

Table 1. University of Torino Department of Thoracic Surgery Stage IV melanoma
metastatic to the lung: patients characteristics (number: 26).
Our patients’ inclusion criteria were: 1) complete resection of the primary tumor; 2) no
evidence of any other extrapulmonary MTSs; 3) resectable lung MTS; 4) predicted postresection lung volumes compatible with the anticipated pulmonary resection.
In all cases lung MTSs were discovered with a routine chest X-ray during the follow-up
program. The lesion/s was/were confirmed by a thoracic CT scan; since 2003, PET scan was
available in our centre and routinely used.
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Lung represented the first metastatic site in the majority of our patients (17; 65%); in 9
patients, lung MTS developed after metastatic spread in other viscera. A single pulmonary
nodule was observed in 14 cases; 5 patients had 2 nodules and multiple nodules were
observed in the remaining 7.
All patients received adjuvant or neoadjuvant systemic therapy (either chemotherapy or
immunotherapy). The mean disease-free interval (DFI) was of 36 months.
Lung wedge resection was the commonest surgical procedure performed (23 cases) whereas
lobectomy was necessary in 3 patients. A complete surgical resection was accomplished in
all patients and it was confirmed by the histological examination. There was no
postoperative mortality.
One, 3 and 5-year survival rates were 72%, 36% and 23% respectively.
The Cox regression analysis identified the female gender (p=0.05) as the only independent
prognostic factor related to patients survival. This result can be attributed to the limited
number of our patients and to their preoperative selection: these factors may explain why
the number of pulmonary MTS and/or the DFI did not reach a statistical significance in our
analysis (18).
A formal search in literature results in several small and out of date series, and many case
reports regarding unusual clinical manifestations of pulmonary MTS from MM.
In order to analyze the results and to recognize possible prognostic factors we summarize
the most interesting ones, comparing them to our data.
2.2 Tafra et al. - John Wayne cancer institute (1971 - 1993)
Tafra et al. (12) reviewed the John Wayne Cancer Institute’s melanoma series: among 6129
patients treated from 1971 to 1993, 2167 had distant MTS and 984 presented with pulmonary
nodules. Of these, only 106 (11%) were submitted to a surgical resection and received an
overall of 117 procedures. All operations were performed through thoracotomy.
Wedge resection was performed in 71 cases (61%), lobectomy in 25 and pneumonectomy in
6. Fifteen patients received an extrapulmonary intrathoracic resection (not otherwise
clarified).
More than half of patients (56/106) had a single pulmonary MTS; 23 had 2 or 3 nodules and
28 more than 3. In 41 patients (38.7%) an incomplete resection was performed.
Authors concluded that patients with complete resection survived longer than those with an
incomplete one, even if this data did not reach statistical significance.
There was a trend towards a better survival in patients receiving a lobectomy when
compared to those submitted to a wedge and for those with a single pulmonary lesion, but
also these results were not statistically significant.
2.3 Olilla et al. - John Wayne cancer institute (1971 - 1994)
Olilla et al. (15) reconsidered the John Wayne Cancer Institute series of metastatic melanoma
patients between 1971 and 1994 (129 cases) and pointed out the importance of the Tumor
Doubling Time (TDT). TDT was calculated for each patient comparing successive chest
radiographs in order to measure the changing diameters of each pulmonary nodule. When a
patient presented with more than a nodule, TDT was calculated by measuring the fastestgrowing one. Forty-five patients had at least two preoperative chest X-rays to compare, and
only those were included in the study. Again, most of patients had a solitary nodule
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(33,73%). A complete resection was accomplished in 38 cases (84.4%): wedge resection was
the commonest surgical procedure (32, 71.1%), followed by lobectomy (11, 24.4%). The
median TDT for these 45 patients was 66.9 days (range: 13.7-287.4 days). Sixty days was the
TDT cut-off value decided by Authors.
A radical surgical resection (p=0.04) and a TDT≥60 days (p=0.01) were the two statistically
positive prognostic factors. In particular, for patients with a TDT≥60 days, the median
survival was 29.2 months with 20.7% 5-year survival rate.
2.4 Leo et al. - International registry of lung metastases (1945-1995)
Leo et al. (19) reconsidered 328 patients with pulmonary MTS from MM, previously collected
by Pastorino et al., including them into the International Registry of Lung Metastases which
gathered data from 18 mayor Thoracic Surgical centres from Europe, USA and North
America (20).
Thoracotomic surgical approach was the commonest proposed in Leo’s series (247 patients);
sternotomy was performed in 74 and video-assisted thoracic surgery (VATS) in 7, only.
Bilateral interventions were proposed in 74 patients. Wedge resection was the most common
surgical procedure (230), followed by lobectomy (4) and pneumonectomy (14). An
extrapulmonary resection (chest wall, pleura, diaphragm, liver, mediastinal structures) was
required in 50 cases (15.2%). A complete surgical resection (R0) was accomplished in 282
patients (85.9%).
Patients receiving a R0 resection survived longer than others in whom an incomplete one
(R1-2) was performed (22% 5-year and 16% 10-year survival rates for R0 patients; 0% 5-year
survival for R1-2 ones, p<0.01). Considering R0 patients only, a DFI>36 months (30% 5-year,
22% 5-year, p<0.01) and a single lesion (25% 5-year and 22% 10-year, p=0.03) statistically
influenced patients survival.
Leo proposed four prognostic groups of patients, according to his multivariate analysis
results, which were: 1) R0 metastasectomy and no adverse factor (only 1 lesion and DFI>36
months); 2) R0 metastasectomy and 1 unfavourable factor (more than 1 pulmonary nodule
or DFI<36 months); 3) R0 metastasectomy and 2 unvavourable factors; 4) R1-2
metastasectomy.
It was thus demonstrated that differences in survival among these groups were statistically
highly significant: 29% 5-year survival rate and 26% 10 year for Group 1; 20% 5-year and
10% 10 year for Group 2; 7% 5-year and 0% 10 year for Group 3; no 5 year survivors in
Group 4.
Leo concluded that a complete surgical resection and a DFI>36 months were the most
important positive prognostic factors.
2.5 Andrews et al. - Lee Moffitt cancer center (1988-2005)
Andrews and Coll. (21) reported Lee Moffitt Cancer Center’s experience of patients with
pulmonary MTS from MM between 1988 and 2005. An overall of 86 cases (64 men) were
enrolled in this study. Preoperative patient assessment included thoracic CT scan and brain
magnetic resonance imaging (MRI) to confirm the number and location of pulmonary
nodules seen at the chest radiograph, and also to exclude possible extrathoracic
malignancies. PET scan was used in 27 patients. A complete resection was achieved in all
cases. Wedge resection (35, 22 of which through VATS procedures) was the most frequent
surgical procedure performed. Ten were the segmental resections and 9 the lobectomies, all
of these performed with a thoracotomy.
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The estimated 5-year survival rate was 33%.
While a long DFI did not statistically affect survival, only the number of pulmonary lesions
(1 vs 2-4) was a statistical prognostic factor (41 months vs. 21, p=0.05).
2.6 Neumann et al. - Memorial Sloan-Kettering cancer center
Neumann and Coll. (22) studied 122 pulmonary MTS treated at the Memorial Sloan-Kettering
Cancer Center (MSKCC). Of these, only 26 patients (21%) received a surgical resection while
others were treated with systemic therapy (82) or did not receive any sort of treatment (14);
a complete resection was accomplished in all operated patients (a wedge resection, most
frequently). Metastasectomy was associated with improved survival (median 40 months vs
11 months in non-operated patients); in operated patients, Authors pointed out an estimated
29% 5-year survival rate.
At the Cox regression analysis, a solitary metastasis (HR 1.9, 95%CI 1.1-3.2, p<0.0005) and
the absence of extrathoracic disease (HR 1.9, 95% CI 1.2-3.1, p=0.01) were strong positive
predictors of long-term survival. The lung resection itself was an independent factor
predictive of survival (HR 0.42, 95%CI 0.21-0.87, p=0.02).
2.7 Petersen et al. - Duke comprehensive cancer center (1970 – 2004)
Finally, Petersen et al. (23) retrospectively reviewed the experience with lung MTS from MM
patients treated in the Duke Comprehensive Cancer Center between years 1970 and 2004.
An overall of 1720 patients were recorded: those submitted to surgery were only 318 (18.5%)
while others received a systemic treatment. Two hundred forty-nine (78%) of operated
patients received a radical resection; those receiving an incomplete resection were more
likely to have multiple pulmonary lesions. Patients receiving curative resections had 19
months median survival and 21% 5-year survival rate, compared to 11 months and 13% of
those with an incomplete one (p<0.0001).
The univariate analysis highlighted that lymph nodes metastases (p=0.001), 2 or more
pulmonary MTS (p<0.001), a short DFI (p<0.001) and the presence of extrathoracic MTS
(p<0.001) were significant negative prognostic factors.
The number of pulmonary MTS (p=0.012), a short DFI (p<0.001) and the presence of
extrathoracic MTS (p<0.001) were found to be independent predictors of survival at the
multivariate analysis. Table 2 and 3 summarize the series results and their prognostic
factors, respectively.
Median survival (months)

Table 2. Survival after complete resection of pulmonary MTS.

5-year survival rate
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Table 3. Prognostic factors in the cited series.

3. Discussion and conclusions
One may observe, by means of a formal search in literature of surgical series of resected
pulmonary MTS from MM, that only few papers have been published in a long interval of
time; the most recent series were taken into consideration in order to obtain the most
comparable results as possible.
Preoperative patient assessment in the oldest series (Tafra, Olilla and Leo) presented some
limitations, especially due to the lack of new generation radiological imaging which are
mandatory to avoid the risk of incomplete/non-radical resections. Percentages of reported
non curative procedures were 38.7% (41/106) in Tafra, 15.6% (7/45) in Olilla and 14%
(46/328) in Leo.
A preoperative patient assessment is fundamental: thoracic and abdominal CT scan, brain
MRI and whole body PET scan should be proposed in all. In those patients with lung MTS
and concomitant extrathoracic lesions, surgery is contraindicated: those patients should
receive systemic therapy alone.
When prognostic factors are evaluated, the importance of the number of lung MTS has been
emphasized by many Authors. In almost all series, a higher survival rate of patients with 1
lesion was observed. The role and the importance of the type of surgical procedure (wedge
resection vs lobectomy) was not important; generally when the MTS is peripherally located,
it can be easily removed with a wedge resection or a segmentectomy (Fig. 1). Instead,
lobectomy is reserved to those deeply located lesions within the lung parenchyma, in which
the risk of non-free resection margins of tumoral tissue may be high if a non-anatomic
resection is performed. Also, the procedure used to perform the limited resection
(thoracotomy or a VATS) did not influence the survival rate. With the development of miniinvasive thoracic procedures and of the technologies to it dedicated, the role of VATS (and
of robotics in the next future) is rapidly growing. Patients operated in such manner face a
limited surgical impact, less pain and may have a shorter postoperative course, which can
also reduce the overall recovery health costs. Furthermore, if a limited pulmonary resection
is performed, patients’ postoperative respiratory function is conserved: this leads to a better
tolerated adjuvant systemic therapy and the chance to propose a redo-surgery in case of
possible tumor relapse, which unfortunately is not infrequent.
The importance of a strict follow-up is brought to evidence by the majority of Authors. The
common follow-up should include a chest X-ray; thoracic CT scan should be performed
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Fig. 1. Preoperative radiological and intraoperative images of resected pulmonary MTS from
malignant melanoma.
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whenever a nodule is detected. In case of its positivity at the PET scanning, surgery should
be proposed immediately. We suggest to avoid repeated radiological controls of the nodule
due to the high risk of possible tumor spreading.
Prognostic factors are almost the same: limited number of pulmonary MTS, a short DFI,
absence of extrathoracic MTS, completeness of surgical resection (Table 3).
The role of the lymphadenectomy is not always put in evidence. We believe that lymph
node sampling should be performed in all cases; many Author statistically demonstrated the
significance of lymph node MTS as a prognostic factor: it’s evident that patients with
metastatic nodes have lower survival rate when compared to N0 patients. This data itself
may suggest the role and importance of lymphadenectomy.
In conclusion, even if patients with pulmonary MTS from melanoma have a poor prognosis,
those in whom a surgical resection can be proposed present a longer life expectancy than
others treated with systemic therapy alone. In order to avoid incomplete surgical resections
(in whom the survival is similar to chemotherapy) a selective preoperative patient
assessment is mandatory. Surgical resection (wedge/segmentectomy) should be limited
whenever possible and lymph nodal sampling should be routinely performed.
Postoperative adjuvant therapy (chemotherapy, immunotherapy, radiotherapy) must
always be proposed and a strict follow-up scheduled; in case of new pulmonary lesions
developing, surgery should be planned, if feasible.
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1. Introduction
The authors present the case of a 33-year-old female patient who developed melanoma,
ductal adenocarcinoma of the breast and primary pancreas adenocarcinoma nearly
simultaneously, but independently of each other. Past medical history of the patient was
unremarkable, however, in her family history gastric, laryngeal and breast cancer was noted
on the paternal side. The occurrence of multiple primary tumours in a relatively young
individual, together with the family history of different malignancies, suggested that there
might be genetic predisposition to the development of multiple tumours. In this chapter we
present the case of the young female patient suffering from three independent primary
tumours and review current data on the germ-line mutations detected to date in the
CDKN2A gene, in view of the association not only with melanoma, but also with additional
malignant diseases, such as pancreas carcinoma and breast cancer.

2. Case presentation and review of the literature
2.1 Clinical observations and management
The 33-year-old female patient presented with a lesion which had the clinical appearance of
a verrucous pigmented nevus on the left lower back for the preceeding 2 years. Histology of
the excised lesion showed a pT2b stage malignant melanoma consisting of exulcerated
nodular (Fig. 1a) and superficial (Fig. 1b) areas with 1.524 mm Breslow’s thickness and
Clark’s level II-III. Based on the above results, reexcision and sentinel lymph node biopsy
were performed. Histological examination of the sentinel lymph nodes from the left axillary
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and left inguinal regions did not reveal any metastases. Staging investigations – chest x-ray,
ultrasound scan of the abdomen, pelvis, left axillary and left inguinal regions – did not find
any regional lymph node or internal organ involvement. Results of laboratory tests,
including serum lactate dehydrogenase levels, were all normal. The patient received low
dose (3 MIU – 3 times a week sc.) interferon-α 2a treatment for one year.

Fig. 1. Histology of primary malignant melanoma. Hematoxylin-eosin staining of the
excised lesion revealed its combined nature having nodular (a) and superficial (b) parts.

Fig. 2. Histology and immunohistochemistry of the breast adenocarcinoma. The marked
nuclear polymorphism, lack of tubular forming and high number of mitoses indicated the
diagnosis of ductal adenocarcinoma (a). Two of the excised 14 lymph nodes proved to have
metastases with capsular invasion (b). HMF-G staining indicated a poorly differentiated
breast adenocarcinoma (c).

Melanoma-Predisposing CDKN2A Mutations in
Association with Breast Cancer: A Case-Study and Review of the Literature

213

Fifteen months after the completion of interferon treatment, the patient noted a firm nodule
in the lateral area of the left breast which was biopsied. Histological examination revealed
four foci of Grade III invasive ductal adenocarcinoma (Fig. 2a). Grading was based on the
marked nuclear polymorphism, lack of tubular forming and high number of mitoses. In
view of the multifocal malignant enhancement seen on the MRI and the histology report of
the core biopsy, the patient underwent left mastectomy with radical left axillary lymph node
dissection. Metastases infiltrating the capsule were found in 2 out of the 14 lymph nodes
examined (Fig. 2b).
With regards to the diagnosis of breast cancer, PET CT was performed in order to exclude
dissemination. The PET CT suggested the presence of a malignant lesion in the region of the
pancreas. Abdominal MRI revealed a neoplasm of 2 cm in diameter in the caudal part of the
pancreas (Fig. 3a). Laboratory investigations showed elevated CA 19-9 and serum amylase
levels. On explorative laparotomy, an irresectable tumour mass involving the pancreas, liver
and the regional lymph nodes was found. The tumour was biopsied and was initially
described as metastatic adenocarcinoma (Fig. 3b). However, further immunohistochemical
(CK20 and CK7) and mucin staining (MUC5AC) of the specimens from the breast (Fig. 2c)
and abdominal mass (Fig. 3c), clearly differentiated two tumours: 1. poorly differentiated
[CK7+/CK20-/MUC5AC-] breast adenocarcinoma, 2. moderately differentiated
[CK7+/CK20+/MUC5AC+]) pancreas adenocarcinoma. This verified the gastrointestinal
origin of the primary tumour i.e. the abdominal mass originated from the primary pancreas
adenocarcinoma.

Fig. 3. Diagnosis of pancreas adenocarcinoma. Abdominal MRI showed a neoplasm in the
caudal part of the pancreas (a). Hematoxylin-eosin staining indicated the malignant nature
of the excised tumour (b). CK-20 immunohistochemistry indicated a moderately
differentiated metastatic adenocarcinoma with globular components in the pancreas (c).
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With regards to the case of multiple primary tumours, the patient received gemcitabine plus
cisplatin combined chemotherapy. Repeated laparotomy performed on follow up after the
treatment course noted complete regression of the previously detected primary tumours
and tumour-free abdominal organs. Subsequently, the results of all re-staging investigations
were negative and tumour markers returned to the normal range.
2.2 Genetic investigations
During the course of the patient’s treatment, her family history for tumours was
investigated. She reported that her father was suffering from gastric and laryngeal
carcinoma and that her father’s sister had died from breast cancer at a young age several
decades ago. (Fig. 4a). We therefore set out to perform genetic investigations and check
whether there are any cancer predisposing factors, causing the high prevalence of
simultaneously appearing independent primary malignancies in the patient and in her
family. The blood samples used in this study were taken after written informed consent of
the patient and family members. The protocol was approved by the Local Ethics Committee
in adherence to the Helsinki guidelines. Two ml of venous blood was taken, genomic DNA
was isolated using the QIAmp DNA Blood Mini Kit (Qiagen, Hilden, Germany) and exons
1α, 1β, 2 and 3 of the CDKN2A gene were amplified with the Resequencing Amplicon probe
system (http://www.ncbi.nlm.nih.gov/genome/probe/reports/probereport; probe IDs:
RSA001284450, RSA000045423, RSA000942236, RSA000942233). The PCR products were
purified using the Quantum Prep PCR Kleen Spin Columns (Bio-Rad, Hercules, CA, USA).
The genetic analysis revealed that the patient and her father both carried the R24P CDKN2A
mutation in a heterozygote form (Fig. 4b). The mutation is located in exon 1a, therefore only
the p16INK4a transcript variant is affected (Fig. 4c).

Fig. 4. Genetic analysis of the patient and her family. The 33-year-old female patient (II/1,
melanoma, breast and pancreas carcinoma), her father (I/2; gastric and laryngeal carcinoma)
and her mother (I/3; without any malignant diseases) were investigated. The father’s sister
(I/1) had died from breast cancer at a young age several decades ago, therefore her genetic
investigation could not be performed (a). Sequence analysis revealed that probands I/2 and
II/1 carried a missense mutation (G/C) in exon 1a of the CDKN2A gene (b), causing an
arginine to proline amino acid change in codon 24 (R24P) affecting only the p16INK4a
transcript variant (c).
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Because of the occurrence of breast adenocarcinoma in our patient’s medical history, it was
also tested whether she carried mutations in the BRCA1 and BRCA2 genes. The 15 most
commonly occurring (so-called “hot spot”) BRCA mutations were studied (Table 1), but
according to the sequencing data, none of them could be detected in the case of the female
patient. After having received these data, we did not perform the BRCA1 and BRCA2
examinations on the genetic material of her father.
Based on these results, we hypothesize that the detected R24P mutation of the CDKN2A
gene may be responsible for the melanoma and pancreas carcinoma of the 33-year-old
female patient. At the same time, it may have contributed to the genetic predisposition for
the breast cancer of our patient and her late aunt, as well as to the gastric and laryngeal
carcinoma of her father. In the coming chapter we review current literature data about the
possible breast cancer predisposing nature of CDKN2A mutations in general and the R24P
mutation in particular.
2.3 The R24P mutation of CDKN2A has been worldwide implicated as a melanomapredisposing genetic factor
The R24P germline mutation of the CDKN2A gene was first described by Australian
authors. Holland et al. (Holland et al., 1995) reported on a survey performed on 17
melanoma-prone families in 1995 and they identified this mutation in one of the studied
families. Since that time many independent studies proved the melanoma-predisposing
nature of this mutation being one of the most widespread among the so-far identified
disease-associated mutations of the CDKN2A gene. Soon after the first detection, the R24P
mutation was also identified in US melanoma-prone families as early as in 1998 (Monzon et
al., 1998) and its function was also assessed by yeast two-hybrid assay. According to the
results, the R24P missense mutation almost completely abrogates the binding activity of the
protein, thus explaining the disease-predisposing nature of the mutation. Following the
“New World” publications of the R24P mutation, authors also reported it in European
melanoma-prone families: it was reported in 1998 in the UK (MacKie et al., 1998) in the case
of a relatively young (y31) male patient with multiple primary melanomas and in the case of
two unrelated melanoma-prone kindreds in France (Soufir et al., 1998). This is why review
papers from the mid-2000s refer to the R24P mutation as one of the most widespread
CDKN2A mutations in the World, contributing to the genetic predisposition to familial, as
well as multiple primary melanoma. To our best knowledge, ours is the first report on the
identification of the R24P mutation in a Central-European family.
Taken together, the above summary well reflects that the R24P CDKN2A mutation is a
relatively frequent one all over the World. Whether it is an ancient founder mutation that
was spread to many geographical locale in the past, or independent mutation events
happened, would be interesting to investigate (Table 2). There have been already very good
examples provided where similar intriguing questions were addressed. Hashemi et al.
(Hashemi et al., 2001) demonstrated that the 113insR CDKN2A mutation found only in
Southern Scandinavia is a founder mutation that arose approximately 98 generations ago.
Similarly, the G101W mutation that is frequent in Northern Italy, Southern Germany and
France, is also a founder mutation that arose approximately 97 generations ago (Ciotti et al.,
2000). Although the mutations appeared around the same time, the latter one is spread
worldwide, while the Scandinavian 113insR could not be so far identified in any other
geographical locale apart from Sweden. In view of these findings, it would also be very
interesting to perform the haplotype mapping of R24P carrier patients to figure out whether
it is also a founder mutation and if so, when it occurred in the past.
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Gene and Mutation
BRCA1 3135delCATT
BRCA1 3153delAG
BRCA1 3875delGTCT
BRCA1 4184delTCAA
BRCA1 185delAG
BRCA1 300T>G
BRCA1 1294del40
BRCA1 2382GT
BRCA1 5382insC
BRCA2 6079delAGTT, 6174delT,
6274delT
BRCA2 8034insAG
BRCA2 8138delCCTTT
BRCA2 9326insA

Primers
TCTGGGTCCTTAAAGAAACAAAGTC
ACTTGGAATGTTCTCATTTCCC
CATCTCAGTTCAGAGGCAACG
TGCATGACTACTTCCCATAGGC
TCACCCATACACATTTGGCTC
AATCCATGCTTTGCTCTTCTTG
CGTTGCTACCGAGTGTCTGTC
GACGTCCTAGCTGTGTGAAGG
GGTTGGCAGCAATATGTGAAA
TGCAGAACCAATCAAGACAGA
GGCTCTTAAGGGCAGTTGTG
AGAAAGGCAGTAAGTTTCTAATACCTG
TGTAATGATAGGCGGACTCCC
CTCAGGATGAAGGCCTGATG
GACATGACAGCGATACTTTCCC
TGTTGCACATTCCTCTTCTGC
GTGTCTGCTCCACTTCCATTG
CGAGACGGGAATCCAAATTAC
GTTGTTACGAGGCATTGGATG
GGAAACTTGCTTTCCACTTGC
TATGGCAGATTTAGCAGGAGG
TCGAGAGACAGTTAAGAGAAGAAAGA
CTGGCCTCAAGCAATCCTC
TTGACATGGAAGTCACAGACTACAC
TCCACTACTAATGCCCACAAAG
CACCTCAGAACAAGATGGCTG

Table 1. Hotspot mutations of the BRCA1 and BRCA2 genes and the primers used for the
amplification of the surrounding gene regions.
Cancer-prone families identified to carry the R24P CDKN2A mutation
Cancer types detected in the
Date of
Geographic locale
Authors
pedigrees
publication
Melanoma
Australia
Holland et al.
1995.
Melanoma
Canada
Monzon et al
1998.
Melanoma
France
Soufir et al.
1998.
Melanoma
U.K.
Mackie et al.
1998.
Sarcoma
Melanoma*
Cancer of the esophagus*
Pancreas carcinoma*
North America
Carcinoma of the mouth and throat*
Lynch et al.
2002.
Colon carcinoma*
Lung carcinoma*
Cancer of the gallbladder*
Breast carcinoma*
Melanoma
Italy
Landi et al.
2004.
Bladder cancer
* The mutation was not identified in the late carcinoma patients but in a descendant with sarcoma.

Table 2. Publications on the R24P CDKN2A mutation and cancer types detected in the R24P
families.
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2.4 CDKN2A germline mutations in multiple primary malignancies
The idea that CDKN2A mutations may contribute to the predisposition of other primary
malignancies beside melanoma came early in the middle of 90s, right after the identification
of the gene’s role in melanoma predisposition. Monzon et al. (Monzon et al., 1998)
performed epidemiology and genetic studies on multiple primary melanoma cases and
melanoma cases associated with multi-organ primary malignancies. They found that about 5
percent of patients have one or more additional primary lesions. This higher-than-expected
prevalence of multiple primary melanomas may be due to excessive sun exposure, but
according to the authors, genetic basis may also lay behind the phenomena. As supporting
data, Monzon et al. claimed that patients with multiple primary melanomas very often have
a family history of the disease. From epidemiology studies it was already known at that
time that approximately 10 percent of melanoma cases have family background, which
suggested genetic predisposition. Moreover, in 20 percent of the familial melanoma cases
CDKN2A mutations could also be detected. The authors also claimed that in such families
pancreas cancer also has a higher prevalence (Monzon et al., 1998).
The first in-depth analysis of this topic was reported in 1995 (Goldstein et al., 1995) by
Goldstein and colleagues who compared the prevalence of other tumours in melanomaprone families harboring or not harboring CDKN2A mutations. According to their analysis,
CDKN2A mutation-harbouring melanoma-prone families have a 13-fold increased risk to
develop pancreas cancer compared to those who do not carry such mutations. There was
only one breast cancer patient mentioned in the paper who carried a mutant CDKN2A
allele, while no breast cancer case could be detected in the group of melanoma-prone
families with wild type CDKN2A alleles. The authors cited previous contrasting data
demonstrating that the incidence of other types of cancers in melanoma-prone families in
the US is not increased (Bohn et al., 2010). Moreover, another workgroup in the 80s
suggested that patients with familial melanoma even had fewer other types of cancers than
those suffering from sporadic melanoma (Kopf et al., 1986). These early data had been
overwritten since and it is mainly due to the combined in-depth epidemiological and genetic
studies performed within this special group of melanoma patients in the last 20 years.
As CDKN2A mutation studies became more and more intensive with the enrolment of
centres from all over the world from Australia to the US through Europe, not only the
genetic predisposition of familial melanoma but also its co-morbidities became recognized.
This is a bright example of how genetic examinations can inspire epidemiological studies
and shed light to connections of different diseases and their common predisposing factors.
With reviewing several relevant papers we aim to demonstrate the above notion.
As early as 1999, Ghiorzo et al. (Ghiorzo et al., 1999) reported that the most prevalent
malanoma-predisposing mutation of the Mediterranian, the G101W, was associated not
only with a higher incidence of pancreatic malignancies, but also with breast cancer. In
contrast, melanoma-prone families from the same geographical locale without CDKN2A
mutations did not exhibit any non-melanoma neoplasias. The authors emphasized that the
clinical-epidemiological study was conducted in a small geographical region where the
sun and other types of environmental exposures of the individuals were approximately
the same, therefore, differences of environmental factors could not account for the
differential appearance of disease phenotypes. The authors therefore suggested that
determining the underlying CDKN2A mutation in melanoma-prone families may have
important implications not only for melanoma but also for further non-melanoma risk
assessments.
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In 2002, Lynch et al (Lynch et al., 2002) published the results of a survey where they aimed
to elucidate the genetic background of the so-called FAMMM-pancreas carcinoma
syndrome. They reported that their familial pancreas carcinoma database comprises of 159
families, of which 19 (12%) showed the FAMMM cutaneous phenotype. Lynch and coworkers studied the family tree, the history and the genetic background of eight families in
detail. Most of the families had five-generation history of cancer where pancreas carcinoma
predominated, but many other types of cancers were also prominent. A female patient of
one of the families exhibited very similar multiple primary tumours as our 33-year-old
patient: she had melanoma malignum, pancreas carcinoma and breast cancer with an onset
at the age of 51, 56 and 61, respectively. Although the two patients exhibited a very similar
pattern of tumours, there are two striking differences. The patient in the US study was
already over the age 50 when her “march” of diseases started, while the Hungarian patient
we are reporting now was only at the beginning of her 30s when the multiple primary
tumours started. The other difference is that in the case of the Hungarian patient a
melanoma-predisposing CDKN2A mutation could be detected, while in the case of the US
female patient no such mutation was apparent. At the same time, Lynch et al. could also
detect the previously described R24P mutation in another family of the study. In that
extended family, a broad spectrum of cancers was apparent with the dominancy of pancreas
carcinoma and malignant melanoma. In the case of a female family member, breast
carcinoma was detected at her age of 60, but there was no report on any other malignancies.
Whether she had any other predisposing genetic factors (eg BRCA1 or BRCA2 mutations) or
her case was considered as a sporadic one is not discussed in the paper. Lynch et al. drew
the conclusion that the cancer spectrum of the studied families in concert with CDKN2A
mutations suggest a new putative hereditary carcinoma syndrome referred to as FAMMMPC. The big variety of other types of cancers they demonstrated in the eight studied families
raise the possibility that the predisposing CDKN2A mutations may contribute not only to
FAMMM and PC but also to other types of malignancies, too. In this respect the case we
present in this paper is also a supporting one to confirm the notion of Lynch et al.
Since Lynch and co-workers provided the first genetic study in FAMMM-PC syndrome
(Lynch et al., 2002), the existence of such an entity became widely accepted and recent
papers from various geographical locale were published in this topic. Bartsch and coworkers performed a survey in German pancreas cancer-prone families. Out of 110 such
families, they identified 18 in which both melanoma and pancreas cancer occurred. The 18
families could be divided into two subgroups: five families with FAMMM-PC syndrome
and 13 PC/melanoma families without the multiple mole phenotype (PCMS families). The
authors found that the co-occurrance of pancreas carcinoma and melanoma was similar in
the two subgroups; however, the prevalence of other tumour types, especially breast
carcinoma was significantly higher in the latter group. Bartsch et al. checked CDKN2A
germline mutations and mutations of genes contributing to breast cancer susceptibility.
They identified CDKN2A mutations in 2 of the PCMS families but they could not identify
any breast cancer susceptibility ones, only a co-segregating BRCA2 variant in a PCMS
family without breast cancer. The conclusion they drew from the above was that families
with an accumulation of pancreas cancer and melanoma show a large variety of phenotypic
expression. Finally, the authors warn that more PC/melanoma families need to be analysed
to clarify whether they represent a variation of the FAMMM-PC syndrome or there are two
distinct hereditary cancer syndromes. The case we present in this paper may be considered
as a reflection to their call since the family we studied does not show the multiple mole
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phenotype. It may be classified as a PCMS family with an apparent CDKN2A mutation that
is responsible for the malignant melanoma and pancreas carcinoma and possibly also
contributing to breast carcinoma.
In an extended study performed in Southern Scandinavia, Borg et al. (Borg et al., 2000)
found that patients carrying the 113insArg melanoma-predisposing founder mutation,
pancreas carcinoma and as the second most frequent malignancy, breast carcinoma can also
be frequently detected. The authors studied nine 113insArg mutation-carrying families and
42 CDKN2A mutation-free melanoma-prone families. The incidence of multiple primary
malignancies was significantly higher in 113insArg families compared to those free of any
genetic alteration in the CDKN2A gene. Borg et al. therefore claimed that the CDKN2A
113insArg mutation carriers have an increased risk not only to malignant melanoma but
also to pancreas and breast cancer.
Prowse et al. presented a very elegant work in 2003 (Prowse et al., 2003) with an approach
from the opposite direction. They studied BRCA1 and BRCA2 mutation-free breast cancerprone families presenting multiple cases of early onset breast cancer and tried to find out
what type of other gene mutations could predispose them to develop the disease. According
to their estimation, only one third of breast cancer-prone families carry either BRCA1 or
BRCA2 mutations, therefore other candidate genes contributing to disease predisposition
must also be considered. The fact that eight families out of the 31 reported multiple cases of
pancreas cancer and malignant melanoma prompted the authors to study the CDKN2A
gene in detail. In one of the studied families, a novel CDKN2A mutation was identified: the
IVS1-1G>C intronic mutation. The nucleotide substitution occurs at a highly conserved base
in the 3’ splice junction of intron 1, thus both p16INK4a and p14ARF transcript variants are
affected. The authors performed a functional analysis to prove that the mutation indeed
causes the emergence of an aberrant splice variant. Owing to the fact that two proteins
playing pivotal role in cell cycle regulation are affected by the same mutation, it is plausible
to hypothesize that it may be of key importance in predisposition to various forms of
malignancies.
Up to this point rare mutations of the CDKN2A gene were discussed in relation to
predisposition to melanoma and other malignant diseases. However, a Polish workgroup
also provided data on a relatively common variation of the same gene, the A148T
polymorphism also contributed to disease pathogenesis. Debniak and co-workers (Debniak
et al., 2005b) first showed that the A148T variant having a 3% allele frequency in the general
Polish population was a melanoma-predisposing factor with an odds ratio of 2.5. Next they
studied whether the same variant exhibits breast-cancer-predisposing nature too and found
that the odds ratio associated with the CDKN2A allele for women diagnosed with breast
cancer before the age of 50 was 1.5 and after the age of 50 it was 1.3. The effect was the
strongest for women diagnosed at or before the age of 30 (Debniak et al., 2005a), suggesting
a role of the A148T polymorphism in breast cancer predisposition. As a next step, the
workgroup performed a population-based study where they compared the genotypes and
the allele frequency of the A148T polymorphism in the group of 3,583 unselected cancer
cases and 3,000 random controls. They found a positive association between the A148T
variant and lung cancer and colorectal cancer with odds ratios of 2.0 and 1.5, respectively.
The authors concluded that the A148T variant of the CDKN2A gene may contribute to
multi-organ cancer risk (Debniak et al., 2006). How this variant reveals its diseasepredisposing effect is still unclear. It has been demonstrated that the A148T allele did not
have a major effect on the protein function (Ranade et al., 1995; Lilischkis et al., 1996);
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however, according to Debniak and co-workers (Debniak et al., 2005a) we can not exclude
the possibility that it subtly affects p16INK4a function or reduces its level of expression.
Moreover, they could demonstrate that the A148T variant is in strong linkage
disequilibrium with a promoter polymorphism of the CDKN2A gene, the P493 variant
(Debniak et al., 2005b). Taken together, the Polish workgroup provided a very
demonstrative set of data suggesting that beside the rare variants with high penetrance, a
relatively common low-penetrance CDKN2A variant may also contribute to the
pathogenesis of various cancer types. These findings may gain importance in the discovery
of the pathogenesis of both familial and sporadic cancers.
The melanoma-predisposing nature of the A148T CDKN2A polymorphism have so far been
most extensively studied in the Polish population, but sporadic data on the same variant
exist in other populations. For example, Nagore and co-workers (Nagore et al., 2009)
reported on the identification of two women in the Spanish population carrying the same
A148T CDKN2A polymorphism and one of them having a hereditary breast/ovarian cancer
family pedigree. At the same time, the authors claim that they could not find a significant
difference in the allele frequency of the A148T variant in the general Spanish population and
the studied breast cancer/melanoma patients’ population. Nagore et al. could identify two
more CDKN2A mutations in their study population: the V59G and the A85T, both of them
frequently occurring in women suffering from both malignant melanoma and breast
carcinoma. As a conclusion, the authors claim that because CDKN2A mutations are
infrequent in female patients with melanoma and breast cancer, other deleterious variants
such as mutations in BRCA1, BRCA2, TP53 must be studied in these types of patients’
groups.
The above notion of Nagore et al. was confirmed by Monnerat and co-workers (Monnerat et
al., 2007) who studied BRCA1, BRCA2, TP53 and CDKN2A genes in a group of female
patients presenting both melanoma and breast cancer. The authors found that patients with
a positive family history of both of these malignancies often carry variants of the
aformentioned genes with a higher frequency than those without a family history. This
study and all the above cited ones prompt us to draw two important conclusions: the cooccurrence of primary multi-organ malignancies are very often genetically determined but
to reveal the exact pattern of genetic variants (the combination of high- and low-risk
susceptibility factors), a well-defined set of genes must be studied in detail in large cohorts
of patients. At the same time, we believe that single cases, for instance the one we present in
this report, may add valuable data to the topic.
Until the mid-2000s, there was no opportunity to study the co-morbidities of familial
melanoma in large cohorts of patients. The international GenoMEL Consortium, however,
made it possible to perform large scale surveys in this topic and several hundreds of
melanoma-prone families could be investigated both for their genetic predisposition and for
their co-existing malignancies. Goldstein and the co-workers (Goldstein et al., 2007) of the
GenoMEL Consortium published the results of their large scale survey in 2006. They studied
385 melanoma-prone families and out of them 39% carried one of the melanomapredisposing CDKN2A mutations. The lowest ratio of such mutation carriers was identified
in Australia, where the incidence of sporadic melanoma is higher than that of in Europe and
in North America. This difference is also reflected in the relationship between pancreas
cancer and CDKN2A mutations: while within the European and North American
melanoma-prone families a clear connection could be identified between the mutation
carrier status and pancreas carcinoma, no such relationship could be discovered in the
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Australian patients. The authors hypothesize that the lack of pancreas cancer-CDKN2A
mutation relationship in Australia reflects the divergent spectrum of CDKN2A mutations
detected in Australian melanoma-prone families versus those from North America and
Europe. In a follow-up paper (Goldstein et al., 2006), the authors extended their survey to
neural system tumours and to uveal melanoma but found no association between CDKN2A
mutations and these two malignancies either.

3. Conclusion
In this paper we presented the case of a 33-year-old female patient with the occurrence of
three primary multi-organ malignancies, malignant melanoma, pancreas and breast
carcinoma within a short period of time. The family history of the patient prompted us to
perform a genetic study and we identified the melanoma-predisposing R24P CDKN2A
germline mutation in her case as well as in her father, suffering from gastric and laryngeal
carcinomas. Since the late aunt of the young female patient died of breast cancer at the age
of her 20s several decades ago, we also surveyed the patient for the presence of BRCA1 and
BRCA2 hotspot mutations but found no alterations in her case. Although we can not exclude
the possibility that other predisposing gene variants may have contributed to the breast
cancer of the patient, we suggest that the disclosed R24P CDKN2A mutation may have
played a key role in the pathogenesis of her multi-organ primary malignancies.
Surveying the relevant literature clearly revealed that CDKN2A germline mutations are
highly accepted as predisposing genetic factors for patients who suffer from co-existing
pancreas carcinoma and malignant melanoma. However, no such consensus exists for the
association of CDKN2A germline variants and the primary multiple occurrence of
melanoma malignum and breast cancer. Studies performed in relatively small cohorts of
patients resulted in contradictory data: some of them supporting while others rejecting the
notion of the breast cancer-predisposing nature of CDKN2A germline mutations. To resolve
this problem, extended studies on a wide range of low- and high-penetrance genetic
predisposing factors must be examined on a multicentric base. We believe that single cases
such as the one we presented in this paper may contribute to the understanding of the role
of genetic susceptibility and environmental factors in the pathogenesis of multiple primary
malignancies.
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1. Introduction
The initial route of metastases in most patients with melanoma is through lymphatics to the
regional nodes (Morton et al., 1992) [Fig.1]. However, routine lymphadenectomy for patients
with early stage melanoma is unwarranted because most of these patients (~80%) do not
have nodal metastases, are unlikely to benefit from the operation, and may suffer
complications including lymphedema, seroma, infection and wound breakdown. However,
a significant portion of patients with melanoma, predicted by primary tumor factors, harbor
clinically undetectable regionally lymph node metastases at time of presentation. Delay of
elective lymph node dissection until the presence of palpable nodes may allow the spread of
melanoma to other nodes and distant sites with a decrease in long-term survival (Morton et
al., 2006). The key to solving this clinical dilemma is to provide a minimally invasive
method to selecting the relevant “sentinel lymph node” (SLN) in a specific basin to
determine nodal micrometastasis (Morton et al., 1992). The SLN is accordingly the first
lymph node(s) receiving direct afferent drainage from the primary tumor and thus is most
likely to contain metastatic disease if any regional lymph nodes are involved. The technique
of SLN biopsy is best named selective sentinel lymph node dissection (SLND) and allows
surgeons to determine the spread of melanoma through lymphatic channels from the
primary tumor; it has substantially impacted the way cutaneous melanoma is staged and
managed.
The relatively orderly fashion of melanoma metastasis from the primary site to the SLNs
and then to the non-SLNs prior to systemic sites is supportive of the spectrum theory of
cancer spread (Hellman, 1994; Leong, 2004) [Fig. 1]. This theory states that for a given
malignant lesion, development of nodal and systemic metastasis from localized disease is a
genetically driven process of progression within the tumor microenvironment to distant
body sites, most often through the “gateway” of the SLN(s). Selective SLND is an ideal
procedure because it is minimally invasive, yet powerful enough to select the relevant
lymph node of the nodal basin, without a complete node dissection. It is now widely
accepted that the SLN status is the most important factor in predicting outcomes and
determining further treatment for melanoma and this is the focus of the chapter (Leong,
2004).
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Fig. 1. The figure depicts progression of melanoma from the primary site to the SLN, then to
non-SLN or regional nodes and distant sites. Occasionally, cancer cells may bypass the
lymph nodes and spread to distant sites through vascular channels. In the majority of the
cases (approximately 80%), the SLN is the gateway for cancer spread (bold arrow pathway
in figure).

2. The sentinel lymph node in melanoma
2.1 History and rationale
In 1977, Cabanas described an approach to staging penile carcinoma after using
lymphangiograms in patients to determine the lymphatic anatomy of the penis. He
hypothesized that if penile carcinoma metastasized, it would do so to a node that was
located medially and superiorly to the saphenofemoral junction in each groin (Cabanas,
1977). The term sentinel node, first coined by Gould in 1966 for parotid cancer (Gould et al.,
1966), was used to describe the first node in this drainage pathway; if this was found to have
metastatic disease, the patient required a lymphadenectomy. Conversely, when the SLN
was negative for disease, the likelihood of metastatic disease in the groin was low and
lymphadenectomy was unnecessary. The idea that a primary tumor would preferentially
drain through the lymphatics to a specific lymph node, and that the status of that node
would reflect the tumor status of the regional lymphatic basin, was revolutionary.
However, the lymphatic drainage of solid tumors might vary from patient to patient and not
necessarily be fixed to an anatomic location (Wong et al., 1991). To accurately identify the
SLN, intraoperative techniques were needed to define the lymphatic drainage of a given
primary tumor site rather than utilize an operative approach that was dependent upon the
defined anatomy.
Thus, in 1992, Morton introduced the concept of identifying and selectively harvesting the
SLN from the draining basin of a primary melanoma to identify patients with clinically
occult lymph node disease (Morton et al., 1992). This was performed with intradermal
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injection of vital blue dye around the primary melanoma and then exploration of the
regional lymphatic basin to identify blue stained node(s). This technique was based on the
observation that when a blue dye such as isosulfan blue is injected around the primary
melanoma, it drains into the SLN. With meticulous dissection, the dermal lymphatics could
be visualized and utilized to map the lymphatic drainage of the skin to a SLN. In this study,
metastases were present in 18% of SLNs, while non-sentinel nodes were the sole site of
metastases in only two of 3079 nodes from 194 lymphadenectomy specimens that had an
identifiable SLN, resulting in a false-negative (FN) rate of less than 1% (Morton et al., 1992).
Therefore, this technique identifies, with a high degree of accuracy, patients with early stage
melanoma without nodal metastases who can be spared from a morbid radical
lymphadenectomy. Several confirmatory studies, including prospective randomized trials,
have provided a wealth of information regarding the SLN, including accuracy, prognostic
value and candidate selection (Ross et al., 2011).
However, intraoperative lymphatic mapping with blue dye alone is technically difficult
with prolonged learning curves to acquire satisfactory outcomes. Thus, radioguided
techniques were sought to provide a simpler method to identify and harvest the SLN while
minimizing the extent of the surgical dissection. In 1993, Alex and Krag reported on the use
of an intra-operative hand-held gamma probe to identify regional nodes that had taken up
technetium labeled sulfur colloid (Alex & Krag, 1993). Additionally, the development of a
number of radiopharmaceuticals with appropriate particle size provided the opportunity for
the development of cutaneous lymphoscintigraphy, developed by Robinson, Morton and
associates in the 1970s (Robinson et al., 1977). Cutaneous lymphoscintigraphy was
especially important given the recognition that the dermal lymphatics, particularly in trunk
melanomas (Leong et al., 1999), could have substantial variability; this allowed surgeons to
define the regional lymphatic basins that were at risk for harboring metastatic disease prior
to selective SLND (Fig. 2). Preoperative lymphoscintigraphy to define the SLN from the
primary site in combination with the gamma probe could direct the surgical incisions and
make the procedure less invasive than the blue dye procedure. Also, selective SLND using
lymphoscintigraphy allows the identification of affected lymph nodes that would not be
routinely evaluated during an elective nodal dissection such as in-transit lymph nodes and
lymph nodes in minor nodal basins (e.g., popliteal and epitrochlear regions) [Sumner et al.,
2002]. Lymphoscintigraphy is also essential for selective SLND in head and neck
melanomas as these have complex and less predictable lymphatic drainage patterns,
resulting in lower SLN identification rates and higher FN rates (Klop et al., 2011; Leong et
al., 1999). For these reasons, cutaneous lymphoscintigraphy has become a routine
component of the management of most melanoma patients.
2.2 Accuracy and false-negative rate
The SLN concept has been supported by high accuracy rates and low false-negative (FN)
rates in melanoma. The immediate FN rate, defined as the percentage of nodal basins that
harbor nodal metastases in nodes other than the SLN as determined by synchronous elective
lymph node dissection after a negative SLN biopsy, has been reported to be less than 5% in
several studies (Gershenwald et al., 1999; Morton et al., 1992; Nowecki et al., 2003, 2006;
Reintgen et al., 1994; Thompson et al., 1995; Uren et al., 1994). In the Multicenter Selective
Lymphadenectomy Trial I (MSLT-I) [Morton et al., 2006], 2,001 patients with cutaneous
melanoma were randomized to: (1) wide local excision alone with observation only and
subsequent lymphadenectomy if nodal relapse occurred, or (2) wide local excision and
selective SLND with lymphadenectomy if metastases were found in the SLN.
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Fig. 2. Pre-operative lymphoscintigraphy demonstrates varying lymphatic channel patterns
in patients with primary melanoma. (A) Drainage of a single channel from the right upper
arm leading to one SLN in the right axilla. (B) Drainage of a single channel from a posterior
midline neck lesion to multiple contiguous nodes in the right posterior neck. (C) Confluent
channels drain from the upper back to a single SLN in the left axilla. (D) Multiple channels
from the left upper back draining to a single SLN in the left axilla. (E) Single primary site
drainage source from the right arm, diverting into several channels and leading to a single
SLN in the right axilla. (F) Changing of drainage patterns from a lesion in the left anterior
chest wall to one SLN in the left axilla. (G) Parallel simple channels from the right lower
extremity, each draining to a single SLN, each in the same basin in the right groin. (H)
Multiple channels from the midline back draining to multiple SLN(s) in different basins, the
right and left axilla. This figure has been previously published by our group in Clinical
Nuclear Medicine 30(3):150-158, 2005.
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Results from 1,269 patients with intermediate-thickness primary melanoma (1.2 mm to 3.5
mm in this study) showed that 16% percent of SLNs had micrometastases, while 3.4% of
those with “negative” SLNs developed nodal metastases, which is consistent with the
accepted FN rates of the procedure.
Additional evidence that regional node metastasis constitutes an orderly, nonrandom event
was provided from a study that examined 105 lymphadenectomy specimens in patients
with at least one positive SLN (Gershenwald et al., 1998). They found that the SLN was the
only node involved in 83 (79%) of the basins, with microscopic nodal metastasis identified in
an additional 21% of the lymphadenectomy specimens. In 92% of patients who had at least
one positive SLN and were mapped with blue dye and radiocolloid, lymphatic metastases
were identified in the SLN that contained the greatest radiotracer uptake.
2.3 Current indications for selective SLND
In our practice, patients chosen for selective SLND have the following: (1) a Breslow
thickness of 1 mm or greater; (2) a Breslow thickness less than 1 mm, but with high risk
features such as lymphatic invasion, regression, ulceration, increased mitotic figures, or
Clarks level IV; or (3) a shave biopsy that resulted in a Breslow thickness of less than 1 mm.
Patients who are not recommended to undergo selective SLND have one of the following
features: (1) known lymphatic or metastatic disease; (2) melanoma-in-situ; or (3) a Breslow
thickness less than 1 mm with no high risk features. These are the most current indications
for selective SLND and what most melanoma centers follow. Given this criteria, the positive
SLN rate has been documented to be between 14-21% in most studies (Kapteijn et al., 1997;
Leong et al., 2005; Morton et al., 1992, 2006; Thompson et al., 2005). Despite these
guidelines, population based studies have shown that only 50% of patients with stage IB
and II who met the criteria for selective SLND actually undergo selective SLND (Bilimoria et
al., 2009; Cormier et al., 2005). The factors for this are likely multi-factorial including
insurance, geographic area, socioeconomic factors, and age. This signifies the need for
better education, access to health care, and melanoma multidisciplinary centers for patient
referral.

3. Technique and evaluation of SLN
3.1 Pre-operative lymphatic mapping
The SLN is now reproducibly defined by lymphoscintigraphy and lymphatic mapping
performed by the injection of Technetium-99m (Tc 99m) sulfur colloid radiotracer, a vital
blue dye, or a combination of both around the melanoma site. Isosulfan blue (Lymphazurin
1%, Hirsch Industries, Inc., Richmond, VA) is the most commonly used blue dye in the
United States and is the only dye approved by the Food and Drug Administration for
lymphatic mapping. Regarding radiotracer, a more selective agent, Technetium-99m-labeled
Tilmanocept, is a mannose receptor–targeted molecule that is being developed for
identification of SLNs (Leong et al., 2011) and will likely be used in the near future.
A summary of the numerous studies using the blue dye technique, radiotracer mapping by
a hand-held gamma probe, or a combination of both techniques is shown in Table 1. The
success rate of harvesting the SLN by blue dye alone is less than that of radiotracer alone or
the combination of blue dye and radiotracer, both of which now approach 100% (Table 1).
Given this data, the use of radiotracer is the most commonly use technique now. With
greater surgical experience, the use of blue dye is not essential as radiotracer has a higher
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sensitivity than blue dye alone and this can avoid reported allergic reactions seen with the
injection of blue dye (Leong et al., 2000; Liu et al., 2011).
For this technique, filtered Tc99m sulfur colloid is injected intradermally at the primary
melanoma site. Dynamic imaging is performed to follow the lymphatic collecting vessels
until they reach the draining SLNs. An image should be acquired as the lymphatics reach
the nodal basin so that SLN(s) directly receiving the channels can be identified and
distinguished from any second tier nodes that may be seen. This phase of the study usually
takes 10-20 minutes. Delayed scans are performed 2–2.5 hours later, at which time all
regions that possibly drain the primary melanoma site are examined with 5-10 minute static
images. The surface location of all SLN(s) is marked on the overlying skin. Close
communication between the nuclear medicine physician and surgeon is invaluable,
especially in cases where there are unusual draining patterns. Importantly, the SLN is not
just the first node seen on dynamic imaging, since there may be multiple separate lymph
channels that have different rates of lymph flow. If they drain to different nodes, these are
all SLNs, regardless of the time taken for the lymph containing the radiocolloid to reach
them (Fig. 2). The SLN is also not necessarily the closest node to the primary site. Lymphatic
vessels can bypass many nodes and even whole node fields before reaching a SLN.
Therefore, the best way to identify a SLN on lymphoscintigraphy is to see the lymphatic
collecting vessel on dynamic imaging as it drains directly to the SLN (Fig. 2).
Author

Year

# of Patients

Morton et al.

1992
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Krag et al.

1995

121

Glass et al.
Albertini et al.
Kapteijn et al.
Leong et al.

1996
1996
1997
1997

148
106
110
163

Pijpers et al.

1997

135

Gershenwald et al.
Gennari et al.
Nowecki et al.

1998
2000
2003

626
133
726

Blue Dye
Radiotracer
Both
Alone
82% (basins)
91%
98%
(patients)
(patients)
60% (nodes) 80% (nodes) 97% (nodes)
70% (nodes) 84% (nodes) 96% (basins)
84% (nodes) 99.5% (nodes) 99.5% (nodes)
74%
98%
86% (nodes) 100% (nodes)
85% (basins) 100% (basins)
87%
99%
80.8% (nodes)
97.1%
99%
91.6%
97.3%

* Reporting of success rates is not standardized. Percentages are indicated in patients, nodal basins or SLNs.

Table 1. Success Rates of Melanoma Sentinel Lymph Node Identification Techniques in
Studies with >100 patients*.
3.2 Intra-operative identification of the SLN(s)
After lymphoscintigraphy, the patient is transferred to the operating room and no further
injection of radiotracer is necessary, but Lymphazurin (1-2 mL) may be injected
intradermally prior to the procedure. The surgical sites are prepared and general anesthesia
is most often used. Intraoperative mapping of the SLNs is achieved using a hand-held
gamma probe (Neoprobe 2000, Neoprobe Corporation, Dublin, OH). A small incision is
made over the marked area of greatest activity as detected by pre-operative
lymphoscintigraphy and confirmed by the hand-held gamma probe. The incision is carried
down through the subcutaneous fat and the fascia is incised as the lymph nodes usually
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reside beneath the fascia. Using the gamma probe, the SLNs can be located by detecting
increased radioactivity in counts per second or blue dye within node. After the removal of
the SLN, the gamma probe is used to search the resection bed to make sure that no residual
elevated radioactivity remains. Theoretically, the single SLN with the highest radioactive
count (“hottest” SLN) or the blue node is most likely to harbor tumor cells and is removed
during biopsy. However, literature describes FN rates for SLN biopsy if only the single,
“hottest” SLN is removed and the other nodes are left in place (McMasters et al., 2001).
Thus, we and others use the 10% rule (Liu et al., 2011; McMasters et al., 2001): the gamma
probe is applied and any SLNs that assessed ≥ 10% of the ex vivo radioactive count of
“hottest” SLN are removed, including any blue nodes or suspicious nodes by digital
palpation.
After selective SLND, the wound is closed in layers. On a side table we dissect the SLN(s)
from the non-SLN(s) or lymphatic tissue within the resected specimen using the gamma
probe so that each lymph node is correctly labeled with its respective radioactive counts for
pathologic evaluation.
3.3 Pathologic assessment of the SLN
The standard histological technique for evaluating a nodal dissection specimen involves
evaluating representative sections from each identified lymph node using hematoxylin and
eosin (H&E). In actuality, given the large size of the nodal dissection specimen, <1% of the
whole specimen is routinely evaluated (Ross et al., 2011; Sondak et al., 2007). With a smaller
sample from a selective SLND, the SLN can be evaluated more intensively with multiple
sections using a combination of H&E and immunohistochemistry (IHC) to stain for
melanoma associated antigens such as S-100 and HMB-45 (Fig. 3).

Fig. 3. Figure shows staining of melanoma micrometastasis within a SLN.
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Therefore, despite the less invasive nature of selective SLND, the staging data is likely more
accurate than an elective lymph node dissection.

4. Safety
Selective SLND is a safe procedure with a very low complication rate. Additionally, the risk
of radiation has been studied in physicians injecting the radiotracer as well as the surgeons
removing the nodes. The maximum recorded dose of radiation recorded was 1900 times
smaller than the current 1 year dose limit recommended by the International Commission
on Radiological Protection, and no limitations are needed in the number of surgical
interventions performed yearly (Nejc et al., 2006; Sera et al, 2003).
There have been reports of adverse allergic reactions to blue dye (Leong et al., 2000) which
can range from a mild allergic reaction to anaphylaxis associated with hypotension,
pulmonary edema, and/or cardiovascular collapse. It is hypothesized that prior exposure
to common household products is responsible for patient sensitization to blue dye. Single
institution case studies quote allergic reaction rates of 0.7 to 2% for melanoma. A multiinstitutional survey by our group of 14,800 melanoma patients treated with blue dye in over
185 institutions revealed a 0.4% rate of adverse blue dye reactions, most of which are mild.
Despite this low rate, it is important to be aware of any adverse reactions such as urticaria,
respiratory and hemodynamic changes which usually occur in the first 10 to 20 minutes. We
recommend that the anesthesiologist and nursing team are made aware of the use of blue
dye prior to its injection, an intravenous line always be inserted, and that the proper
medications, including epinephrine and corticosteroids, be readily available. If blue dye is to
be used, we suggest that the surgeon use as little blue dye as needed; we have found reliable
results in head and neck melanoma using less than 1 cc per injection. Additionally, blue dye
is not essential as we demonstrated in a recent study that using the 10% radioactivity rule
(McMasters et al., 2001) with blue dye does not significantly decrease the Miss Rate when
compared to the 10% radioactivity rule with technitium alone (Liu et al., 2011).

5. Clinical relevance of sentinel lymph node
Further support for the SLN concept stems from research that clearly shows that SLN status
is the most significant prognostic factor with respect to disease-free and overall survival as
shown in Table 2. Selective SLND is an excellent staging technique and can be used to
identify patients who would or would not benefit from a complete lymphadenectomy and is
also necessary for inclusion in clinical trials.
5.1 Positive node
As shown in Table 2, patients with a positive SLN have a significantly decreased overall 5year survival compared to patients with a negative SLN. Therefore, for patients with a
positive SLN, therapeutic decisions should be made and most often a regional
lymphadenectomy is recommended. However, the survival benefit of selective SLND
followed by completion lymph node dissection (CLND) is still controversial and many
groups have attempted to study this by comparing melanoma patients after CLND after
positive sentinel node biopsy and after therapeutic lymph node dissection for clinically
detected regional lymph node metastases. In the MSLT-1 trial (Morton et al., 2006), among
patients with nodal metastases (primary melanomas ranging from 1.2 to 3.5 mm), the 5-year
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melanoma specific survival rate of those who underwent selective SLND with immediate
lymphadenectomy (72.3%) for a positive SLN was significantly higher than those in the
observation group who had lymphadenectomy only when there was clinically evident nodal
disease (52.4%; p = .004). However, no overall survival advantage was seen when
comparing the entire cohort of patients randomized to selective SLND with those patients
who had wide excision only and nodal observation. Other data from meta-analysis of 6
studies showed a significantly higher risk of death for patients who only underwent elective
lymph node dissection after clinically evident nodal metastasis versus patients who
underwent SLN-guided CLND (Pasquali et al., 2010). However, this is a complex topic and
survival benefit is also likely related to other factors including age, primary tumor
characteristics, and features of the nodal metastases. Additionally, these studies tend to be
underpowered because of a low percentage of patients with positive SLN(s) who could
potentially benefit from CLND (Ross et al., 2011).
5.2 Negative node
When SLNs are negative for micrometastasis, the remainder of the lymph node basin is
usually negative (Morton et al., 1992; Reintgen et al., 1994; Albertini et al., 1996; Krag et al.,
1995; Ross et al., 1993; Thompson et al., 1994) with FN rates under 5%. This is good evidence
to conclude that melanoma metastases are most often spread in an orderly pattern (Fig.1).
In general, if the SLNs are negative, there is no need to proceed with a more morbid regional
lymph node dissection; selective SLN mapping replaces the more extensive lymph node
dissection if SLNs are found to contain no metastasis.
Patients with a negative SLN have an overall 5 year survival of 84 to 92%, significantly
better than positive node patients. Despite better survival results, a negative SLN is not an
absolute predictor of survival. Recurrence and death in SLN negative patients may be
related to FN SLN results or a pure hematogenous spread (Leong et al., 2004, 2011; Ross et
al., 2011). In particular, head and neck melanomas have a higher FN rate, over 12% in some
studies (Klop et al., 2011); this is likely due to a complex lymphatic drainage pattern with
multiple basins in the head and neck (Leong, 2011). FN results for selective SLND may
result from failed preoperative lymphoscintigraphy, including injection techniques and
interpretation of the lymphoscintigraphy, failed intraoperative lymphatic mapping, failed
pathologic identification of microscopic disease, and “skip” metastasis (Leong, 2004).
Predictors of relapse and death in SLN negative patients include increasing tumor thickness
and ulceration (Ross et al., 2011).
Author

Year

Nowecki ZI
Leong SP
Morton DL
Cascinelli N
Mandalà M
Kunter C
Ellis MC

2003
2005
2006
2006
2009
2010
2010

# of
Patients
726
363
1269
1108
1251
1049
397

5-Year Overall Survival
Negative Node Positive Node
84%
40%
85.6%
61.5%
90%
72%
90.6%
75.4%
88.7%
42.9%
90%
58%
92%
73%

Table 2. Overall Survival in Relation To Sentinel Lymph Node Status.

p-value
<0.001
<0.0001
<0.001
<0.0001
<.0001
<0.001
0.0001
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6. Biology and clinical impact of micrometastasis in SLN(s)
The dimensions and “amount” of micrometastasis in the SLN gives important prognostic
data. According to the Rotterdam criteria for SLN tumor burden (van Akkooi et al., 2006,
2008), the maximum diameter of the largest focus of a positive SLN(s) is used as the
measurement of record. There were 388 melanoma patients with positive SLNs from three
European centers analyzed by this method with a median follow-up of 36 months. Three
groups of patients were dened: (1) submicrometastasis with at least 10 cells but less than
0.1 mm (10%); (2) micrometastasis between 0.1 and 1.0 mm (35%); and (3) micrometastasis
greater than 1.0 mm (55%). Patients with sub-micrometastasis (<0.1 mm) were identical to
the SLN-negative group with an excellent survival rate. Tumor burden in SLNs increased
with T-stage. Both T4 and SLN tumor burden were the most important factors for overall
survival.
Similarly, 63 melanoma patients with positive SLNs from the UCSF melanoma SLN
database with a median follow-up of 8 years were analyzed (Baehner et al., 2011). SLN
micrometastasis was recorded for size, number of foci and anatomic location by H&E.
Fourteen of 63 patients had positive non-SLNs. Using the log-rank test, maximum metastatic
size and primary melanoma thickness were correlated with progression-free survival and
overall survival. Neither number of metastatic foci nor microscopic location was statistically
signicant. Multivariate analysis showed that the maximum metastatic size and primary
melanoma thickness were the most important prognostic factors for progression-free
survival and overall survival. As a continuous variable, every 5.0 mm increase in maximum
metastatic size was predictive of progression-free survival. The estimated 5-year overall
survival rate was 90% in patients with maximum metastatic size <0.6 mm, 52% with
maximum metastatic size from 0.6 to 5.5 mm, and 55% with maximum metastatic size >5.5
mm. When stratied by thickness, the estimated 5-year progression-free survival rates were
95% for patients with maximum metastatic size <1.6 mm, 70% between 1.6 and 4.5 mm, and
45% >4.5 mm; the overall survival were 82%, 52%, and 5%. Both primary melanoma
thickness and maximum metastatic size were independently prognostic of progression-free
survival and overall survival in melanoma patients (Baehner et al., 2011). Other studies have
also demonstrated that the incidence of SLN metastases correlates directly
with increasing tumor thickness (Gershenwald et al., 1998; Ross, 2011) as well as other
factors including ulceration, lymphatic invasion, mitotic rate, Clark level, and anatomic site
(Ross, 2011).

7. Conclusion
The overall challenge in melanoma is to identify patients with truly localized disease versus
patients with metastasis to nodal and/or systemic sites, as early detection remains key to
successful eradication. With this in mind, selective SLND was introduced 20 years ago and
has become essential in the care of patients with cutaneous melanoma, with a multitude of
publications validating the importance of the SLN. Selective SLND provides a minimally
invasive standard of care (Morton et al, 2008), that allows accurate staging, gives significant
prognostic information, facilitates therapeutic lymphadenectomy with regional disease
control, avoids unnecessary elective lymph node dissection, and may improve survival in
node-positive patients. However, in a minority situations (~20% of the time), cancer cells
may spread through the vascular system to distant sites, bypassing the SLNs (Leong et al.,
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2011). Therefore, it is important that all patients with melanoma be followed closely after
their diagnosis.
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Melanoma and Pregnancy
C. Pagès and M. Viguier



1. Introduction
Melanoma is one of the most commonly diagnosed cancer during the childbearing age and
during pregnancy. It is also the malignancy that is most often reported in the literature in
association with placental and/or foetal metastasis (Alexander et al., 2003).
The coexistence of melanoma and pregnancy is therefore not an exceptional situation,
difficult to manage, raising numerous questions in terms of prognosis, feasibility of the
different imaging and radiodiagnostic investigations, and of the various modes of
treatment. On the other hand, when melanoma is diagnosed during the childbearing age,
out of the immediate context of pregnancy, several questions are raised regarding the
potential consequences on the evolution of melanoma of being pregnant later on.

2. Epidemiological data
Cancer is now among the leading causes of nonaccidental death in women of childbearing
age. In the USA, malignancy accounts for about 19% of mortality in women aged between 15
and 34 years (Pavlidis, 2002). The most frequently observed cancers among young women of
childbearing age are breast cancer, cervical cancer, malignant haemopathies (Hodgkin's
disease and leukaemia) and melanoma (Langagergaard, 2011).
In France, between 1980 and 2000, the standardized worldwide population incidence rate of
melanoma increased from 3,9 to 9,5/100,000 persons/year among women. In 2000, the
estimated number of new cases of skin melanoma was 7,231, with 58% diagnosed in women.
The incidence increased by a factor of 3,2 among men and by a factor of 2,4 among women.
Despite this greater increase among men, incidence remained higher among women across
the whole period (Grange, 2005). In Denmark, for instance, the incidence of melanoma
among women between the ages of 15 and 34 increased by 4,3% per year on average from
1970 to 1999 (Van der Horst et al., 2006). Altogether, it is estimated that about one third of all
melanomas in women is diagnosed during their childbearing years (Langagergaard, 2001).
In Western countries, women often postpone childbearing for different reasons
(Langagergaard, 2011) and because the incidence rates of most cancers increases with
advancing age, more women can therefore be expected to be diagnosed with cancer before
childbearing or during pregnancy. Although the exact incidence and prevalence are
unknown, estimates suggest one to two new cases of cancer in every 1,000 pregnancies
(Alexander, 2003). The most frequently encountered cancers during pregnancy are in line
with those the most frequently described among young women of childbearing age: for
breast and cervical cancer, the incidences estimated per number of pregnancies are of the






order of 1/2,000 to 1/10,000; for lymphomas, the incidence is estimated at 1/1,000 to
1/6,000. The incidence of melanomas in pregnancy is estimated at 1/1,000 to 1/10,000, and
melanoma is thought to amount to around 8% of cancers diagnosed during pregnancy
(Oduncu et al., 2003).
However, the real incidence of cutaneous melanoma occurring in pregnancy is still not
known. Lens et al., 2004 examining the data from the Swedish National and Regional Cancer
and Mortality Registries found that, among 19,337 women diagnosed with cutaneous
melanoma in the period from 1958 to 1999, 28,6% were diagnosed with melanoma during
their reproductive period, while only 0,9% of the women were diagnosed with melanoma
during pregnancy. Stensheim et al., 2009 used the Cancer and Medical Birth Registry of
Norway to assess 42,511 women (516 pregnant) aged to 16 to 49 with various cancers. The
most commonly diagnosed cancer during pregnancy was melanoma.

3. Melanoma and influence of hormonal factors
For many years, there have been concerns that hormonal and immunological changes
occurring during pregnancy may be important in the development of melanoma. Changes
in pigmentation are associated with pregnancy, oral contraceptives and hormone
replacement therapy. These observations have led to speculation concerning a relationship
between hormones and melanoma.
3.1 Exogenous female hormones
Numerous epidemiological studies have questioned whether the use of oral contraceptives
(OCs) or hormone replacement therapy (HRT) could increase a woman’s risk for melanoma.
Risk is expressed as an estimate of relative risk (RR) or odds ratio (OR). OR is the odds of
melanoma occurring in women exposed to OCs/ odds of melanoma occurring in those not
exposed to OCs. These studies showed conflicting results: a recent casecontrol study of OCs
and risk of melanoma (Koomen et al., 2009) suggests a cumulative dosedependent
increased risk of melanoma with the use of OCs: 778 cases and 4,072 controls were included;
melanoma risk was significantly associated with estrogen use (≥ 0.5 year; adjusted OR= 1,42,
95% CI 1,191,69). The major limitation of this study was the lack of information concerning
sun exposure, skin type, sunburn history which are important potential confounders.
However, in their review of the literature, Gupta et al. (Gupta δ Driscoll, 2010) identify 22
studies that have explored whether or not OCs enhance a woman’s risk for melanoma, and
most have not shown an effect of use of OCs at some time in life compared with women
who never used OCs. No studies have specifically reported the impact of OCs on prognosis
for women diagnosed with melanoma. The data concerning HRT and melanoma risk are
more limited than for OCs, but most of these studies have shown no effect of HRT (Gupta δ
Driscoll, 2010).
In summary, current clinical evidence does not suggest that exogenous female hormones
contribute significantly to increased risk of melanoma.
3.2 Endogenous female hormones
The effects of high concentrations of oestrogen as a result of pregnancy on melanogenesis
have long been debated, leading to different questions: is there an influence on melanoma
prognosis if a woman is diagnosed with it during pregnancy? Should women with a








previous history of melanoma avoid subsequent pregnancies in order to limit the risks of
local or systemic recurrences?
3.2.1 Prognosis of melanoma diagnosed during pregnancy
Many studies since the 1980s have investigated whether survival was impacted in women
diagnosed during pregnancy with melanoma classified as localized stage I or II according to
the American Joint Committee on Cancer, AJCC (Balch et al., 2001). Randomized or non
randomized clinical trials to assess the implication of pregnancy in women with cutaneous
melanoma do not exist. In the literature, there is populationbased studies or consecutive or
nonconsecutive case series ; these studies assess survival rates between pregnant women
with melanoma compared to age adjusted non pregnant women. Two recent population 
based studies addressed the question of whether pregnancy adversely affects survival in
melanoma patients. Lens et al., 2004 reported on 185 patients from the Swedish Cancer
registry who were pregnant at the time of diagnosis of localized melanoma. The outcome of
these patients was compared with 5,348 nonpregnant age and gendermatched controls.
Multivariate regression analysis showed that pregnancy at the time of melanoma diagnosis
was not a significant variable in relation to overall survival. Authors noted that pregnant
melanoma patients had somewhat thicker melanomas, with a mean Breslow thickness of
1,28 mm versus 1,07 mm in controls.
A second populationbased study (O’Meara et al., 2005) used the database from the
California Cancer Center to evaluate “pregnancyassociated melanoma”, specified as a
woman diagnosed with melanoma during pregnancy or within 1 year after delivery (post
partum group). The control group was an agematched group of patients who were not
pregnant at the time of diagnosis. The median Breslow thickness was 0,77 mm in pregnant
patients, 0,9 mm in post partum patients and 0,81 mm in the controls. O’Meara et al., 2005
found no evidence of a decrease in survival of patients who were pregnant
(HR=0,79;P=0.570) or post partum compared to controls. The size of the study population is
a strength, but one limitation is that approximately 20% of the Breslow thickness data were
missing for both the study and the control group and we cannot extrapolate therefore
whether the groups were well balanced or not regarding this important prognosis marker.
In the most recent populationbased study, Stensheim et al., 2009 used the Cancer and
Medical Birth Registry of Norway to assess 42,511 women (516 pregnant) aged to 16 to 49
with various cancers. The cancer most commonly diagnosed during pregnancy was
melanoma. When compared to age and gendermatched non pregnant controls, there was a
slightly increased causespecific death rate if melanoma was diagnosed during pregnancy.
No difference in Breslow index was found between the two groups; however the Breslow
thickness was collected for only 55% of the pregnant patients.
The details of the other studies and the results are presented in Table 1. Altogether, no
statistically significant difference in survival rates between women diagnosed with
melanoma during pregnancy and women diagnosed with melanoma out of pregnancy was
established, suggesting that pregnancy does not favour the development of more aggressive
melanoma.
There are little data to address the question of whether pregnancy has a negative effect on
survival in patients with more advanced disease. In a study reported by Shiu et al., 1976, 14
patients with regional stage III AJCC melanoma diagnosed during pregnancy were found to
have an important decrease in survival compared with 11 regional stage III AJCC melanoma








nulliparous patients. The 5year survival was 29% for the pregnant patients and 55% for the
control group, not statistically different, but very small numbers of patients were involved.
We recently observed that the 2year survival rate in 16 AJCC stage III patients diagnosed
during pregnancy was 56% (Pagès et al., 2010), which is close to that reported in the
literature for those not pregnant (Balch et al., 2001); the AJCC stage IV (6 patients) 2year
survival rate was 17% which was shorter than that reported in the literature (Balch et al.,
2001). Nevertheless, this data does not make it possible to draw definitive conclusions, on
account of the small sample number and the absence of a control group in our study.
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Abbreviations: Mo: months; y: years; NA: not available, NS: statistically nonsignificant difference in
survival rates between groups.

Table 1. Controlled studies evaluating the impact of pregnancy on survival in women with
AJCC stage I/II melanoma.








3.2.2 Impact of subsequent pregnancy on melanoma prognosis
A small number of studies have addressed the impact of pregnancy after a diagnosis of
melanoma. One of them (Lens et al., 2004) was a secondary analysis within a large
retrospective cohort study of Swedish patients: 966 women who became pregnant after
melanoma diagnosis were compared with 4,567 women without pregnancies subsequent to
the melanoma diagnosis. A multivariable Cox regression model showed that pregnancy
after melanoma diagnosis was not related to survival (Hazard Ratio for death in women
who had pregnancy subsequent to the diagnosis of melanoma: 0.58, 95% CI= 0.321.05).
Based on the current evidence, there is no reason to recommend deferral of subsequent
pregnancy in women diagnosed with localized melanoma. Counselling women on
subsequent pregnancies should be based upon wellknown prognostic factors, such as
Breslow thickness and ulceration (Balch et al., 2001). In women with thick tumours (over 1.5
mm), it may be recommended to discuss with the patient the fact that if melanoma recurs it
is more likely to do so in the first 2 years; physicians can thus advise these women to delay
pregnancy for 2 to 3 years.
Altogether, the issue of whether hormones influence malignant melanoma has been
controversial for many years. There is no evidence that pregnancy adversely affects outcome
in melanoma patients who have clinically localized disease. Continuing to recommend a
postponement of childbearing for these patients is not supported by available clinical
evidence suggesting an increased risk of cancer progression due to pregnancy itself. For
more advanced disease, recommendations must be based on individual patients and their
wishes.

4. Maternalfoetal transmission of melanoma during pregnancy
Only disseminating, metastatic cancers appear to be liable to produce placental and foetal
metastasis, in an haematogenic way. The real incidence rates for placental and foetal
metastasis, and the natural history of cancers during pregnancy, are still little known. In
France, for instance, there are no epidemiological surveillance tools for cancers among
pregnant women. In the literature, irrespective of type of cancer, about a hundred cases of
placental metastasis (excluding cases of foetal origin and trophoblastic disease) have been
described since 1866 (Dessolle et al., 2007). Alexander et al. in a literature review reported 87
cases of placental metastasis secondary to maternal cancer. In this study, melanoma was the
cancer the most frequently responsible for this type of development: 27 cases out of 87
(31%). Given the possibility of placental metastasis, the placenta should be very carefully
examined, both macroscopically and microscopically in case of metastatic melanoma in the
mother.
Furthermore, the placenta represents an ideal site for metastases during gestation, because
of its vascularisation, its large surface area and its biological environment and also because
of its hyperkinetic state associated with pregnancy.
Table 2 sums up the cases of placental and/or foetal metastasis in connection with
melanoma described in the literature and is an actualisation of the table presented in the
paper of Alexander et al. Of the 27 placentas subjected to anatomopathological
investigation, 17 cases of microscopic placental metastasis are reported, without any
anomaly being macroscopically visible. The microscopic examination of the placenta should
be as thorough as possible: in the case reported by Baergen et al, the placental metastatic
localisations were visible on only 3 of the 50 sections performed, in the case reported by








Valenzano Menada et al. the microscopic examination with normal staining of the placenta
showed no particular anomaly and the micrometastases were only visualised by the mean
of immunohistochemical analyses (PS100).
Considering now the problematic of foetal metastasis secondary to maternal cancer,
according to the review of the literature by Dessolle et al, 15 cases have been published since
1866. Several types of cancer have been incriminated: among the 15 cases, 5 foetal metastasis
were secondary to maternal melanoma, 5 to acute leukaemia or lymphoma, 2 to bronchial
cancer, 2 to sarcomas and one to a nonspecified maternal cancer. Thus, although foetal
metastasis in case of disseminated cancer in the mother is an exceptional situation,
melanoma does appear as the most frequent cause. The study by Alexander et al. collates 6
reports of foetal metastasis secondary to maternal metastatic melanoma. Two further cases
of foetal metastasis (Trumble et al., 2005 and Valenzano Menada et al., 2010) have been
further reported. Among these 8 cases (Weber et al., 1930 Holland et al., 1949 Gottron et al.,
1940 Dargeon et al., 1950 Aronsson Cavel et al., 1963 Brodsky et al., 1965 Ferreira et al., 1998
Trumble et al., 2005 Valenzano Menada et al., 2010), tumoral encroachment on the placenta
was observed for 4. The 4 remaining cases were not examined in this respect. These 8
observations, although some are incomplete, enable the following characteristics:
 Melanoma metastasis appearance occurring shortly after birth, with a mean time lapse
of around 3 months (age at diagnosis ranging from 1 day to 9 months, missing data for
1 case).
 Relatively homogeneous clinical presentation of metastatic proliferation to the child: the
neonatal metastases were for the most part in the form of subcutaneous metastatic
nodules, or intraabdominal tumoral masses; there are exceptions for the cases
published by Trumble et al. and Valenzano et al, where intracranial proliferations were
diagnosed at 7 and 3 months after birth, respectively.
 Extremely poor prognosis, as the large majority of the infants died before the age of 1
year, with the exception of two cases (Aronsson, Cavell et al., 1963 and Valenzano
Menada et al., 2010) of secondary regression of the metastatic disease in the children. In
the case published by Aronsson and Cavell, spontaneous resolution of pulmonary and
subcutaneous metastases occurred at 13 weeks after birth; the remission was
secondarily confirmed during followup, with the child presenting no particular heath
problem at the age of 14 years. Valenzano Menada et al. reported the case of a
regression of intracranial and pulmonary metastases at 5 months after birth following
initial failure of chemotherapy associating ifosfamide and adriamycine (1 month after
discontinuation of chemotherapy). Complete remission of the disease was later
confirmed when the child was seen at 24 months, with no residual signs of disease.
 Predominance of male children: 6 cases out of 8, one girl and one stillborn child whose
gender was not reported.

5. Management of melanoma in a pregnant woman
Diagnosing melanoma during pregnancy will raise several questions, depending notably of
the stage of malignancy (primary melanoma, lymph node metastasis, visceral metastasis,
type of visceral metastasis) and of the gestational age. One of the first step will be the
evaluation of the extent of the cancer and will raise the question of the feasibility of some
radiological diagnosis procedures and another step will be the feasibility of the oncologic
treatment (surgery, adjuvant therapy with immunotherapy, radiotherapy, chemotherapy…).
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Table 2. Placental and/or foetal melanoma metastases.
The question of the maternal prognosis will be central and the opportunity of pursuing or
not the pregnancy will be asked by the patient, her family and the medical staff.
5.1 Radiological diagnosis in pregnant women
A recent review (Lazarus E. et al., 2007) pointed out a 121% increase over 10 years in the use
of imagery investigations requiring ionizing radiation during pregnancy, with computed
tomography (CT) increasing by 25% per year. In pregnancy, the use of the irradiating
techniques of classic radiology should be strictly evaluated. The French 
 recalls some principles:
 In almost all cases, if a radiological diagnostic examination is considered medically
necessary, the risk incurred by the mother of failure to perform such examination
should be greater than the risk potentially incurred by the foetus.
 The radiation doses resulting from most diagnostic procedures usually do not present
serious risk of death, malformation or altered mental development of the foetus. If the
foetus is in the direct radiation beam, the procedure can often be adapted so as to
reduce the foetal dose.








When an ionizing examination is indicated in the course of which the fœtus is to be in
the direct beam, and when this examination cannot be postponed until after parturition,
the dose delivered to the foetus should be minimised as far as possible.
 In diagnostic radiology, the estimation of the radiation dose to the fœtus is generally
not required, except when the fœtus is in the direct beam.
Thus, in most cases, irradiating radiological procedures are feasible for diagnosis or
assessment of the extent of a maternal cancer (Chen et al., 2008). It is considered that the
threshold fœtal irradiation dose that is potentially teratogenic is of the order of 0,1 to 0,2
Gray, Gy (Kal et al., 2005)). The radiation dose to the foetus from a typical CT study of the
maternal pelvis is variable and depends on the gestational age and scanning parameters.
The estimated dose of an investigation of this sort ranges from 0,024 Gy in the first trimester
to 0,046 Gy in the third trimester (Pentheroudakis et al., 2006). Therefore, the radiation dose
of the pelvis is likely to be below the estimated threshold level for inducing congenital
malformations. Likewise, as mentioned by the International Radioprotection Commission, a
foetal dose of 0,1 Gy is probably reached neither from 3 pelvic tomodensitometry
examinations, nor from 20 conventional diagnostic radiographic examinations of the
abdomen or pelvic area. In a review of the literature published by Pentheroudakis et al, the
foetal doses received according to one or another type of ionising radiological examination
performed on the mother are given, and estimated to be on average at 0,0004 mGy for chest
radiography, 0,17mGy for chest tomodensitometry, and 18 to 25 mGy for abdominalpelvic
tomodensitometry. This information can be used to counsel pregnant patients who require
investigation involving ionizing radiation. Nevertheless, a risk of carcinogenesis in the
foetus after  irradiation always still, regardless of the dose. The baseline risk of fatal
childhood cancer is 5 in 10.000 and the relative risk after exposure to 0,05 Gy is 2 (Chen et
al., 2008); this relative risk may appear substantial but it should be remembered that the
baseline risk is very low and that the 2004 Guidelines of the American College of
Obstetricians and Gynecologists do not precisely indicate the estimated carcinogenic risk in
case of irradiation   describing it as “very small” and it is concluded that it is
exceptionally unlikely that any single diagnostic radiological examination would deliver a
radiation dose sufficient to justify pregnancy termination. Numerous authors agree that it
can be thought that radiodiagnostic examinations in pregnant women can be performed
after appropriate evaluation of the risk/benefit ratio; however, it is generally the
"substitution" rule that predominates, by way of endeavours either to delay the
investigation to the postpartum period, or to obtain the information required by other
means, avoiding ionisation. For instance, Nicklas et al., 2000 suggest a certain number of
alternatives to the standard radiographic procedures in the context of metastatic cancer in
pregnant women: the use of non ionising examinations such as chest and abdominal
Magnetic Resonance Imaging (MRI), to look for deep nodal involvement and evaluation of
the pulmonary and liver parenchyma as an alternative to chest and abdominal
tomodensitometries, and cerebral MRI for the evaluation of the central nervous system.
However, concerning MRI, the current guidelines of the U.S. Food and Drug Administration
indicate that the safety of MRI with respect to the foetus « has not been established ». The
risk incurred by the foetus during MRI examination without injection is on the one hand
related to teratogenic effects, and on the other to the possible occurrence of damage to
hearing. In view of the theoretical risk of foetal overheating/cavitation, first trimester MRI
should be avoided (Chen et al., 2008) ; damaging effects could indeed arise from different









mechanisms, among which the thermal effect of magnetic resonance gradient changes and
direct nonthermal interaction of the electromagnetic field with biological structures
(Campbell FA et al., 2006). It should be noted that the 2007 American College of Radiology
guidance document for safe MRI practices does not differentiate among the pregnancy
trimesters and states that all pregnant patients can receive MRI as long as the “risk benefit
ratio to the patient warrants that the study be performed” (Kanal et al., 2007): MRI, thus,
seems safe to use among pregnant women in the second and third trimesters.
The injection of contrasting substances (iodine or gadolinium) for imagery investigations is
also questionable during pregnancy. Iodinebased substances belong to FDA category B.
This category includes molecules for which animal studies do not show any foetal risk but
for which human studies are lacking, or molecules for which animal studies have shown
damaging effects on the foetus but where this effect has not been confirmed by studies
among pregnant women in the first trimester of pregnancy. In animals, regarding the use of
iodinebased contrast substances, no teratogenic, abortive or mutagenic effect has been
reported (Webb et al., 2005). However the agents pass through the placental barrier,
allowing a risk of neonatal hypothyroidism (Webb et al., 2005). This risk is only really
present from the 20th week of gestation, at the time when the thyroid starts to be functional.
The screening for neonatal hypothyroidism is in practice an examination that is carried out
systematically by paediatric teams, but the importance of ensuring that this is indeed carried
out among infants exposed   to iodinebased contrast substances should be
emphasised (Chen et al., 2008).
Regarding the injection of gadolinium chelate, this is not at present authorised during
pregnancy; intravenous gadolinium is teratogenic in animal studies, albeit at high and
repeated doses (Chen et al., 2008). Gadolinium is classified as a category C drug by the U.S
Food and Drug Administration but can be used if considered critical. In humans, knowledge
on this subject relies on isolated clinical cases or small series showing no teratogenic effect
(Lin et al., 2007). For instance, Marcos et al., 1997, report a series of 11 pregnant patients at
terms ranging from 16 to 37 gestation weeks, who underwent MRI with gadolinium
injection (gadopentatate dimeglumine: 0.1mmol/kg) for the purpose of evaluating a
placental pathology, and no adverse effect was reported among the neonates. Likewise, in a
prospective series of 26 pregnant patients exposed in the first trimester of pregnancy to MRI
with gadolinium injection, de Santis et al., 2007, observed no abnormalities among the
neonates overall. However, data is as yet insufficient in humans to justify concluding to the
fact that the use of gadolinium among pregnant women is without risk for the foetus.
In practice, when there is an issue regarding whether or not investigations can be carried out
for tumoral extension in pregnant women, the indications for the different examinations
should be discussed one by one, taking into account the gestational stage, the anatomical
area to be explored and the sensitivity of the considered radiodiagnosis tests. For instance,
MRI, after injection of gadolinium chelate, is the most sensitive method for the detection of
intracranial metastasis (Naggara et al., 2006)). However, as previously mentioned, the use of
this contrast agent is not authorised in pregnant women. Therefore, in order to decrease the
risk of false negatives, a brain scan with injection will have to be preferred to cerebral MRI
without injection to look for cerebral metastases during pregnancy. Regarding the
exploration of the chest, it was seen above that some authors recommend thoracic MRI. This
technique is very sensitive for the exploration of the mediastinum, the heart or the rachis
(Thompson et al., 2000)) but for the exploration of the pulmonary parenchyma, thoracic CT
remains the firstline examination, even among pregnant women (Pentheroudakis et al.,








2006). This can be backed up if necessary, beyond the first trimester of pregnancy, by
abdominalpelvic noninjected MRI.
Therefore, although there is no general agreement regarding the initial investigations for
metastatic melanoma during pregnancy, in terms of the risk / benefit balance, the
association of contrastenhanced brain and chest CT scan with abdominal ultrasonography
can be proposed (Pagès et al., 2010).
5.2 Sentinel lymph node procedure and pregnancy
The sentinel node is the first lymph drainage node invaded from the primary tumour.
Sentinel lymph node biopsy (SLNB) is carried out in order to determine the presence or
absence of lymphnode micrometastases in a patient without clinical adenomegalia. For
melanoma, SLNB is currently considered as a staging procedure, that can be offered to the
patient. In practice, the detection of sentinel node encroachment is performed by injection of
a Technetiumlabelled radiocolloid (isotopic method) in the area of the excision of the
primary melanoma, generally the day before surgery. This injection can be coupled with a
vital blue staining (colorimetric method). If the sentinel node shows micro metastasis,
lymph node dissection is at present recommended.
In the literature, some publications have attempted to assess the foetal dose received during
SLNB in nonpregnant women, using devices so as to mimic the different stages of
pregnancy as close as possible. Thus, Gentilini et al., 2004 report a series of 26 nonpregnant
patients with breast cancer and candidates for SLNB. This consisted in peritumoral
injection of about 12 Mbq of nanocolloid 99m TcHAS before surgery; thermoluminescent
dosimeters were positioned at the injection site, between the injection site and the
epigastrium, and in three other locations mimicking the position of the foetus in the
different trimesters of pregnancy: epigastrium, umbilicum, and hypogastrium. The
scintigraphic images showed no diffusion of the radiographic marker except at the injection
point and in the sentinel node. In 23 of the 26 patients, all the measures of absorbed doses
were below the dosimeter detection thresholds. For 3 patients, the doses absorbed in the
epigastric, umbilical and hypogastric areas were within the following ranges: 40320; 120
250; 30140 Gy. The authors concluded that the foetal doses absorbed during the SLNB
were negligible and that this procedure could therefore be used in pregnant women, on
condition that a standardised protocol was developed. In a retrospective series of 9 patients
(3 breast cancers, 6 melanomas) in whom the sentinel node procedure was performed in the
course of pregnancy, Mondi et al. 2007 observed no neonatal abnormality among the
newborns, while in 22% of the cases the procedure occurred in the first trimester of
pregnancy. Thus the SLNB appears feasible in pregnant women, exposing the foetus to a
negligible level of irradiation and hence to minimum risk. However, the concomitant use of
methylene blue is still the subject of controversy in the literature, counterindicated for some
authors (Pentheroudakis et al., 2010), and envisaged for others (Pruthi et al., 2011). On the
other hand, since SLNB can not currently be considered as a standard of care, except for
accurate staging purpose, its realization in melanoma pregnant patient should be carefully
questioned, with clear information delivered to the patient.
5.3 Treatment of melanoma during pregnancy
The optimal therapeutic strategy should be jointly discussed by the medical team, the
patient and her family and will depend on gestational age, stage of cancer, treatment








options and patient wishes. It ideally requires a multidisciplinary approach with an
obstetrician, a neonatologist, a medical oncologist, a surgeon and a psychologist. We will
expose below the feasibility of the different therapeutical approaches usually used in
melanoma during pregnancy: surgery, radiotherapy, immunotherapy and chemotherapy.
5.3.1 Surgery
Surgery in the course of pregnancy is not an exceptional occurrence. It is estimated that in
the USA 1 to 2% of pregnancies will entail surgical intervention for nonobstetric purposes
at some time in gestation (Kuczkowski et al., 2004). Risks to the foetus during surgery are
not only anaesthesisrelated, they also include intraoperative complications such as hypoxia
and hypotension (Moran et al., 2007). Furthermore, decreased placental perfusion secondary
to longterm positioning of the mother in the supine position is a mechanical problem in late
pregnancy. Some physiological changes occurring in pregnancy have a direct impact on
anaesthesic procedures, for instance :
 the total body water and plasma volume increase by about 50%, resulting in an increase
in the distribution volume of hydrosoluble drugs, thus modifying their pharmaco
kinetic,
 with the increase in volume of the uterus during pregnancy, there is a decrease in the
return of blood via the lower vena cava, and a risk of aorticcaval syndrome, depending
on the patient's position during surgery (dorsal decubitus) which can lead to severe
maternal hypotension with serious consequences on the foetus,
 gastrointestinal motility is classically reduced during gestation with a relaxing of the
lower oesophagal sphincter, presenting increased risk of inhaling gastric fluid during
intubation under general anaesthetic.
The surgeon and the anaesthetist should take into account all these alterations at the time of
surgery in order to avoid secondary effects on mother or foetus as far as possible. Maternal
and foetal monitoring should be set up as early a possible by a trained team. Mazze δ
Kallen, 1989 examined adverse outcomes after nonobstetric operations during pregnancy
(data from 3 Swedish health care registries from 1973 to 1981); there were 5,405 operations in
the population of 720,000 pregnant women. The incidences of congenital malformations and
stillbirths were not increased in the offspring of women having an operation. However, the
incidences of very low and low birth weight were higher in the population having surgery
and attributed to the underlying cause of the emergency of surgery during pregnancy.
Commonlyused anaesthetics, including nitrous oxide, enflurane and narcotics, have been
extensively used safely in pregnancy (Rosen, 1999). Most authors agree that anaesthesia
(general, regional or local) can be administered to pregnant women without damaging
effects on the development of the embryo or fœtus. (Moran et al., 2007) With modern
surgical and anaesthesia techniques, the maternal death rate is negligible and surgery
during the first trimester does not appear to increase the incidence of major birth defects.
For localized melanoma, as in non pregnant patient, surgery is the mainstay of treatment for
pregnant patients. With local anesthesia, local resection can occur whatever the trimester
without increased risk (Richards δ Statsko, 2002). Concerning teratogenicity of local
anesthesia, when administered to pregnant rats, it did not result an increased incidence of
congenital malformations or adverse outcomes (Fujinaga δ Mazze, 1986). In a study of 34
pregnant women having cutaneous surgery, Gormley et al., 1990 found no maternal or
neonatal adverse events in 23 mothers who were available for follow up. However, in view
of the absence of adequate clinical studies in humans, it is classically recommended (when








possible and excluding emergencies) to avoid surgical interventions in the first trimester of
pregnancy, or even to postpone it until after childbirth, in accordance with riskbenefit
tradeoff and precautionary principles, assessed for each individual case. In regard to
melanoma during pregnancy, cautious but definitive treatment is recommended.
5.3.2 Adjuvant therapy with Interferon α
Patients who are at higher risk for recurrence after definitive surgery (those with thicker
primary tumors and/or with primary tumor ulceration and those with lymph node
involvement) should be considered for adjuvant therapy (Kirkwood et al., 1996). Interferon
–α2b (IFNα2b) is the only effective adjuvant therapy for these patients that has been
approved by regulatory authorities worldwide. The safety of IFNα2b during pregnancy has
not been studied formally, however low to moderate doses of interferon alpha have been
safely administered in pregnant patients with chronic myeloid leukemia, CML (Regierer et
al., 2006; Mesquita et al., 2005). In their review of literature, Azim et al., 2010, reported 26
CML patients exposed to IFN α during the course of pregnancy (one third during the first
trimester). No congenital abnormalities were reported. Authors suggest that is probably due
to IFNα high molecular weight, making it unlikely to cross the placenta. Egberts et al., 2006
reported no specific birth defects in children born to mothers receiving IFNα 2b for
melanoma. It seems that IFN α can be safely administered throughout the course of
pregnancy, however the potential for severe toxicity and the marginal improvement with
this regimen for melanoma make its administration during pregnancy inadvisable.
5.3.3 Radiation therapy
Exposure to ionising radiation  entails a certain number of risks, and these latter vary
according to the foetal dose received and the gestational age at the time of irradiation of the
mother. The real dose received by the foetus depends on the size of the field irradiated, the
anatomical irradiated site, the distance of the embryo or foetus from the irradiated site and
the total dose prescribed. Regarding the gestational age, classically, three periods are
distinguished:
 the socalled implantation period corresponding to the first 10 days after conception.
During this phase, the "all or nothing" rule applies, terminating either in the loss of the
embryo, or in the absence of any damage. Doses ranging from 0,05 to 0,15 Gy have been
reported to increase the death rate   in studies on rats and mice (Roux et al.,
1983).
 the embryogenesis or the organogenesis phase, from the 9th day to the 8th week, which
involves risk of foetal malformation. These risks are related to a threshold dose of
irradiation (Kal et al., 2005). Before the explosion of the atomic bomb, knowledge of
radiation risks in humans relied on cases reported of pelvic irradiation in pregnant
women. Thus Dekaban et al., 1968 conducted a review of the literature of published
cases between 1921 and 1956 of pelvic irradiation among pregnant women, covering
different terms in pregnancy (ranging from the 4th to the 25th week of amenorrhea
(WA)). Twentysix cases were analysed, with a wide variety of received doses, but, for
the most part, above 2,5 Gy. Twenty children aged 3 months to 16 years were alive at
the time of the last clinical examination. After exposure between the 4th and the 11th
WA, numerous congenital abnormalities were reported: microcephaly, skeletal
malformations, malformation of the genital organs, of the eyes (cataract,








microphthalmia, pigmentary degeneration of the retina) and damage to the central
nervous system (severe mental retardation). The most frequent malformations observed
among children exposed  in Hiroshima and Nagasaki was microcephaly (Stovall
et al. 1995).
 the period of foetal maturation and growth, from the 8th week to the end of gestation.
At this stage, the organogenesis process is complete, but the CNS and the gonads
continue to differentiate and are therefore more vulnerable to irradiation. During this
period, the main ionising radiation risks   are intrauterine growth delays and
severe mental retardation (Otake et al., 1996).
It is however important to note that for foetal doses of 0,1 Gy, the spontaneous incidence of
mental retardation, which is basically estimated to be 3%, is greater than the potential effect
of radiation on the decrease in Intelligence Quotient (Streffer et al., 2003). In contrast, for
foetal doses of 1 Gy, between the 8th and 15th WA, the probability of  decrease in
IQ and mental retardation resulting from this, could be around 40%, thus superior to the
spontaneous incidence (Kal et al., 2005).
In practice, after consideration of all the potentially deleterious effects for the foetus, it is at
present agreed that the maximum dose should not exceed 0,1 Gy on a gravid uterus (Kal et
al., 2005). Pregnancy termination in case of doses received below 0,1 Gy is therefore not
justified on the basis of the irradiation risk (Pentheroudakis et al., 2010)
The other risk from irradiation , independently of the term of pregnancy, is the one
of development of solid cancers and leukaemia among children born to irradiated mothers.
The spontaneous incidence of cancers and leukaemia in children aged 0 to 15 is estimated at
23/1,000 (Kal et al., 2005). The scale of the risk after low dose radiation and the variation of
this risk according to pregnancy stage, have been the subject of numerous publications, but
the interpretation of the data is still a subject of controversy. Most authors agree that
prenatal exposure to ionising radiation at a dose of 0,01 Gy could increase the incidence by
40% (to reach 34 per 1,000) (Kal et al., 2005). It is however possible to envisage medical
radiotherapy procedures in pregnant women, on condition that the foetal dose is kept to a
minimum. The following recommendations should be applied:
 First, conduct an  evaluation of the dose received by the foetus. This modelling
process is based on the use of phantoms and, for data collection, on the use of
thermoluminescence dosimeters.
 Secondly,depending on these latter results, set up the devices aiming to minimise the
foetal dose. Useful techniques for the minimisation of foetal radiation exposure include
the use of lead shielding and modification of radiotherapy techniques, including the use
of multileaf collimators reducing the field size and modifying the beam energy.
 Thirdly,perform  dosimetry.
Thus, numerous authors consider that radiotherapy can be envisaged in the course of
pregnancy, in particular in certain situations such a breast cancer, supradiaphragm
Hodgkin's disease, some primary and secondary cerebral tumours, and some head and neck
tumours. Indeed, as an example, the irradiation of the breast in the course of pregnancy
exposes the fœtus to around 0,1 to 0,3% of the total dose (total dose estimated: 50 Gy)
(Antypas et al., 1998). Luis et al. published in 2009 a review of the literature on radiotherapy
administered during pregnancy, grouping their series of 9 patients with 100 cases described
in the literature, irrespective of cancer type, since 1950 (sources Cochrane, Medline,
PubMed). These cases excluded radiotherapy for tumour in the pelvic area, and cases of
combined chemoradiotherapy during pregnancy. Among these 109 cases, there were 13








adverse outcomes: 2 spontaneous abortions, 5 perinatal deaths, 1 stillbirth, 1 sensorineural
hearing loss, 1 case of undescended testis and ventricular septal defect, 1 case of learning
difficulties, 1 case of hypospadias and 1 case of delayed development. The estimated fœtal
dose was reported for only 4 cases, and was below 0,1 Gy, the threshold dose thought to
apply for the appearance of radioinduced fœtal malformation. The authors underline that
at doses estimated to be under 0,1 Gy for   foetal exposure, the occurrence of fœtal
malformations cannot be distinguished from the background rate of spontaneous congenital
abnormalities. When possible, an extended followup of patients and their offspring should
be undertaken ; in the same review of the literature, Luis SA et al. report a median duration
of followup of 37 months (maximum followup : 372 months).
Although the important role of radiotherapy in achieving locoregional control and palliation
in oncology is well recognised, this approach is not always incorporated into the
management of melanoma. In general, patients with stage IIII melanoma (confined to the
primary site and regional lymph nodes) are treated surgically with curative intent; in most
cases, no further local treatment is needed. For stage IV melanoma, radiotherapy has an
important role in the palliation of many symptoms (bleeding, pain, spinal cord compression
from vertebral metastasis…) caused by recurrence or metastasis. Furthermore, for a few
brain metastases, patients can be treated by neurosurgical resection or stereotactic
irradiation. Whole brain radiotherapy after either stereotactic radiosurgery or surgical
excision remains controversial (Patel et al., 2010). In most of cases, brain melanoma
metastases are multiple and in this setting, high dose steroids and whole brain radiotherapy
are frequently associated and provide temporary relief of symptoms (Cranmer et al., 2010).
We reported 2 cases of radiotherapy during pregnancy for cerebral metastases of melanoma
(Pagès et al., 2010). In the first case, a whole brain radiotherapy was associated with
chemotherapy (fotemustin) during the second and third trimesters; in the second case, brain
gamma knife stereotactic radiosurgery was performed as a single treatment at 23 WA for 3
cerebral metastases. The fetal dose was estimated for only the 2nth case with
thermoluminescent dosimeters put on epigastrium and in vagina and was between 0,02 and
0,04 Gy for a maximum tumour dose of 20 Gy; the fetal exposure was less than 0,1 Gy, a
dose below the deterministic threshold. No morphological abnormalities were observed in
the two newborns with a followup of respectively 23 and 2 months. Several case series (Yu
et al., 2003; Magné et al., 2001) have reported the birth of healthy babies from mothers who
received radiotherapy for cerebral metastases.
5.3.4 Chemotherapy
Malignancy during pregnancy poses special challenges because of the conflict between the
need to optimally treat the mother, while minimising risk to both mother and fœtus. The
mother should be properly counselled so that she can reach an informed decision. The risks
incurred by the foetus differ according to the moment of the exposure: indeed, the
instatement of chemotherapy in the first trimester of pregnancy entails the risk of foetal
death , spontaneous miscarriage and congenital malformation (teratogenicity). In the
course of the second and third trimesters, the risks are different, mainly prematurity and
intrauterine growth retardation. The risk incurred also varies with the molecule used.
Fotemustine and dacarbazine are two molecules belonging to the alkylating agent group,
frequently used in the treatment of metastatic melanoma. Their use in pregnant women has
been the subject of only a few publications in the literature. Since the 1960s, 37 cases of
administration of dacarbazine to pregnant women have been reported, of which 8








concerned the first trimester (Table 3). Two neonates exposed during the first trimester
presented congenital malformations: hypoplasia of the left thumb and bilateral agenesis of
the metacarpals in the case reported by Dilek et al; microphthalmia and severe
hypermetropia in the case reported by Li et al.(Table 3). The imputability of dacarbazine in
these malformations was nevertheless hypothetical, since the drug had been administered in
both cases in association with other cytotoxic agents. Among the 29 infants exposed 
to dacarbazine in the second and third trimesters of pregnancy (Table 4), no congenital
malformation was noted and nearly 50% were born prematurely, which is a significantly
high proportion in comparison to prematurity rates in France in 2003, of the order of 7%
(Bourillon, 2005). Nevertheless, we can not exclude that the alterated general health status of
the mother take an important part in the high rate of prematurity observed. Likewise, in the
general population, spontaneous abortion ranges from 10 to 20% while 34% of live birth
suffers congenital anomalies (New York State Department of Health. Congenital
Malformation Registry 1995 – annual Report); it is important to consider this information in
the interpretation of the outcome of pregnant cancer patients treated during gestation.
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Abbreviations : ABVD : adriamycin, bleomycin, vinblastine, dacarbazine, WA : weeks of amenorrhea,
TA: therapeutic abortion, NA: not applicable, NR: not reported

Table 3. Cases reported of administration of Dacarbazine during the first trimester of
pregnancy.
The series published by Avilès et al. provides a relatively long followup of children
exposed  to dacarbazine administered with other chemotherapy agents: the median
followup was 9 years (range 316 years). The development of these 10 children, in terms of
stature and weight, was considered normal in comparison with a control group of the same
age and from the same sociocultural environment. Likewise, no case of delayed psycho
motor development was observed: all the children entered normal schooling when the time
came; the results of IQ tests showed no significant differences with the control group.
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Abbreviations: ABVD: adriamycin, bleomycin, vinblastine, dacarbazine, IUFD : intrauterine foetal
death, IUGR : intrauterine growth retardation, NR : not reported, NA : not applicable, Y: years, M:
months

Table 4. Cases reported of administration of Dacarbazine during second and third trimesters
of pregnancy.
Thus, present knowledge concerning the use of dacarbazine in pregnant women is sparse,
based on isolated clinical cases or small series, and in the majority of cases dacarbazine was
administered as part of polychemotherapy. All these elements make it difficult to
determine the risk associated specifically with the use of this molecule.
Regarding fotemustin, we reported a case of administration in the second and third
trimesters of pregnancy in a patient aged 28 followed for a stage IVM1C melanoma, together
with whole brain radiotherapy. On account of a marked degradation in the general








condition of the mother and significant intrauterine growth retardation, the delivery was
induced at 30 WA, giving birth to a female child weighing 820 grammes, with no notable
malformation or sign suggesting metastatic localisations; the placenta was free of
metastases; at 23 months, the child was alive and well.
In conclusion, dacarbazine and fotemustin should not be electively started during the first
trimester of pregnancy, but these drugs can be administered during the second and third
trimesters with reasonable safety, although there is an increased risk of stillbirth, growth
retardation and premature delivery. The followup of these children is an important issue.
Indeed, in the literature, the followup of children exposed  to chemotherapy is often
too short and therefore the risk of secondary malignancy is likely to be underestimated.

6. Conclusion
The diagnosis of melanoma in the course of pregnancy is not an exceptional situation, and
the provision of treatment in the case of advanced melanoma in pregnant women raises
certain issues that are at once medical, ethical and philosophical. While in previous decades,
pregnancy in patients with cancer was discouraged, currently such pregnancies are treated
with more optimism; however, a right balance has to be found between the risks for the
mother and those for the foetus. This particular situation requires a multidisciplinary
approach involving, among others, surgeons, oncologists, paediatricians, gynaecologists,
obstetrician and radiotherapists. Despite the lack of published guidelines, most of the
conventional treatment strategies appear to be feasible in the second and third trimesters of
pregnancy with appropriate protection measures. International collaboration is required in
order to collect data on a sufficient numbers of births among women with cancer in order to
obtain more precise risk estimates for adverse infant outcomes. A longterm followup of
these children born to women with cancer should also be established and documented.
The information given to the mother and her family should be clear and honest, and in line
with present scientific knowledge, not only concerning the possible damaging effects on the
fœtus of any given substance, but also on the possible transmission of cancer to the child, in
particular in case of advanced maternal melanoma. The prognosis of the disease, and the
possibility that the child might have to grow up without his mother, should also be brought
up.
The arrival of innovatory therapies in the area of advanced melanoma, such as
immunotherapy with antiCTLA4 antibodies (ipilimumab) or targeted therapies (anti BRAF,
anti MEK) constitute a revolution in the care of these patients and raise genuine hopes in
terms of prognosis. If these hopes are confirmed, dealing with these drugs during
pregnancy will be our tomorrow challenge.
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Adrenal melanoma first reported by Kniseley et al in 1946 is a relatively aggressive tumor
affecting the middleaged adults.1 The longest postoperative survival reported is 46
months.2 In cases with adrenal metastases originating from a primary melanoma source,
prognosis is worse with a median overall survival of 6 months.3 Adrenal glands are the sixth
most common site of distant metastases from melanoma (after lymph nodes (73.6%), lungs
(71.3%), liver (58.3%), brain (54.6%) and bone (48.6%)).4
It manifests itself with flank pain and usually renal involvement is detected at the time of
diagnosis. Additionally, distant lymph node metastasis could also be detected. Absence of
previous unilateral adrenal gland involvement, presence of pigmented lesions without any
signs of endocrine disorder, and negative immunohistochemical endocrine markers are
typical characteristics of primary malignant melanoma of the adrenal gland. Presence of an
occult primary lesion should also be excluded by autopsy.
Pluripotent neural crest cells are localized within adrenal gland medulla. They are
precursors of melanocytes, neurons, glial cells of the peripheral nervous system, and adrenal
chromaffin cells. Under the influence of microenvironment, and various growth factors,
these multipotent cells might transform into different cell types.5
Differential diagnosis is difficult to establish based on the radiological criteria. Melanomas
do not usually display disease specific signs. Computerized tomography has been the
preferred diagnostic tool for the evaluation of adrenal glands. Rajaratnam et al concluded
that an adrenal mass greater than 5 cm in diameter, with central or irregular areas of
necrosis/hemorrhage (and no lipomatous component) is a characteristic metastasic focus
from malignant melanoma.4 18FFDG PET is a wellestablished diagnostic tool for restaging.6
Histopathologically, it is very hard to discriminate adrenal melanoma and
pheochromocytoma. Melanin and melaninlike pigment can be detected in
pheochromocytomas.7 Some authors suggest that adrenal melanoma takes origin from
pheochromocytoma, and thus it should be termed as melanotic malignant
pheochromocytoma.8 However, some others do not agree this opinion, and suggest that
these tumors should have diverse origins.9 Differential diagnosis between adrenal
melanoma and pheochromocytoma could be established using immunohistochemical
staining. Neuroendocrine markers including synaptophysin, chromographin and neuron






specific enolase and neurosecretory granules (under electron microscopy) are detected only
in pheochromocytomas.2,9,10
Since these tumors adhere to the adjacent kidney, nephroadrenelectomy is the preferred
surgical treatment modality. Liatsikos et al performed the first laparoscopic adrenalectomy
in a patient with primary adrenal malignant melanoma.10 Because of its rare occurrence, a
consensus has not yet been established with respect to adjuvant therapies such as
radiotherapy1 or chemotherapy with dacarbazine.11 Adrenal metastases of melanoma
provide additional evidence of systemic disease with an overall poor prognosis. For these
patients, systemic therapy is usually preferred. Mittendorf et al suggested the option of
adrenalectomy for those patients with no or limited extraadrenal disease.12

Melanoma formed by melanin producing cells accounts for 68,000 newly reported cases, and
is responsible for 8600 deaths annually in the United States.13 It ranks sixth among the most
frequently encountered malignancies in the UK, and malignant melanoma is most often
encountered between the ages of 15 and 34 years.14 Its incidence over the last decade has
increased faster than the other types of malignancies.15
Renal metastasis of melanoma is rarely seen entity among the renal metastatic tumors.
Accordingly, it is reported that kidney involvement in patients with malignant melanoma
was around 24% to 50% of the cases.16 In a seriesconsisting of 142 cases of metastatic
genitourinary tract melanomas reported by Abeshouse, the primary cancer source was skin
in 80 % of the cases.17 However, renal involvement unrelated to any primary pigmented skin
lesion was also reported.18 Levin et al. reported a case of an isolated renal metastasis 20
years after initial diagnosis and treatment secondary to an ocular melanoma occurring.19
Renal metastases secondary to cutaneous melanomas have been detected as multiple
microscopic or millimetric foci. They usually progress insidiously and tend to invade
adjacent perirenal space. They are highly vascularized. Boughan reported a metastatic case
of melanoma localized in the upper renal pole and infiltrated the inferior vena cava (IVC).18
Anecdotal reports of renal vein invasion by the tumor thrombi arising from secondary
metastatic renal tumors have been encountered in the literature. Indeed, Klatte presented a
case of renal metastasis of a malignant melanoma in which renal vein had been occluded by
a tumor thrombus.20 It was also underlined that renal metastases of malignant melanoma
usually reflect endstage renal disease.20
Transmission of donor malignancies to organ transplant recipients is a rare complication of
transplantation. Malignant melanoma is one of the most commonly reported donorderived
malignancies. The mechanism of transmission of melanoma from the donor to recipient is
unknown. Circulating tumor cells or dormant micro metastases residing in the organ
parenchyma has been blamed for this transmisssion.14 In the literature, there are 15 case
reports of melanoma transferred from donor organs to 28 recipients. The organs were
transplanted in the range of six months to 16 years after the donors had undergone
melanoma surgery.2124 MacKie et al had underlined that none of the patients with invasive
melanoma should ever be an organ donor because of the possibility of the late and ultralate
recurrences in melanoma.21 It has been estimated that between 0.98% to 6.7% of melanomas
recur 10 years after the initial treatment.25 Its ulcerated nature and depth of cutaneous
infiltration are risk factors in favor of recurrences and also the distant recurrences were
mostly encountered type of recurrence pattern (60%).26






Biological behavior of malignant melanoma is quite complex. Recurrences might be seen
years after remission and it is believed that recurrences have been associated with re
activation of dormant cells. The maintenance of dormancy is hypothesized to be the result of
a proficient immune system. Therefore, tumor cells remain dormant in an
immunocompetent host. However immunosuppressed status of the patient as seen after
transplantation serves as an ideal environment for the reactivation of the dormant cells.27
Radiological differentiation of renal metastases from renal cell carcinoma (RCC) is quite a
complicated issue. The sensitivity of 18FFDG PET that is routinely used for the diagnosis of
advanced disease, visceral, deep softtissue and lymph node involvement is quite low for
the detection of earlystage malignant melanoma.28 PET which uses a new analogue of
fluoronicotinamide i.e. 18FMEL050 has a higher specificity, and sensitivity.29 Definitive
diagnosis of melanoma is established through cytological examination of the renal biopsy
specimen. In malignant melanoma, cellular shapes and patterns might show variations
depending of the originator tissue. Cytological features of a melanoma resemble those of the
other poorly differentiated neoplasms like carcinomas, lymphomas, and sarcomas.30 For
diagnostic purposes immunocytochemical staining is used. In clinical practice, mostly S100
protein, and HMB45 antibodies, and recently found MART1 melanocyte antigens have
been used.30,31
S100 protein is a calcium binding protein which had been isolated from brain tissue, and it is
90% sensitive for melanoma. However its sensitivity might drop to 70 % with respect to its
discriminative potential between malignant melanomas, and spindle cell lesions with
similar cytomorphologic features. In addition, primary renal tumors also stain with
melanocytic markers. As previously demonstrated by Lin et al, 14.8 % of primary RCC’s
were stained positively with S100 protein.32
HMB45 staining is relatively more specific for melanoma, and it is positive in 96.8 % of the
cases. However its sensitivity decreases in spindlecell and desmoplastic variants of
melanomas, because of their lack of reactivity to HMB45 staining. This phenomenon has led
to the development of a more sensitive, and specific novel monoclonal antibody. MART1 is
a melanocytic antigen encoding gene which is only expressed in skin, retina, and
melanocytic cells. MART1 possesses 95 % sensitivity, and 97 % specificity for the detection
of melanomas. However sensitivity of MART1 reportedly decreases in the detection of
spindlecell, and desmoplastic variants of melanoma.
Angiomyolipomas originating from blood vessels, smooth muscle, and adipose tissue, and
primary renal tumors carrying a translocation domain on t(6;11)(p21.1;q12) chromosome of
TFEB ALPHA gene may also stain positively for melanin proteins. Epithelioid and spindle
cell angiomyolipomas have a staining pattern for melanomaspecific, HMB45 marker.33
Translocation of ALPHA gene on chromosome on to intron 1 on TEFB located chromosome
6 is related to a RCC subgroup with pleomorphic histological characteristics, and they stain
positively for melanocytic markers such as HMB45, and MelanA.34
Malignant melanoma is an immunologically active disease. Various forms of systemic
immunotherapy such as Bacille Calmette Guerin (BCG), interferonalpha and allogenic
tumor vaccines have demonstrated significant improvements in overall and diseasefree
survival rates.3538 Currently, recommended treatment modalities for donorrelated
melanoma transmission consist of cessation of immunosuppressive therapy, achievement of
rejection, and removal of the donor organ. In addition adjuvant chemotherapy or interferon
alpha therapy are also recommended to achieve complete resection of the tumoral mass.21,39







Ureteral malignant melanoma is a rarely seen entity. Generally it emerges as a metastatic
focus. In the English medical literature limited numbers of ureteral malignant melanomas
have been reported. Clinically, it manifests itself with symptoms of colicky pain.
Radiologically, hydronephrosis, hydroureteonephrosis, and filling defects are seen in the
upper urinary tract depending on the level of ureteral involvement. Ureteral mass lesion is
verified by ureteroscopic examination.
Definitive diagnosis is established after immunohistochemical examination of the biopsy
material. A clearcut consensus on its management is lacking due to its rarity. Tumor can
spread to all parts of the urinary tract after URS or DJ stenting. In their casepresentation,
Gakis et al. proposed a management protocol for ureteral malignant melanoma in
Accordingly,
they
recommended
consideration
of
literature
findings.4043
nephroureterectomy and regional lymphadenectomy for unilateral upper urinary tract
involvement. Positive surgical margins, positive lymph nodes or depth of primary
cutaneous tumor exceeding 1.5mm necessitate administration of adjuvant chemotherapy
(dacarbazine). Local recurrences could be managed with resection and chemotherapy. In the
presence of bilateral resectable lymphometastatic lesions, partial ureterectomy, and bilateral
regional lymphadenectomy should be employed. Besides, adjuvant chemotherapy is
recommended. For nonresectable lesions, radiation therapy and chemotherapy are among
the treatment alternatives.


Lower urinary system contains bladder, urethra, and prostate gland in men. Symptoms of
lower urinary tract diseases generally mimic each other. In older men, benign prostatic
hyperplasia triggers symptoms such as dysuria, urgency, frequency, nocturia. On the other
hand, overactive bladder is another frequently seen entity in women. Melanoma also
mimics lower urinary tract symptoms during involvement of these areas.

Despite rarity of primary malignant melanoma of the bladder, genitourinary system
metastases of the bladder melanoma have a relatively higher incidence. Renal (45 %), and
vesical (18 %) metastases had been found in patients deceased because of melanoma.44
Therefore, discrimination between primary and metastatic melanomas of the bladder is
crucial. Stein45 and Ainsworth46 established some diagnostic criteria for primary bladder
tumors: (1) absence of any previous skin lesion (2) or cutaneous malignant melanoma (3) or
primary visceral malignant melanoma (4) recurrence pattern showing consistency with the
primary tumor diagnosis (5) atypical melanocytes at the tumor margin on microscopic
examination. In the literature including the most recent case reported by Siroy AE et al.the
number of cases with primary melanoma of the bladder amounts to 20.44,47 However all the
cases reported in the literature as primary melanoma of the bladder do not fit in these
criteria of primary vesical melanoma.
Its initial clinical presentation is hematuria, as seen in other types of bladder carcinomas.
However hematuria is a clinical sign of locally advanced disease.1Some patients present
with lower urinary tract symptoms. During advanced stages of the disease, clinical
symptoms peculiar to metastatic disease can be observed.






Cystoscopy is the primary diagnostic modality. Cystoscopy usually reveals a dark
pigmented mass with varying dimensions. Mucosal layer surrounding the tumoral mass has
a dark brown appearance, while the mucosa distant from the lesion has a pinkish white
color.46 Diagnosis is made with histopathological examination of the biopsy material.
Immunohistochemical studies shorten and facilitate diagnostic workup.
Despite treatment alternatives including transurethral resection, partial and radical
cystectomy, radiotherapy, immunotherapy, and chemotherapy, overall it has a poor
prognosis. Transurethral resection is curative for lesions restricted to epithelium, and
actually the definitive cure could be achieved by radical cystectomy.44,47 In cases where
surgery is contraindicated or chemotherapy is not tolerated because of its side effects,
radiation therapy and immunotherapy with interferonalpha can be applied.47 Despite all
these treatment alternatives, the prognosis is poor and the patients are generally lost within
3 years because of metastatic complications.

In general, prostatic melanoma symptomatically resembles benign prostatic hyperplasia.
First, obstructive signs and symptoms are detected in these patients. Sometimes irritating
symptoms might be more prominent and they may mimic urinary tract infections or
overactive bladder. This symptomatic ambiguity may lead to misdiagnosis and delay
correct therapy. Therefore, patients with refractory symptoms to treatments or improper
features of patients for suspected diseases such as young patient with BPH symptoms must
warn us to overlook another extraordinary disease.48 Prostatic melanoma is a rare neoplasm
of prostate and must be kept in mind in the differential diagnosis after a thorough
evaluation. Rare incidence of primary prostatic malignant melanoma in clinical practice,
early diagnosis and differentiation of primary malignant melanoma from epithelial cancer
are extremely important considerations, because while prostate cancer can be treated as a
chronic disease for years, malignant melanoma of the prostate can rapidly progress to
terminal stage with a high mortality.4951
If one suspects malignancy after digital rectal examination, computerized tomography
and/or transrectal ultrasound as well as radical prostatectomy and if needed lymph node
dissection should be added to the diagnostic workup. Alternatively, transurethral resection
or transrectal ultrasound guided prostate biopsy could be performed to establish a
diagnosis. Notably, not only surgical approach but also chemotherapeutic treatment plays a
major role in the management of prostatic melanoma.48

Primary malignant melanoma of urethra is a rare entity, representing less than 1% of all
melanoma and 4% of urethral cancers.52 Rarity and difficulty in diagnosis results in a fairly
late detection and poor prognosis. Noteworthy, urethral malignant melanomas are generally
associated with immunocompromised conditions including alcoholism, dialysis, and poor
selfcare.
Patients with urethral malignant melanoma admit to the clinics with various complaints.
Protruding mass is s one of the most common clinically observed because distal urethra is
involved more frequently than the other parts.53,54 Lower urinary system complaints
sometimes mask melanoma massrelated symptoms particularly in males. Symptoms may






sometimes mimic benign prostatic hyperplasia or chronic prostatitis. Unfortunately, only
after medical treatment fails in these patients, cancer diagnosis could be established with a
significant delay.55 Additionally, hematuria and urethral discharge are other complaints in
patients with urethral melanoma.
Routine physical examination of urogenital system and inguinal region must be performed
meticulously as well since a complete examination may sometimes provide crucial clues to
reach final diagnosis. Direct visual detection of tumor mass in females is frequently easy and
straightforward because of shorter length of female urethra. Likewise, most of the urethral
tumor mass located in the distal part with protrusion could easily be detected.
Unfortunately, at the time of admission of the patients, there is no available specific serum
tumor markers like 5Scysteinyldopa, an intermediate metabolite of melanin biosynthesis
which is used in postoperative melanoma followup, high in chronic renal failure no urine
tests or imaging methods to detect the exact nature of the lesion and neoplastic features in
early period. After the diagnosis is verified, evaluation of recurrence, lymph node and other
organ involvement must be investigated using ultrasound, computerized tomography,
magnetic resonance imaging or PET scan.
Although atypical pigmented melanocytic cells might be seen in cytological examination,
this clue should increase the suspicion of melanoma and lead to a more meticulous cancer
workup at this point. Unfortunately, cytology sometimes could not provide any evidence of
cancer. However, even in cases of inconclusive cytology, false negativity must always be
kept in mind. Histopathological examination of specimens is performed based on the
cellular differentiation, pleomorphism, solidity and grade of tumor according to WHO’s
schema. Additionally, diagnosis is supported by immunostainings with a specific marker
for melanoma (antiVimentin +, Protein S100 +, HMB – 45 +, Melan A +; AE1/AE3 +,
CD 20 +).
Although the optimum therapy has not yet been established, considering the rarity of the
urethral melanoma, surgical intervention plays the major role in first line therapy.
Melanoma spreads to the other organs via the lymphatic drainage. The urethra, particularly
the distal urethra including fossa navicularis and urethral meatus are the most common
locations and about 30% of patients already harbor metastasis at the time of diagnosis with
dangerous boundaries with regards to the depth of invasion and size of the tumor mass.57,58
While cancers of the anterior urethra preferentially infiltrate into superficial inguinal lymph
nodes, those involving the posterior urethra generally infiltrate into pelvic lymphatic
channels.57 However, the presence or absence of lymph node metastasis is the most
significant prognostic factor for survival, as survival rates are approximately halved by the
presence of nodal metastasis. Consequently, melanoma’s aggressiveness, higher stage, and
palpable lymphadenopathy require lymphadenectomy. However, unnecessary
lymphadenectomy may result in lymphedema, pain, infections and other complication. For
this reason, lymphadenectomy must be standardized especially for those patients with:
1. Palpable adenopathy (extended lymphadenectomy superficial and deep inguinal LND)
2. Lesions more than 1 cm in size
3. Presence of ulceration
4. Clark’s level IVV
Modified lymphadenectomy must be performed for all anterior urethral lesions other than
Tis.59 Local relapses and systemic metastases frequently develop in the early postoperative
period following the removal of primary urethral malignant melanoma. Therefore, surgery






alone is not adequate to control local relapses and systemic metastases, thus adequate
postoperative adjuvant therapy is required to prevent the relapse and progression of the
disease. Combined use of multiple chemotherapeutic agents such as cisplatin, dacarbazine,
carmustine and tamoxifen has been recommended in lieu of monotherapy.60 However; even
combination regimens do not satisfactorily increase the survival rates of patients with
metastatic melanoma. Immunotherapy based on αinterferon and tumor vaccines has also
been suggested in recent studies.61

These organs are external organs of male genital system. Primary malignant melanoma of
these organs will be presented together with the metastatic ones under the same title
because of their close relation.
Penile melanomas usually present as pigmented macule, papule, or ulcerations with an
irregular border; however, it might be unpigmented as well. It is typically found on the
glans penis and less often on the prepuce. The American Joint Committee on Cancer system
classifies cutaneous melanomas based on the depth of invasion (Clark staging) and tumor
thickness (Breslow level, direct measurement). Hematogenous metastases occur through the
vascular structures of the corporal bodies; and lymphatic spread to the regional lymphatic
ilioinguinal nodes occurs by lymphatic flow.62 Scrotal melanoma has also been detected
with similar appearance of penile melanoma. Testicular, epididymis and seminal vesicle
malignant melanomas are metastatic and display no symptoms until before reaching
sizeable masses so as to be detected during physical examination, and are mostly detected at
autopsies.63
Definitive diagnosis of penile, scrotal and testicular melanoma could only be established
histopathologically. However, imaging methods such as CT or MRI may help to delineate
the boundaries of the lesion and macroscopical invasion to neighboring structures. After
treatment, nuclear scintigraphy is useful for whole body scanning. Starting from early
1990s as an adjunct to followup scanning protocol, sentinel lymphadenectomy using
radio colloid mapping and dye localization for melanoma has been described. This
technique is minimally invasive and sensitive enough to detect the relevant nodes in the
correct nodal location without complete dissection. When the sentinel node is negative for
metastatic disease the incidence of micro metastases in the remaining structure is less than
1% to 2%.64
In patients with penile lesions less than 1.5 mm deep, less aggressive treatment with local
excision has been effective.6567 However, the risk of metastasis to regional lymph nodes
with a resultant poor outcome is high. Considering the rarity of the disease, aggressive
treatment in selected patients with penectomy or partial penectomy of the primary tumor
with bilateral lymph node dissection has been recommended.65 Despite aggressive
surgical treatment and chemotherapy, patients with metastatic disease have a poor
prognosis.
Patients with penile melanoma of stage III or more have an extremely poor prognosis; the
5year and 10year survival rates of Japanese patients with stage IIIB melanoma are 40%
and 38%, respectively.68 Penile malignant melanoma patients with positive lymph nodes
carry a poor prognosis of less than 2 years of mean survival.65 According to the guidelines
for treatment of patients in each stage, in addition to radical dissection of regional lymph
nodes, DAVFeron therapy is recommended as a postoperative adjuvant chemotherapy






for patients with stage III melanoma. 5DAVFeron therapy dacarbazine, ACNU
(nimustine hydrochloride), VCR (vincristine sulfate), plus interferonb is recommended as
a postoperative adjuvant therapy for patients with stage IIIB melanoma. Therapy can
significantly improve the 5year survival rate of patients with malignant melanoma
compared to the DAV therapy alone.69 The Feron therapy, in which interferonb (300 ¥ 104
IU) is locally injected into the wound area for 10 days, is recommended as an adjuvant
therapy for patients with stage I–II melanoma. Scrotal melanoma is treated with
orchiectomy and lymphadenectomy; and additional chemotherapy must also be
planned.70
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1. Introduction
This chapter explores the interaction between melanoma and psychiatric disorder, updating
our work with another decade of population-based data. Although psychiatric and physical
disorders, such as melanoma, frequently co-exist, the relationship between the two may be
complex. Psychiatric complaints may be secondary to physical illness, may cause or
exacerbate physical symptoms, or the two may merely occur by chance in the same
individual. When psychiatric disorder is secondary to cancer, it can be due to cancer-related
factors, cancer-treatment-related factors, psychiatric history factors and social factors.1
Melanoma is no exception to this. This chapter examines some of these possible interactions.

2. Neuropsychiatric complications of interventions used to treat melanoma
One obvious association between melanoma and psychiatric disorders is that many of the
medications used to treat melanoma have psychiatric complications. A significant
proportion of patients diagnosed with any form of cancer experience psychiatric morbidity
in association with diagnosis and treatment. Factors that influence or increase the risk of
psychiatric co-morbidity can be categorised as cancer-related factors, cancer-treatmentrelated factors, psychiatric history factors and social factors.1 When we say that an
intervention is a cause of an adverse health outcome we mean that it is a contributory cause
of that outcome in the sense that use of that intervention is one of a complex set of
conditions that jointly produced it.2 In order to infer that the intervention is a contributory
cause we need evidence that: (1) medicine use and the health outcome co‐vary; and (2)
evidence that other explanations of the relationship are implausible, leaving medicine use
as the most plausible explanation of the adverse health outcome.2 However, it can often be
difficult to attribute a particular psychiatric state to a specific cancer treatment/intervention.
It is recognised that a range of cancer treatments can contribute to the development of
psychiatric disorders in cancer patients. Disease modifying agents such as corticosteroids,
chemotherapeutic agents (vincristine, vinblastine, asparaginase, intrathecal methotrexate,
interferon, interleukin, amphotericin) and whole-brain radiation have all been associated
with the development of depression, delirium or dementia. In addition, treatment of pain
with high-dose opioids can be associated with acute confusional states (delirium),
particularly in the elderly and terminally ill.1
There has been increasing concern about the psychiatric side effects of treatment with
interferon (IFN), a therapy commonly used in the treatment of melanoma. Effects can occur
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shortly after beginning IFN therapy or later as a consequence of sustained treatment.3
Neurologic and neuropsychiatric complications include headaches, visual changes,
paresthesias, hyperkinesia, decreased attention and concentration, and impairments in
visual scanning, verbal memory, executive function, and motor control. Psychiatric
complications include depression, anxiety, mania, and suicidal ideation. More rarely, IFN
may induce mixed affective states in patients with melanoma with both depressive and
manic symptoms. Patients are at particular risk of developing hypomania or mania when
IFN doses are changed or when IFN-induced depression is treated with antidepressants
without concomitant mood stabilisers. The risk of mood fluctuation continues after
treatment with IFN stops. Greenburg et al reported that 40% of interferon-treated melanoma
patients reported depressed mood and 8% reported severe depression with functional
impairment or suicidal ideation.4 Adverse events following IFN treatment also include
attempted and completed suicides.3
Neuropsychiatric effects of IFN resulting in depression and/or anxiety may be mistaken by
clinicians as representing the flu-like syndrome of IFN treatment, or as a reaction to the
trauma of the cancer diagnosis. It is important that clinicians are able to recognise the
treatment related psychiatric side effects of IFN and other interventions used to treat
melanoma.

3. The incidence and mortality of melanoma in people with psychiatric
disorder
This chapter focuses on another interaction, the incidence and mortality of melanoma in
people with psychiatric disorder. Studies of overall cancer incidence and mortality in
psychiatric patients have had mixed results. Some authors have reported lower than
expected cancer incidence or mortality in psychiatric patients, whilst others have found no
association.5-7 Still others have found an increased risk of incidence or mortality.8, 9 Some of
this discrepancy may be explained by differences between psychiatric diagnoses.
Schizophrenia has particularly been associated with a reduced incidence of cancer,
including melanoma.10-15 The possible reasons for this are discussed in section 3.4. The use
of different methodologies and cancer outcomes may also account for some of the
conflicting results. For instance, some studies are restricted to patients in hospital.16 The
reporting of cohort age at study conclusion may be an additional critical confounder.
Populations where patients are not followed up to an age when cancer incidence and
mortality is maximal may underestimate cancer mortality and incidence, making SMRs
complex to interpret. Finally, cancer mortality may not be an ideal marker of the risk of
cancer as it is affected by both the susceptibility to developing the disorder, and subsequent
survival rates.17
Our population-based studies from Western Australia and Nova Scotia addressed some of
these issues by evaluating both the incidence and mortality associated with melanoma at the
same time in the same population using a standard methodology.18 The studies used the
administrative databases of each jurisdiction, which have several advantages over
community surveys or data derived from individual clinical settings19, in that they provide
accessible longitudinal data for an entire jurisdiction at relatively little cost. In both, rates
were calculated using the inception cohort method.20 The start of follow-up was taken as the
date of each patient's first contact with mental health services. Patients were censored at the
time of occurrence of the event under study, death, or the end of follow-up. The cohort was
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limited to people whose first contact with a clinician occurred in the study period, excluding
people whose first contact occurred prior to the start of follow-up. This avoids the
possibility of survivorship bias, which could otherwise occur if cancer risk changes with
time since first contact with a clinician. After reviewing our previous work from Western
Australia and Nova Scotia, we present another decade of Australian data to further explore
these relationships through to 2007.
3.1 The psychiatric disorders of interest
The psychiatric disorders that form the focus of this chapter include all the mental and
behavioural conditions covered in Chapter 5 of ICD9 (290 through 319 inclusive), or ICD10
chapter F. These capture organic psychiatric disorders such as dementia, alcohol and
substance use disorders, psychosis, non-psychotic diagnoses including depression, anxiety,
and somatoform conditions, and personality and adjustment disorders. Some of the studies
also capture ICD external cause codes X60 – X84 (Intentional Self Harm) and non-Chapter 5
codes that cover health service use for mental health issues in the absence of a formal
psychiatric diagnosis.
3.2 The Western Australia study 1982-1998
Within the WA Health Services Research Linked Database, we identified all psychiatric
patients in Western Australia who had a diagnosis of cancer. The dataset contains
information from several different core data sets. These were the Hospital Morbidity Data
System (HMDS), the register of births, the register of deaths, Mental Health Information
System, and the Cancer Registry. The Mental Health Information System (MHIS) is a
register of patients who have had contact with state run community-based or outpatient
mental health services in WA or who have been psychiatric inpatients of any public or
private hospital in the state since 1966. Although the MHIS has been operating since 1966,
the WA Cancer Register only commenced in 1982. Thus the linked cancer registrations
covered the period 1982 to 1998. Diagnoses were coded according to ICD-8 until 1978 and
according to ICD-9 from 1979 onwards. The last occurring psychiatric diagnosis across the
episodes was then assigned as the principal diagnosis according to a hierarchy of diagnoses.
If an earlier diagnosis was higher in the hierarchy than the last recorded diagnosis, then the
earlier diagnosis was taken as the principal diagnosis. The hierarchy was as follows:
i. ICD-9 290, 293±296: dementia, organic psychotic conditions, schizophrenia and affective
psychosis.
ii. ICD-9 291±292, 297±305, 313±315: alcohol and drug psychoses, paranoid states, other
nonorganic psychoses, neurotic disorders, personality disorders, sexual deviations,
alcohol and drug dependence, and childhood disorders.
iii. ICD-9 306±312, 317±319: adjustment reaction, reaction to stress, depressive disorders
nec1, conduct disorders nec, special syndromes nec and mental retardation.
iv. Other than chapter 5 (mental disorders) diagnoses.
Preference was given to diagnoses made in inpatient treatment units over diagnoses made
in acute inpatient units or longer-term psychiatric residential units. Diagnoses made prior to
1979 were mapped from ICD-8 to ICD-9 using the nearest equivalent code. The purpose of
these procedures was to allow more specific psychiatric diagnoses to take precedence over
less specific diagnoses, and to favour an underlying condition rather than a non-specific
1

Not elsewhere classified
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symptom or event. Cancers were classified according to the ICD-9 classification of diseases
at the three-digit level. This classification followed the same system used for classifying
cancers by the WA Cancer Register.
Overall there were 672 melanoma patients, of whom 285 were male (Table 1). Males were
significantly less likely to be diagnosed as having a melanoma while females had the same
rate as that of the general population. There was little variation between psychiatric
diagnoses although conclusions were limited by the small number of cases for some of the
categories (Table 1). In no case was incidence higher than that of the general population
(Table 1).
Proportional hazards regression analysis was used to examine the difference in case fatality
between psychiatric patients with cancer and other cancer patients in the general
population. After adjusting for demographic factors, there was a 103% higher case fatality
following a diagnosis of melanoma in male psychiatric patients than in the general
population (95% CI: 46% - 282%) and an 89% higher case fatality rate in females (95% CI:
43%-274%). This represented the highest case fatality rate ratios for any cancer site.
Psychiatric diagnosis
Dementia
Alcohol/drug disorders
Schizophrenia
Affective psychosis
Other psychoses
Neurotic disorders
Personality disorders
Stress/Adjustment
reaction
Depressive disorder
Other mental disorder
Attempted self-harm
Non-specific diagnosis
Total

N
12
35
22
19
6
67
20

Male
RR
95% CI
0.67
(0.19 -2.45)
0.41
(0.18 -0.94)
0.76 (0.42 - 1.38)
0.70 (0.33 - 1.49)
0.62
(0.15 -2.54)
0.99 (0.76 - 1.30)
1.29 (0.85 - 1.95)

9
12
20
43
12
129
15

Female
RR
95% CI
0.47
(0.02 – 14.5)
0.46
(0.13 - 1.59)
0.93
(0.50 - 1.71)
1.06
(0.73 - 1.54)
0.49
(0.14 – 1.71)
1.10
(0.91 - 1.33)
1.26
(0.76 – 2.10)

8

0.46

(0.09 - 2.37)

24

0.78

(0.45 - 1.38)

8
31
14
43
285

0.61
0.79
0.68
1.11
0.75

(0.19 - 1.93)
(0.48 - 1.30)
(0.29 - 1.61)
(0.84 - 1.46)
(0.64 - 0.89)

21
26
26
50
387

0.99
0.72
1.14
0.85
0.92

(0.57 - 1.70)
(0.38 - 1.34)
(0.76 – 1.70)
(0.60 - 1.21)
(0.82 – 1.04)

Table 1. Cancer Site - Malignant Melanoma, by Principal Psychiatric Diagnosis. WA 1982 –
1998.
3.3 The Nova Scotian study
The West Australian administrative data do not include treatment for mental health
disorders in private settings. Accordingly, studies from Australia, where both private health
insurance and hospitals play a sizable role in providing medically necessary care, may not
apply to jurisdictions such as Canada with universal health care provision. We therefore
compared cancer incidence, first admission and mortality rates for people with psychiatric
disorder in relation to the general population of one Canadian province, Nova Scotia. In
addition, the Australian data were restricted to people in contact with specialist mental
health services and did not include primary care where the majority of people with mental
health problems are treated. Lastly Canadian data allowed for the study of patterns of
melanoma in a less sunny environment.
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Under the Canada Health Act, all Canadian residents are entitled to inpatient or outpatient
care that is free at the point of delivery.21 Patients receive treatment at publicly -funded
facilities or are seen by private psychiatrists or general practitioners in the community who
bill the Provincial health plan. However, the Provincial health plan does not cover visits to
private psychologists or other mental health professionals in private practice. Importantly,
there are no private psychiatric beds.21
We evaluated the association between mortality and psychiatric disorder for all patients of
specialist services and primary care across Nova Scotia, using the province’s linked
administrative databases. The one-million residents have similar morbidity and mortality
rates to the rest of Canada, although more live in rural areas than in other provinces. Halifax
is the major metropolitan centre.
We evaluated the association between cancer mortality and psychiatric disorder for all
patients of specialist services and primary care across Nova Scotia. We used the following
Provincial administrative databases, held at the Population Health Research Unit (PHRU) of
Dalhousie University, to identify anyone in contact with health services for psychiatric
problems:22
 The Medical Services Insurance (MSI) database of all fee-for-service claims by
physicians including patient demographics, date of service and diagnosis from the
Clinical Modification of the 9th Revision of the International Classification of Diseases
(ICD-9-CM). This includes family physicians and psychiatrists.
 The Canadian Institute for Health Information (CIHI) Discharge Abstract Database
(DAD), which includes admissions, separation dates, diagnoses and procedures.
 Mental Health Outpatient Information System data (MHOIS), which records service
contacts, demographics and diagnoses in the public sector. This includes contacts with
all mental health clinicians, not just physicians.
This method was consistent with the definition used by the Public Health Agency of Canada
(PHAC) for the surveillance of treated psychiatric disorder.19, 23 As in Western Australia, we
used an inception cohort. We included patients whose first psychiatric contact with primary
or specialist services occurred between January 1, 1995 and December 31, 2001, and linked
data using the provincial health card number as a unique identifier. Health card numbers
are present in over 99% of records irrespective of database, and encrypted to ensure
confidentiality.
We included everyone with ICD 9 codes of 290 through 319 inclusive, or their ICD-10
(chapter F) or DSM-IV equivalents. We also included non-specific mental disorders outside
Chapter 5 of ICD-9 (formal mental disorders), such as injury of undetermined intention or
psychosocial factors influencing health status, to ensure comparability with previous
Australian work.17 We did not include non-chapter 5 diagnoses of primary care patients, as
they would not necessarily be psychiatric. We included contacts with primary or specialist
services. We used a hierarchy of inpatient versus outpatient, and specialist versus primary
care, reflecting both the increasing percentage of patients with severe mental illness and
data reliability. It also allowed comparison with Australian data
We then transferred this data file to Cancer Care Nova Scotia who linked it to the Nova
Scotia Cancer Registry (NSCR) to identify cancer incidence rates for the cohort. The NSCR
has population-based incidence data that dates from 1964.28 All malignant and in-situ
tumours are reportable by law within the province. Other sources of data include Pathology
Reports (1982 onwards) and death certificate information for all provincial deaths (from
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1989 onwards). Registry operations meet the consensus on cancer registration standards
outlined by both the Canadian Cancer Registry (CCR) and the North American Association
of Central Cancer Registries (NAACCR).18 The NSCR works collaboratively with Statistics
Canada to ensure that Nova Scotia data is part of the national Canadian Cancer Registry.
We classified cancers according to the ICD-9 classification of diseases at the three-digit level.
This classification followed the same system used for classifying cancers by the NSCR. The
cancer sites selected for analysis were the most frequent cancers in males and females.
We grouped disorders into dementia and other organic conditions (290-294), schizophrenia
(295), other non-affective psychoses (297, 298.0, 298.1), alcohol/drug disorders (303-305),
mood disorders (affective psychoses/depression-296, 298.2-298.9, 300.4, 311), neuroses (300
except 300.4), personality disorders (301), adjustment reactions (308-309), and other mental
disorders (all remaining Chapter 5 diagnoses and those outside Chapter 5). Rates were again
calculated using the inception cohort method.20 The start of follow-up was taken as the date
of each patient's first contact with a mental health clinician. Patients were censored at the
time of occurrence of the event under study, death, or 31st December 2001. The cohort was
limited to people whose first contact with a mental health clinician occurred in the study
period, excluding people whose first contact occurred prior to the start of follow-up. We
derived mortality rates from the Statistics Canada Vital Statistics Database. Person-years at
risk were calculated separately for each outcome.
We calculated age- and sex-adjusted mortality, first admission and incidence rates for
carcinoma by direct standardisation, using the average population distributions in Nova
Scotia from 1995-2001 inclusive as the standard weights. We then calculated rate ratios (RRs)
relative to the rate in the general NS population, using 95% confidence intervals to test for
significance. Variance of the standardised rate ratios was calculated using expansion in
Taylor series, using a logarithmic transformation of the ratio.24 We assessed whether the rate
ratios for mortality, first admission and incidence in psychiatric patients were significantly
different from the general population of Nova Scotia as indicated by 95% confidence
intervals that included a value of 1.0. We also assessed whether there were differences
between mortality, first admission and incidence rate ratios. Unlike the Australian study, we
were not able to investigate predictors of cancer incidence using Cox regression of NSRC
records because of the nature of the data sharing agreement and therefore were unable to
compare adjusted hazard ratios for incidence, first admission and mortality.
Table 2 presents the unadjusted rate ratios. Incidence rate ratios (RRs) were lower than
might be expected given the mortality and first admission RRs, and no higher than that of
the general population. By contrast the mortality rate was higher especially for men.
Gender

Mortality rate

Cancer Incidence

N

RR

95% CI

N

RR

95% CI

Males

17

2.18

(1.34-3.44)

151

1.05

(0.92-1.21)

Females

3

1.37

(0.64-2.92)

99

0.91

(0.73-1.07)

Total

20

2.00

(1.20 – 3.30)

250

0.98

(0.85-1.14)

Table 2. Comparing Cancer Incidence and Cancer Mortality rates: Nova Scotia, 1995 – 2001.
Melanoma was only one of a few cancers to show this pattern, the others being prostate,
bladder and colorectal cancers. This pattern was especially noticeable in males (Figure 1).
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Fig. 1. Comparing cancer mortality & incidence in male Nova Scotian psychiatric patients
3.4 Implications of both studies
There is a common assumption that problems in self-care might explain the increased
mortality from cancer, including melanoma, for patients with psychiatric disorder. If that
were the sole explanation, incidence would consistently reflect the increased mortality rate.
However, our work in both Canada and Australia suggests that psychiatric patients are no
more likely to develop melanoma than the general population but still have increased
mortality for the same condition. There may be a number of explanations for this increased
case fatality rate. One might be that psychiatric patients present later, and with more
advanced disease, than the general population. Another possibility is reduced access to
general medical care. If doctors are less inclined to treat skin cancer in people with
psychiatric disorder than in others, people with psychiatric disorder and skin cancer might
be less likely to be admitted to hospital and therefore be selectively missed by researchers.
This inequity would be of concern, and would confirm work from Ontario showing that
other marginalised populations, such as those of low income, are less likely to receive
specialist procedures such as adjuvant or palliative radiotherapy.25
Decreased screening for early lesions could also explain the increased mortality so that
psychiatric patients only present when symptoms or signs become more obvious in later
stages of the disease. In places without universal health care, ability to pay for care may be a
factor. Even with universal health care, psychiatric patients may have problems in
registering with a family physician, missed appointments, or difficulties in communication
or scheduling appointments. Finally, psychiatric patients may have a worse prognosis even
after adjusting for staging at presentation. Survival from cancer is associated with levels of
depression, emotional expression and support. Some work suggests that individuals with
depression prior to the diagnosis of the cancer have a worse survival rate than those with
depression following diagnosis.26 In the case of melanoma, several psychosocial variables
measured at baseline are independently prognostic of survival. 26 The greatest protective
effect was conferred by a belief that treatment would lead to cure or long-term survival and
by marital status. 26 For those patients who were positive about the outcome of their
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treatment (i.e., who thought treatment would cure them or prolong their life long term), the
risk of dying was reduced by 65%. Similarly, for patients who were married, the risk of
dying was reduced by 50%. Two aspects of psychological adjustment were also protective.
Patients who reported that their melanoma did not greatly affect their day-to-day life
survived significantly longer than those who felt it was having a big impact on their lives,
and those who exhibited greater levels of anger about their situation survived longer.
Finally, quality of life scores were also significantly predictive of outcome. Further support
for the importance of psychiatric factors in survival from melanoma comes from findings that
structured group psychotherapy may help extend survival.
3.5 The special case of schizophrenia
In the case of schizophrenia, there is a suggestion that the incidence of skin cancer including
melanoma is especially lower than the rest of the population. A Danish record linkage study
investigated the incidence of cancer in a cohort of 9156 first admitted schizophrenic
patients.13 Reduced cancer incidence was particularly marked for genital cancers, and skin
cancers, including malignant melanoma. The standardised incidence ratio for malignant
melanoma was 0.14, although the study was limited by small numbers (1 case of
melanoma). Goldacre and colleagues reported a similar finding in a cohort analysis of
linked hospital and death records comparing cancer rates in people with schizophrenia with
a reference cohort in the south of England27. They reported an adjusted rate ratio for
melanoma of 0.2 (95% CI 0.02-0.74). A recent meta-analysis of cancer incidence rates in
patients with schizophrenia combined 16 data collections from 15 studies. The pooled
standardised incidence rate ratio of melanoma in patients with schizophrenia was
significantly reduced (SIR 0.71 CI 0.57-0.87). A similar finding was reported for prostate
cancer.28
Several biological hypotheses have been proposed to explain why people with
schizophrenia might be protected against cancer in general, including a protective effect of
excess dopamine, enhanced natural killer cell activity, an increase in the rate of apoptosis
and modulation by antipsychotic drugs of the human cytochrome enzymes involved in
mutagen activation and elimination27.
There may be other reasons that are more specific to melanoma. One possibility is that
people with schizophrenia may spend less time in the sun than the general population, and
this may be compounded by issues such as weight gain (a common side effect of antipsychotic medication) that may reduce both the desire and ability to engage in physical
activity outdoors. Conversely if they do go out into the sun, people with schizophrenia
might be less likely to take protective measures such as sunscreen or a hat. Against this
explanation is that malignant melanoma is mainly related to childhood sun exposure,29 and
there is no evidence of reduced childhood sun exposure in individuals who subsequently
develop schizophrenia.
In addition, sun exposure, perhaps through its role in vitamin D synthesis, may actually
have a protective role in the development of schizophrenia. 30 McGrath has suggested that
vitamin D deficiency in the neonate might be a risk factor for the subsequent development
of schizophrenia. The same author also suggested that relative vitamin D deficiency might
explain some of the epidemiological features of schizophrenia such as the excess of winter
births, and the increased incidence of schizophrenia in dark-skinned migrants when they
move to countries with more limited sunshine31. It is therefore possible that an inverse
relationship between sun exposure and the development of schizophrenia could also
partially explain why melanoma is seen less frequently in people with schizophrenia.
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4. Our latest findings
We extended our work with another decade of data from Western Australia to further
explore these relationships through to 2007. As before we used the linked administrative
data from Western Australia from 1988 to 2007 employing the same databases. We also
extended our study to the Australian State of Queensland, which has the highest rate of
melanoma in Australia. On this occasion we investigated whether the pattern of psychiatric
patients being no more likely to develop melanoma than the general population, but still
having increased mortality for the same condition could be related to either:
1. delayed diagnosis or late presentation by comparing cancer staging at the time of
diagnosis in psychiatric patients & the general population as determined by the
presence of metastases; or
2. reduced access to specialised cancer therapy such as chemotherapy, radiotherapy and
surgery once the diagnosis has been made.
If the former were true, it would indicate that specific action is required to ensure that
clinicians and patients themselves consider the diagnosis of cancer in response to new
symptoms, and that psychiatric patients are encouraged by their GP to attend, and are able
to access appropriate routine cancer screening services. If the second were true it would
indicate inequity of access to surgery, and adjuvant or palliative radio- and chemotherapy.
To investigate the first question, we calculated the proportion of patients with metastases at
diagnosis, as melanoma staging is not collected in the cancer registry in WA. This was
undertaken by extracting the behaviour code, which forms the end digit of the morphology
code, a code that must be provided should a neoplasm ICD10 code be recorded (C00 – C96,
D00 – D48). Behaviour code /6 refers to a malignant neoplasm that is stated or presumed to
be secondary so a morphology code of M8720/6 refers to melanoma that is stated or
presumed to be secondary. Also ICD10 code C80 is a malignant neoplasm of unknown
primary origin; these have also been extracted to represent secondary cancers at diagnosis.
In Queensland, the cancer registry does collect data on melanoma staging based on Clark’s
level, thickness and ulceration but it is impossible to determine when the cancer
metastasised. Data on the time of metastasis were therefore extracted from hospital
admissions using ICD10 codes C77 – C79, which are the particular ICD10 codes for a
secondary cancer site. We also measured the proportion of patients developing metastases
at 90 days and one year after presentation.
To investigate the second question, we collected basic information on cancer treatment,
including chemotherapy (yes/no), radiotherapy (yes/no) and surgery (yes/no). For surgery
we also collected information on time to surgery from diagnosis. For palliative care we
assessed the proportion of cases that had at least one course of palliative radiotherapy (PRT)
in the last 2 years of life. This measure has been used elsewhere as a proxy for access to
radiotherapy services.32 For surgery we collected information on time to surgery from
diagnosis. We used the method of Valery, Coory et al in their studies of cancer services in
Indigenous Queenslanders to compare access to chemotherapy, radiotherapy and surgery.23
4.1 Aims
The aims were to investigate the following:
1. To compare the incidence and mortality of melanoma in psychiatric patients and the
general population of Western Australia and Queensland from 1988 to 2007 (2002 to
2007 in the case of Queensland) and to determine whether there are significant
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differences between types of psychiatric illness (e.g. schizophrenia, affective disorder)
in incidence, and mortality rates.
To determine whether psychiatric patients present at a more advanced stage of
melanoma at diagnosis than the general population as determined by the presence of
metastases and whether there is a difference in cancer stage at presentation between
male and female psychiatric patients.
To determine whether psychiatric patients have a poorer prognosis after controlling for
cancer stage at presentation and whether there is a difference in prognosis between
males and females.
To determine whether psychiatric patients diagnosed with cancer access surgical
services equally in comparison with the general population diagnosed with cancer, and
whether there is a difference in access by gender.
To determine whether psychiatric patients diagnosed with cancer access adjuvant or
palliative chemotherapies & radiotherapies equally in comparison with the general
population , and whether there is a difference by gender

4.2 The hypotheses
The hypotheses were that:
1. Psychiatric patients would be more likely to present with more advanced cancer, as
determined by the presence of metastases.
2. Psychiatric patients would also be less likely to receive the appropriate specialist
surgical procedures, adjuvant or palliative chemotherapies & radiotherapies than the
general population, even after adjusting for socio-demographic and clinical features
(including the presence of metastases).
3. These effects would be more marked for patients with severe mental illnesses in terms
of either diagnoses (e.g. schizophrenia) or of having ever required admission to a
psychiatric unit, and more marked in men than women.
4.3 Study design
This was a population-based record-linkage analysis from the two Australian states
(Western Australia and Queensland), using a historical cohort to calculate rate ratios. In the
case of the Western Australian data we also calculated rate ratios using the inception cohort
method. We could not do the same for the Queensland data as these did not extend far
enough to identify an inception cohort. It is important to do both. Inception cohort studies
that study incident psychiatric cases over a period of time are less subject to survivorship
bias given that the majority of excess deaths due to physical causes occur in the first seven
years after psychiatric diagnosis.17 However as they are based on incident cases, there may
be fewer subjects than a study based on prevalence, and so a greater chance of insufficient
statistical power. This is particularly relevant for less common outcomes such as mortality in
individual psychiatric diagnoses that are less common such as schizophrenia. Using an
inception cohort also allowed comparison with our previous studies from Western Australia
and Canada. Historical cohorts are based on prevalent psychiatric cases and so yield larger
numbers. They are therefore more appropriate for rarer outcomes. In this case, use of an
historical cohort allowed the addition of Queensland data, so further increasing statistical
power. On the other hand, historical cohorts may underestimate overall mortality risk
because of survivorship bias.
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4.4 Data sources
The project used linked datasets provided by the data linkage centres of Queensland and
Western Australia. Both form part of Australia’s Population Health Research Network
(PHRN) (Figure 2). PHRN is a national network of Australia’s extensive health data that
provides linkage across data sets in all States and Territories for population health research
(Figure 2). Subject anonymity was preserved by a rigorous privacy protocol, as it was not
possible to obtain informed consent given we were using large population datasets. In each
case, the relevant data custodian provided demographic data, but no other information, to
data linkage centres within the Health Department of each jurisdiction. Within the linkage
centre, probabilistic and deterministic matching were used to link within and between the
datasets based on identifying information (ID), including name, date of birth, aliases, sex,
and Indigenous status. Each person was assigned a unique project ID that was returned to
the data custodians. The data custodian attached the relevant clinical or service information
to the unique project ID, but no identifying information. These anonymised data extracts
were then released to the researchers.

Fig. 2. Australia’s Population Health Research Network.
4.4.1 Western Australia
We identified users of mental health services in WA with cancer registrations and death
records, using the WA Health Services Research Linked Database. In this database,
individual patient records have been linked by means of probabilistic matching, using the
Automatch software package,33 as there are no unique identification numbers in use on the
core data sets. Name, residential address, date of birth and sex are the principal fields used
in the probabilistic matching.20 The probabilistic matching technique is based on estimating
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the probability that any two records represent the same person (or event), while allowing
for the possibility of errors or changes in the identifying information used for matching.20
The dataset contains information from several different core data sets. As before, we used
the following: Hospital Morbidity Data System (HMDS), the register of births, the register of
deaths, Mental Health Information System, and the Cancer Registry (Figure 3). The Mental
Health Information System is a register of patients who have had contact with state run
community-based or outpatient mental health services in WA or who have been psychiatric
inpatients of any public or private hospital in the state.

Fig. 3. Schema of the WA Health Services Research Linked Database
Within the WA Health Services Research Linked Database, we identified all psychiatric
patients in Western Australia who had a diagnosis of cancer. We used the same case
definition for psychiatric disorder that has been validated by the Public Health Agency of
Canada (PHAC) for use in administrative databases.23 This is any contact with a health
service with an ICD-9 diagnosis of 290-319 or ICD10 equivalent. As stated previously, we
used both the historical and inception cohort method. For the latter, we restricted the study
cohort to those patients whose first contact with mental health services occurred between
1988 and December 2007. The start of follow-up was the date of each patient's first contact
with mental health services.
Patients were censored at the occurrence of the event under study, death, or 31st
December 2007. We compared the outcomes of this cohort to the general population
through the calculation of age-, sex-standardised rates, which were then adjusted for
confounders using multivariate analyses (see section 4.6 on statistical methods).
Outcomes were mortality, metastases and access to surgery or radiotherapy. Data linkage
of all administrative data, including epidemiological databases, was carried out by the
Data Linkage Branch at the WA Department of Health which houses the Western
Australian Health Linked Database.
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4.4.2 Queensland
We used a similar methodology in Queensland. We extracted data from the following
datasets: the Queensland Hospital Admitted Patients’ Data Collection (QHAPDC), the
Client Event Services Application (CESA – now called CIMHA, community integrated
mental health application), Queensland Cancer Registry (including death data),
BreastScreen QLD and the Australian Bureau of Statistics Estimated Resident Population
(Table 3). As in Western Australia, we identified all psychiatric patients in Queensland with
the diagnosis of cancer using the Public Health Agency of Canada (PHAC) case definition of
psychiatric disorder. In this case, the Link King software package was used to link
individual patient records probabilistically and deterministically.
Data source
Queensland Hospital
Admitted Patients’ Data
Collection
Client Event Services
Application (CESA)
Queensland Cancer
Registry

BreastScreen QLD
Australian Bureau of
Statistics

Data obtained
In-patients receiving treatment in a designated psychiatric
unit in a public hospital or public psychiatric hospital in
QLD; all cancer admissions in public & private hospitals
and all co morbidity data in the twelve months prior to the
cancer diagnosis (Charlson Deyo)
Clients receiving treatment in a public-sector community
mental health service
All QLD cancer registrations, with details of diagnosis
including date, ICD-10 site code, morphology code. Data
on people who die of cancer or cancer patients who die of
other diseases linked to mortality files of the Registrar of
Births, Deaths & Marriages & linked to hospital &
pathology data.
All voluntary screening records for patients subsequently
diagnosed with breast cancer
Estimated resident population for all of Queensland

Table 3. Queensland data sources
4.5 Data quality
The WA Health Services Research Linked Database is unique in Australia and one of only a
small number of comprehensive record linkage systems in the world.20 These include the
Oxford Record Linkage Study, the Scottish Record Linkage System, the Rochester
Epidemiology Project, the Manitoba Population Health Information System, the Nova
Scotian linkable database system and the Scandinavian case registers. Probabilistic matching
of records is based on estimating the probability that any two records represent the same
person (or event), while allowing for the possibility of errors or changes in the identifying
information used for matching. The WA Data Linkage System uses a chain of links method
to map the linkage of records. Each individual source record from each of the component
data sets is assigned a unique record number. Separate individuals are then identified by
assigning a number to identify the chain, called the root number. This root number is the
record number of the first record in the chain for each person. A master linkage file records
pointers specifying the root number for each individual source record in the system,
enabling chains of records for each individual to be created.
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The master linkage file is date stamped and records the history of all updates to the system,
so the state of the linkage can be reconstructed as it existed on any previous date.20 The
construction of the WA Linked Database and its ongoing maintenance are performed by an
extramural unit of the Centre for Health Services Research located within the Health
Information Centre. Access to identifying information is restricted to the staff of the extramural unit. Once the data have been linked, a second de-identified copy of the WA Linked
Database is created. The de-identified version does not contain names, addresses (except for
postcode), dates of birth (except for month and year of birth), individual hospital identifiers
or individual doctor identifiers. Most research is conducted from this second de-identified
copy of the database. The system allows for the protection of the confidentiality of
individual patients and the information contained in the administrative health records,
while still allowing population-based health services research to be performed.
The WA Health Services Research Linked Database currently contains in excess of 12 million
records, and occupies over 12 Gb of storage space. By far the largest component of the
database is the Hospital Morbidity Data System (HMDS) which contains over 7 million
records. The register of births contains around 400,000 entries, while the register of deaths
contains approximately 450,000 entries. The MHIS contains details for just over 300,000
patients of mental health services (Figure 3). As the WA Data Linkage System brings
together separate records for each person, it is possible to examine the consistency of
recording fixed personal characteristics such as sex, aboriginality, and date of birth. For each
of these characteristics, the entire set of records for each patient have been examined to
check that the field was recorded the same in all core data records regardless of their source.
Overall, sex was consistently recorded across all records for 98.5% of the study population,
aboriginality was consistently recorded for 97.3% of the study population and date of birth
was consistently recorded (to an exact date) for 83.3% of the study population
Data linkage in Queensland has not progressed as far as that in Western Australia since the
state has only recently begun developing linkage infrastructure whereas WA began this
process in 1995. There are a large number of databases available but currently linkages exist
only within the Queensland Hospital Admitted Patient Data Collection (QHAPDC) for
years 2003/04-2008/09 and between QHAPDC and the Registrar General’s (RG) Mortality
data. RG mortality data is available from 1996 onward and contains approximately 360,000
records. RG birth data (over 64,000 records in 2010) is also available but the exact dates that
are available for research are yet to be determined and this collection hasn’t yet been linked
with other databases. QHAPDC data collection began in January 1993 and on average there
are about 1.8 million episodes of care added to the QHAPDC database each year. Episodes
of care for admitted mental health patients are also captured within this database and a
mental health module was added in July 1996. Non-admitted mental health patients that are
seen by community mental health facilities are included in the Consumer Integrated Mental
Health Application (CIMHA) database which, over a five year period (2006 – 2010),
contained over 280,000 consumer (patient) records.
There is also less information on the quality of the Queensland data as these datasets have
only recently been used for research. Some published information is available on the quality
of variables such as Indigenous status, which can be defined either through place of
residence or through the recording of Indigenous status in datasets such as the Queensland
Hospital Admitted Patient Data Collection (QHAPDC). Indigenous status is correctly
identified in about 89% of cases with variation by definition used.34
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4.6 Statistical methods
We identified cancer type, cancer stage at diagnosis by cancer type, principle psychiatric
diagnosis, and time from psychiatric contact with service until cancer incidence. We initially
calculated the age- and sex-standardised mortality rate, cancer incidence and proportion
with metastases at diagnosis for all cancers for anyone meeting the PHAC case definition of
psychiatric disorder. We used the method of Lawrence et al. to group cases in terms of
severity of psychiatric diagnosis.20 We also calculated separate age- and sex-standardised
ratios for cases who had ever had inpatient psychiatric treatment as opposed to those who
had only had outpatient treatment, as a marker of psychiatric disease severity. Finally we
calculated rates of surgery, and adjuvant or palliative radio- and chemotherapy in the same
way.
The average population distribution in Western Australia over the period 1988-2007 was
used as a standard weight. In all cases we used direct standardisation. Rates were calculated
overall, and by principal psychiatric diagnosis. Relative risks for mortality, 1st admissions,
incidence, and cancer stage for different cancer types were calculated in groups of patients
in the study cohort relative to the rate in the WA population. Denominators were taken from
estimated resident population counts. We compared relative risks by psychiatric diagnosis,
cancer type, diagnostic case complexity and treatment setting (ever admitted as an inpatient versus outpatient or community care).
The relative importance of factors that were identified on univariate analysis as being
associated with the particular outcome under study (e.g. presence of metastases, mortality)
were further analysed using the Cox proportional hazards model. This methodology
requires the identification of a terminal event that marks either survivors or non-survivors.
Consequently, there are two basic requirements for a survival analysis design- time of origin
into the study and the meaning of failure. In our study, the former was entry into the study,
and the failure was defined as mortality. One advantage of survival analysis is that it allows
an examination of data from all participants who entered the study over the sampling
timeframe (until the end of the study) without imposing arbitrary cut-off dates on the data.
Participants who were still alive at the end of the study were treated as censored
observations (i.e. an observation for which the event does not occur). Cox’s model allowed
us to quantify the weight of or significance of variables that increased or decreased the risk
of admission. Using the statistical technique of “backward elimination,” we eliminated nonsignificant variables from each group of variables sequentially in order to retain the relative
risk of each significant variable. For longitudinal items (e.g. mortality), we included the
presence of metastases, as well as all other relevant socio-demographic & clinical variables.
Survival analysis is more appropriate than logistic regression for studying time to event
data (e.g. time to mortality following cancer diagnosis) while logistic regression is useful in
developing an initial model.
4.7 Preliminary results
We present initial results from the Western Australian arm of the study, as Queensland data
are as yet unavailable. Because the results are confined to Western Australia, we have given
greater prominence to the inception, as opposed to historical cohort although we present the
results of both. For all persons in WA between 1988 - 2007, malignant melanoma
represented approximately 10% of all diagnosed cancers in people with a psychiatric
disorder (n 618 / 6586).
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4.7.1 Baseline characteristics
During this period there were 618 psychiatric patients in the inception cohort who had a
diagnosis of malignant melanoma, 285 of whom were male (Table 4). There were 14,059 non
psychiatric patients with melanoma. Both males and females were significantly less likely to
be diagnosed as having a melanoma than the general population. There was little variation
between psychiatric diagnoses although conclusions were limited by the small number of
cases for some of the categories. The only disorders associated with increased incidence
were Other Psychoses and Other Mental Disorders (both male and female) as well as
Attempted Self Harm (females). Melanoma incidence in patients with schizophrenia was no
higher than that of the general population, although the 95% confidence intervals were
wide, reflecting the small number (24) of patients with schizophrenia who developed
melanoma (Table 4). Some diagnoses were actually associated with increased melanoma
risk: attempted self harm in females and other psychoses and other mental disorder in both
males and females. There was no clear pattern with the other diagnoses, again possibly
because of small numbers and wide confidence intervals.
Psychiatric diagnosis
Dementia
Alcohol/drug disorders
Schizophrenia
Affective psychosis
Other psychoses
Neurotic disorders
Personality disorders
Stress/Adjustment
reaction
Depressive disorder
Other mental disorder
Attempted self-harm
Non-specific diagnosis
Total

Male
N
37

RR
0.87

95% CI
(0.63 - 1.19)

Female
N
RR
52
0.90

95% CI
(0.80 - 1.02)

20
12
39
28
17
6

0.79
0.90
1.03
1.33
0.72
1.47

(0.51 - 1.21)
(0.68 - 1.19)
(0.79 - 1.35)
(1.05 - 1.69)
(0.43 - 1.19)
(0.93 - 2.32)

7
12
40
18
42
5

1.10
1.21
0.86
2.12
0.93
1.30

(0.78 - 1.54)
(0.86 - 1.71)
(0.63 - 1.19)
(1.71 - 2.63)
(0.66 - 1.29)
(0.91 - 1.86)

37

0.83

(0.55 - 1.25)

48

0.86

(0.56 - 1.32)

40
28
5
16
285

0.89
1.35
1.38
1.05
0.72

(0.63 - 1.25)
(1.01 - 1.80)
(0.95 - 2.02)
(0.73 - 1.51)
(0.61 - 0.86)

62
13
5
29
333

1.12
1.44
2.24
1.14
0.84

(0.90 - 1.39)
(1.12 - 1.86)
(1.62 - 3.11)
(0.91 - 1.43)
(0.73 - 0.96)

Table 4. Cancer Site - Malignant Melanoma, by principal psychiatric diagnosis. WA, 1988 –
2007 (inception cohort).
In both psychiatric patients and the general population, melanoma incidence rate increased
with age. The rate was higher in males than in females, except in psychiatric patients
between the ages of 35-55 years. The peak incidence for both the general population and
psychiatric patients was between 75 – 85 years of age (Figure 4).
In the case of the historical cohort, there were 1,166 psychiatric patients who had a
diagnosis of malignant melanoma, 526 of whom were male (Table 5). On average, incidence
rates using the historical cohort method were slightly lower than those calculated using the
inception cohort approach. As in the inception cohort, males and females were significantly
less likely to be diagnosed as having a melanoma. There was little variation between
psychiatric diagnoses although conclusions were again limited by the small number of cases
for some of the categories. As before, rates increased with age and the rate was higher in
males than in females, except between the ages of 35-55 years (data not shown).
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Fig. 4. Age-specific melanoma incidence rates, psychiatric patients versus WA population
(inception cohort).
With greater numbers (n=57), melanoma incidence in people with schizophrenia was
significantly lower in both males (0.51 - 95% CI 0.29 - 0.92) and females (0.68 - 95% CI 0.46 0.99). Again with more subjects and narrower confidence intervals, melanoma incidence
was also lower in dementia and affective psychoses in both sexes. They were lowest in
males with alcohol and drug disorders. The only situation where incidence was higher than
that of the general population was for females who attempted self harm (Table 5).
Psychiatric diagnosis
Dementia
Alcohol/drug disorders
Schizophrenia
Affective psychosis
Other psychoses
Neurotic disorders
Personality disorders
Stress/Adjustment
reaction
Depressive disorder
Other mental disorder
Attempted self-harm
Non-specific diagnosis
Total

Male
N
59

RR
0.69

95% CI
0.51 - 0.93

Female
N
RR
67
0.79

95% CI
0.71 - 0.88

36
33
67
44
48
19
53

0.49
0.51
0.71
0.81
0.76
0.98
0.61

0.29 - 0.82
0.29 – 0.92
0.51 – 0.99
0.58 – 1.15
0.54 – 1.06
0.67 – 1.44
0.39 – 0.98

16
24
88
29
83
15
84

0.78
0.68
0.68
1.08
0.78
0.91
0.69

0.52 - 1.18
0.46 – 0.99
0.50 – 0.93
0.70 – 1.67
0.58 – 1.04
0.60 – 1.38
0.46 – 1.03

68
44
6
49
526

0.68
1.06
1.13
0.86
0.60

0.48 – 0.95
0.77 – 1.48
0.86 – 1.48
0.64 – 1.16
0.52 – 0.70

135
24
11
64
640

0.90
1.16
1.61
1.02
0.71

0.74 – 1.09
0.86 – 1.55
1.17 – 2.20
0.79 – 1.30
0.64 – 0.80

Table 5. Cancer Site - Malignant Malignant Melanoma, by principal psychiatric diagnosis.
WA, 1988 – 2007 (historical cohort).

304

Melanoma in the Clinic – Diagnosis, Management and Complications of Malignancy

4.7.2 Presence of metastases at baseline or follow-up
50 inception cohort patients with primary melanoma had metastasised at time of original
diagnosis as determined from the tumour behaviour code (8.1%) This was not significantly
different from that of the general population (9.9% - p = 0.107).
Ninety days later, 3 patients had developed metastases. Again there was no difference
between psychiatric patients and the general population (0.5% and 0.6% p=0.771). By one
year, 7 patients had developed metastases. As before, there was no difference between
psychiatric patients and the general population (1.2% and 1.6% respectively P=0.332).
For the historical cohort, 86 (7.4%) patients with an assigned primary melanoma had
metastasised at time of original diagnosis as determined from the tumour behaviour code.
This was slightly yet significantly different from the general population 9.9% p=0.002.
Ninety days later, 7 patients had developed metastases. Again there was no difference
between psychiatric patients and the general population (0.6% and 0.6% respectively
p=0.720). By one year, 12 patients had developed metastases. As before, there was no
difference between psychiatric patients and the general population (1.1% and 1.6%
respectively p=0.157).
4.7.3 Receipt of chemotherapy or radiotherapy and time to surgery
We then investigated differences between psychiatric patients and the general population
with regards access to surgery and receipt of chemotherapy and radiotherapy. 0.7% (n=4) of
psychiatric patients received chemotherapy for their melanoma within 90 days of diagnosis
compared with 1% of melanoma patients with no contact with MHS. This difference was not
statistically significant (p=0.216, Table 6). A similar proportion of psychiatric patients and
people from the general population received radiotherapy (p=0.196 Table 6).
Procedure
Started chemotherapy within 90 days of cancer diagnosis
Received radiotherapy

Inception
0.7%
1.4%

Cohort
No contact with
MHS
1.0%
2.1%

Table 6. Receipt of chemotherapy and radiotherapy.
We found similar results for the historical cohort (data not shown).
Finally, we investigated time to surgical removal of tumour. In the inception cohort 126
psychiatric patients with malignant melanoma received surgical intervention within 90 days
of cancer diagnosis. There was no significant difference between psychiatric patients and the
general population in time to surgery (Figure 5) (p=0.473). Again, we found similar results
for the historical cohort (data not shown).
4.7.4 Mortality in psychiatric patients with melanoma
Using the inception cohort approach, 149 psychiatric patients with malignant melanoma
died during the follow-up period. Of these deaths, 58 were coded as primary cause of death
being malignant melanoma (Table 7). Of the 2,840 deaths during the follow-up period
among malignant melanoma patients who had not had any prior contact with mental health
services, 1,558 deaths were classified as malignant melanoma being the primary cause
(Table 7).
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Fig. 5. % of patients who accessed surgery up to 90 days after diagnosis of their melanoma,
WA, 1988 – 2007.

All cause mortality
All cause hazard ratio
Cancer specific mortality
Cancer specific hazard ratio
Total patients with melanoma

Inception cohort
Psychiatric Non
case
Psychiatric
case
149
2840
1.81 (1.53 – 2.14)
58
1558
1.34 (1.03 – 1.74)
618
14059

Historical cohort
Psychiatric Non
case
Psychiatric
case
263
2840
1.67 (1.47 – 1.90)
118
1558
1.32 (1.10 – 1.60)
1166
14059

Table 7. Mortality in Psychiatric Patients with Melanoma WA, 1988 – 2007.
We compared the mortality rates between melanoma patients with and without a history of
contact with mental health services using proportional hazards regression. This model
allowed us to adjust for differences in the age and sex make-up of the two different cohorts.
After adjusting for age, sex and socio-economic status (based on area of residence),
psychiatric patients had a higher risk of all cause- and melanoma-specific mortality (Table
7). The difference between these two rates indicates that melanoma patients with a history of
contact with mental health services were more likely to die as a direct result of melanoma,
and also more likely to die from other causes. After malignant melanoma itself, the most
common cause of death among melanoma patients with a history of contact with mental
health services was coronary heart disease. In common with our findings on cancer
incidence, all-cause and cancer specific mortally were lower in the historical than in the
inception cohort. However both were significantly greater than those of the general
population.
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5. Discussion
There is literature on the adverse affect of depression on survival from melanoma. There is
also literature on the incidence of melanoma in people with schizophrenia, and whether this
is lower than that of the general population.35, 36 Lastly, there is limited literature comparing
incidence and mortality in patients of specialist psychiatric services.17 To our knowledge,
these studies conducted in WA and QLD are the first to investigate melanoma incidence
and mortality rates in people with psychiatric disorder that include outpatient data, where
the vast majority of people receive treatment. Our findings therefore give a fuller picture of
the relationship between psychiatric disorder and melanoma. Another strength is the use of
both inception and historical cohort data, exploiting the advantages of each. Historical
cohorts may have greater statistical power because of increased numbers, but may
underestimate mortality risk because of survivorship bias. Our findings of lower incidence
and mortality rates in the historical as opposed to inception cohort would be consistent with
this pattern. Inception cohorts may be more sensitive to the increased mortality risk faced by
patients but be underpowered to detect rarer outcomes. Again, this was suggested by our
study where analysis of subgroups, such as schizophrenia only yielded significant results in
our historical cohort.
Our latest findings confirm our previous work on melanoma from Western Australia and
Canada. With a further 10 years of data we found a continued pattern of an incidence that
was lower, or no higher, than that of the general population alongside a mortality that was
higher. This pattern is not unique to melanoma and has been identified for other cancers
such as lung, colorectal, breast and prostate cancers even after adjusting for factors such as
smoking.28 Studying melanoma has particular advantages as this site may be less affected by
potential medication or lifestyle confounders such as diet or alcohol and substance use.
Studies of cancers, such as colorectal and lung, can only control for known lifestyle
confounders and, even then, it is not possible to adjust for all of these.28 By contrast,
malignant melanoma is mainly related to childhood sun exposure,29 and there is no
evidence of reduced childhood sun exposure in individuals who subsequently develop
psychiatric disorder.28 As such, this cancer may be less subject to confounding by concurrent
factors of lifestyle.
As regards schizophrenia, our historical cohort findings are consistent with a large metaanalysis by Catts et al that reported significantly reduced standardised incidence ratios
(SIRs) for malignant melanoma of 0.71 for patients with schizophrenia (CI 0.57–0.87; P =
0.002).28 The absence of any significant reduction in our inception cohort may be partly
explained by the low numbers (n=24). Our historical cohort results also suggest that this
effect extends to other psychiatric diagnoses, which tends to militate against biological
hypotheses of why people with schizophrenia might be protected against cancer in general.
Biological explanations include a protective effect of excess dopamine, enhanced natural
killer cell activity, increased apoptosis, or modulation by antipsychotic drugs of cytochrome
enzymes involved in mutagen activation and elimination, as well as the hypothesis of
relative vitamin D deficiency.27
If biological explanations may be less applicable to the pattern we observed for melanoma
for people with all types of psychiatric disorder, other hypotheses merit consideration. One
is that cancer is undiagnosed in people with psychiatric disorder. Reduced cancer incidence
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rates in psychiatric disorder in general, and schizophrenia in particular, could be due to
lower detection rates related to poorer self-care and substandard preventive health care.28
However, it has been argued that while medical comorbidity in general is under-recognized,
this does not seem to apply to cancer in general.28 For instance, post-mortem data collected
between 1966 and 1980 in Denmark, where the autopsy rates were in the order of 30–50% in
both patients with schizophrenia and the general population, indicated that the postmortem diagnosis of previously unrecognized cancer was rare. It is unclear whether these
findings would apply to melanoma because unlike cancers such as lung or colorectal cancer,
there may be few obvious early symptoms.28
Another explanation is that people with psychiatric disorder receive poorer care. Work from
Ontario shows that other marginalised populations, such as those of low income, are less
likely to receive specialist procedures such as adjuvant or palliative radiotherapy, even
under universal health care.32 We have also shown that psychiatric patients are less likely to
receive appropriate specialised procedures for cardiovascular disease in both Australia and
Canada.17, 37 In the case of the former, one explanation might be that many of the procedures
are carried out in the private health system for which people with many psychiatric
disorders would be unable to find insurance. This would not apply to Canada, where the
private health sector has no role in the provision of medically necessary procedures.
It is possible that physicians are reluctant to offer some procedures because of the ensuing
psychological stress, concerns about capacity or compliance with postoperative care, or the
presence of contra-indications such as smoking. In addition, psychiatric patients may be
more at risk of developing complications following medical or surgical interventions38 or to
have poorer outcomes post-operatively.39
So what do our latest results suggest about the role of under-diagnosis, delayed diagnosis or
inequity in treatment? Our project could not address the first explanation as this would
require a detailed investigation of death register or post-mortem records to ascertain the
presence of melanoma at death that had not been previously treated. Our study does not
particularly shed light on the other two explanations. Psychiatric patients in the historical
cohort were significantly more likely to have metastases at time of original diagnosis
(p=0.002). Otherwise, psychiatric patients were no more likely to present with metastases, or
develop them 90 days or 1 year afterwards, than the general population. Neither were they
less likely to receive specialised procedures such as radio- or chemotherapy.
These findings would be consistent with work on cancer in general showing there is little
evidence of delayed detection in people with psychiatric disorder such as schizophrenia.28
However, as discussed in the following paragraph, this study may have been underpowered to detect any difference in the presence of metastases, or of treatment access.
5.1 Study limitations
We used routinely collected administrative data to maximise coverage across the state, keep
within budget and maximise statistical power. However reliance on secondary data meant
that we were unable to collect information on quality of life. The WA cancer register does
not contain information on staging other than the presence or absence of metastases.
Administrative data may also be subject to recording bias, especially for diagnosis. Most
data concerning the validity of our case–definition of treated psychiatric disorder are for
overall morbidity rather than specific diagnoses. We have therefore emphasised overall
psychiatric morbidity, not sub-categories, to minimise possible bias. We were unable to
study the effects of lifestyle such as use of sunscreen and sun exposure. However, this
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would not explain our finding of an increased risk of mortality in the presence of an
incidence that was no higher than that of the general population. We were unable to
separately study the relationship between specific psychiatric disorder and melanoma
because of small numbers. In a similar vein, this study may have been under-powered to
detect any difference in the presence of metastases, or of treatment access. Our results so far
have been confined to Western Australia. The addition of Queensland data covering a
population that is more than double that of Western Australia may address study power. In
addition, the Queensland Cancer Registry has the advantage over Western Australia of
collecting staging data on melanoma. Lastly, we were only able to capture data on access to
surgery as well as admissions for radio- or chemotherapy, and so cannot comment on access
to other interventions for melanoma.

6. Conclusions
This chapter has illustrated some of the complex interactions between melanoma and
psychiatric disorder. It extends our previous work with another decade of Australian data to
further explore these relationships through to 2007. These findings provide further evidence
of a melanoma incidence in psychiatric patients that was lower or no higher than that of the
general population alongside a mortality that was higher. Furthermore, this pattern extends
to a broad range of psychiatric disorders and not just schizophrenia, where the low
incidence of melanoma was first described. Although we were unable to show any clear
reason in terms of delays in presentation as shown by metastases, or of access to treatment,
the availability of just West Australian data may have meant the study was underpowered.
The addition of Queensland data may rectify this. More research is certainly needed on why
psychiatric patients with melanoma are more likely to die of the condition, but no more
likely to develop it in the first place. This has implications for both primary and secondary
care, including access to appropriate treatment for psychiatric patients with melanoma, as
well as of awareness of the psychiatric symptoms of treatments for melanoma.
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subtypes and how these are treated in different settings. It also includes several
chapters that illustrate novel methods for diagnosing melanoma in the clinic using
new technologies, which are likely to significantly improve outcomes. Several chapters
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