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v

This book has been a labor of love, really beginning with my surgical oncol-
ogy fellowship at the National Cancer Institute, Surgery Branch, under the 
leadership of Dr. Steven Rosenberg. During this time, we learned just about 
every aspect of treating melanoma, from the treatment of the primary and 
locoregional recurrence to the treatment of widespread metastatic disease 
with various forms of immunotherapy. I have been interested in this formi-
dable cancer ever since this time, incorporating the management of mela-
noma into my clinical practice for almost two decades now. I remain an 
“immunotherapist” at heart, still asking basic questions about our immune 
system and how we can maximize our own bodies potential to fight cancer.

My impetus for writing this book has been the rapidity of progress and 
change in how we currently manage melanoma, further highlighted by the 
impressive recent advances in our treatment paradigm for treating metastatic 
melanoma with immunotherapy. Many of you have likely participated as an 
investigator of basic science and translational research, clinical trials, and the 
immunotherapy of melanoma. Others may find this book useful as a nice 
overview of melanoma and its current overall management. I believe it will 
be useful for almost anyone with an interest in melanoma.

I have done my best to include what I feel are the essentials of melanoma, 
ranging from the early detection and prevention of melanoma through the 
surgical and medical management of this disease. We have included several 
chapters focused upon complex wound reconstruction options. Other chap-
ters are focused upon more common, non-melanoma skin cancers and rare 
tumors, such as Merkel cell carcinoma.

I have gathered together a phenomenal group of internationally renowned 
authors, all of whom are highly respected, committed, and experienced indi-
viduals in their areas of expertise. It has been an honor and a privilege to be 
able to collaborate with such a fine group of individuals, many of whom I 
have known for years, while others I have come to appreciate as respected 
colleagues throughout this process.

Finally, I would like to thank all of the folks at Springer, especially Tracy 
Marton, for providing the support and direction to keep this project on track 
and on time.

New Orleans, LA, USA Adam I. Riker 

Preface
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History of Melanoma

John F. Thompson, Richard Kefford, 
Graham Stevens, and Richard Scolyer

 Melanoma in Antiquity 
and Through the Ages

Melanoma classically occurs in fair-skinned indi-
viduals of European origin. It is therefore surpris-
ing that the earliest evidence of melanoma has 
been found in the skeletons and skin of pre- 
Columbian, non-European mummies discovered 
in the foothills of the Peruvian Andes [1]. As well 
as widespread metastases in bone, rounded mela-
notic masses were identified in the skin of these 
mummies. Carbon dating has indicated that these 
individuals died around 2400 years ago.

At about the same time in Europe, in the fifth 
century BC, the Greek physician Hippocrates 
described a condition that he referred to as the 

“fatal black tumor,” almost certainly melanoma. 
This condition was subsequently reported in the 
writings of Rufus of Ephesus in the first century 
AD, but there was no further mention of it until 
references were made to “fatal black tumor,” and 
“black fluid in the body” in European reports 
from the seventeenth and eighteenth centuries, 
including the writings of Highmore in 1651 [1], 
Bartholin in 1677 [2], Bonet in 1679, and Henrici 
and Nothnagel in 1757 [2]. In 1804, René 
Laennec, inventor of the stethoscope, used the 
term “melanose” to describe a distinct disease 
entity [3]. Laennec’s mentor in Paris was an anat-
omist and surgeon Baron Guillaume Dupuytren, 
and in 1812 they published detailed descriptions 
of “la melanose”. Jean Cruveilhier, author of the 
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famous treatise Anatomie pathologique du corps 
humain, was another student of Dupuytren, and 
published the earliest descriptions of melanoma 
of the hand, foot, and vulva [2].

In 1858, Oliver Pemberton, a surgeon from 
Birmingham, England, reported a series of 60 
patients with metastatic melanoma treated over a 
37-year period, describing their clinical features 
and the sites to which metastasis occurred. Based 
on Greek words “melas” (dark) and “oma” 
(tumor), the English word “melanoma” is 
believed to have been first introduced by a 
Scottish pathologist, Robert Carswell, in 1838 [4, 
5]. Carswell produced a monograph entitled 
Illustrations of the Elementary Forms of Disease, 
in which he depicted examples of melanomas. 
However, in the mid-1900s, this disease was 
often referred to as “melanoblastoma” [6], pre-
sumably because it was observed to behave more 
like a sarcoma than a skin cancer [4, 5].

 Melanoma Pathology: Classical 
and Modern

The first illustrated descriptions of both primary 
and metastatic melanomas, notably those of 
Cruveilhier in 1829, were derived from autop-
sies. In 1853, a surgeon at St Bartholomew’s 
Hospital in London, James Paget, published a 
report documenting 25 cases of melanoma, and 
he appears to have been the first to point out that 
melanoma can progress from a radial growth 
phase to a vertical growth phase [7]. In 1894, one 
of the first pathological descriptions of an excised 
melanoma was published by the British surgeon, 
Jonathan Hutchinson. He described a case of len-
tigo maligna melanoma in which an excised 
amelanotic nodule was examined pathologically 
by his son (Jonathan Hutchinson, Jr.), who identi-
fied a malignant tumor composed of spindle- 
shaped cells resembling a sarcoma and which he 
therefore called “melanotic sarcoma.”

It was not until the 1900s that detailed descrip-
tions of the histopathological features of mela-
noma were published. In 1948, a monograph 
entitled Biology of Melanomas was published by 
the New York Academy of Sciences detailing the 

state of knowledge at the time. In early 1967 a 
committee of Australian pathologists, led by the 
eminent melanoma researcher Vincent McGovern, 
published recommendations for melanoma classi-
fication and terminology [8]. Additionally, in 
1967, the US pathologist, Dr. Wallace Clark, pub-
lished his landmark paper on the histogenetic clas-
sification of melanoma that became the basis of 
previous and current versions of the WHO 
Classification of Melanoma [9]. He described 
three types of melanoma (lentigo maligna mela-
noma, superficial spreading melanoma, and nodu-
lar melanoma), and also suggested that they had 
differing prognoses. Subsequent studies provided 
some evidence in support of this assertion [10–12]. 
However, in their 1969 publication, Clark et  al. 
showed that the prognosis of melanoma was pri-
marily related to the depth of invasion, which they 
categorized according to five levels of the skin 
(now known as Clark-McGovern levels, reflecting 
the contributions that both these pathology doyens 
made to establishing level of invasion as an impor-
tant prognostic factor for patients with primary 
melanomas) [10–12].

Although it had been documented as early as 
1953 that the depth of invasion appeared to be 
associated with prognosis [13], it was not until 
the publication in 1970 of Alexander Breslow’s 
landmark paper on the prognostic significance 
of tumor thickness that the vertical (Breslow’s) 
tumor thickness was established as a very 
strong prognostic factor [14]. Breslow defined 
tumor thickness as the vertical depth from the 
top of the granular layer of the epidermis to the 
deepest invasive cell. Melanomas <0.76  mm 
thick and Clark level II tumors were noted to be 
associated with a more favorable prognosis. 
The pioneering work of Breslow remains rele-
vant today, with tumor thickness now confirmed 
in multiple studies to be the strongest predictor 
of outcome in patients with clinically localized 
primary melanomas. It has been, and remains, 
an important factor in successive versions of 
the internationally accepted American Joint 
Committee on Cancer (AJCC) Melanoma 
Staging System [15].

At the International Pigment Cell Conference 
and the International Cancer Conference held 
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concurrently in Sydney in 1972, an international 
group of pathologists, chaired by Vincent 
McGovern, met to develop a consensus on the 
classification and histopathological reporting of 
melanoma. The classification, published in 1973 
[16], was based on Clark’s original proposal and 
listed two forms of noninvasive “in situ” mela-
noma (Hutchinson’s melanotic freckle and super-
ficial spreading melanoma), and three forms of 
invasive melanoma (invasive melanoma with 
adjacent intraepidermal component of 
Hutchinson’s melanotic freckle type, invasive 
melanoma with an adjacent intraepidermal com-
ponent of superficial spreading type, and invasive 
melanoma without an adjacent intraepidermal 
component).

In 1977 Arrington, Reed et  al. described the 
features of melanomas involving acral skin as a 
distinct subtype of melanoma that has subse-
quently become known as acral lentiginous mela-
noma [17].

The 1972 Sydney classification was revised at 
an international workshop held in Sydney in 
1982 [18]. The original categories were retained 
(albeit with some slightly different terminolo-
gies) but new categories were added: melanoma 
with an adjacent component of acral lentiginous 
type, melanoma with an adjacent component of 
mucosal lentiginous type, and melanoma of 
unclassifiable histogenetic type.

In the 1960s, and for the next 25–30 years, the 
disease was usually referred to as “malignant” 
melanoma, but use of this adjective is now 
strongly discouraged because it is confusing to 
patients and to many physicians because there is 
no nonmalignant form of invasive melanoma. In 
2013, Bahmer and Bahmer referred to melanoma 
in more dramatic terms, describing it as “the 
black death of modern times”! [19].

In the early years of the twenty-first century, 
great technological advances facilitated a new 
understanding of the molecular pathogenesis of a 
wide variety of diseases, including melanoma 
[20]. In 2005, Boris Bastian and colleagues pub-
lished their landmark study showing the presence 
of common oncogenic somatic gene mutations in 
BRAF, NRAS, and CKIT in many melanomas. 
They also showed associations of these mutations 

with the anatomical site of the primary tumor and 
the degree of chronic sun damage [21]. These 
discoveries paved the way for the development of 
a molecular classification of melanoma that was 
subsequently expanded into four major mela-
noma molecular subclasses by The Cancer 
Genome Atlas Melanoma Project: BRAF mutant, 
NRAS mutant, NF1 mutant, and triple-wild-type 
tumors [22]. These advances also led to the devel-
opment of new therapies that targeted specific 
gene mutations in melanoma patients, resulting 
in new treatment options for those with advanced- 
stage disease.

 Recognition of Genetic 
and Environmental Factors 
Predisposing to Melanoma

 Hereditary Predisposition 
to Melanoma

In 1820, William Norris, a British general practi-
tioner, noted that satellite lesions frequently 
occurred around a primary cutaneous melanoma 
(which he referred to as “fungoid disease”), and 
observed that spread could occur to distant sites 
including the lungs, liver, brain, and bone [23]. 
Norris also appears to have been the first to point 
out that patients with melanoma sometimes have 
a family history of melanoma, suggesting that 
there was an inherited predisposition [24]. Norris 
later commented on the fact that most of his 
patients with the condition had a fair complexion 
and light hair. He based this observation on his 
clinical experience that a father of one of his mel-
anoma patients later died of an apparently similar 
disease. Furthermore, the patient’s children had 
multiple nevi on their bodies, as did the patient 
himself. (It seems likely that they had the atypical 
multiple mole syndrome, now a well-recognized 
entity partially attributed to germline CDKN2A 
mutations; we now know that melanoma occurs 
by 80 years of age in 58–92% of individuals with 
these mutations [25]). Thus, Norris appears to 
have been the first to propose that melanomas 
could develop from preexisting nevi. Although 
Norris had suggested that melanomas typically 
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occurred in individuals with fair skin and light 
hair, a rare case of what we now know as mela-
noma occurring in a patient with dark skin, a 
native of Madagascar, was reported by Pemberton 
in 1858 [26].

 The Role of Exposure to Sunshine 
in Melanoma Development

Sun worshippers have existed for millennia [27]. 
In some ancient civilizations, sun gods were 
regarded as the source of all goodness and life, 
and “Sunday” was designated the special day to 
worship the sun. For the Greeks, Apollo was the 
god of the sun and his son Asclepius the god of 
medicine. It is therefore not surprising that sun 
bathing was widely practiced in the Asclepian 
health clinics in the first century BC.

It was not until the late nineteenth century that 
there was any suggestion that sunshine might not 
always  be beneficial to health. The first docu-
mented proposal that sunshine could be harmful 
is attributed to Unna [28], who in 1893 described 
severe damage to the skin of sailors caused by 
prolonged and intense solar exposure. In the early 
twentieth century, it was specifically noted that 
skin cancer was more common in geographical 
areas where there was much sunshine, particu-
larly in outdoor workers.

In 1956, a landmark report was published by 
the Australian researcher H.O.  Lancaster [29], 
containing data supporting the concept that sun-
shine was involved in the initiation of cutaneous 
melanoma. Lancaster indicated that his studies 
had been undertaken to test the earlier proposal 
by AGS Cooper, director of the Queensland 
Radium Institute in Brisbane, that sunlight was 
an important predisposing factor for all forms of 
skin cancer. He had  observed that skin cancer 
was far more common in northern Queensland 
than southern Queensland. Cooper did not pub-
lish his results until 1959 [30]. In this article, he 
noted that a similar observation about latitude 
and skin cancer incidence had been made in the 
United States, in the southern cities of New 
Orleans and Dallas, respectively, and published 
by Sarnat and Schour in 1950 [31].

A subsequent paper by Lancaster and Nelson, 
published in 1957 [32], explored in more 
detail  the concept as it applied specifically to 
melanoma. They noted that those most com-
monly affected by melanoma in Australia had a 
fair complexion and did not tan readily, but 
instead sunburned easily and developed freckles. 
Lancaster and Nelson clearly documented the 
fact that melanoma, as well as other types of skin 
cancer, developed more often in white Australians 
who lived in the northern state of Queensland 
than in the southern states of New South Wales 
and Victoria, with a remarkable latitudinal gradi-
ent correlation with melanoma incidence rates. 
Population-based incidence data for cutaneous 
melanoma have been collected in Australia and 
most other developed countries since the 1960s, 
with a steady increase in observed incidence 
worldwide. This is attributed mainly to increased 
UV exposure, mainly from sunshine but also 
from artificial sources of UV including skin tan-
ning equipment.

 Recognition of Melanoma 
as a Treatable Entity 
in the Eighteenth and Nineteenth 
Centuries

In 1844 Samuel Cooper, a London surgeon, rec-
ommended early surgical removal of malignant 
pigmented tumors, but as Norris had done previ-
ously he  emphasized the apparently untreatable 
situation of patients with locally advanced and 
metastatic disease [1, 2, 33]. Subsequently, 
Norris discussed treatment options in more detail, 
recommending wide excision of the skin and sub-
cutaneous tissue around a primary melanoma to 
minimize the risk of recurrence [23].

The first known surgical resection of meta-
static melanoma appears to have been undertaken 
in 1787 [4] by a British surgeon, John Hunter, in 
London [2]. He reported resection of a recurrent 
tumor mass behind the angle of the mandible of a 
35-year-old man, and described it as a “cancer-
ous fungus excrescence” [34]. It is not clear 
whether Hunter knew what condition he was 
dealing with, but the preserved tumor is still on 
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display in the Hunterian Museum of the Royal 
College of Surgeons in London, subsequently 
confirmed to be melanoma [35]. The fate of the 
patient is unknown. The first reported groin dis-
section for melanoma was in 1851 by Ferguson 
[36]. Shortly afterwards, in 1857, Jonathan 
Hutchinson provided the first definite description 
of subungual melanoma, and stated that early 
amputation was required [37].

 Establishment of Surgical 
Treatment Paradigms for Melanoma 
in the Late Nineteenth and Early 
Twentieth Centuries

Herbert Snow, of the Marsden Hospital in 
London, was the first to propose surgical clear-
ance of the regional lymph nodes as part of the 
initial management of patients with primary cuta-
neous melanoma (which he called “melanotic 
cancerous disease”). Snow suggested that the 
regional lymph nodes functioned as “traps” (fil-
ters) to prevent the spread of cancer cells into the 
bloodstream. What is today referred to as an elec-
tive lymph node dissection (ELND) was 
described by Snow as “anticipatory gland dissec-
tion” in 1892 [38]. In 1903 Frederick Eve [39] 
also recommended excision of regional lymph 
nodes as well as wide excision of the primary 
melanoma site, whether or not there was any clin-
ical evidence of metastatic disease in the nodes. 
In 1907, William Sampson Handley emphasized 
that generous wide excision of primary melano-
mas (which he referred to as “melanotic growths”) 
was required for effective treatment, in combina-
tion with surgical clearance of the regional lymph 
nodes, and amputation in selected cases [40]. 
Handley noticed the lymphatic spread of mela-
noma at the time of autopsy in the leg of a woman 
who had apparently died of advanced metastatic 
melanoma. Based on this single case, he recom-
mended not only removal of two inches of skin 
around the primary melanoma site, with an even 
wider excision of subcutaneous tissue down to 
the level of muscle fascia, but also removal of the 
regional lymph nodes. This treatment plan went 
unchallenged for the subsequent 50 years.

Pringle, in 1908, extended Handley’s concept 
of lymphatic spread of melanoma, and proposed 
wide excision of the primary melanoma site and 
in continuity excision of a generous strip of skin, 
subcutaneous tissue, and fascia between the pri-
mary site and involved regional lymph nodes, all 
as a single operative specimen [41].

ELND, as part of the primary definitive treat-
ment of melanomas more than 1.5  mm in 
Breslow’s thickness, continued to be performed 
at many major melanoma treatment centers 
worldwide. This did not come under debate until 
the mid-1980s, when its value had become a mat-
ter of ongoing controversy. Those who advocated 
ELND based their recommendation mainly on 
retrospective studies that may have been subject 
to selection bias. Prospective clinical trials had 
not been performed at this point, with little evi-
dence of a true benefit. There were two large, ran-
domized, multicenter clinical trials led by Charles 
Balch in the United States and Pino Cascinelli in 
Italy (the Intergroup Melanoma Surgical Trial 
[42] and the WHO Melanoma Group Trial 
Number 14 [43]), both failing to demonstrate a 
statistically significant overall survival benefit. 
However, both studies showed a nonsignificant 
trend in favor of ELND.

 The History of Radiation Therapy 
for Melanoma

The use of radiation therapy in the treatment of 
melanoma has a checkered history, with periods 
of enthusiasm alternating with bouts of skepti-
cism. Following the discovery of radiation and 
radioactivity by Roentgen [44], Becquerel [45], 
and the Curies [46] in 1895–1896, radiation was 
applied enthusiastically to a wide range of medi-
cal conditions, including cancers [47]. However, 
its inappropriate use and the occurrence of late 
complications led to disrepute. Early reports of 
radiation treatment for melanoma were particu-
larly disappointing, leading to the conclusion that 
melanomas responded poorly to radiation. In ret-
rospect, many of these early treatments were for 
advanced, incurable melanomas for which mean-
ingful responses would have been unlikely.

1 History of Melanoma
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The concept that melanoma was a radioresis-
tant tumor was strengthened by in vitro studies of 
the response of melanoma cell lines by Dewey and 
Barranco [48, 49]. Both reported that fewer mela-
noma cells than non-melanoma cells were killed 
by low doses of radiation. However, enhanced cell 
killing occurred for higher radiation doses than the 
usual daily amounts administered. This response 
to radiation was viewed as an intrinsic characteris-
tic of melanoma cells, which had a high capacity 
for repair of radiation damage, but which could 
be overcome by delivering higher daily doses of 
radiation. A large number of in  vivo studies 
ensued, indicating that high response rates resulted 
from a hypofractionated treatment schedule (a 
small number of large fractions of radiation). This 
became the prevailing methodology for both thera-
peutic and adjuvant radiation therapy in the late 
twentieth century [50].

There was, however, growing evidence of a 
marked heterogeneity in melanoma response to 
radiation therapy from both in vitro and in vivo 
studies. In vitro cell line and xenograft studies 
showed that melanomas had a wide range of radi-
ation sensitivities, from highly sensitive to highly 
resistant types. A randomized clinical trial failed 
to show an improvement for an extreme hypo-
fractionated treatment schedule (8 Gray × 4 frac-
tions) compared with a mildly hypofractionated 
schedule (2.5 Gray  ×  20 fractions). It has now 
become clear that most melanomas are somewhat 
less sensitive to radiation than other common 
cancer types, such that mildly hypofractionated 
schedules are appropriate. These have become 
the most common treatment schedules for adju-
vant radiation therapy following resection of pri-
mary melanomas with desmoplastic features or 
positive margins, and following regional lymph 
node dissection. A Phase III clinical trial clearly 
showed evidence of substantially lower node 
field recurrence rates (18% vs. 31%) in patients 
at high risk of regional recurrence [51].

Novel strategies to improve the response of 
melanomas have included the combination of 
radiation with hyperthermia [52]; however, uni-
form and selective heating of deeply placed 
tumors was difficult. This was complicated by the 
lack of specialized equipment being readily avail-

able except for a few institutions. Other methods 
have included selective targeting of melanoma 
cells using boron neutron capture therapy 
(BNCT) [53] or alpha-emitting isotopes attached 
to melanoma-selective probes (TAT-targeted 
alpha therapy) [54]. None of these approaches 
has become widely available for clinical practice. 
By contrast, proton therapy has been used with 
great success for uveal melanomas for several 
decades in selected institutions [55, 56].

The modern era of radiation therapy is domi-
nated by continued improvements in the delivery 
of radiation from linear accelerators. Dose rates 
have increased, reducing concerns regarding 
tumor and organ motion; multileaf collimators 
(MLCs) have replaced single-square apertures, 
allowing greater conformality of tumor shape 
from different angles; “onboard” imaging devices 
(plain X-ray, CT, or MRI scans) allow real-time 
imaging of tumors and normal anatomy. Inverse 
treatment planning allows dose sculpting around 
critical normal tissues, and dynamic motion of all 
moving components permits safety margins 
around tumors to be reduced. This allows for 
higher radiation doses to be delivered to the 
tumors without causing unacceptable 
complications.

The availability of these advances has led to 
the development of “stereotactic” radiation ther-
apy, in which very high radiation doses, delivered 
as single treatments, or as a highly hypofraction-
ated schedule with great precision, are used to 
ablate tumors. This technology was used initially 
for the treatment of intracranial metastases, 
called stereotactic radiosurgery (SRS), and is 
delivered using linear accelerators, the Gamma 
Knife or the CyberKnife. Studies indicated that 
the differing radiosensitivities observed for con-
ventionally fractionated treatments did not per-
sist following ablative therapy, with high response 
rates for all tumor types, including melanoma 
[57]. This technology is increasingly applied to 
tumors throughout the body, called “stereotactic 
body radiation therapy (SBRT).”

With the recent availability of effective sys-
temic therapies for locally recurrent and meta-
static melanoma, a new role for radiation 
therapy is emerging. The success of immuno-

J. F. Thompson et al.



7

therapy depends on the activation of cytotoxic 
T lymphocytes. Priming doses of radiation are 
used to disrupt melanoma cells, releasing mela-
noma antigens and thereby facilitating the anti-
tumor immune response to immunotherapy or 
as an abscopal radiation response at distant 
sites [58].

 The Evolution of Locoregional 
Techniques for Treating Melanoma 
Metastases: Isolated Limb 
Perfusion, Isolated Limb Infusion, 
Intralesional and Topical Therapies

Until the mid-twentieth century, patients with 
locally advanced or extensive metastatic mela-
noma involving a limb were usually treated by 
amputation. This dramatic and disabling surgery 
was able to be avoided in most cases after the 
introduction, in 1958, of the isolated limb perfu-
sion (ILP) technique by Creech and Krementz 
et al. in Louisiana [59]. This procedure involved 
temporary isolation of the limb vasculature from 
the general circulation, and then perfusion of the 
“isolated” limb with cytotoxic drugs via large- 
bore catheters inserted surgically into the major 
vessels of the groin or axilla and connected to a 
modified heart-lung external circuit. Overall 
response rates of around 80% were achieved with 
ILP, and use of the technique meant that limb 
amputation was able to be avoided in most 
patients [60].

The ILP technique was complex and techni-
cally challenging. Consequently, it was only per-
formed in a few specialized centers. In 1994, 
Thompson et  al. in Sydney described a similar 
but much simpler technique that they called iso-
lated limb infusion (ILI) [61]. Percutaneously 
inserted arterial and venous catheters were used, 
and after inflating a pneumatic tourniquet around 
the proximal limb the infused drug was circulated 
using a syringe and a three-way tap via a simple 
external circuit containing a heating device with-
out an oxygenator. The results obtained by ILI 
were similar to those achieved by ILP, and ILI is 
now being used at many melanoma treatment 
centers around the world [62].

Another form of treatment that has been used 
to treat melanoma in transit metastases is intratu-
moral injection. A wide variety of agents have 
been injected. Reports dating as far back as 1896 
[63] have documented intratumoral injection of 
bacillus prodigiosus, BCG, and the cytotoxic drug 
thiotepa [64–67]. In the 1980s, there were reports 
of intralesional injection of interleukin-2 [68], 
and more recently of Rose Bengal (PV-10) [69] 
and talimogene laherparepvec (TVEC, “Imlygic”) 
[70]. Good local control of injected lesions has 
been reported for each of the latter three agents. 
Involution of nearby, non-injected lesions can 
also occur, and occasionally there is an abscopal 
effect on distant metastatic disease. These effects 
on non-injected tumor deposits are attributed to 
an antitumoral immune response enhanced by the 
release of antigens from tumor cells damaged or 
killed by the intratumoral injection.

Another local therapy technique for melanoma 
recurrences is electrochemotherapy (electropora-
tion) [71–75]. First reported in 1987 [76], this tech-
nique involves intratumoral or systemic 
administration of a cytotoxic drug (usually bleo-
mycin), and then application of an electrical field to 
tumor deposits using an array of needle electrodes. 
Transient permeability of the tumor cell mem-
brane  to the drug  occurs, resulting in cell death 
[72]. Yet another form of local therapy for recurrent 
melanoma involves the topical application of 
diphencyprone. This was first reported by Damian 
and Thompson in 2007 [77] and is often effective 
in controlling or eliminating extensive but superfi-
cial melanoma recurrences, sometimes with an 
abscopal effect on metastases at remote sites.

 Early Studies of Lymphatic Anatomy 
and Physiology Leading 
to Understanding of the Sentinel 
Node Concept

In 280 BC, the existence of the lymphatic system 
was first noted by Erasistratus, who described 
vessels that contained milky fluid and terminated 
in mesenteric lymph nodes, and considered them 
to be a form of blood vessel. Nearly two centuries 
later, lymphatic vessels in the mesentery were 
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rediscovered by Gasparo Aselli in Italy. He too 
proposed that they were lacteal “veins.” In the 
early part of the seventeenth century, several 
investigators including Vessling, Folius, Tulp, 
Wallee, and Pecquet confirmed the existence of 
lymphatic vessels [78]. The Danish polymath 
Thomas Bartholin reported the existence of the 
thoracic duct in 1652, and appears to have been 
the first to clearly state that the lymphatic system 
was separate from the vascular system [79]. He 
proposed (correctly) that lymph originated from 
the blood by filtration. He was also the first to 
introduce the term “lymphatic”, referring to the 
lymph vessels that he observed as “vasa lymphat-
ica.” Subsequently, a number of investigators 
attempted to map the lymphatic system, includ-
ing Nuck (1650–1692), a professor of anatomy in 
the Netherlands, who injected mercury mixed 
with tin and lead into lymphatics to demonstrate 
their course towards lymph nodes [80].

The function of lymphatics and lymph nodes 
was essentially unknown until the studies of the 
famous German pathologist, Rudolf Ludwig Carl 
Virchow, in the mid-nineteenth century. In 1863, 
he proposed that lymph from any particular body 
site drained through lymphatics to specific lymph 
nodes, and then onwards to other lymph nodes 
[81]. This proposal was based on autopsy find-
ings in a sailor who had a tattoo on the skin of his 
arm and was found to have obvious carbon pig-
ment in a single axillary lymph node. The senti-
nel node concept is thus at least 150 years old!

 Sentinel Lymph Node Biopsy: 
A New Gold Standard  
for Melanoma Staging

As previously discussed, “elective” lymph node 
dissection was widely practiced in patients with 
melanomas >1.5 mm in thickness until the 1980s. 
It was known that only about 20% of patients 
could possibly benefit, because only this percent-
age had metastatic disease in their regional nodes, 
but there was no way of identifying them. In 
1992, Morton and Cochran et  al. published a 
landmark article [82] describing the technique of 
sentinel node biopsy (SNB). This was practice- 

changing, and allowed the 20% of node-positive 
patients to be identified and offered a completion 
lymph node dissection. In 1994, a large interna-
tional study, the first Multicenter Selective 
Lymphadenectomy Trial (MSLT-I), was com-
menced [83], and 2001 patients were random-
ized. The final results, published in 2014 [84] 
with 10  years minimum follow-up, showed no 
overall survival benefit for SN biopsy. However, 
there was a substantial survival benefit (com-
pared with patients who were simply observed) 
in the subgroup of patients who had a positive SN 
followed by an immediate completion lymph 
node dissection (CLND). The great advantage of 
SN biopsy for all patients, however, was that it 
provided much better staging than had been pos-
sible previously, and allowed more accurate esti-
mates of prognosis to be made. Consequently, SN 
status has become an essential part of the AJCC/
UICC Melanoma Staging System. Whether 
CLND is necessary in all patients found to be SN 
positive is being assessed in another trial designed 
by Morton, the Second Multicenter Selective 
Lymphadenectomy Trial (MSLT-II). Initial 
results indicate that routine CLND in SN-positive 
patients does not improve survival outcome [85].

Reliable SN identification requires careful 
lymphatic mapping, and although Morton’s initial 
studies were with blue dye only, the importance of 
high-quality lymphoscintigraphy soon became 
apparent. Detailed lymphoscintigraphic studies 
by Uren, Thompson et  al. in the 1990s, under-
taken in the course of SN mapping for melanoma 
and breast cancer, provided important new 
insights into lymphatic anatomy that had major 
implications for melanoma surgery [86, 87].

 Treatment of Metastatic Melanoma 
with Conventional Systemic 
Therapies: 1960 to 2010

 Chemotherapy

For half a century, following the introduction of 
cytotoxic chemotherapy for solid human cancers 
in the 1950s, efforts in treating metastatic mela-
noma focused largely on attempts to use this 
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class of drugs to achieve standard clinical end-
points: tumor shrinkage (response), durable 
response, improved progression-free survival, 
and prolonged overall survival. Clinical trialists 
recognized early that, as with other solid cancers, 
the most relevant of these was overall survival. 
Metastatic melanoma is relatively resistant to 
treatment with cytotoxic drugs, with no convinc-
ing evidence from randomized, controlled trials 
that any form of chemotherapy prolongs overall 
survival. Partial responses to single agents 
occurred in less than 25% of treated patients, and 
complete responses in less than  5% [88]. The 
median duration of response was 5–6  months. 
Although other cytotoxic drugs had similar or 
possibly slightly superior response rates, the 
standard of care throughout this period was 
single- agent dacarbazine (DTIC), yet in only 2% 
of patients treated with DTIC were long-term 
complete responses observed [89].

 Immunotherapy

Adoptive immunotherapy using expanded pools 
of autologous tumor-infiltrating lymphocytes, 
when infused into selected immune-conditioned 
patients, showed clear activity against metastatic 
melanoma and, in a subgroup of selected patients, 
long-term disease control was observed [90]. 
This work by Steven Rosenberg at the National 
Cancer Institute, Surgery Branch in Bethesda, 
Maryland, as well as many others, clearly and 
convincingly established the proof of principle 
that immunotherapy had a central role in the 
treatment of metastatic melanoma. However, the 
intensive and costly nature of the original proto-
cols and its associated toxicity led to its utiliza-
tion only in highly selected centers.

Trials with interleukin-2, reported by Atkins 
et al., showed long-term disease control in a sub-
group of patients with metastatic melanoma, 
leading to FDA approval of this cytokine [91]. 
Toxicity and lack of randomized, phase 3 data 
resulted in the regimen being confined to just a 
few centers, mostly in the United States. Other 
cytokines, like interferon-alpha, had limited 
activity as single agents, and when interferon- 

alpha and interleukin-2 were combined with che-
motherapy (“biochemotherapy”) there was no 
survival advantage over single-agent dacarbazine 
[92], despite substantially greater toxicity.

 The Early-Twenty-First-Century 
Revolution in Melanoma Treatment: 
Targeted Therapies and Immune 
Checkpoint Inhibitors

The frequency and potential importance of driver 
BRAF mutations in melanoma were known from 
the late 1990s, together with the fact that the 
MAP kinase pathway was constitutively acti-
vated in more than 90% of cases. Early attempts 
to use small molecules to block MAP kinase acti-
vation were made with fairly nonspecific “pan”-
RAF inhibitors, such as sorafenib. These showed 
minimal single-agent clinical activity and a brief 
signal of synergy between sorafenib with other 
cytotoxic drugs failed to stand up to phase 3 test-
ing [93]. It took a decade to develop potent, 
selective drugs to target and inhibit mutant BRAF 
and its downstream substrate kinase, MEK. The 
first of these selective agents, vemurafenib, was a 
landmark development, with the results of a 
phase 1 trial first presented in 2010 [94]. Its spec-
tacular induction of rapid metabolic responses in 
metastatic melanoma resulted in front-page head-
lines in the New York Times. In around 80% of 
patients with a specific point mutation within the 
BRAF gene, there was substantial or even 
 complete regression of bulky metastatic disease, 
far superior to dacarbazine, and a significant 
improvement in all clinical endpoints, including 
overall survival [95].

Subsequent refinements in MAP kinase tar-
geting included the development of other effec-
tive mutant BRAF inhibitors like dabrafenib and 
encorafenib, with similar activity to vemurafenib, 
but with markedly different toxicity profiles. It 
was also demonstrated that dabrafenib was active 
against brain metastases [96], and that there was 
an extension of progression-free and overall sur-
vival when MEK inhibitors were combined with 
inhibitors of mutant BRAF [97]. The combina-
tion of BRAF and MEK inhibitors had the addi-
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tional advantage of abrogating premalignant and 
malignant keratopathy from single-agent BRAF 
inhibitors. However, despite the massive progress 
achieved with the introduction of MAPK inhibi-
tors, nearly all treated patients eventually devel-
oped resistance to them, with >50% showing 
disease progression within 12 months. This was 
due to reactivation of the MAPK pathway via 
alternative pathways. It was immediately recog-
nized by clinicians and researchers worldwide 
that another strategy was clearly required.

Fortunately, in parallel developments, clinical 
trials were under way using monoclonal antibod-
ies targeting the complex synapse between, on 
the one hand, T cells and antigen-presenting cells 
(the afferent arm of the immune response) and, 
on the other hand, T cells and melanoma cells 
(the efferent arm). The first of these so-called 
immune checkpoint inhibitors, ipilimumab, tar-
geted the CTLA4 receptor, a cell surface mole-
cule on T cells which mediates inhibition of 
T-cell activation in the afferent immune response. 
Despite achieving only low levels of RECIST 
tumor response, long-term disease control was 
achieved in a subset of patients with metastatic 
melanoma treated with ipilimumab. Phase 3 trials 
confirmed an overall survival benefit over dacar-
bazine, and pooled trial results showed a plateau 
on the Kaplan-Meier curve, with around 26% of 
treatment-naïve patients exhibiting progression- 
free survival at up to 10 years of follow-up [98].

A further landmark discovery was the demon-
stration that monoclonal antibodies inhibiting the 
synapse between the programmed death receptor 
1(PD1) on T cells and its ligand, PDL1 on tumor 
cells, resulted in profound T-cell activation in 
many patients, with substantial consequent tumor 
cell death. The first two anti-PD1 drugs to be 
approved by the FDA were pembrolizumab (ini-
tially named lambrolizumab) and nivolumab 
(reviewed by Lee et al. [99]). Both drugs showed 
RECIST tumor responses in 30–40% of treated 
melanoma patients, with significant improve-
ments in progression-free and overall survival in 
phase 3 trials. Patients achieving a complete 
response to therapy rarely relapsed within 3 years 
of follow-up. Further improvements in response 
rates and other clinical endpoints were obtained 

with combinations of the checkpoint inhibitors, 
ipilimumab/nivolumab and ipilimumab/pembro-
lizumab. Many more immune checkpoint inhibi-
tors are in clinical development, with a vast array 
of potential combinations in the pipeline.

 Summary and Conclusions

Cutaneous melanoma has been recognized as an 
entity for more than two millennia. Once con-
sidered to be an uncommon disease, its inci-
dence worldwide has increased substantially 
since detailed population-based statistics began 
to be collected in the 1960s, and continues to 
increase. Surgery was the mainstay of treatment 
throughout the twentieth century, and even 
today 80% of patients are still cured by surgery 
alone. The extent of surgical intervention is 
clearly less invasive than previously, minimiz-
ing the potential for serious postsurgical side 
effects and complications. Whereas previously 
the outlook was dismal for those who developed 
inoperable metastatic disease, effective sys-
temic therapies in the form of immunotherapy 
and checkpoint inhibitors have revolutionized 
our current approach to patients with metastatic 
melanoma. It is now a reality that a select group 
of patients with metastatic melanoma can 
achieve long-term, often lifetime, disease-free 
survival after such treatment. The history of 
melanoma continues to be written, as incredible 
advances in our treatment of this disease con-
tinue to be made.

References

 1. Rebecca VW, Sondak VK, Smalley KS. A brief his-
tory of melanoma: from mummies to mutations. 
Melanoma Res. 2012;22:114–22.

 2. Rotte A, Bhandaru M. Melanoma—introduction, his-
tory and epidemiology. Immunotherapy of melanoma. 
Cham: Springer International Publishing AG; 2016. 
p. 3–20.

 3. Laennec RTH. Extrait au memoire de M Laennec, 
sur les melanoses. Paris: Bull L’Ecole Societie de 
Medicine; 1812; p. 24.

 4. Gorantla VC, Kirkwood JM. State of melanoma: an 
historic overview of a field in transition. Hematol 
Oncol Clin North Am. 2014;28:415–35.

J. F. Thompson et al.



11

 5. Urteaga O, Pack GT. On the antiquity of melanoma. 
Cancer. 1966;19:607–10.

 6. McGovern VJ.  Melanoblastoma. Med J Aust. 
1952;1:139–42.

 7. Paget J.  Lectures on surgical pathology. In: Turner 
W, editor. . London: Longman, Brown, Green and 
Longman; 1853. p. 639.

 8. Moles and malignant melanoma: terminology and 
classification. Med J Aust. 1967;1:123–5.

 9. de Vries E, Bray F, Coebergh JW, et al. Melanocytic 
tumours. In: PE LB, Burg G, Weedon D, Sarasin A, 
editors. World Health Organisation classification of 
tumours: pathology and genetics of skin tumours. 
Lyon: International Agency for Research on Cancer 
(IARC) Press; 2006. p. 49–120.

 10. Clark WH Jr, From L, Bernardino EA, et al. The his-
togenesis and biologic behavior of primary human 
malignant melanomas of the skin. Cancer Res. 
1969;29:705–27.

 11. McGovern VJ. The classification of melanoma and its 
relationship with prognosis. Pathology. 1970;2:85–98.

 12. Mihm MC Jr, Clark WH Jr, From L. The clinical diag-
nosis, classification and histogenetic concepts of the 
early stages of cutaneous malignant melanomas. N 
Engl J Med. 1971;284:1078–82.

 13. Allen AC, Spitz S.  Malignant melanoma; a clinico-
pathological analysis of the criteria for diagnosis and 
prognosis. Cancer. 1953;6:1–45.

 14. Breslow A. Thickness, cross-sectional areas and depth 
of invasion in the prognosis of cutaneous melanoma. 
Ann Surg. 1970;172:902–8.

 15. Gershenwald JE, Scolyer RA, Hess KR, et  al. for 
members of the American Joint Committee on Cancer 
Melanoma Expert P, the International Melanoma D, 
Discovery P. Melanoma staging: Evidence-based 
changes in the American Joint Committee on Cancer 
eighth edition cancer staging manual. CA Cancer J 
Clin 2017;67:472–492

 16. McGovern VJ, Mihm MC Jr, Bailly C, et al. The clas-
sification of malignant melanoma and its histologic 
reporting. Cancer. 1973;32:1446–57.

 17. Arrington JH 3rd, Reed RJ, Ichinose H, et al. Plantar 
lentiginous melanoma: a distinctive variant of human 
cutaneous malignant melanoma. Am J Surg Pathol. 
1977;1:131–43.

 18. McGovern VJ, Cochran AJ, Van der Esch EP, et al. The 
classification of malignant melanoma, its histologi-
cal reporting and registration: a revision of the 1972 
Sydney classification. Pathology. 1986;18:12–21.

 19. Bahmer FA, Bahmer JA.  Cutaneous melanoma—
“black death” of modern times? Traces in contempo-
rary literature. Hautarzt. 2013;64:864–7.

 20. Thompson JF, Scolyer RA, Kefford RF.  Cutaneous 
melanoma in the era of molecular profiling. Lancet. 
2009;374:362–5.

 21. Curtin JA, Fridlyand J, Kageshita T, et al. Distinct sets 
of genetic alterations in melanoma. N Engl J Med. 
2005;353:2135–47.

 22. Cancer Genome Atlas Network. Genomic classifica-
tion of cutaneous melanoma. Cell. 2015;161:1681–96.

 23. Norris W.  Eight cases of melanosis with pathologi-
cal and therapeutic remarks on that disease. London: 
Longman and Robarts; 1857.

 24. Norris W.  Case of fungoid disease. Edinburgh Med 
Surg J. 1820;16:562–5.

 25. Begg CB, Orlow I, Hummer AJ, et  al. Lifetime 
risk of melanoma in CDKN2A mutation carriers 
in a population-based sample. J Natl Cancer Inst. 
2005;97:1507–15.

 26. Pemberton O. On melanosis. Observations on the his-
tory, pathology and treatment of cancerous disease. 
London: John Churchill; 1858. p. 1–38.

 27. Davis NC, Shaw HM, McCarthy WH. Melanoma: an 
historical perspective. In: Thompson JF, Morton DL, 
Kroon BBR, editors. Textbook of melanoma. London, 
UK: Martin Dunitz; 2004. p. 1–12.

 28. Randle HW.  Suntanning: differences in perceptions 
throughout history. Mayo Clin Proc. 1997;72:461–6.

 29. Lancaster HO.  Some geographical aspects of the 
mortality from melanoma in Europeans. Med J Aust. 
1956;43:1082–7.

 30. Cooper AGS. The contribution of radiotherapy to the 
problem of skin cancer in Queensland. Acta Radiol 
Suppl. 1959;188:61–70.

 31. Sarnat BG, Schour I. Oral and facial cancer. Chicago: 
The Yearbook Publishers, Inc.; 1950.

 32. Lancaster HO, Nelson J. Sunlight as a cause of mela-
noma; a clinical survey. Med J Aust. 1957;44:452–6.

 33. Cooper S. The first lines of the theory and practice of 
surgery. London: Longman; 1840.

 34. Home E.  Observations on cancer, connected with 
histories of the disease. London: W. Bulmer and Co.; 
1805.

 35. Bodenham DC. A study of 650 observed malignant 
melanomas in the south-west region. Ann R Coll Surg 
Engl. 1968;43:218–39.

 36. Fergusson A.  Recurrence of a melanotic tumour: 
removal. Lancet. 1851;57:622.

 37. McCarthy WH, Shaw HM. The surgical treatment of 
primary melanoma. Hematol Oncol Clin North Am. 
1998;12:797–805. 

 38. Snow H.  Melanotic cancerous disease. Lancet. 
1892;140:872–4.

 39. Eve F.  A lecture on melanoma. Practitioner. 
1903;70:165–74.

 40. Handley WS.  The pathology of melanotic growths 
in relation to their operative treatment. Lancet. 
1907;169:927–33.

 41. Pringle JH.  A method of operation in melanotic 
tumours of the skin. Edinb Med J. 1908;23:496–9.

 42. Balch CM, Soong S, Ross MI, et al. Long-term results of 
a multi-institutional randomized trial comparing prog-
nostic factors and surgical results for intermediate thick-
ness melanomas (1.0 to 4.0 mm). Intergroup Melanoma 
Surgical Trial. Ann Surg Oncol. 2000;7:87–97.

 43. Cascinelli N, Morabito A, Santinami M, et  al. 
Immediate or delayed dissection of regional nodes 
in patients with melanoma of the trunk: a ran-
domised trial. WHO Melanoma Programme. Lancet. 
1998;351:793–6.

1 History of Melanoma



12

 44. Röntgen WC, Stokes GGB, Thomson JJ.  Röntgen 
rays—memoirs by Röntgen, Stokes and JJ Thomson. 
New York and London: Harper & Brothers Publishers; 
1899.

 45. Becquerel H. Sur les radiations émises par phospho-
rescence. C R Acad Sci. 1896;122:420–1.

 46. Curie P, Curie M, Bémont MG. Sur une nouvelle sub-
stance fortement redio-active, contenue dans la peche-
blende. C R Acad Sci. 1898;127:1215–7.

 47. Coutard H. The results and methods of treatment of 
cancer by radiation. Ann Surg. 1937;106:584–98.

 48. Dewey DL. The radiosensitivity of melanoma cells in 
culture. Br J Radiol. 1971;44:816–7.

 49. Barranco SC, Romsdahl MM, Humphrey RM.  The 
radiation response of human malignant melanoma 
cells grown in vitro. Cancer Res. 1971;31:830–3.

 50. Johanson CR, Harwood AR, Cummings BJ, et  al. 
0-7-21 radiotherapy in nodular melanoma. Cancer. 
1983;51:226–32.

 51. Burmeister BH, Henderson MA, Ainslie J, et  al. 
Adjuvant radiotherapy versus observation alone for 
patients at risk of lymph-node field relapse after 
therapeutic lymphadenectomy for melanoma: a ran-
domised trial. Lancet Oncol. 2012;13:589–97.

 52. Overgaard J, Gonzalez Gonzalez D, Hulshof MC, et al. 
Hyperthermia as an adjuvant to radiation therapy of 
recurrent or metastatic malignant melanoma. A mul-
ticentre randomized trial by the European Society for 
Hyperthermic Oncology. Int J Hyperth. 1996;12:3–20.

 53. Larsson BS, Larsson B, Roberto A.  Boron neutron 
capture therapy for malignant melanoma: an experi-
mental approach. Pigment Cell Res. 1989;2:356–60.

 54. Raja C, Graham P, Abbas Rizvi SM, et  al. Interim 
analysis of toxicity and response in phase 1 trial of 
systemic targeted alpha therapy for metastatic mela-
noma. Cancer Biol Ther. 2007;6:846–52.

 55. Lawton AW.  Proton beam therapy for uveal mela-
noma. Ophthalmology. 1989;96:138–9.

 56. Marucci L, Ancukiewicz M, Lane AM, et  al. Uveal 
melanoma recurrence after fractionated proton beam 
therapy: comparison of survival in patients treated 
with reirradiation or with enucleation. Int J Radiat 
Oncol Biol Phys. 2011;79:842–6.

 57. Yaeh A, Nanda T, Jani A, et al. Control of brain metas-
tases from radioresistant tumors treated by stereotac-
tic radiosurgery. J Neuro-Oncol. 2015;124:507–14.

 58. Okwan-Duodu D, Pollack BP, Lawson D, et al. Role 
of radiation therapy as immune activator in the era 
of modern immunotherapy for metastatic malignant 
melanoma. Am J Clin Oncol. 2015;38:119–25.

 59. Creech O Jr, Krementz ET, Ryan RF, et  al. 
Chemotherapy of cancer: regional perfusion utilizing 
an extracorporeal circuit. Ann Surg. 1958;148:616–32.

 60. Kapma MR, Vrouenraets BC, Nieweg OE, et  al. 
Major amputation for intractable extremity melanoma 
after failure of isolated limb perfusion. Eur J Surg 
Oncol. 2005;31:95–9.

 61. Thompson JF, Waugh RC, Saw RPM, et al. Isolated 
limb infusion with melphalan for recurrent limb mela-
noma: a simple alternative to isolated limb perfusion. 
Regional Cancer Treatment. 1994;7:188–92.

 62. Kroon HM, Coventry BJ, Giles MH, et al. Australian 
multicenter study of isolated limb infusion for mela-
noma. Ann Surg Oncol. 2016;23:1096–103.

 63. Coley WB. The therapeutic value of the mixed tox-
ins of the streptococcus of erysipelas and bacillus 
prodigiosus in the treatment of inoperable malignant 
tumors. With a report of 160 cases. Am J Med Sci. 
1896;112:251–81.

 64. Nathanson L, Schoenfeld D, Regelson W, et  al. 
Prospective comparison of intralesional and multi-
puncture BCG in recurrent intradermal melanoma. 
Cancer. 1979;43:1630–5.

 65. Krown SE, Hilal EY, Pinsky CM, et al. Intralesional 
injection of the methanol extraction residue of bacillus 
Calmette-Guerin (MER) into cutaneous metastases of 
malignant melanoma. Cancer. 1978;42:2648–60.

 66. Mastrangelo MJ, Sulit HL, Prehn LM, et  al. 
Intralesional BCG in the treatment of metastatic 
malignant melanoma. Cancer. 1976;37:684–92.

 67. Oratz R, Hauschild A, Sebastian G, et al. Intratumoral 
cisplatin/adrenaline injectable gel for the treatment 
of patients with cutaneous and soft tissue metas-
tases of malignant melanoma. Melanoma Res. 
2003;13:59–66.

 68. Adler A, Stein JA, Kedar E, et al. Intralesional injec-
tion of interleukin-2-expanded autologous lympho-
cytes in melanoma and breast cancer patients: a pilot 
study. J Biol Response Mod. 1984;3:491–500.

 69. Thompson JF, Hersey P, Wachter E. Chemoablation of 
metastatic melanoma using intralesional rose Bengal. 
Melanoma Res. 2008;18:405–11.

 70. Andtbacka RH, Kaufman HL, Collichio F, et  al. 
Talimogene Laherparepvec improves durable 
response rate in patients with advanced melanoma. J 
Clin Oncol. 2015;33:2780–8.

 71. Allen BJ, Raja C, Rizvi S, et al. Intralesional targeted 
alpha therapy for metastatic melanoma. Role of elec-
trochemotherapy in the treatment of metastatic mela-
noma and other metastatic and primary skin tumors 
[Review]. Cancer Biol Ther. 2006;5:118–9.

 72. Byrne CM, Thompson JF, Johnston H, et al. Treatment 
of metastatic melanoma using electroporation therapy 
with bleomycin (electrochemotherapy). Melanoma 
Res. 2005;15:45–51.

 73. Campana LG, Testori A, Mozzillo N, et al. Treatment 
of metastatic melanoma with electrochemotherapy. J 
Surg Oncol. 2014;109:301–7.

 74. Dolinsek T, Prosen L, Cemazar M, et  al. 
Electrochemotherapy with bleomycin is effective in 
BRAF mutated melanoma cells and interacts with 
BRAF inhibitors. Radiol Oncol. 2016;50:274–9.

 75. Kunte C, Letule V, Gehl J, et al. Electrochemotherapy 
in the treatment of metastatic malignant melanoma: a 
prospective cohort study by InspECT. Br J Dermatol. 
2017;176(6):1475–85.

 76. Okino M, Mohri H. Effects of a high-voltage electri-
cal impulse and an anticancer drug on in vivo growing 
tumors. Jpn J Cancer Res. 1987;78:1319–21.

 77. Damian DL, Thompson JF.  Treatment of extensive 
cutaneous metastatic melanoma with topical diphen-
cyprone. J Am Acad Dermatol. 2007;56:869–71.

J. F. Thompson et al.



13

 78. Delamere G, Poirier P, Charpy A.  The lymphatics: 
general anatomy of the Lymphatics, with special 
study of the Lymphatics in different parts of the body. 
Westminster: Archibald Constable & Co. Ltd; 1903.

 79. Bartholin T. De lacteis thoracicis in homine brutisque 
nuperrime observatis, historia anatomica. Martzan, 
M: Copenhagen, Denmark; 1652.

 80. Nieweg OE, Uren RF, Thompson JF. The history of 
sentinel lymph node biopsy. Cancer J. 2015;21:3–6.

 81. Virchow R.  Die Krankhaften Geschwulste. Berlin, 
Germany: Hirschwald; 1863.

 82. Morton DL, Wen DR, Wong JH, et  al. Technical 
details of intraoperative lymphatic mapping for early 
stage melanoma. Arch Surg. 1992;127:392–9.

 83. Morton DL, Thompson JF, Cochran AJ, et al. Sentinel- 
node biopsy or nodal observation in melanoma. N 
Engl J Med. 2006;355:1307–17.

 84. Morton DL, Thompson JF, Cochran AJ, et al. Final trial 
report of sentinel-node biopsy versus nodal observa-
tion in melanoma. N Engl J Med. 2014;370:599–609.

 85. Faries MB, Thompson JF, Cochran AJ, et  al. 
Completion Dissection or Observation for Sentinel-
Node Metastasis in Melanoma. N Engl J Med. 
2017;376:2211–2222.

 86. Thompson JF, Uren RF, Shaw HM, et al. Location of 
sentinel lymph nodes in patients with cutaneous mel-
anoma: new insights into lymphatic anatomy. J Am 
Coll Surg. 1999;189:195–204.

 87. Uren RF, Howman-Giles RB, Shaw HM, et  al. 
Lymphoscintigraphy in high-risk melanoma of the 
trunk: predicting draining node groups, defining lym-
phatic channels and locating the sentinel node. J Nucl 
Med. 1993;34:1435–40.

 88. Hill GJ 2nd, Krementz ET, Hill HZ. Dimethyl triazeno 
imidazole carboxamide and combination therapy for 
melanoma. IV.  Late results after complete response 
to chemotherapy (Central Oncology Group protocols 
7130, 7131, and 7131A). Cancer. 1984;53:1299–305.

 89. Coates AS, Segelov E.  Long term response to che-
motherapy in patients with visceral metastatic mela-
noma. Ann Oncol. 1994;5:249–51.

 90. Dudley ME, Yang JC, Sherry R, et al. Adoptive cell 
therapy for patients with metastatic melanoma: evalu-
ation of intensive myeloablative chemoradiation pre-
parative regimens. J Clin Oncol. 2008;26:5233–9.

 91. Atkins MB, Lotze MT, Dutcher JP, et  al. High- 
dose recombinant interleukin 2 therapy for patients 
with metastatic melanoma: analysis of 270 patients 
treated between 1985 and 1993. J Clin Oncol. 
1999;17:2105–16.

 92. Atkins MB, Hsu J, Lee S, et al. Phase III trial com-
paring concurrent biochemotherapy with cisplatin, 
vinblastine, dacarbazine, interleukin-2, and interferon 
alfa-2b with cisplatin, vinblastine, and dacarbazine 
alone in patients with metastatic malignant melanoma 
(E3695): a trial coordinated by the eastern cooperative 
oncology group. J Clin Oncol. 2008;26:5748–54.

 93. Flaherty KT, Lee SJ, Zhao F, et al. Phase III trial of 
carboplatin and paclitaxel with or without sorafenib in 
metastatic melanoma. J Clin Oncol. 2013;31:373–9.

 94. Flaherty KT, Puzanov I, Kim KB, et al. Inhibition of 
mutated, activated BRAF in metastatic melanoma. N 
Engl J Med. 2010;363:809–19.

 95. Chapman PB, Hauschild A, Robert C, et al. Improved 
survival with vemurafenib in melanoma with BRAF 
V600E mutation. N Engl J Med. 2011;364:2507–16.

 96. Falchook GS, Long GV, Kurzrock R, et al. Dabrafenib 
in patients with melanoma, untreated brain metasta-
ses, and other solid tumours: a phase 1 dose- escalation 
trial. Lancet. 2012;379:1893–901.

 97. Flaherty KT, Robert C, Hersey P, et al. Improved sur-
vival with MEK inhibition in BRAF-mutated mela-
noma. N Engl J Med. 2012;367:107–14.

 98. Schadendorf D, Hodi FS, Robert C, et  al. Pooled 
analysis of long-term survival data from phase II and 
phase III trials of Ipilimumab in unresectable or meta-
static melanoma. J Clin Oncol. 2015;33:1889–94.

 99. Lee J, Kefford R, Carlino M. PD-1 and PD-L1 inhibi-
tors in melanoma treatment: past success, present 
application and future challenges. Immunotherapy. 
2016;8:733–46.

1 History of Melanoma



15© Springer International Publishing AG, part of Springer Nature 2018 
A. I. Riker (ed.), Melanoma, https://doi.org/10.1007/978-3-319-78310-9_2

Anatomy and Physiology 
of the Skin

Amir Dehdashtian, Thomas P. Stringer, 
Abby Joan Warren, Euphemia W. Mu, 
Bardia Amirlak, and Ladan Shahabi 

 Basic Anatomy of the Skin, 
Associated Structures, and Their 
Relationship to the Development 
of Melanoma

Though delivering a deeper and more nuanced 
understanding of melanoma is the goal of this 
text, a brief review of the function and structures 
of the skin is necessary before narrowing its 
focus to pigmented lesions.

The epidermis, a stratified squamous keratin-
ized epithelium, is the outermost layer of the 
skin, lying closest to the external environment 
(Fig. 2.1). As such, its primary function is that of 
a self-renewing barrier. The epidermis denies 
entry to pathogens and other foreign objects, pro-

tects the body from DNA damage wrought by 
ultraviolet (UV) radiation, and retains water. The 
epidermis is divided into five layers: the stratum 
corneum, stratum lucidum, stratum granulosum, 
stratum spinosum, and stratum basale.

Perched atop the dermo-epidermal junction 
that divides dermis from epidermis (Fig. 2.1), the 
stratum basale (also known as the stratum germi-
nativum) is the epidermal layer furthest from the 
external environment. It contains the germinating 
keratinocytes, the fundamental epidermal cells 
which allow the epidermis to constantly replenish 
itself [1]. The journey of a keratinocyte from this 
germinal layer to the skin’s surface ranges from 15 
to 30 days in duration. In addition to keratinocyte 
precursors, the stratum basale is also home to more 
specialized cells such as melanocytes, Langerhans 
cells, and Merkel cells. Respectively, these cells 
function as protection from UV light, antigen-pre-
senting cells (APCs), and traffickers of neuroendo-
crine peptides. The stratum basale also projects 
pillars of tissue into the subjacent dermis. These 
are known as rete ridges, which help safeguard the 
epidermis against shear trauma [2].

Within the cells of the stratum spinosum, kerati-
nocytes begin to produce cytokeratin. Out of this 
raw material, they manufacture intermediate tono-
filaments, which in turn form the basis of tonofi-
brils. The name of the stratum spinosum is derived 
from the spiny appearance of intercellular connec-
tions comprised of tonofibrils, which are in turn fas-
tened by desmosomes [3]. Through the alignment 
of tonofilaments and tonofibrils, the keratinocytes 
of the stratum spinosum transition from the cuboi-
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dal and polyhedral forms of the stratum basale to 
the flattened cells of upper strata. Langerhans cells, 
which help to initiate the cascade of adaptive immu-
nity by presenting foreign antigens to T-cells, local-
ize primarily to this epidermal layer [4].

At the stratum granulosum, the final layer of 
transition between the strata spinosum and cor-
neum, nucleated keratinocytes secrete lamellar 
bodies containing lipid granules which comprise 
the major permeability barrier of the epidermis 
[5]. This layer gains its name from the abundant 
cytoplasmic granules filled with cytoskeletal pro-
teins evident on histological and immunohisto-
chemical examination.

The stratum lucidum, considered to be a sub-
division of the supervening stratum corneum, is 
only present in areas of thick skin. Thick skin is 
present in regions of the body such as the palms 
and soles that are subject to a high degree of 
shear stress [6]. It is so named because its cells 
appear translucent with thickened cell mem-
branes on histological examination [7].

The stratum corneum is comprised of termi-
nally differentiated, enucleate skin cells known 
as corneocytes. The most common metaphor 
employed in the description of the stratum cor-
neum is that of a “brick and mortar” system, in 
which the corneocytes are bricks and intercellu-
lar lipids mortar. These lipids, synthesized by the 
stratum granulosum beneath, serve as the perme-
ability barrier for the skin. Corneocytes are joined 
together by desmosomes, and their degradation 
by proteolytic enzymes causes the sloughing off 
of corneocytes known as desquamation. The 
thickness of stratum corneum accounts for the 
greater epidermal depth of thick skin [8]. Though 
the stratum corneum was initially thought to be a 
passive and inert deposition of cells, recent 
 studies suggest that this epidermal layer may be 
more metabolically active than previously 
thought, particularly in its crosstalk with the stra-
tum granulosum [9].

The dermis receives the preponderance of 
the skin’s blood supply as well as the deeper 
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extensions of skin features such as eccrine 
glands, apocrine glands, and hair follicles 
(Fig. 2.1). Rather than keratinocytes, it contains 
fibroblasts, dendritic cells, and mast cells. The 
fibroblasts synthesize a great number of collagen, 
reticular, and elastic fibers which interweave to 
increase dermal resilience and optimize its pro-
tection of the epidermis [10]. A ground substance 
composed of glycoproteins and proteoglycans 
provides the medium in which the cellular and 
fibrillar elements of the dermis contend.

The dermis is subdivided into two layers: the 
superficial or papillary dermis, and the deep or 
reticular dermis. True to its name, the superficial 
dermis covers papillary dermal projections which 
interlock with the rete ridges of the stratum basale 
for greater protection against shear forces. Due to 
its interface with the avascular epidermis, it is the 
point of inflection for looped capillaries which 
exchange oxygen and waste products with the 
epidermis. Meanwhile, the deeper dermis con-
tains the encapsulated bodies of mechanorecep-
tors such as Ruffini and Pacinian corpuscles [11].

Traditionally, the white adipose and loose 
connective tissues underlying the dermis have 
been considered under the aegis of encompassing 
terms such as “hypodermis” or “subcutis.” 
However, studies have indicated that depots of 
dermal adipose have genetic and morphological 
profiles distinct from subcutaneous white adipose 
tissue [12]. Researchers are even now attempting 
to elucidate the precise role of this adipose tissue 
in the signaling of metabolic processes such as 
hair growth cycling [13].

We now turn our attention to the melanocyte, 
the cellular clou of melanoma. Melanocytes pro-
duce melanin, the compound which serves as 
pigment in the skin of vertebrates. Dysregulation 
of these cells can give rise to malignancy.

The primordium of the melanocyte lies in the 
embryologic structure known as the neural tube. 
As development progresses, the dorsal eminence 
of this tube shifts from epithelial to mesenchy-
mal tissue, thereby becoming the neural crest. 
Neural crest cells (NCCs) are multipotent stem 
cells that migrate throughout the body to form 
derivatives such as craniofacial cartilage, periph-
eral nerves, endocrine cells, and melanocytes. In 

this embryologic diaspora, the neural crest cells 
that will become melanocytes originate in the 
truncal province of the neural crest and exit dor-
solaterally to sites throughout the nascent epi-
dermis, inner ear, iris, and choroid [14]. Studies 
in chicks have demonstrated that an additional 
population of melanocytes derived from 
Schwann cells migrate ventrally, though whether 
this is recapitulated in mammals is not yet known 
[15]. Recent work further suggests that genes 
which govern signaling pathways essential to 
melanocyte ontogeny may also play a role in 
melanoma [16, 17].

Following their migration to the epidermis, 
cutaneous melanocytes are positioned by exter-
nal molecular signals into hair follicles, where-
upon they assume their primary function: the 
manufacture of melanin and its transport to kera-
tinocytes [18]. Within the melanocyte, melanin is 
produced from tyrosine, a progenitor shared with 
dopamine, in a specialized lysosome known as a 
melanosome. Through sharing pigment with sev-
eral dozen keratinocytes, melanocytes are inte-
grated into an epidermal-melanin unit; this 
functional linkage represents a rare occasion in 
which an organelle is transferred from a cell of 
one histologic subtype to another [19, 20].

Melanin itself is subdivided into two types: 
pheomelanin, which is alkali soluble and light 
red/yellow in coloration, and eumelanin, an 
alkali-insoluble, dark brown/blue compound 
[21]. Its functions are diverse and a subject of fer-
vent investigation. Most apparent is its determi-
nation of skin pigmentation, which is derived 
from the activity of melanocytes and the type of 
melanin they produce rather than the strength of 
their numbers [22]. Further, melanin helps to pro-
tect skin against damage from UV light. Acutely, 
UV radiation may induce erythema, photodam-
age, and immunosuppression; chronically, it has 
been shown to cause photoaging and photocar-
cinogenesis [23]. The effect of UV radiation on 
human skin and the mechanisms by which mela-
nin mitigates photodamage will be covered in a 
later section.

Melanosomes are the vehicle through which 
melanocytes transfer melanin to keratinocytes 
and produce pigmentation of the skin. The bio-
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genesis and maturation of the melanosome as it 
travels towards a keratinocyte have been subdi-
vided into four stages based on early work with 
electron microscopy. The origins of the melano-
some are much speculated upon; some studies 
suggest that it is a product of the endoplasmic 
reticulum, while others maintain that its prove-
nance lies in later secretory pathways. A melano-
some in stage I is a perinuclear, membrane-bound 
vesicle resembling an early lysosome [24]. Stage 
II melanosomes, or pre-melanosomes, are defined 
as containing fibrous striations but lacking pig-
ment. EM studies in melanoma cell lines have 
demonstrated that the protein, PmeI17, is in large 
part responsible for the formation of melano-
somal striations, though the intricacies of its 
manufacture and localization have yet to be elu-
cidated [25]. In stage III melanosomes, melanin 
is observed to be deposited upon these fibrous 
striations, and in stage IV the organelle is filled 
with pigment.

It is necessary for a melanocyte to transfer 
melanosomes to neighboring keratinocytes to 
effect skin pigmentation. This is accomplished 
through dendrite processes that extend from the 
melanocytes. Melanosomes are translocated 
towards the plus or minus ends of a dendritic 
microtubule by kinesin and dynesin, respectively. 
Once reaching the tip of a microtubule, they are 
captured by the keratinocyte through the com-
plexion of actin with myosin type-Va.

Though a variety of mechanisms have been 
described, evidential consensus presently centers 
on two hypotheses: the “shedding-phagocytosis” 
model and the “exocytosis-endocytosis” model 
[26]. The former describes a sequence of events 
wherein a melanocyte extrudes membrane-bound 
packets of melanosomes that are subsequently 
phagocytosed by the receiving keratinocyte. The 
latter refers to a process in which the melanin 
core of the melanosome is exocytosed into the 
extracellular space by a melanocyte and then 
taken up by a keratinocyte. It remains to be seen 
which of the two takes place in humans—indeed, 
the two may not be mutually exclusive.

The ultimate function of the melanocyte and 
melanin is to interact with sunlight. Ultraviolet 
radiation emanates from our sun and exerts 

pleiotropic effects upon human cells, particularly 
those of the skin. The UVR which reaches the 
earth’s surface is divided into two subtypes: long- 
wavelength (320–400  nm) UVA and short- 
wavelength (200–280 nm) UV-B [27]. Of these, 
UVB, though comprising only 5% of terrestrial 
UVR, has been demonstrated to be a far more 
potent provocateur of erythema, melanogenesis, 
and DNA damage [28, 29]. Humanity’s first line 
of protection against UVB is the ozone layer, 
though it is thought that anthropogenic climate 
change may be weakening this natural defense 
[30]. By contrast, UVA is not filtered even by 
window glass and penetrates deeper into the der-
mis than its short-wave coeval. Both play a dis-
tinct role in the DNA-damaging properties of 
sunlight. UVA is thought to generate reactive 
oxygen species (ROS) which induce single- 
strand breaks in DNA, while UVB has been dem-
onstrated to be directly toxic to genetic material, 
generating cyclobutane pyrimidine dimers and 
pyrimidine-pyrimidone photoproducts [31–33]. 
It is principally through these mechanisms that 
ultraviolet light initiates carcinogenesis.

What role does melanin play in the protection of 
skin from UV damage and the ensuing risk of mel-
anoma? Epidemiological and empirical evidence 
alike has long demonstrated that darker pigmented 
skin is better protected from the consequences of 
solar radiation than light skin. Eumelanin, which is 
far more abundant in dark skin, performs multiple 
functions to safeguard the skin from UVR, acting 
to block and disperse UVR as well as scavenge 
associated free radicals [27, 34].

 Lymphatic Anatomy and Its 
Relation to Specific Draining 
Patterns for a Primary Melanoma

Malignant melanoma is considered one of the 
most aggressive neoplasms. Ninety percent of 
local metastasis occurs via lymphatic vessels, 
and the tumor tends to metastasize early in 
regional lymph nodes. Hematogenous dissemina-
tion of tumor cells is also possible; however, this 
is less common and more difficult to assess and 
treat [35, 36].

A. Dehdashtian et al.
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As hydrostatic pressure causes plasma pro-
teins and fluid to escape the circulation of the 
skin, blind-ended lymphatic capillaries are 
responsible for their return to the circulation. 
These capillaries form in the interstitial spaces of 
papillary dermis as unvalved vessels, and drain 
into deep dermal and subcutaneous plexuses. In 
this area, these vessels are larger and have valves. 
These large-caliber vessels then merge together 
and create lymphatic collectors, which are in turn 
filtered by multiple lymph nodes before connect-
ing to the venous system.

Melanoma metastasis happens through three 
main pathways which influence the prognostic 
staging of primary melanoma [37]. These include 
satellite or in-transit metastasis, lymph node 
metastasis, and distant metastasis. Satellite 
metastasis is the presence of skin or subcutane-
ous metastases within two centimeters of the pri-
mary lesion, while in-transit metastasis is defined 
as the presence of metastases in a lymphatic 
drainage area before involving the sentinel lymph 
node [38, 39].

Evidence suggests that early detection and 
removal of lymph nodes with micrometastasis 
(i.e., infiltration with melanoma cells regardless 
of metastatic pathway) will improve the progno-
sis of patients with primary melanoma [40, 41]. 
To achieve this, accurate location of the respon-
sible regional lymph nodes is mandatory. In 
1874, Sappey conducted experiments in which he 
cannulated the lymphatic vessels and injected 
them with mercury, thereby mapping lymphatic 
circulation. He then postulated that lymphatic 
drainage between the two sides of the body is 
symmetric and that lymphatic vessels neither 
cross the assumptive vertical midline nor the hor-
izontal line around the waist at the level of the 
umbilicus [42]. These boundaries, dividing the 
body into four areas, were thereafter called 
Sappey’s lines. He concluded that lymphatics of 
any of these areas drain to the corresponding 
axillary or groin lymph nodes.

Sappey’s results were widely accepted until 
the 1970s, when Sugarbaker and McBride used 
lymphoscintigraphy to reveal an ambiguous area 
of 2.5  cm on each side of Sappey’s lines with 
unpredictable lymphatic drainage [43]. In 1991, 

Norman et al. showed that lymphatic drainage is 
also unpredictable in the head and neck and 
therefore suggested an expansion of the ambigu-
ous area to 11 cm on either side of Sappey’s lines 
[44]. Further study has shown that Sappey’s 
demarcation of lymphatic drainage may not be 
useful in 30% of patients, in which an individual 
pattern for lymphatic drainage was found in 
comparable areas of the skin. The most recent 
comprehensive review, which used lymphoscin-
tigraphy data from 5232 melanoma patients, 
revealed that most of the body has symmetric 
lymphatic drainage and the asymmetry assumed 
in previous studies might be due to lack of suf-
ficient lymphoscintigraphy data. Given this 
recently discovered anatomic variability, it is 
still rational to consider lymphoscintigraphy 
preoperatively because of the importance of 
lymphatic involvement in the prognosis of these 
patients [45].

 Vascular Anatomy as It Relates 
to the Skin and Its Importance 
to the Development and Possibly 
the Metastasis of Melanoma

Although melanoma may involve the regional 
lymph nodes before the development of distant 
metastasis, this is not always true. It is not abso-
lutely clear whether spreading of malignant cells 
through lymphatics is required before systemic 
dissemination, but direct entry through the 
venous return may also be possible [46].

Indeed, skin has a rich blood supply which is 
necessary for dermal and epidermal nutrition as 
well as thermoregulation. Michel Salmon stated 
in 1936 that blood vessels supply branches to 
each type of tissue they adjoin, including bones, 
nerves, muscle, fascia, and fat [47].

The concept of the angiosome is widely 
accepted in the field of cutaneous vascular anat-
omy and is vital to our current understanding of 
hematogenous spread in melanoma. An angio-
some is a segment of soft tissue spanning from 
bone to skin supplied by a main source vessel. 
There are connections between adjacent angio-
somes either via identical caliber (true) or reduced 
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caliber (choke) anastomotic vessels.  Source ves-
sels give rise to perforator arteries directly (septo-
cutaneous and fasciocutaneous vessels) or 
indirectly (musculocutaneous, or terminal 
branches of muscular vessels) serving the skin 
[48, 49]. These perforator arteries pass through 
the intermuscular or intramuscular septa or even 
proximally to tendons to form a deep plexus of 
vessels within the dermo-hypodermal junction 
(Fig.  2.1). Deep plexuses connect to superficial 
plexuses via ascending arterioles perpendicular to 
the skin surface. Superficial plexuses, also known 
as sub-papillary plexuses, lie between papillary 
and reticular dermis and create small capillary 
loops extending into dermal papillae. These capil-
laries allow transportation of materials to the epi-
dermal cells. Drainage occurs through descending 
limbs of these loops, called postcapillary venules, 
from which blood flows into sub-papillary plex-
uses and thereafter the descending venules. This 
eventually reaches the deep plexuses and collect-
ing veins (Fig. 2.1) [50–52].

There have been numerous studies investigat-
ing the relation of vascular invasion, melanoma 
relapse, lymph node involvement, and distant 
metastasis. They have shown that vascular inva-
sion may influence the prognosis of melanoma, 
similar to that of ulceration [53]. Furthermore, it 
has been suggested that melanoma cells can even 
spread along the external surface of vessels with-
out intravasation. This mechanism is known as 
extravascular migratory metastasis [54].

Tumor cells are also capable of acquiring endo-
thelial-like features and stimulating angiogenesis 
to supply the requisite oxygen and nutrients to the 
growing tumor mass. These new vessels play an 
important role in the spread of melanoma cells and 
the vertical growth phase described with mela-
noma growth patterns [55, 56].

 The Tumor Microenvironment 
of the Skin and Its Relationship 
with the Progression of Melanoma

At one time, melanoma growth was considered to 
be an isolated cellular event. However, it is now 
known that the development, invasion, and spread 

of melanoma largely depend upon its interactions 
with the surrounding microenvironment. The 
melanoma microenvironment is complex and 
consists of the malignant cells and supporting 
stroma including fibroblasts, endothelial cells, 
immune cells, soluble molecules, and extracellu-
lar matrix (ECM) [57–59]. This microenviron-
ment influences the development and progression 
of melanoma either favorably or adversely. In the 
following section, we discuss this microenviron-
ment and its relation to the progression of 
melanoma.

Melanocytes are located on the stratum basale 
of the epidermis and hair follicles. The primary 
regulators of melanocytes are keratinocytes. 
Keratinocytes govern melanocytes through the 
secretion of cytokines and growth factors as well 
as cell adhesion. When this regulation is dis-
rupted, a transformation from melanocyte to mel-
anoma is thought to take place in a stepwise 
fashion. The exact cellular or genetic events that 
result in such transformation have been the focus 
of much research over the last decade. The mela-
noma cells are thought to transition to a radial 
growth phase, followed by vertical growth and 
possibly distant metastases.

Keratinocytes regulate melanocytes through 
both paracrine growth factors and intracellular 
communication with cell adhesion molecules. 
Cadherins are a family of transmembrane pro-
teins that promote cell-to-cell adhesion through 
the interaction of the cadherin’s extracellular 
domain with similar cadherins of adjacent cells.  
Cell adhesion molecules involved in regulation of 
melanocytes include epithelial cadherin 
(E-cadherin), membranous placental cadherin 
(P-cadherin), and desmoglein-1. Hepatocyte 
growth factor, secreted by melanoma cells, down-
regulates E-cadherin and desmoglein-1, and mel-
anomas often have reduced or absent E-cadherin, 
P-cadherin, and/or desmoglein-1 [60]. E-cadherin 
acts by downregulating β-catenin and providing 
tight junctions with surrounding cells. β-Catenin 
promotes proliferation of melanocytes by induc-
ing transcription of growth and survival genes 
including c-Myc, cyclin D1, and MITF. In mela-
noma cells, E-cadherin is downregulated, allow-
ing for increased β-catenin activity and therefore 
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proliferation and survival of melanocytes [61]. 
P-cadherin and desmoglein-1 promote 
melanocyte- keratinocyte adhesion and prevent 
invasion of melanoma cells. The loss of 
P-cadherin and desmoglein-1 allows for invasion 
and spread of the malignant cells [60, 62]. In con-
trast, neural cadherin (N-cadherin) promotes 
melanocyte growth and survival. Melanoma cells 
upregulate N-cadherin, which allows interaction 
with other N-cadherin cells including fibroblasts 
and endothelial cells. This results in increased 
motility secondary to looser interactions among 
melanocytes with adjacent cells. N-cadherin also 
represses pro-apoptotic factors, further promot-
ing melanoma growth and survival [57].

Melanomas secrete growth factors that have 
both autocrine and paracrine effects. HGF, 
PDGF-A, FGF, and IL-8 secreted by melanoma 
cells promote growth and survival of melanoma 
cells. VEGF and β FGF secreted by melanomas 
induce proliferation of endothelial cells and 
angiogenesis, and TGF-β and PDGF activate 
fibroblasts. PDGF plays a role in organizing the 
ECM and stimulating additional growth factors 
[63]. Fibroblasts become associated with the 
melanoma and play a large part in promoting its 
growth and survival by secreting paracrine 
growth factors such as bFGF, IGF-1, HGF, and 
endothelin [63, 64]. Melanoma-associated fibro-
blasts can also differentiate into pericytes and 
promote angiogenesis. Interestingly, TGF-β has 
an inhibitory effect on melanocytes; however, the 
melanoma cells themselves are resistant. 
Melanoma-secreted TGF-β promotes ECM depo-
sition, angiogenesis, survival, immunosuppres-
sion, and transition to more aggressive melanoma 
phenotypes [57].

Integrin proteins mediate cell cytoskeletal 
adhesion to the extracellular matrix and influence 
proliferation, migration, invasion, and survival of 
melanocytes as well as angiogenesis for tumor 
survival and spread. Integrins are proteins con-
sisting of alpha- and beta-subunits that form 
transmembrane heterodimers. Conformational 
changes and decreased expression of integrins 
promote melanoma cell dissociation from the pri-
mary tumor, migration through surrounding 
stroma, and eventually metastasis. Integrins lack 

kinase activity, but they are able to activate intra-
cellular signaling cascades including MAPK, 
PI3K, and nuclear factor kappa B (NF-κ). They 
can also influence cell signaling through growth 
factors by acting as a co-receptor, directly inter-
acting with the receptor, or by indirectly chang-
ing a growth factor’s function. Through these 
mechanisms, characteristics of the invasive edge 
of a melanoma include proteolysis of collagen 
and elastin and infiltration of lymphocytes [57].

 Special Insight into 
the Development of a Melanoma 
from a Skin Lesion, Such as a Mole 
or Atypical Nevus

We now purpose to deepen our probe of melano-
ma’s ontogeny and explore whether and to what 
extent it might arise from a preexisting nevus ver-
sus bursting into existence de novo (that is, from 
a single aberrant melanocyte). Though this may 
appear to be a simple, dichotomous question, it is 
one that tests the limits of the field’s methods of 
knowing and description.

Melanocytic nevi are defined as a focal prolif-
eration of melanocytes, and are subclassified into 
dysplastic and common (i.e., nondysplastic) nevi. 
Forms of nevus include junctional, dermal, and 
compound. Junctional nevi are proliferations of 
melanocytes at the basal epidermal layer in which 
they normally reside. A compound nevus con-
notes joint proliferation of both basal epidermal 
melanocytes and melanocytes which have 
descended into the dermis, while the waning of 
basal epidermal proliferation in these nests sig-
nals transition to a dermal nevus. Clark et  al. 
maintained that proliferations of melanocytes, 
though benign in histological appearance, may 
represent a quiescent, primordial step in the 
tumorigenesis of melanoma [65].

The term “dysplasia,” which Ackerman [66] 
defines as “cytologic atypia, disordered growth, 
or some combination thereof,” has been a subject 
of great contention when applied to melanocytic 
nevi, as many authors believe that it incorrectly 
implies an inevitable progression towards 
malignancy. The term “nevus with architectural 
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disorder” was suggested by the NIH Consensus 
Conference in 1992, but is uncommonly applied 
in practice among non-dermatopathologists. 
Therefore, in keeping with the argument of Duffy 
and Grossman [67], this text will distinguish 
between the clinical finding of atypical nevus and 
the histopathological diagnosis of dysplastic 
nevus.

When first disclosed clinically, suspicious 
nests of melanocytes are termed atypical nevi 
(Fig.  2.2). The Dutch Working Group’s criteria 
for atypical nevi include a diameter >5  mm, 
vague border, asymmetric shape, irregular pig-
mentation, and red hue [68]. Only through histo-
pathologic examination may a diagnosis of 
dysplastic nevus be rendered (Fig.  2.3). The 
World Health Organization defines the major cri-
teria for diagnosis of a dysplastic nevus thusly: 
“(1) basilar proliferation of atypical melanocytes 
which must extend beyond three rete ridges 
beyond the dermal component and (2) organiza-

tion of this proliferation in a lentiginous or epi-
thelioid cell pattern [69].” Though dysplastic nevi 
may bear close phenotypic resemblance to mela-
noma, its presumed risk of malignant transforma-
tion has fluctuated over the past half-century.

Seminal work by Clark, Lynch, and Elder in 
the description of patients with both familial and 
nonfamilial forms of a dysplastic nevus syn-
drome represented the first associations between 
atypical nevi and malignant melanoma [70–72]. 
However, Clark and his group noted that the pres-
ence of atypical nevi in these patients was not 
necessary for the development of melanoma, and 
that the majority of these lesions often regressed 
or became stable [73]. Moreover, early studies in 
this area were hamstrung by the lack of histo-
pathological confirmation that these atypical nevi 
were, indeed, dysplastic [74, 75]. Multiple subse-
quent investigations have demonstrated a poor- 
to- fair correlation between clinical atypia and 
histologic dysplasia [76, 77]. In counterpoint, 

a b c
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Fig. 2.2 Clinical features of atypical nevi, including 
indistinct borders (a–c), and variable pigmentation (b–f). 
Reprinted from Duffy K, Grossman D.  The dysplastic 
nevus: from historical perspective to management in the 

modern era: part I.  Historical, histologic, and clinical 
aspects. Journal of the American Academy of 
Dermatology. 2012;67(1):1. e-. e16 with permission from 
Elsevier
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Crucioli and Stilwell [78] averred that if serial 
sections of the malignant lesion are not taken, the 
probability of finding an associated nevus 
decreases even further. Taken together, these 
findings call into question the proposition that 
atypical and/or dysplastic nevi confer greater risk 
of malignant transformation than their common 
counterparts.

As such, a great number of contemporary stud-
ies have been undertaken to discern the proportion 
of malignant melanoma which arises from a 
nevus, whether dysplastic or common. In extant 
literature, melanoma has been histopathologically 
demonstrated to contain a neval component in 
about 20–30% of cases, though in many instances 

the distinction between cancer and melanocytic 
nevus is far from clear. Further investigations 
have attempted to assess the proportion of mela-
nomas that are derived from a dysplastic as 
opposed to a common nevus. Here, there is evi-
dential concordance: Grossly, common nevi are 
more often associated with melanoma than dys-
plastic nevi [59, 79, 80]. Since there has been little 
study anent the ratios of histologically dysplastic 
versus common nevi in the populace, it is difficult 
to extrapolate which of the two carries the greater 
proportionate risk of associated melanoma.

Part of the issue lies in the epistemological limi-
tations of histopathology itself. A pathological sec-
tion captures but a single instant of time and so 

a
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e f

c d

Fig. 2.3 Histologic features of dysplastic nevi. (a) 
Architectural disorder demonstrated by lateral asymmetry 
and “shouldering” (original magnification ×40). (b) 
Lentiginous melanocytic hyperplasia with bridging of rete 
ridges (original magnification ×200) and (c) cellular 
atypia (original magnification ×200). (d) Patchy lympho-
cytic host response (original magnification ×100). (e) 
Prominent eosinophilic fibroplasias (original magnifica-

tion ×200). (f) Variable and “random” cytologic atypia 
and mitotic junctional activity (original magnification 
×600). Reprinted from Duffy K, Grossman D. The dys-
plastic nevus: from historical perspective to management 
in the modern era: part I. Historical, histologic, and clini-
cal aspects. Journal of the American Academy of 
Dermatology. 2012;67(1):1. e-. e16 with permissions 
from Elsevier
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lacks the temporal breadth to detect the transition 
from nevus to malignant melanoma, if indeed such 
a transition does occur. Duffy and Grossman point 
out that any conclusions derived from these tech-
niques may be confounded by the malignancy’s 
usurpation of the nevus or, alternatively, the proxi-
mate formation of melanoma and nevus. In the 
absence of a reliable model for melanoma develop-
ment, dermatologists are left in an evidential twi-
light of retrospective studies and expert opinion.

This text would be remiss if it elided the entity 
of congenital melanocytic nevus. Though they 
appear quite similar to benign common nevi, 
congenital nevi have been found to exhibit mul-
tiple histologic patterns which may distinguish 
them from their parvenu-acquired brethren [81]. 
These nevi are most commonly subclassified as 
small (<1.5  cm at largest diameter), medium 
(1.5–19.9  cm), or giant (≥20  cm). The risk of 
malignant development in giant lesions is esti-
mated to be from 5 to 30%, great enough that 
they are often excised prophylactically [59]. 
Malignant transformation of small or medium 
lesions is less well characterized, and therefore 
no clear guidelines exist.

Due to the present limitations of the field, the 
question of melanoma’s origin remains open. 
Though current oncogene-expressing murine 
models of the disease are thought to represent 
poor histopathologic correlates, improved mod-
els may strengthen our ability to observe the pro-
gression of malignancy, whether from an extant 
lesion or a single cell. Novel imaging technolo-
gies may also represent a way forward. Regardless 
of modality, continuing the investigations of mel-
anoma’s provenance is our best way forward in 
combating this oft-fatal disease.
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 Epidemiology

 Introduction

The incidence of melanoma is continuing to 
increase throughout the world in fair-skinned 
populations. In the United States, melanoma inci-
dence has risen from 8.2 to 9.4 cases per 100,000 
within the white population in 1975 (females and 
males, respectively) to 38.9 and 24.2 cases in 
2013. Increased incidence has occurred mainly 
for thin lesions, those less than 1 mm in Breslow’s 
depth. Reasons for the increased incidence 
include excessive tanning, potential exposure to 
chemicals, and a more effective application of 
diagnostic criteria. Mortality rates have also 
increased among white males, rising from 2.9 per 

100,000 in 1975 to 4.6 in 2013. They have risen 
very little for white females during the same time 
period, from 1.7 to 1.9 per 100,000 between 1975 
and 2013 [1]. This chapter reviews both causes 
for and prevention of melanoma.

 Risk Factors for Melanoma

The relationship between risk factors and inci-
dence is complex, but increased exposure to UV 
radiation (UVR) is the major factor responsible 
for the development of melanoma. In conjunction 
with UVR, host factors as well as phenotypic and 
genetic factors are also responsible for an indi-
vidual’s likelihood of developing melanoma.

 Phenotypic Factors

Fair Skin Phenotype
It is well established that fair-skinned individuals 
have an increased risk for melanoma compared to 
those with darker skin. Phenotypic characteris-
tics such as light eyes, light or red hair, and fair 
skin color are host factors known to increase the 
risk of developing melanoma. There appears to 
be an inverse relationship between darker skinned 
individuals and the decreased risk of melanoma. 
In a meta-analysis of 60 studies, individuals with 
red hair were compared to those with dark hair, 
finding a relative risk of 3.64 (95% CI, 2.56, 
5.37) for developing melanoma. Individuals with 
blue eyes had a relative risk of 1.47 (95% CI, 
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1.28, 1.69) compared to those with brown eyes 
and fair-skinned individuals had a 2.06-fold 
(95% CI 1.68, 2.52) increased risk [2]. As there is 
no commonly accepted standard for assessing 
skin color between studies and populations, some 
authors feel that a reported inability to tan may be 
a better risk marker for melanoma and increases 
risk approximately twofold [3, 4]. Some have 
developed more quantitative approaches to mea-
sure pigmentation such as the extraction and 
quantification of pheomelanin and eumelanin 
from undyed hair [5], but these have not been 
widely adopted due to the difficult assays 
required.

Freckling
Freckles are benign, ranging in diameter from a 
few millimeters to a few centimeters, pigmented 
skin spots that appear with increased sun expo-
sure commonly in fair-skinned individuals. 
Increased freckling is associated with higher 
risks of melanoma (RR  =  2.10, 95% CI 1.80–
2.45) in many studies, and in the meta-analysis 
by Gandini et al. [2]. Phenotypic characteristics 
and freckling tendency can be used to identify 
those at high risk and can be targeted for 
surveillance.

Nevi
Nevi are a strong risk factor for the development 
of melanoma. Nevi are benign collections of 
melanocytes that may be congenital or acquired 
[6]. The relationship between sun exposure, 
nevus development, and melanoma risk is still 
not fully understood. It is theorized that melano-
cytes within a nevus may be more likely to 
undergo malignant transformation [2]. A number 
of studies have shown that melanoma may have 
arisen from preexisting melanocytic nevi in 30% 
of cases [7].

Some studies have hypothesized that multiple 
nevi may be a marker for previous sun exposure 
suggesting that sun exposure and number of nevi 
have a multiplicative effect on the risk for mela-
noma. Children and adolescents who practice 
sun-protective behaviors have decreased num-
bers of new developing nevi [8–10]. Sun expo-
sure plays a role in the development of nevi [11]. 

The risk for melanoma increases as the number 
of nevi increases, from a risk of 1.47 (95% CI 
1.36, 1.59) for fewer than 15 total nevi to a rela-
tive risk of 6.89 (95% CI 4.63, 10.25) for more 
than 100 nevi [12].

 The Divergent Pathway to Melanoma 
Development
Whiteman et al. [13] suggested that melanomas 
from varied body sites arise through different 
pathways with different associations with either 
solar keratosis or nevi. Melanomas located in the 
head and neck regions are associated with chronic 
sun exposure, fewer nevi, and more solar kerato-
ses. Melanoma located on the trunk with similar 
histological features was associated with more 
intermittent sun exposure, many nevi, and fewer 
solar keratoses. This suggests that individuals 
with a greater genetic tendency to form nevi have 
a lower threshold to UV exposure to induce the 
melanocytes to proliferate and become neoplas-
tic. In contrast, people with a low genetic ten-
dency to develop nevi require a higher threshold 
of sun exposure to induce melanocytes to 
proliferate.

 Exposures

Sun Exposure
The cause of melanoma is multifactorial and 
complex but sun exposure plays a primary role in 
the development of melanoma. Ultraviolet radia-
tion exposure has been recently classified as a 
Class I carcinogen [14]; ultraviolet radiation 
includes UVC (200–280  nm), UVB (280–
320 nm), and UVA (320–400 nm). UVC is highly 
toxic, but very little of it reaches earth as it is 
screened by the stratospheric ozone layer. UVB 
rays directly damage DNA through the produc-
tion of DNA-damaging photoproducts and 
cyclobutane pyrimidine dimer formation, while 
UVA indirectly damages DNA through reactive 
oxygen species production [15]. Analyses in the 
United Kingdom suggest that 90% of melanoma 
cases in men and 82% in women are attributable 
to excess solar irradiation [16] and 68% world-
wide [17]. The rising incidence may be due to 
early detection, increased surveillance, and 
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changes in diagnostic criteria, but the majority 
are thought to be linked to increased sun expo-
sure through altered patterns of behavior, such as 
the choice of clothing [18] and outdoor 
activities.

Sun exposure is classified as “total, intermit-
tent, or chronic” with “sunburn history” as an 
important component. Intermittent sun exposure 
refers to intense, short periods of sun exposure 
experienced on weekends or on vacations in 
sunny locations. Chronic sun exposure is contin-
uous with less intensity and mostly seen in occu-
pational settings. Total sun exposure is the sum of 
intermittent and chronic exposures.

A meta-analysis examined 57 studies of sun 
exposure and melanoma and reported relative risks 
of 1.34 (95% CI, 1.02, 1.77) for total sun exposure, 
1.61 for intermittent sun exposure (95% CI, 1.31, 
1.99), 0.95 for chronic sun exposure (95% CI, 
0.87, 1.04), and 2.03 for a history of sunburn (95% 
CI, 1.73, 2.37) [19]. It is unclear whether, in fact, 
chronic sun exposure decreases the risk for mela-
noma. Certainly, those with chronic sun exposure 
have adapted to the UV and thus are less likely to 
be harmed by it. Similar results have been found 
when looking at the risk of sun exposure on mul-
tiple primary melanomas [20].

Current evidence does not clearly show a criti-
cal period during life where risk from sun expo-
sure is highest [21, 22]. For example, the 
increased risk for more than five sunburns during 
childhood was 2.0 (95% CI, 1.2, 3.5) and during 
adulthood was 2.1 (95% CI, 1.4, 3.3) [21]. 
Sunburns during any period of life, whether it is 
childhood, adolescence, or adulthood, increase 
the risk for melanoma. Due to the fact that sun-
burns are based on self-report and memory is fal-
lible, there is no strong evidence for any specific 
“number” of sunburns and increased risk for 
melanoma. Although many experts purport that 
various specific numbers increase risk, there is no 
validity to a specific number.

Indoor Tanning
Approximately 7.8 million women and 1.9 mil-
lion men use tanning beds each year [23], and the 
International Agency for Research on Cancer 
[14] has identified ultraviolet radiation (UVR) 

emitted from tanning beds as carcinogenic. 
Indoor tanning beds emit both UVA and UVB 
rays in amounts 2–4 times stronger than the mid-
day sun during the summer in Washington, DC 
[24]. The longer a person uses indoor tanning 
beds and the earlier that someone begins using 
them, the more likely that one is to develop mela-
noma in the future [25]. A dose-response rela-
tionship was also noted between total hours 
(P < 0.0001), number of sessions (P = 0.0002) or 
years (P  <  0.006), and melanoma risk [26]. 
Shifting trends in anatomic location of melanoma 
also appear to demonstrate the influence of indoor 
tanning on the risk for melanoma. There was a 
significant rise in truncal melanomas in women 
after 2002 in Iceland that coincided with rapidly 
expanding sunbed use after 1985 [27].

Occupation and Melanoma
Most studies of melanoma have focused on the 
relationship between host factors, UV radiation, 
and melanoma risk, but a number of relatively 
small studies have found links to polycyclic aro-
matic hydrocarbons, benzene, and other chemi-
cals used in the printing industry [28–32]. Studies 
of electrical and electronics workers have dem-
onstrated an increased risk for melanoma [33]. It 
must be noted that not all studies have shown 
positive associations. It is likely that the various 
occupational workers are also exposed to addi-
tional agents and many of the studies did not have 
appropriate control for confounders. For exam-
ple, cosmic radiation, such as that received by 
pilots and airline attendants, has often been asso-
ciated with increased melanoma risk. However, 
the lifestyle of these occupations may confound 
the association [34, 35]—whether due to circa-
dian rhythm disruption [36] or opportunities for 
intense intermittent sun exposure. Multiple small 
studies have looked at issues related to occupa-
tion and due to the small number of subjects and 
incomplete control for confounding they are 
unable to determine strong links.

Polychlorinated Biphenyls
PCBs may affect melanomagenesis. PCBs are 
chlorinated compounds previously used as 
 coolants in electrical apparatus and which, as 
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now discarded, leak into the environment. When 
that happens, meat, fish, milk, and water often 
contain PCBs [37–39]. There has been little 
research in dietary PCB exposure and melanoma 
risk, but one cohort study reported that exposure 
to dietary PCBs was associated with a fourfold 
increased risk of malignant melanoma [40]. A 
small pilot study conducted in British Columbia 
found strong associations between the risk of 
melanoma and plasma levels of non-dioxin-like 
PCBs (OR 7.02, 95% CI, 2.30, 21.43) [41]. This 
study is now being validated in a larger cohort.

Chromium
Chromium may play a major role in the patho-
genesis of cutaneous melanoma [42]. Textile 
industries, which can often contain chemicals 
that are potentially harmful to skin, are known to 
contain the following chemicals: formaldehyde, 
nickel, and hexavalent chromium [43]. Cells 
exposed to chromium changed their shape and 
developed chromosomal abnormalities. 
Hexavalent chromium is a toxic form of the ele-
ment, chromium. It can be used in electroplating, 
steel production, and metal plating. Tantalizing 
data [44–46] demonstrate an association between 
risk or mortality and melanoma after hip replace-
ment with metal implants.

 Genetic Factors
Melanoma is a heterogeneous disease with mul-
tiple signaling pathways associated with its 
pathogenesis. Insight into the pathways respon-
sible for melanoma initiation and progression has 
come from current next-generation sequencing 
studies. It is beyond the scope of this chapter to 
fully elucidate the exciting developments in 
genetics that are leading to new understanding of 
the mechanisms of melanoma development. 
Excellent reviews of inherited and somatic muta-
tions are by Hill et al. and Zhang et al. [47, 48].

Family History
A family history of melanoma is a strong risk fac-
tor for the development of melanoma, accounting 
for 10% of all melanoma cases [49]. Individuals 
with a first-degree relative with melanoma have a 
twofold increased risk for developing melanoma 

compared with those without a family history 
[50]. This assessment can be somewhat complex, 
as several family members with melanoma may 
have acquired the tumor due to genetic suscepti-
bility or to common exposures, or possibly both. 
Mutations in the CDKN2A gene are the most 
common genetic mutations among families, with 
CDK4 occurring very much less frequently. 
Population-based studies have demonstrated the 
rarity of CDKN2A mutations among sporadic 
cases of melanoma [51]. Patients with a genetic 
predisposition acquire melanoma at a younger 
age, generally have thinner melanomas, and often 
have a history of dysplastic nevi or precursor 
lesions [52]. They also have a significantly higher 
risk for developing multiple primary melanomas 
[53]. It is not well known that melanoma can also 
arise in conjunction with familial cancer syn-
dromes such as Li-Fraumeni, familial retinoblas-
toma, and Lynch syndrome type 2 [49].

Inherited Genetic Factors, Single- 
Nucleotide Polymorphisms
Pigmentation pathways clearly contribute to the 
risk of developing melanoma, with genetic loci at 
MC1R (melanocortin-1 receptor) and OCA2 
identified in relation to facial freckling and total 
nevi [54] as well as red hair and fair skin [55]. 
MC1R mediates pigmentation and is expressed 
on the surface of melanocytes as a G protein- 
coupled receptor. It signals to downstream effec-
tors to regulate skin pigmentation and control 
apoptosis and cell proliferation [56]. MC1R has 
also been shown to initiate the DNA repair pro-
cess, increase phosphorylation of DNA repair 
proteins, and activate survival pathways [57, 58]. 
Mutations in the MC1R gene are therefore linked 
to inefficient DNA repair and melanocyte apop-
tosis [59]. Several recent studies have examined 
the role of MC1R in melanoma risk, finding that 
carriers of MC1R variants are at a significantly 
higher risk of melanoma, independent of sun 
exposure [60, 61].

Somatic Mutations
The Cancer Genome Atlas (TCGA) is currently 
the largest analysis of somatic aberrations in 
 melanoma to date, including 333 cutaneous mel-

S. Murali et al.



31

anomas (80% of which were metastatic), and 
providing valuable insight into mutations that 
drive melanoma [48]. Whole-exome sequencing 
studies have shown that melanoma carries one of 
the highest mutation burdens compared to most 
other cancers [62, 63]. Identifying the specific 
mutations involved with the development of mel-
anoma may not only improve our understanding 
of molecular pathogenesis, but also recognize 
therapeutic options as well as link clinical char-
acteristics to genetic subtypes. To date, most 
studies have generally been small and come up 
with different sets of somatic mutations associ-
ated with survival.

 Tumor Subtypes
Melanoma has a variety of histological subtypes 
with multifaceted epidemiology. Different pat-
terns have been noted including differences in 
anatomical site and age-specific incidence, lead-
ing to the idea that more than one pathway may 
be responsible for the development of melanoma. 
Different genotypes have been associated with 
various clinical and histological subtypes. 
Previous evidence indicates that melanoma aris-
ing from chronically sun-exposed skin compared 
to non-chronically sun-exposed skin differs in 
terms of location of primary tumor, histological 
and clinical presentation, age at onset, and speed 
of progression. BRAF gene mutations were com-
monly found in tumors arising from intermit-
tently sun-exposed skin. These mutations tend to 
be found more commonly in melanoma arising 
from the trunk, which is exposed during intermit-
tent sun exposure [64]. Data show that the BRAF 
V600E mutation occurred in significantly 
younger patients who had increased nevi and 
fewer actinic keratoses and were more likely to 
have a family history of melanoma [65]. BRAF 
V600E mutations have been significantly associ-
ated with the presence of ulceration, increased 
tumor thickness, and reduced survival [66]. 
NRAS mutations occur more commonly in mela-
noma arising from chronically sun-exposed sites 
such as the head and neck and extremities [47].

Hacker et al. [65] conducted a study analyzing 
414 patients with newly diagnosed cutaneous 
melanoma and found mutually exclusive muta-

tions in BRAF V600E (26%), BRAF V600  K 
(8%), BRAF wild type (5%), and NRAS (9%), as 
did Thomas et  al. [67]. Data shows that BRAF 
V600E mutations occurred in significantly 
younger patients, those with  increased nevi, 
fewer actinic keratoses, and those with a family 
history of melanoma [65]. Both Hugdahl et  al. 
[66] and Thomas et  al. [67] found that BRAF 
V600E mutations significantly associated with 
the presence of ulceration, increased tumor thick-
ness, and reduced survival. BRAF V600 K and 
NRAS gene mutations occurred more commonly 
with increased nevi, increasing age, and less 
overall sun exposure [67].

 Prevention of Melanoma

Melanoma is caused by a set of different combi-
nations of excessive sun exposure and genetic 
factors. Until we understand the genetic factors 
and interactions more precisely, preventing mela-
noma generally means preventing excessive sun-
burn. Genetic testing can give us some indication 
of risk, but such testing is not yet ready for gen-
eral population use. New studies are evaluating 
the use of chemopreventive agents. These are, 
however, still in the pipeline and are not quite 
ready for use by the general population [68]. 
Vitamin D supplements have been proposed as a 
way to reduce melanoma incidence and mortal-
ity, but there is little direct evidence that these 
will be effective [69].

 Prevention of Excessive Sun 
Exposure: Primary Prevention

As sunburn at any life stage, including childhood, 
increases the risk of melanoma [70], there are mul-
tiple prevention programs that aim to prevent sun-
burns. Most individuals, particularly children, may 
not use adequate sun protection [71–73]. There 
has been a very strong emphasis on the use of sun-
screens to prevent sunburns and skin cancer of all 
types. Green et al. [74] performed a randomized 
trial demonstrating that in Queensland, over a long 
period of time, the use of sunscreen decreased the 
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incidence of melanoma. Additionally, a popula-
tion-based case–control study showed that the use 
of sunscreens was significantly more common 
among the control group [75]. However, the same 
study has found that other forms of sun protection, 
such as seeking shade and wearing long sleeves 
and hats, had an even stronger effect on risk reduc-
tion of melanoma. The Ontario Sun Safety 
Working Group [76] recently developed an update 
to recommendations for sun safety and recom-
mended, in this order: protecting your skin, seek-
ing shade or bring your own, wearing clothing and 
a wide- brimmed hat, and using sunscreen labeled 
“broad spectrum” and “water resistant” with a sun 
protection factor (SPF) of 30. Apply and reapply 
frequently. Don’t use UV tanning equipment and 
avoid getting a sunburn while protecting your eyes 
with sunglasses.

 Educational Efforts at Prevention 
Around the World and Within 
the United States

Recently, school-based sun safety educational 
programs and policies have been developed to 
teach sun safety, which when taught at an early 
age can influence a lifetime of healthy habits. The 
caveat is that such educational efforts must be 
implemented frequently and over a long period of 
time [77–79]. In 2012, the Community Prevention 
Services Task Force at CDC [78] reviewed 33 sun 
safety educational and policy interventions 
within schools between 1966 and 2011. They 
concluded that such programs “increased sun- 
protective behaviors and decreased ultraviolet 
exposure, sunburn incidence, and formation of 
new moles” [80].

As Australia and New Zealand have the high-
est rates of melanoma in the world, Australia 
developed the 1988 “Slip! Slop! Slap!” campaign 
that evolved into a comprehensive, multi-setting, 
multi-approach program that includes a volun-
tary “Sun Smart” school accreditation program 
[81]. Resources are provided for early childhood, 
primary and secondary schools, as well as work-
places, local government, sports groups, events, 
festivities, and families.

Examples of Sun Smart criteria include man-
datory hat wearing, encouraging shade seeking, 
avoiding peak UVR hours, and positive sun- 
protective behavioral role modeling. A total of 
90% of schools in Victoria, Australia, are regis-
tered with Sun Smart, reaching an estimated 
430,000 children. Only 17% of Victorian pri-
mary schools had sun protection policies in 
1993; 20 years later, 89% have policies in place. 
Australia’s “no hat, no play” policy (recently 
promoted in Hawaii, USA) was shown to sig-
nificantly increase hat wearing among children 
on the playground [82]. Only 2% of Victorian 
preschools reported hats available to preschool-
ers in 1988; 20 years later, 91% now have hats 
available [83].

In the United States and other countries like 
Sweden, Norway, and the UK, projected mela-
noma incidence will continue to rise [84]. 
Multiple skin cancer prevention programs are 
available on the Web [85]. In 2008, the SunWise 
program in the United States was estimated to 
prevent more than 11,000 cases of skin cancer 
and 50 premature deaths by 2015 and found that 
“every federal dollar invested in SunWise would 
save $2-4 in public health costs” [86]. Critically, 
the implementation of policy leads to increased 
practice [87]. Sun safety education campaigns 
have also been developed and adopted by a num-
ber of other countries such as South Africa, New 
Zealand, Canada, France, Germany, Northern 
Ireland, and Israel [85], although later in time 
compared to the Australian Sun Smart campaign 
and more sporadic implementation [84].

The success of sun safety education programs 
is in large part dependent upon the comprehensive 
nature of their implementation. Extracurricular 
programs such as aquatic centers, summer camps, 
and parks have been excellent scaffolding for the 
dissemination of sun safety knowledge and 
encouragement of sun safety behaviors. For 
example, the CDC-funded “Pool Cool” campaign 
was developed in order to increase UVR risk 
awareness and teach sun- protective behaviors 
before swimming lessons. The program was 
designed to target children, parents, patrons, and 
staff. The eight-lesson curriculum consists of a 
5-min lesson on sun safety by lifeguards and/or 
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instructors before swim practice. As part of the 
program, centers receive shade structures, sig-
nage, and sunscreen dispensers for the promotion 
of a sun safe pool environment. An increase in 
sun-protective behaviors was reported in one ran-
domized study and a decrease in sunburns 
reported in another observational study [88, 89].

 Effectiveness of Skin Cancer 
Screening by Individuals 
and Physicians: Secondary 
Prevention

Skin cancer screening is still considered contro-
versial, despite the seemingly intuitive advan-
tages of being able to visually identify a skin 
cancer in its early stages by performing a full- 
body skin exam. In 2016, the United States 
Preventive Services Task Force (USPSTF) con-
cluded that evidence was still insufficient for the 
recommendation of clinical skin cancer screen-
ing guidelines for asymptomatic adults without a 
history of prior malignant or premalignant skin 
conditions [90]. In 2003, a melanoma screening 
program piloted in the state of Schleswig- 
Holstein after intensive public awareness cam-
paigns and skin cancer detection training for 
general health practitioners. The initial 5-year 
results showed an almost 50% reduction in mela-
noma rates compared to surrounding states [91]. 
Unfortunately, after nationwide implementation, 
5-year data has yet to show any measurable 
reduction; in fact, mortality has since returned to 
baseline levels in Schleswig-Holstein [92, 93]. 
After reviewing tumor-stage distribution and 
malignant melanoma survival in Germany 
between 2002 and 2011, neither Schoffer et  al. 
nor Boniol et  al. found any direct influence on 
mortality from the introduction of this national 
skin cancer screening program [94, 95].

Preliminary data from a University of 
Pittsburgh screening program [96] and a 
Queensland study [97] have shown that finding 
a melanoma with decreased tumor thickness 
was associated with the screened group versus 
unscreened population. Most recently, a 2017 
systematic review of 15 studies found the most 

current evidence, though low, showing some 
benefit to a skin cancer screening program [98]. 
Specialized surveillance for high-risk individu-
als has also been shown to result in lower treat-
ment costs and fewer invasive procedures 
compared to standard community care [99] and 
has been recommended by a group of mela-
noma experts at the Society for Melanoma 
Research [100].

A study from Belgium found “lesion-directed 
skin exams” to have similar detection rates as 
total-body skin exams, which are six times more 
time consuming [101]. Public education on warn-
ing features and proper self-exam techniques are 
building blocks for successful lesion-directed 
skin exams, as these factors prompt physician 
follow-up for concerning moles [102]. There is 
insufficient data to elucidate the long-term effects 
of skin cancer screening on mortality. However, 
primary physician skin exams, particularly lesion 
directed, could be beneficial. These, in conjunc-
tion with specialized exams for high-risk popula-
tions, may offer the most potential for capturing 
benefits such as decreased tumor thickness and 
cost savings.

 Guidelines and Recommendations 
for Melanoma Prevention 
and Screening

Multiple groups have made valuable recommen-
dations for the prevention and screening for mel-
anoma. Most suggest that effective prevention 
lies in the general population awareness of their 
skin and any changes. For example, Berwick and 
Paddock reported that among those who reported 
being aware of their skin, defined as aware of it 
for medical or cosmetic reasons, there was a 50% 
reduction in mortality from melanoma [103]. 
Furthermore, there is a need to assess the benefits 
of targeted screening to those at highest risk, such 
as males that are older than 50 years of age. In the 
meantime, the messages that may help to reduce 
melanoma incidence include the following: (1) 
protect the skin when the UV index is 3 or higher, 
(2) seek shade, (3) wear clothing and (4) a wide- 
brimmed hat as well as (5) generously apply 
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sunscreen labeled “broad spectrum” and reapply 
after 2 h in the sun to skin not covered by cloth-
ing, and finally (6) see your healthcare provider if 
you notice any suspicious-looking lesions.

Conclusions
Understanding the basic biology of melanoma 
has recently led to new therapies. Clearly, 
more work in this area is critical to under-
standing fully how melanoma develops and 
how to prevent it. Furthermore, there is a great 
deal more research needed to refine the defini-
tion of high-risk individuals for targeted edu-
cation and screening in order to prevent 
melanoma.
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 Background and Introduction

 Principles of Melanoma Early 
Detection

Diagnosing melanoma early, before it develops 
the capacity to metastasize and kill, has the 
potential to reduce morbidity and mortality from 
the disease and its treatment. In turn, this will 
also result in a decrease in the cost of care for 
individuals and society, as a whole. Delay of 
diagnosis and treatment may lead to the need for 
wider local excisions, additional procedures to 
sample and/or remove lymph nodes or other 
organs, and therapeutic interventions that can 
have substantial side effects. These side effects 
may subsequently result in the further need for 
care, treatment, and hospitalization [1]. 
Additionally, although as many as 50% of 
patients may achieve long-term remission with 
therapy for advanced melanoma [2], the disfig-
urement and long-term sequelae of therapy can 
be quite significant (e.g., chronic lymphedema, 
cognitive impairment, lifelong endocrinopa-
thies). As a result, survivors will often have a 
diminished quality of life and even a reduced 
duration of life relative to what they would have 
experienced in the setting of effective primary 
prevention and early detection.

The costs of treating melanoma increase as the 
patient presents with more advanced disease. The 
American Academy of Dermatology (AAD) has 

recently commissioned an analysis of the cost 
burden of skin cancer in the United States, find-
ing that 1,073,875 Americans received a diagno-
sis of melanoma in 2013. The average cost of 
treatment for melanoma, per person, is $1366.08, 
with an estimated 9.5 years of life lost, and a loss 
of $88 million of productivity secondary to life 
lost from melanoma [3]. A recent systematic 
review by Rubio-Rodriguez and colleagues con-
cludes that it is currently not possible to deter-
mine which therapy among BRAF inhibitors, 
MEK inhibitors, or immunotherapies is the most 
cost-effective relative to chemotherapy [4].

However, the new targeted immunotherapies 
are expensive and range from $169,320 for a full 
course of treatment with nivolumab, and to 
$228,352 for combination therapy with 
nivolumab and ipilimumab [5]. When modeling 
the cost-effectiveness of nivolumab, ipilimumab, 
and nivolumab-ipilimumab combination as first- 
line therapy for patients with metastatic mela-
noma, nivolumab-ipilimumab combination 
therapy was shown to be a cost-effective choice. 
The total costs are significant, with an amount of 
$454,092 per progression-free survival quality- 
adjusted life year compared with nivolumab 
monotherapy [5]. It is anticipated that the cost of 
treating advanced melanoma will continue to 
increase in the foreseeable future. Additional 
long-term clinical trial results and 
 cost-effectiveness studies are needed in order to 
guide sensitive and responsible guideline 
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 recommendations for treatment of advanced 
melanoma.

Thus, from the perspective of morbidity, mor-
tality, quality of life, and cost, there is a compel-
ling need to improve the early detection of 
melanoma. Fortunately, because melanoma is 
usually visible on the surface of the skin, it is 
well suited for the application of early detection 
approaches and noninvasive technologies. The 
purpose of this chapter is to present a broad spec-
trum of approaches for melanoma detection, 
ranging from improvements in standard clinical 
assessment with “naked eye” examination (exam-
ination of the skin without the assistance of other 
devices) to the use of advanced imaging technol-
ogies and molecular assays that establish an ear-
lier, and more accurate, diagnosis and prognosis 
of melanoma.

 The Importance of Valid Endpoints 
and Accurate Statistics

Prior to embarking upon a discussion of the vari-
ous methods of melanoma detection, it is impor-
tant to briefly reflect upon the importance of how 
the success of these methods can be ascertained 
and measured. As with all areas of rigorous meth-
odological investigation, it is critical to demon-
strate that a particular method, approach, or 
technology improves patient outcomes. In the 
case of melanoma, desired outcomes include 
reduced morbidity and mortality, improved qual-
ity of life, and decreased cost. The reproducibility 
and reliability of any given method or test, as well 
as its sensitivity and specificity, must be demon-
strated, with the clinical context and appropriate 
patient population clearly defined. However, the 
ultimate impact of early melanoma detection 
methods on our society, particularly the cost-ben-
efit analysis, can only be determined by accu-
rately measuring changes in incidence, prevalence, 
and mortality. This is not only true within a par-
ticular study setting, but also across the general 
population and among specific risk cohort groups.

Measurements of incidence, prevalence, and 
mortality rely upon registry data. The quality of 
population-based cancer registries is variable, 

and largely defined by the completeness, accu-
racy, and timeliness of incident cases and reported 
demographics. Both Surveillance, Epidemiology, 
and End Results (SEER) cancer registries and 
non-SEER population-based state cancer regis-
tries have been regularly relied upon to examine 
whether interventions to reduce incidence and 
mortality have been effective. However, while the 
quality of data in SEER cancer registries has 
often been examined and improved, the quality of 
reporting data in non-SEER state registries has 
rarely been assessed [6].

Studies measuring the magnitude of underre-
porting of melanoma have identified a concern-
ing rate in non-SEER active registry sites that 
range from 50–78% [7, 8]. The potential for 
underreporting can be especially high with mela-
noma, because it is frequently diagnosed and 
treated in outpatient settings that are not sub-
jected to centralized pathology review by the 
cancer registries. It is likely that this limitation 
will worsen with the increasing decentralization 
of melanoma diagnosis and outpatient treatment. 
Thus, a concerted effort needs to be implemented 
at the state level to overcome this important limi-
tation, but this is frequently cost prohibitive for 
many state registries. Thus, our review of the 
opportunities to enhance our current screening 
efforts and methods of detection must be inter-
preted in the context of our limited understanding 
of accurate incidence rates for melanoma.

 A Rational Approach 
to Implementation of Early Detection 
Methodologies

It would be ideal to implement screening 
approaches and exciting emerging technologies 
in a rational manner. Provider-based screening of 
the entire general population is unlikely to result 
in a cost-effective intervention or impact overall 
survival, primarily due to the large numbers of 
individuals who would need to be screened in 
order to identify a relatively small number of 
melanomas [9]. However, if a stratified approach 
to screening can be developed, whereby high-risk 
individuals receive screening based upon their 
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increased likelihood of developing melanoma, 
then it would be possible to establish a cost- 
effective screening program. Fifty melanoma 
subspecialists recently published guidelines for 
melanoma screening based upon the risk level 
[10]. The guidelines include screening of indi-
viduals between the ages of 35 and 75 who have 
the following risk factors: a personal or family 
history of melanoma, a personal history of skin 
cancer, a vulnerable constitutional makeup (light 
skin, hair, or eye color; numerous or atypical 
moles; freckles), immunosuppression, or sub-
stantial UV exposure (blistering sunburns; 
chronic exposure to ultraviolet light; tanning- 
booth exposure) [10] (Table  4.1). These guide-
lines create a first pass at identification of higher 
risk populations that can benefit the most from 
screening, but will necessarily involve an educa-
tional campaign among primary care providers 
and the lay population to achieve maximal 
success.

A complementary approach to provider-based 
screening of high-risk populations is through 
empowerment of the general population to per-
form better self-screening examinations for mel-
anoma. This empowerment could include public 
educational campaigns that focus on early detec-
tion, “telehealth” approaches to expand the num-
ber of individuals that can be screened per 
provider, and mobile health technologies that can 
allow individuals to self-identify suspicious 
lesions. By combining a risk-based, selective 
approach to provider-based screening with 
empowerment of the general population to iden-
tify concerning lesions themselves, it may be 
possible to produce a comprehensive program to 
detect melanoma earlier.

The explosion of non-invasive diagnostic 
devices for melanoma over the past 5 years has 
opened up new opportunities to decrease the 
benign-to-malignant skin biopsy ratio while 
maintaining a reasonably high sensitivity rate. It 
is currently estimated that 10–20 biopsies are 
performed (depending on the provider expertise) 
for every diagnosed melanoma, resulting in a 
large number of benign lesions being biopsied 
unnecessarily [11]. Therefore, reducing morbid-
ity and maximizing the chance of accurate mela-
noma diagnosis is a worthwhile goal, from both 
the patient-care and fiscal- responsibility 
perspectives.

In addition to implementing rational, system-
atic screening efforts, it is also essential to per-
form studies to confirm the value of current and 
emergent noninvasive diagnosis-enhancing 
devices. Only after adequate comparative studies 
have been performed can we determine which 
technologies are effective and cost effective for 
particular patient populations. In particular, 
understanding how each emerging technology 
can impact decision-making of providers is criti-
cal. Ideally, experts in the field should propose 
specific milestones and expectations for a tech-
nology prior to launch of the product, rather than 
waiting for the expectations set forth by the 
United States Food and Drug Administration 
(FDA) in a post-market setting. It is likely that a 
combination, rather than a single technological 
approach, will be necessary in order to achieve 

Table 4.1 Risk factors indicating annual screening

Risk 
category Risk factor
Personal history

History of skin cancer or actinic keratosis
High-penetrance gene mutation carrier 
[225–227]
Immunocompromised status due to 
disease or medication

Family history
Melanoma in one or more family members
Known or suspected hereditary 
predisposition to melanoma

Physical features
Light skin (Fitzpatrick skin types I–III) 
[228]
Blonde or red hair
>40 total nevi
Two or more atypical nevi [58]
Extensive freckling
Severely sun-damaged skin

UVR overexposure
History of blistering or peeling sunburns
History of indoor tanning

Adults aged 35–75 years with one or more of the follow-
ing risk factors should be screened at least annually with a 
total-body skin examination (includes evaluation of entire 
skin surface, eyes, oral mucosa, hair, and nails) [10]
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the level of sensitivity and specificity that is 
needed in real practice for early melanoma detec-
tion. In this chapter, we systematically review 
several state-of-the-art methods for melanoma 
detection, from screening processes of popula-
tions and individuals to screening of suspicious 
lesions with novel technologies.

 Methods of Early Detection

 Visual Examination by Physicians, 
Nonphysician Providers, and Self- 
Skin Examination

Clinician skin examination, including self- 
examination, represents a basic and fundamental 
means of detecting melanoma early in its course. 
Studies have demonstrated the associations 
between patient or provider skin examination, 
earlier melanoma detection, and reduced mortal-
ity [9]. This is especially true for men over the 
age of 60, those with Fitzpatrick skin types I and 
II, and/or those reporting a changing mole [12].

The prevalence of annual clinician skin exam-
ination ranges from 8 to 32% [13, 14]. While der-
matologists perform skin examinations more 
commonly than primary care providers, a signifi-
cant proportion of physician-detected melano-
mas are found and biopsied by primary care 
providers [15]. The role of advanced practice 
providers (nurse practitioners and physician 
assistants) in melanoma detection is less clear. 
There is currently a nationwide shortage of der-
matologists; thus, the role of advanced practice 
providers and primary care physicians will 
become even more important in the future if a 
widespread skin cancer screening program is to 
be successful [16].

Several barriers currently exist to routine cli-
nician skin examination in the primary care set-
ting, including time constraints, lack of 
reimbursement for such services, competing 
comorbidities, and a lack of clinician confidence 
and education in the ability to detect skin cancer 
[17]. Educational methods to address knowledge 
gaps in performance of clinician skin examina-
tion have demonstrated success in improving 

 primary care provider accuracy, confidence, and 
proper triage for a suspected skin cancer [15]. 
One validated method is INFORMED (INternet- 
based program FOR Melanoma Early Detection, 
available at www.skinsight.com/info/for_profes-
sionals/skin-cancer-detection-informed/skin-
cancer-education), an interactive, Web-based 
training program [18].

Skin self-examination represents an integral 
part of skin cancer detection and surveillance and 
is complementary to clinician skin examination. 
Melanoma detection occurs more frequently in 
patients reporting a change in a skin lesion, with 
studies demonstrating decreased Breslow’s depth 
at first detection and reduced mortality in those 
who performed skin self-examination [19]. 
However, the prevalence of thorough skin self-
examination is estimated to be only 10–25% 
among adults in the United States, though rates 
are improved by public education and clinician 
teaching [20].

A consistent, systematic approach to both cli-
nician skin examination and skin self- examination 
is likely to improve their efficiency and efficacy 
at detecting melanoma. A “look-and-see” 
approach has been suggested, involving first to 
look, and then to recognize potentially problem-
atic lesions requiring intervention. Focusing on 
high-risk anatomical sites and populations, such 
as the back in older white men, may represent a 
more efficient means to promote primary care 
provider performance of clinician skin 
examination.

Despite the potential benefits to melanoma 
detection and mortality, the US Preventive 
Services Task Force (USPSTF) issued an “insuf-
ficient” (I) statement for clinician skin examina-
tion and excluded skin self-examination in their 
overall recommendations for 2016 [21]. The 
reasons cited include lack of controlled studies 
conclusively demonstrating a reduction in mor-
tality and morbidity and failure of current stud-
ies to address the associated potential harms of 
routine screening [22]. The USPSTF focused on 
the Skin Cancer Research to Provide Evidence 
for Effectiveness of Screening in Northern 
Germany (SCREEN) study, which demonstrated 
a 50% reduction in melanoma mortality 5 years 
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 post- intervention, [23] but without observance of 
further reduction in the subsequent nationwide 
screening program. The SCREEN intervention 
included intensive provider education, public 
outreach, visual inspection by primary care pro-
viders, and subsequent referral to a dermatolo-
gist based upon the level of suspicion. This study 
resulted in the elimination of the public outreach 
and dermatologic referral aspects of the pro-
gram. The SCREEN study was criticized as an 
ecological study, preventing inference of a causal 
relationship, and it remains unclear whether 
removal of the public education campaign and 
 dermatologic referral component of the pro-
gram contributed to the differences in outcome 
observed in the regional versus national study.

Since the USPSTF statement, the preliminary 
results of a 3-year, population-based melanoma 
screening initiative by INFORMED-trained pri-
mary care providers in Western Pennsylvania 
(through the University of Pittsburgh Medical 
Center) have demonstrated no substantial 
increase in potential harms of screening, includ-
ing over-referral to dermatology, over-biopsy, 
and increased skin cancer surgeries [24]. The 
lack of harm was likely attributed to improve-
ment in the diagnosis and management of benign 
lesions by primary care providers, as well as ear-
lier detection of both melanoma and non- 
melanoma skin cancers, allowing for less invasive 
and less costly therapy. This study has also pre-
liminarily shown a reduction in melanoma thick-
ness upon initial diagnosis.

Given the potential benefits of clinician skin 
examination and skin self-examination and early 
data demonstrating a lack of harm associated 
with skin cancer screening, we conclude that the 
current USPSTF recommendations should not 
preclude performance of visual skin inspection, 
especially for high-risk individuals, in the pri-
mary care setting.

 Visual Examination by Skin Service 
Providers

Routine examinations by physicians often do not 
include thorough visual skin examination [13]. 

Conclusions from studies on patterns of mela-
noma detection indicate that patients and their 
partners detect the majority (61–86%) of all mel-
anomas [25, 26]; however, adherence to skin 
examination recommendations and detection of 
suspicious lesions are suboptimal [27–29]. 
Therefore, it is not unreasonable to add more 
“eyes on the skin” by involving personal service 
workers such as massage therapists, cosmetolo-
gists (estheticians and hair professionals), and 
tattoo artists, in skin cancer counseling and visual 
skin examination, particularly targeting clients 
with known skin cancer risk factors.

Massage therapists are well positioned to con-
duct casual or thorough visual skin examination. 
The American Massage Therapy Association 
estimates that there are 325,000–375,000 mas-
sage therapists in the United States, with 43.8–
57.6 million adult Americans having at least one 
massage per year [30]. These professionals have 
unique access to nearly all of a client’s skin, pro-
viding the potential to perform visual skin exami-
nation. During a typical full-body massage, the 
client is unclothed under a drape. Massage thera-
pists systematically undrape and view each ana-
tomical area, allowing near-total-body visual 
skin examination. This process allows massage 
therapists to assess skin cancer risk factors such 
as sunburn, tanning lines, high mole counts, or 
suspicious lesions. Compared to primary care 
providers or dermatologists, massage therapists 
are more likely to have repeated and longer 
appointments that are more oriented towards 
health promotion [31–33], thereby providing 
greater opportunities to see potential lesions on 
the skin over time. Massage therapists report 
comfort with discussing skin cancer with clients 
but do this inconsistently, and are therefore not 
confident in identifying suspicious lesions [34].

Less is known about the potential for visual 
skin examination by cosmetologists. In the 
United States, there are approximately 55,000 
estheticians, with numbers projected to grow 
12% by 2024, faster than the average for all other 
occupations [35]. Estheticians may or may not 
view the entire skin; however, many treatments 
involve close inspection of skin cancer high-risk 
areas such as the head, neck, face, hands, and feet 
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[36]. Hair professionals (hairstylists and barbers) 
numbered 656,400 in 2014 and are increasing at 
a rate of 10% per year [37]. Hair professionals 
routinely view a client’s scalp, neck, and face and 
consequently are in a unique position to detect 
skin cancers on those areas. They typically see 
their clients regularly and frequently discuss a 
variety of health-related topics, including medi-
cal care [38, 39]. A survey of 203 hair profession-
als in the greater Houston, Texas, area found that 
they looked for abnormal moles on the following 
skin areas for more than 50% of their clients: 
37.1% looked at scalps, 28.8% looked at necks, 
and 15.3% looked at the face during a preceding 
month. Frequency of their observation of clients’ 
lesions was significantly associated with self- 
reported health communication and personal skin 
protection practices but was not significantly 
associated with their skin cancer knowledge [40].

Tattoo artists are vastly understudied as poten-
tial performers of visual skin examination. Most 
literature focuses on the public health implica-
tions of tattoos rather than integrating health- 
oriented surveillance into tattoo artists’ practice. 
Over 45 million Americans have at least one tat-
too on their bodies, likely done at one of the 
21,000 licensed tattoo parlors in the United States 
[41]. In a public campaign sponsored by Ogilvy 
Brazil, tattoo artists throughout Brazil were 
trained by skin cancer specialists to check their 
clients for signs of skin cancer [42]. According to 
a personal communication from Dr. João Pedreira 
Duprat Neto, the campaign director, 450 tattoo 
artists saw 6 clients a day, providing visual skin 
examination to 18,900 persons each week; sev-
eral clients referred to dermatologists by their tat-
too artists had a skin cancer diagnosis. Only one 
survey of tattoo artists and skin care has been 
published. About half (55.2%) of the 90 tattoo 
artists surveyed reported always looking for atyp-
ical moles on customers’ skin while performing a 
tattoo [43].

The primary barrier to the performance of a 
visual skin examination by these professional 
service workers is education about visual skin 
examination. While massage therapists receive 
some skin cancer education (60% during, and 
25% after, primary professional education) [34], 

its content, duration, source, and depth vary. 
Similarly, basic training programs for cosmetolo-
gists lack uniformity from state to state and have 
limited skin cancer content. Estheticians learn 
about sun damage and wrinkles, but not typically 
in the context of skin cancer. Estheticians who 
work in medical fields (e.g., dermatology) may 
have advanced training that often includes skin 
anatomy, physiology, chemistry, and pathology 
[36]. The few skin cancer-focused, in-person 
workshops (and one online course) available to 
massage therapists have not been evaluated, and 
do not include training for skin lesion assessment 
or skin cancer prevention education [34]. The 
Associated Skin Care Professionals website lists 
no continuing education for estheticians, though 
the American Society for Dermatologic Surgery 
has recently launched Stylists Against Skin 
Cancer, a dermatologist-led educational cam-
paign for hair professionals that focuses on detec-
tion and prevention of scalp skin cancer [44].

Lack of training may affect confidence in per-
forming visual skin examination and hence 
reduce opportunities for these service profession-
als to perform it during a client visit. There is a 
need to establish efficacy of visual skin examina-
tion training and assist with the boundaries 
between recommendations and diagnosis for 
them, particularly given popular press stories of 
their involvement in detecting melanoma [34, 45, 
46]. A potential implication early on in the train-
ing process of these professionals will be an 
increased number of unnecessary referrals or 
inaccurate recommendations. Therefore, opti-
mally designed studies evaluating and standard-
izing the educational approach of skin service 
providers need to be undertaken.

 Stratifying the Approach 
to Melanoma Screening/Detection 
Efforts

 Introduction

Despite significant progress in our research and 
understanding of the risk factors for melanoma, 
there is little consensus in the medical commu-
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nity regarding the segments of the population that 
may benefit from melanoma screening. This dis-
agreement may be partly due to the paucity of 
high-quality data demonstrating a reduction in 
mortality associated with screening (see Section 
“Visual Examination by Physicians, 
Nonphysician Providers, and Self-Skin 
Examination”). This may also be impacted by the 
likelihood that a significant proportion of indi-
viduals who die from melanoma do not neatly 
fall into “high-risk” categories. In addition, a sig-
nificant minority of primary melanomas are not 
amenable to population-based screening efforts 
(e.g., nodular, acral lentiginous, and amelanotic 
types). Further, there is ongoing ambiguity 
regarding the potential for screening-associated 
overdiagnosis and morbidity, particularly among 
individuals with phenotypes that complicate 
early detection efforts through naked-eye exami-
nation (e.g., individuals with multiple clinically 
atypical nevi or a large number of seborrheic 
keratosis that mimic nevi) or whose absolute risk 
of death is low.

Genetic, phenotypic, and environmental risk 
factors for melanoma are well established. 
Approximately 5–10% of melanoma cases occur 
in strong familial clusters, suggesting the inheri-
tance of a mutation in a high-penetrance predis-
position gene [47, 48]. Up to 40% of strong 
family clusters have germline mutations in the 
cyclin-dependent kinase inhibitor 2A (CDKN2A) 
gene [49]. By the age of 80, the penetrance for 
melanoma development in CDKN2A gene muta-
tion carriers has been estimated to range from 58 
to 91% [50] in a strong familial setting, and 
approximately 30% in a general population- 
based setting [51]. Depending on the specific 
mutation, there may be a relatively high pene-
trance of over 20% for pancreatic cancer as well, 
with studies suggesting that there may be some 
benefit to screening with imaging studies for pan-
creatic cancer in these high-risk populations [52, 
53]. Additional high-penetrance melanoma sus-
ceptibility genes have been identified, including 
CDK4, BAP1, MITF, POT1, and TERT, but are 
considered rare. For about 50% of familial mela-
noma clusters, a germline mutation cannot be 
detected [54, 55]. It is becoming increasingly 

apparent that additional cancer predisposition 
genes (e.g., BRCA2, PTEN, and TP53) may pre-
dispose to melanoma, but with lower penetrance 
than they predispose to other cancers. Conversely, 
strong melanoma predisposition genes may pre-
dispose to other cancers with less penetrance, 
such as BAP1-mediated predisposition to uveal 
melanoma and mesothelioma [55]. The overarch-
ing goals of germline genetic characterization are 
(1) to identify individuals at risk of developing 
cancer and the cancers to which they may be pre-
disposed and (2) to implement screening regi-
mens before the cancer becomes life 
threatening.

In non-hereditary pattern melanoma, a meta- 
analysis demonstrated that the relative risk for 
melanoma in an individual with a single relative 
with a melanoma diagnosis is approximately 
1.74 [56]. This is likely an underestimate because 
up to 50% of self-reported first-degree family 
histories of melanoma are inaccurate [57]. Total 
body melanocytic nevus counts and clinically 
atypical nevi are the most important and robust 
phenotypic risk factors for melanoma. For exam-
ple, the presence of 101–120 nevi on the body 
compared with <15 nevi is associated with a rela-
tive risk of 6.89 for melanoma. Furthermore, hav-
ing any atypical nevi compared to none at all is 
associated with a relative risk of 10.12 [58].

Additional phenotypic markers for melanoma 
risk are comparatively modest, relative to nevus 
phenotype, such as skin type (I vs. IV: =2.09), 
freckling (=2.10), skin color (fair vs. dark: 
=2.06), eye color (green, hazel, blue vs. dark: 
=1.61, 1.52, and 1.47, respectively), hair color 
(red, blonde vs. dark: =3.64 and 1.96, respec-
tively), and premalignant and non-melanoma 
skin cancer lesions (=4.28) [56]. Yet, these lower 
relative risk levels are comparable to those for 
other conditions that have received positive 
screening recommendations by the USPSTF 
(e.g., lipid laboratory screening is recommended 
for obese patients with a relative risk of 1.9) [10]. 
Early detection efforts based on phenotype risk 
stratification are complicated by the fact that 
individuals at highest risk (i.e., many nevi, atypi-
cal nevi, actinic damage) are often the most chal-
lenging to screen without technologies, such as 
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total-body photography and dermoscopy, due to 
an abundance of benign lesions on their skin that 
can simulate a melanoma on naked-eye examina-
tion alone.

The principal environmental risk factor for 
melanoma is the overexposure to ultraviolet radi-
ation, either from the sun or indoor tanning 
devices, which are both considered class I car-
cinogens by the World Health Organization [59]. 
Indoor tanning is associated with early-onset 
melanoma, particularly in women, with the risk 
increasing with greater exposure and earlier ages 
of initiation [60, 61]. In a meta-analysis, intermit-
tent exposure to solar radiation and a history of 
sunburn are associated with a relative risk of 1.61 
and 2.03, respectively, for melanoma develop-
ment [62].

Important to any discussion of screening for 
melanoma is the relationship between age, gen-
der, and race with melanoma incidence and mor-
tality (Table 4.2). For example, the incidence and 
mortality rates of melanoma are 1.7-fold and 2.4- 
fold higher in men than women; 23.5-fold and 
7.75-fold higher in whites than blacks; and 7.0- 
fold and 12.4-fold higher in individuals ≥65 years 
of age (vs. <65  years), respectively [60]. The 
consequence of these mortality trends is that half 
of all melanoma deaths are estimated to occur in 
white males aged 50  years and older [63]. 
Therefore, it is critically important to account for 
both absolute and relative risks for melanoma 
(onset and death) when developing guidelines for 
stratified melanoma screening based on risk 
factors.

Potential harms associated with melanoma 
cancer screening include inaccuracy in mela-
noma management as a result of (1) overdiagno-
sis of a true melanoma without relevant lethal 
potential, (2) over-treatment of lesions that have 
an equivocal histological diagnosis, and (3) over-
interpretation of melanoma due to shifting diag-
nostic criteria. This is distinct from risks 
associated with over-screening of populations 
with low absolute numbers of deaths, such as 
children and dark-skinned individuals. In fact, a 
recent study estimated that approximately 1035 
biopsies are currently performed for every mela-
noma detected in individuals 19  years and 

younger in the United States, leading to a positive 
predictive value of 0.001% [64]. Among dark- 
skinned individuals, most melanomas that occur 
are of the acral lentiginous subtype, for which 
there are no studies associating screening with 
improved mortality and no known risk factors 
that could guide targeted screening. Finally, 
screening of populations with the highest risk of 
melanoma death (e.g., white males and females 
≥65  years) would be expected to lead to an 
increased detection and treatment of non- 
melanoma skin cancers (see Section “Visual 
Examination by Physicians, Nonphysician 
Providers, and Self-Skin Examination”).

Table 4.2 SEER Incidencea and US death ratesb, age 
adjusted, by race and sex, 2009–2013 [229]

Melanoma 
incidence

Melanoma 
mortality

Black females 
<65 years

0.5 0.1

Black males <65 years 0.5 0.2
White females 
<65 years

14.9 1.0

White males <65 years 15.4 1.8
Black females ≥65 
years

4.6 1.9

Black males ≥65 years 5.4 2.6
White females ≥65 
years

58.5 8.6

White males ≥65 years 158.0 24.4
Males, all races, all 
ages

28.5 4.1

Females, all races, all 
ages

16.9 1.7

Blacks, all ages, males 
and females

1.1 0.4

Whites, all ages, males 
and females

25.9 3.1

<65 years, all races, 
males and females

12.4 1.1

≥65 years, all races, 
males and females

86.5 13.6

Total, all races, all 
ages, males and 
females

21.8 2.7

aSEER 18 areas. Rates are per 100,000 and are age 
adjusted to the 2000 US Std Population (19 age groups—
Census P25-1130)
bUS Mortality Files, National Center for Health Statistics, 
Centers for Disease Control and Prevention. Rates are per 
100,000 and are age adjusted to the 2000 US Std 
Population (19 age groups—Census P25-1130)
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 Detection Methods Vary in Cost 
and Impact: How Can Screening 
Be Stratified to Take Cost- 
Effectiveness into Account?

To deploy melanoma screening on a population 
level, both clinicians and policy makers must 
take into account the realities of having a finite 
amount of healthcare resources. Cost- 
effectiveness analyses have attempted to com-
bine costs with outcomes, namely life expectancy 
(life year saved) and remaining quality of life 
(quality-adjusted life year). Such analyses can 
thus inform both clinicians and policy makers as 
to the value of the intervention in question. Just 
as one would take into account the fuel efficiency 
prior to buying a new car, good stewards of 
healthcare dollars should take into account the 
value of the medical intervention they are about 
to deploy. To utilize cost-effectiveness analyses 
data, consumers should realize that the results are 
reported as incremental cost-effectiveness, com-
paring the intervention of interest to the accepted 
standard of care. Given the low rates of skin can-
cer screening in the general population and in 
primary care settings, the current standard of care 
may be “no screening.” The typical monetary 
standard for a “cost-effective intervention” is a 
cost of less than $50,000 per life year saved [65]. 
Lastly, cost-effectiveness analyses rely on the 
robustness of the data that are utilized. To date, 
there are no randomized controlled trials pub-
lished on melanoma screening, particularly not 
for heterogeneous populations. Thus, melanoma 
screening cost-effectiveness analyses are depen-
dent on data parsed from published literature and 
reasonable assumptions.

Nonetheless, three melanoma cost- 
effectiveness analyses have been published. In 
1996, Girgis and colleagues [66] published a 
cost-effectiveness model examining primary 
care providers that performed melanoma screen-
ing for a population aged 50  years and older. 
They utilized gender-specific data from the 
Australian population in order to characterize 
age-specific distributions of mortality from mel-
anoma. The authors assumed 30–60% sensitivity 
and 98% specificity in the diagnostic accuracy of 

melanoma. They found a cost-effectiveness of 
AUS$6853 per life year saved for men, if the 
screening were performed every 5  years, and 
AUS$12,137 if screening were performed every 
2 years. For women, the cost-effectiveness was 
AUS$11,102 and AUS$20,877 per life year 
saved for 5- and 2-year intervals, respectively. 
They concluded that an every-fifth-year screen-
ing program could be cost effective for men 
older than 50  years if performed by family 
practitioners.

In 1999, Freedberg and colleagues [67] per-
formed a cost-effectiveness analysis comparing a 
single skin cancer screening by a dermatologist 
to no screening. Their population consisted of 
adults older than 20 years who were considered 
to be at a high risk for developing a skin cancer. 
They found an incremental cost-effectiveness of 
$29,170 per life year saved with screening. Their 
sensitivity analysis showed that the cost- 
effectiveness ratio remained below the $50,000/
life year saved, if the prevalence of melanoma 
was at least 0.0009 and was localized (94.8% of 
the cases) or the cost of each screen was below 
$57.

Losina and colleagues [68] published a cost- 
effectiveness analysis in 2007 that evaluated one- 
time screening, annual screening, and screening 
every 2 years, compared to background screening 
in a hypothetical cohort of a general population 
aged 50 years and older. They derived the preva-
lence, incidence, and mortality data from the 
SEER data program and found an incremental 
cost-effectiveness ratio of $10,100/quality- 
adjusted life year, $80,700/quality-adjusted life 
year, and $586,800/quality-adjusted life year for 
screening one time, every 2 years, and annually, 
respectively. For siblings of patients with 
 melanoma, they found incremental cost-effec-
tiveness ratios of $4000/quality-adjusted life 
year, $35,500/quality-adjusted life year, and 
$257,800/quality-adjusted life year, in one-time, 
every 2 years, and annually screened populations, 
respectively. They concluded that a one-time 
melanoma screening of the general population 
older than 50 years old, as well as screening sib-
lings of melanoma patients every 2 years, would 
be cost effective.
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The three cost-effectiveness analyses are 
informative in both their conclusions and their 
limitations, but they need to be interpreted with 
caution. The published cost-effectiveness analy-
ses are careful to focus on certain risk character-
istics, such as gender [66] and age greater than 
50 years. However, the populations studied were 
skewed towards high-risk or self-selected popu-
lations. The Australian population in the Girgis 
study is known to be at particularly high risk, 
given an overall more homogeneous, lighter 
complexioned population and a higher intensity 
of sun exposure. The population of the United 
States is very heterogeneous for melanoma risk, 
and thus evaluation of screening strategies should 
take into account the risk profile, whether it is 
race, age, gender, or a combination of factors. 
The screened population in the Freedberg study 
was derived from the people who went to skin 
cancer screenings conducted by the AAD, and 
thus people who either were at higher risk or sim-
ply worry more compared to those who did not 
go to an AAD screening. Registries such as 
SEER, as used in the Losina study, are dependent 
upon accurate reporting by tumor registries. 
Melanomas treated exclusively in outpatient set-
tings are usually lower staged melanomas and 
tend not to be reported to state cancer registries, 
and are therefore not captured in SEER (see 
Section “The Importance of Valid Endpoints and 
Accurate Statistics”) [69].

The assumed prevalence in the Freedberg 
study needed to be at least 90 per 100,000, which 
may not be true in all populations. According to 
SEER, in 2013, there were an estimated 1,034,460 
people living with melanoma of the skin in the 
United States, which is above the Freedberg 
study prevalence threshold. The gender, race, and 
age-specific SEER data reported are incidences, 
and not prevalence, but one may expect that the 
prevalence for non-Caucasians and women may 
fall below the 90 per 100,000 threshold.

Lastly, the screenings in the cost-effectiveness 
analyses were performed by either dermatolo-
gists [67, 68] or primary care providers [66] in 
face-to-face settings with total-body skin exami-
nations. Alternative screening modalities such as 
teledermatology [70] and lesion-directed skin 

cancer screening [71] may become more accept-
able in healthcare systems with limited budgets 
or longer waiting times. Implementation of these 
methods could dramatically affect the cost- 
effectiveness estimates. Costs are population 
costs, with effectiveness measured in life years 
saved and weighted by quality of life, not by the 
number of cases ascertained. New interventions 
need to be compared to the standard of care, and 
the incremental cost-effectiveness ratio should be 
less than $50,000/life year saved. As new detec-
tion devices and methods are introduced, the cost 
and effectiveness need to be measured in a stan-
dard, systematic manner similar to that of the 
three cost-effectiveness analyses described 
above.

 Proposal for a Stratified Approach 
to Melanoma Screening Efforts

 Public Education
Despite the prior discussion of populations at 
highest risk for the development of melanoma, a 
substantial absolute number of fatal melanomas 
occurs in individuals who do not have these risk 
factors (i.e., young individuals without a large 
number of nevi, a family or personal history of 
melanoma, or an underlying vulnerability to 
ultraviolet radiation exposure or sunburn). For 
those at low risk, education of community mem-
bers is important as to the causes of melanoma, 
prevention, and clinical recognition through 
broad-based public health campaigns. Such edu-
cation is considered to be the first fundamental 
step in a stratified screening program, because it 
aims to bring needed attention to suspicious pig-
mented lesions in those whose skin would not 
normally be under surveillance. Building a foun-
dation of community members and practitioners 
who are “melanoma-aware” leads to an earlier 
presentation of potentially fatal lesions [72] that 
may otherwise be missed in detection programs 
restricted to people with classic high-risk 
profiles.

The value of a broad, public health campaign 
is supported by the apparent success of long- 
standing Australian public awareness programs 
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that have reduced the melanoma incidence while 
maintaining relatively low mortality rates in a 
high-incidence setting [73–75]. Indeed, the net 
worth of increased melanoma awareness can be 
seen in white populations in the Northern 
Hemisphere, both in the decrease in average 
tumor thickness of melanomas over recent 
decades. Today, the majority of melanomas diag-
nosed at the initial presentation are <1  mm at 
diagnosis [76], with a projected long-term decline 
in mortality worldwide [77]. Public awareness 
can now be further enhanced by encouraging 
community members to use validated risk predic-
tion tools [78, 79] online, or in clinical practice 
settings, to self-identify as being at high risk, and 
to present to their healthcare providers for skin 
examination.

 Defining High-Risk Groups
In the context of screening, the approach can be 
maximized by targeting a population at most risk 
for the development of melanoma (see Sections 
“Introduction” and “Detection Methods Vary in 
Cost and Impact: How Can Screening Be 
Stratified to Take Cost-Effectiveness into 
Account?”). An additional step is to identify a 
cohort of individuals who are at risk of increased 
mortality. Combining the knowledge of the 
demographic groups in the population whose 
mortality is high, with selection of the strongest 
individual risk factors, will help to identify those 
who are prime candidates for regular skin cancer 
screening examinations.

 Towards Cost-Effective Stratified 
Screening
As noted above, there are no stratified interven-
tion data, and only limited evidence to date on 
cost-effective approaches to population-based 
melanoma screening. It is therefore difficult to 
guide the frequency and method of total-body 
skin examination for those most susceptible to 
developing fatal melanoma. It should be noted 
that while approaches like skin self-examination 
result in increased detection of melanomas [80], 
relatively few of these are likely to be fatal. 
Previous estimations of cost-effective screening 
by primary care practitioners of the older 

(>50 years) Australian population every 5 years 
provide a starting point [66]. No study to date has 
shown that annual screening is cost effective, but 
screening intervals shorter than 5  years, e.g., 
every 2 years, may be warranted for those in the 
highest risk stratum. Annual screening may be 
warranted for older men who have phenotypic 
risk factors, given their increased propensity for 
fast-growing, more aggressive nodular melano-
mas [81].

Regarding persons to best perform total-body 
skin examination, the evidence suggests that any 
skilled clinical examiner could be deployed, cost- 
effectively, to regularly inspect the skin of older 
susceptible persons with acceptable results. 
However, deploying dermatologists as the pri-
mary screeners is neither feasible, due to the lim-
ited size of the available workforce, nor cost 
effective. The only competency required is exper-
tise in total-body skin examination, and trained 
nurse specialists, nurse practitioners, or physi-
cian assistants may be more suitable skin exam-
iners in a targeted screening program [70]. Other 
modalities such as teledermatology [82] and 
automated skin cancer detection [83] using 
sophisticated mobile devices for triage or diagno-
sis of suspicious lesions encountered by other 
practitioners lacking specialized training also 
hold promise for containing costs [84]. Finally, 
stratified screening for melanoma will be most 
efficient when incorporated as a policy into exist-
ing healthcare services [63].

 Technical Modalities for Screening

 Aided Examination: Role of Clinical 
Photography and Dermoscopy 
in the Identification of Typical 
and Atypical Melanocytic Neoplasms

 Advances in Total-Body Photography 
Systems in the Surveillance 
of Melanoma (Acquisition, 
Registration, and Change Detection)
Total-body photography alone, or in combination 
with sequential digital dermoscopy, has been 
shown to be a particularly useful method as an 
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aid in the early detection of melanoma in patients 
with atypical mole syndrome [85–87] or other 
high-risk cohorts (i.e., xeroderma pigmentosum, 
carriers of high-penetrance mutated melanoma 
genes, or patients under B-Raf inhibitor treat-
ment) [88, 89]. In addition to early identification 
of melanoma, total-body photography has dem-
onstrated a reduction in the number of unneces-
sary skin biopsies, thereby decreasing the 
morbidity experienced by patients with complex 
nevi phenotypes [90].

Even if the method is proven to be useful in 
high-risk patient surveillance, it may not be uni-
versally utilized due to logistical and time con-
straints in most cases [91]. To solve this limitation, 
total-body photography has recently shown tech-
nological advances in acquisition, quality of 
images, and software solutions to detect changes 
in the potentially suspicious skin lesions in 
patients. However, some technical gaps are still 
evident in terms of the lack of standardization of 
images (i.e., color calibration), nomenclature, 
and minimal development of standards for image- 
associated metadata and Digital Imaging and 
Communications in Medicine (DICOM) format-
ting [92–94].

Two-dimensional systems recently introduced 
to the market incorporate body mapping systems 
with high-resolution reflex cameras and fast 
automatized acquisition that can reduce the time 
of the procedure to just a few minutes. Some of 
these devices use polarized light to create total- 
body photography with better resolution, or even 
low-resolution total-body dermoscopic images 
[95]. New three-dimensional systems for skin 
mapping have high resolution and a whole repre-
sentation of the body that has the potential advan-
tage to accurately represent volumetric and 
textural features of lesions [96]. This procedure 
has the potential to change the paradigm of total-
body photography with many applications in skin 
diseases, including inflammatory and pigmentary 
disorders. Superimposition of other diagnostic 
methods, such as confocal reflectance micros-
copy or electrical spectroscopy, may also be used 
on changing lesions detected by total- body pho-
tography to improve the diagnostic specificity for 
detecting a melanoma [97, 98].

Computer vision can be incorporated in total- 
body photography to detect changes in existing 
and new lesions in patients. Some companies 
provide software with this aim, but clinical vali-
dation of these tools has not yet been proven. At 
present, there are no computer vision systems 
that allow for an accurate differentiation of 
changes that occur in banal lesions (i.e., banal 
nevi or seborrheic keratoses) relative to those 
changes associated with skin cancer. In the future, 
new computer-aided algorithms based in deep 
learning, artificial intelligence, and other meth-
odologies may substantially contribute to the 
automatized detection of skin cancer in patients 
with total-body photography [83].

 Dermoscopy
The introduction of the ABCD mnemonic and the 
“ugly duckling sign” to describe the clinical/mor-
phologic features of melanoma has been quite 
useful for many to identify potentially suspicious 
skin lesions. This can be followed by the use of 
photography to identify biologically dynamic 
lesions, enhancing our ability to differentiate 
nevi from melanoma and improving our compe-
tency for identifying early melanoma [99, 90, 
100, 101]. However, the greatest impact to date 
for improving our ability to discriminate benign 
nevi from melanoma has been the introduction of 
dermoscopy into clinical practice [102–104]. The 
ability to directly visualize and discern cutaneous 
subsurface structures and correlate them with 
histopathology findings has greatly facilitated 
our ability to correctly identify melanomas and 
nevi, essentially transforming the way in which 
we assess cutaneous lesions (Figs. 4.1 and 4.2).

In 2001, the first meta-analysis evaluating the 
diagnostic power of dermoscopy showed that it is 
more accurate than the naked-eye examination 
alone for the diagnosis of melanoma [105]. Two 
additional meta-analyses have since reinforced 
these findings [102, 106]. The most recent meta- 
analysis, by Vestergaard and colleagues, included 
only prospective studies performed in clinical 
settings, and thus most accurately reflects the 
routine day-to-day dermoscopy use by clinicians 
[102]. A total of 8487 suspicious lesions, most of 
which were melanocytic tumors, were included, 
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1a 1b

2a 2b

3a 3b

Fig. 4.1 (1.1a–b to 1.3a–b): The set of three invasive 
melanomas highlight how dermoscopy can improve sensi-
tivity for melanoma detection. 1.1a is a 3 mm in diameter 
lesion that does not have any of the ABCD features of 
melanoma. On dermoscopy (1.1b) the diagnosis of mela-
noma can be made based on the disorganized architecture 
and the presence of multiple colors and a blue-white veil. 
1.2A is a 5 mm in diameter lesion without the ABCD fea-
tures of melanoma. On dermoscopy (1.2b) the presence of 

a negative network raises concern that the lesion may be a 
melanoma. Biopsy of this lesion revealed this lesion to be 
an invasive spitzoid melanoma. 1.3a is a 7 mm lesion that 
had the clinical appearance and feel of a seborrheic kera-
tosis. On dermoscopy (1.3b) there are no seborrheic 
keratosis- associated structures present. Instead, the lesion 
manifests a disorganized architecture with atypical dots 
and globules, all features predictive of melanoma
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1A 1B

2A 2B

3A 3B

Fig. 4.2 (2.1a–b to 2.3a–b): Showcased here are three 
benign melanoma mimickers that are often biopsied to 
rule out melanoma. Dermoscopy can help identify these 
as benign lesions, reassuring the clinician and thereby 
obviating the need for a biopsy. 2.1a is a raised asymmet-
ric blue papule with irregular borders. While the differen-
tial diagnosis includes melanoma and pigmented basal 
cell carcinoma, dermoscopy (2.1b) reveals lacunae, which 
are features diagnostic of an angioma. 2.2a is a 7  mm 
asymmetric lesion with irregular borders. The differential 
diagnosis includes a hypomelanotic melanoma. 

Dermoscopy (2.2b) reveals a pattern composed of a thin 
peripheral network with central scar-like area; these fea-
tures are consistent with the diagnosis of a dermatofi-
broma. In addition, the lesion “dimpled” when lateral 
pressure was applied to it. 2.3a is an 8 mm asymmetric 
lesion with irregular borders, which are features concern-
ing for melanoma. On dermoscopy (2.3b) there are no 
melanoma-specific structures evident. Instead, there are 
gyri and sulci and numerous milia-like cysts and comedo-
like openings. The constellation of findings is diagnostic 
of a seborrheic keratosis
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with a melanoma prevalence ranging from 0.5 to 
21.1% and a Breslow’s thickness depth ranging 
from 0.35 to 0.95 mm. Dermoscopic and clinical 
accuracy were evaluated through the diagnostic 
odds ratio, which was found to be 15.6 times 
higher for dermoscopy compared to a naked-eye 
examination (CI: 2.9–83.7, p  =  0.016). A sum-
mary estimate of sensitivity was also higher with 
dermoscopy (0.90, CI: 0.80–0.95) versus naked- 
eye examination (0.71, CI: 0.59–82, p = 0.002). It 
is important to appreciate that this improvement 
in sensitivity did not occur at the cost of a lower 
specificity; that is, while the sensitivity for detect-
ing melanoma improved with dermoscopy, there 
was no statistical difference in specificity between 
naked eye- and dermoscopy-based examinations 
(0.90, CI: 0.57–98 vs. 0.81, CI: 0.48–0.95, 
p = 0.18).

As expected, the aforementioned meta- 
analyses found that the diagnostic accuracy was 
dependent on the experience of the examiner. 
Terushkin and colleagues found, through assess-
ment of the benign-to-malignant biopsy ratio, 
that a dermatologist who was new to adopting 
dermoscopy into their practice experienced a 
learning curve [107]. Initially, benign-to- 
malignant biopsy ratio of the study participant 
increased compared to naked-eye examination, 
but with time and experience their biopsy ratio 
approached the level of pigmented lesion special-
ists. Several other studies have demonstrated that 
short dermoscopy training modules can improve 
the diagnostic performance of inexperienced der-
matologists, general practitioners, and even med-
ical students [108–110]. However, the training 
modalities have varied widely among studies, 
with the ideal teaching method for beginners still 
unclear [111].

The benign-to-malignant biopsy ratio can 
vary widely, and while it is influenced by the cli-
nician’s sensitivity and specificity, it is also influ-
enced by the prevalence and incidence of 
melanoma in the overall patient population. 
Improvements in this ratio suggest that the 
increased sensitivity seen with dermoscopy does 
not result in an increase in the number of unnec-
essary biopsies, and thus an increase in morbid-
ity. Carli and colleagues retrospectively examined 

two dermoscopy users before and after the intro-
duction of dermoscopy and compared them to 
four dermoscopy nonusers [103]. They showed a 
significant improvement in the benign-to- 
malignant biopsy ratio over a 4-year study period 
in the dermoscopy arm (18:1–4.3:1, p = 0.037). 
The benign-to-malignant biopsy ratio for der-
moscopy nonusers had no significant difference 
at the beginning and the end of the study 
(11.8:1–14.8:1).

The use of dermoscopy in melanoma screen-
ing allows for the earlier detection of melanoma 
and improves clinical management. Several stud-
ies have shown that dermoscopic monitoring of 
lesions enables the detection of thinner melano-
mas.  In a meta-analysis with a mean follow-up 
of 30 months, Salerni and colleagues showed that 
dermoscopy allowed for the detection of a greater 
number of thinner melanomas compared to 
naked-eye examination (mean Breslow’s depth of 
0.77 vs. 1.43 mm, p ≤ 0.05) [112]. Haenssle and 
colleagues found that participation in specialized 
dermoscopic screening programs and dermo-
scopic examinations at the time of diagnoses 
were also significantly associated with the detec-
tion of thinner melanomas (p ≤ 0.01) [104].

In summary, dermoscopy has been shown to 
increase the diagnostic sensitivity for skin cancer 
detection, decrease the benign-to-malignant 
biopsy ratio, and allow for the diagnosis of thin-
ner melanomas compared to naked-eye examina-
tion. What does the future have in store when it 
comes to dermoscopy? The patterns and dermos-
copy criteria useful in identifying the various 
subtypes of melanoma and differentiating them 
from nevi will continue to be refined [113, 114]. 
In addition, computer vision designed to aug-
ment the clinician’s cognition will likely become 
a reality within the next decade. While many 
researchers have attempted to develop computer 
vision algorithms to analyze pigmented skin 
lesions [115], their efforts were hampered by 
small image data sets and computing power that 
had not reached the level of the deep learning 
neural networks currently being developed and 
utilized [83, 116]. New developments are 
 occurring at an increasingly rapid pace, 
with  the  increasing availability of large and  
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ever- expanding open-access image databases 
such as the International Skin Imaging 
Collaboration and MoleMapper, ushering in a 
new era of computer- assisted diagnosis that will 
be accessible not only by clinicians, but also by 
patients directly via their mobile phone comput-
ers [83, 84, 117, 118].

 Teledermatology and the Early 
Detection of Melanoma
Melanoma awareness and concern, along with 
access-to-care issues, have prompted an increase 
in the number of digital tools available to assist 
healthcare providers and patients. Clinicians cur-
rently perform two types of teledermatology vis-
its: (1) direct patient-to-dermatologist virtual 
visits and (2) consultative visits where the 
patient’s non-dermatology provider makes vir-
tual contact with the dermatologist. 
Teledermatology visits that utilize store-and- 
forward images are typically preferred over real- 
time video systems, as the current video 
resolution in the real-time systems is not high 
enough to adequately capture the precise detail 
needed to thoroughly evaluate a pigmented 
lesion. With the expanding use of these virtual 
systems, teledermatology has improved access to 
dermatology specialists and increased the knowl-
edge and skill set of primary care providers with 
regard to melanoma detection [119]. One study 
showed the potential to reduce overall mortality 
from melanoma by detecting invasive melanoma 
earlier [120]. Teledermatology for pigmented 
lesions has also led to reduced overall healthcare 
costs by decreasing unnecessary referrals [121].

Despite the potential advantages of teleder-
matology for melanoma detection, there are a 
few limitations with the current virtual systems. 
Teledermatology is based on two-dimensional 
image evaluation, with inherent limitations rela-
tive to a three-dimensional physical examina-
tion. Image-based evaluations also eliminate the 
ability to palpate the lesion, which can provide 
additional information to the practitioner. 
However, with the addition of teledermoscopy, 
virtual evaluation,  compared to face-to-face 
evaluation, has shown comparable diagnostic 
accuracy [122, 123].

The ability to identify a melanoma virtually is 
also dependent upon the capacity of the non- 
dermatologist clinician (or patient) to identify 
which lesions need to be further evaluated. This 
is particularly significant in patient-to- 
dermatologist virtual visits, because hard-to-see 
areas tend to be overlooked by the patient [124]. 
With regard to primary care provider-to- 
dermatologist visits, one study calculated that the 
frequency of missed melanomas by primary care 
clinicians was 10.1 per 10,000 virtual consulta-
tions [125].

Teledermatology has demonstrated its benefit 
in the evaluation of patients with concerning pig-
mented lesions. The upsurge of mobile medical 
applications (“apps”), along with the improve-
ment of imaging technology and the use of der-
matoscope accessories, is driving the evolution of 
an alternate care delivery system for patients with 
pigmented lesions (see Section “Aided 
Examination: Role of Other Noninvasive 
Technologies in the Identification of Typical and 
Atypical Melanocytic Neoplasms”).

There are still several limitations, and clear 
regulation is needed, but those limitations are 
being addressed and will eventually be overcome. 
As imaging and analysis technology continues to 
improve, particularly in the realm of artificial 
intelligence and machine learning, melanoma 
early detection will hopefully be streamlined, 
enabling lowered costs and decreased mortality 
and morbidity.

 Consumer-Based Technologies for Early 
Detection of Melanoma
As smartphones have rapidly gained popularity, 
there are now thousands of apps available, 
 including those that evaluate lesions suspicious 
for skin cancer. Such apps have the potential to 
reach a large number of patients, provide educa-
tional information, and overcome geographic 
barriers associated with access to dermatologists. 
Currently, however, they are not subject to regu-
latory oversight.

Categories of Apps Available
Most apps aimed at melanoma detection serve 
primarily as an educational resource, providing 
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information about melanoma identification, sun 
protection recommendations, UV index, and 
instruction on skin self-examination [126, 127]. 
Such apps also provide patients with self- 
monitoring capabilities, including tools to log, 
organize, and track concerning moles using their 
device’s built-in camera. These apps have the 
potential to allow patients to communicate with 
healthcare providers about potentially concern-
ing lesions. Some apps allow patients to store 
full-body images to use as an aid in skin 
self-examination.

Mole mapping has been shown to be a useful 
tool for dermatologists and patients to improve 
the accuracy of melanoma detection [87]. These 
apps have the advantage of providing patients 
with an inexpensive way to create their own 
images. However, the quality of patient- 
generated images can be variable, and given the 
sensitive nature of these photos, privacy and 
security of such images is a concern [128]. 
MoleMapperTM, an open-source mole tracking 
app, takes advantage of the ResearchKit (iOS) 
and ResearchStack (Android) platforms and 
allows users to participate in research projects to 
further the field [84].

Mobile apps are a logical platform to deliver 
direct-to-patient teledermatology, and some 
mobile apps primarily focus on skin lesions that 
are suspicious for cancer. While this may enhance 
access for patients, a recent study found that 
many of these apps did not provide the identity 
and/or credentials of the consulting physician, or 
used physicians who were not licensed to prac-
tice medicine in the state of the patient (or even in 
the United States) and that these consulting phy-
sicians incorrectly diagnosed a nodular mela-
noma in 3/14 cases [129].

With the advent of inexpensive dermatoscopes 
that can attach to a smartphone, patient-directed 
teledermoscopy is also possible.  Studies have 
shown that this technique can be easily learned 
by most patients, but with one study finding that 
patient-selected lesions often did not encompass 
skin cancers present on clinical skin examination. 
Thus, this technique has limited utility as a stand- 
alone modality, although it may be helpful for 
monitoring single lesions together with a 

 dermatologist [82, 124]. Some apps assess 
lesions using a mathematical algorithm and pro-
vide an assessment using risk stratification (low 
vs. high), giving guidance for how essential it is 
to seek medical attention for that lesion. However, 
these apps are more likely than dermatologists to 
misclassify melanomas as a low-risk lesion [130, 
131]. Inaccurate risk assessment has the potential 
to cause harm by delaying patients from seeking 
medical attention for melanoma, potentially 
missing the opportunity to benefit from early 
intervention.

Regulatory Oversight and Ethical 
Concerns
With the rapid proliferation of medical apps, it 
has become clear that guidelines for regulatory 
oversight need to be updated in order to keep 
pace with advances in technology. On February 
9, 2015, the FDA published “Mobile Medical 
Applications Guidance for Industry and Food 
and Drug Administration Staff” [132], a docu-
ment that contains non-binding recommenda-
tions. This document states that regulatory 
oversight will be enforced on mobile apps that 
meet the definition of a medical device. 
Specifically, this document states that the FDA 
will exercise enforcement discretion (i.e., will 
not plan to regulate) “(a)pps specifically 
intended for medical uses that utilize the mobile 
device’s built-in camera or a connected camera 
for purposes of documenting or transmitting 
pictures (e.g., photos of a patient’s skin lesions 
or wounds) to supplement or augment what 
would otherwise be a verbal description in a 
consultation between healthcare providers or 
between healthcare providers and patients/care-
givers [132].” However, this document also 
states that “(m)obile apps that analyze an image 
of a skin lesion using mathematical algorithms, 
such as fractal analysis, and provide the user 
with an assessment of the risk of the lesion” 
[132] are an example of apps that transform a 
smartphone into a regulated medical device, and 
thus will fall under the FDA’s regulatory 
oversight.

The increasingly widespread use of mobile 
apps has also posed new ethical challenges that 
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need to be addressed if this new technology is to 
be fully developed with minimal risk of harm to 
patients. There are important ethical concerns 
regarding patient confidentiality, informed con-
sent, transparency of data ownership, and data 
privacy protection. According to one 2014 report, 
only ~12% of mobile applications are HIPAA 
compliant [133]. Many apps require users to con-
sent to their data policies, but how the patient’s 
data are mined, used, and externally shared is 
often not transparent. The potential misuse of 
sensitive digital total-body images is an area of 
vulnerability related to information safety and 
privacy. It has become a growing area of concern, 
particularly when patient anonymity is not always 
possible. The challenge for the field of dermatol-
ogy will be to balance the potential benefits of 
melanoma and skin cancer detection apps, includ-
ing the ability to inexpensively provide education 
to the public, additionally to provide access to 
dermatologists for patients who may otherwise 
go without expert care, with the potential harms 
they may pose, particularly the potential to pro-
vide false reassurance with a possible delay in the 
diagnosis of skin cancer.

 Aided Examination: Role of Other 
Noninvasive Technologies 
in the Identification of Typical 
and Atypical Melanocytic Neoplasms

 Hyperspectral/Multispectral Imaging
In the standard total-body skin examination, 
lesion color plays an important role in a derma-
tologist’s accuracy for detecting a melanoma. 
Indeed, a crucial visual feature leading to timely 
clinical diagnosis of a melanoma is the variation 
in absorption and reflection of different wave-
lengths (colors) of visible light by blood and 
melanin at varying depths within the skin. 
Already evident to the naked eye, this phenome-
non is central to many electro-optical systems 
designed to assist in early melanoma detection. 
Multispectral imaging is the acquisition of simul-
taneous images of a single object at several dis-
crete wavelength bands of the electromagnetic 
spectrum (typically on the order of 3–10 or 

more). The term, hyperspectral, is often used 
if  the wavelength bands are contiguous and 
 sufficiently narrow to permit a greater number of 
simultaneous images (typically a hundred or 
more) [134]. Dermatology implementations of 
multispectral and hyperspectral imaging have 
benefited greatly from machine vision, satellite 
remote sensing, military, and other applications 
developed several decades ago.

Each multispectral “image” of a skin lesion is, 
in fact, a set of several two-dimensional images 
(data cube). These collectively provide unique 
information that is derived from the wavelength- 
dependent interactions of light with matter 
(Fig. 4.3). For pigmented lesions, red light pro-
vides clean maps of melanin because most other 
skin chromophores are rather transparent (have 
low absorption and scattering) at red (long) 
wavelengths of light. By comparison, because of 
high absorption by hemoglobin, green wave-
lengths provide excellent images of blood and 
even oxygenation (Fig. 4.4). In particular, oxyhe-
moglobin absorption peaks at 540 and 575 nm, 
whereas the peak is 555 nm in the deoxygenated 
state [135]. Furthermore, light scattering depends 
strongly on wavelength, which means that longer 
(red) wavelengths penetrate tissue deeper and 
short (blue) wavelengths are more highly scat-
tered (Fig. 4.5). One result is the clinically blue 
appearance of deep melanin, with another possi-
bility for the ability to calculate the exact melanin 
depth [136].

Currently, there are two multispectral devices 
(Fig. 4.6) that are approved by the FDA with the 
ability to provide information on pigmented 
lesions of the skin, both of which are evolved dig-
ital dermatoscopes: the SIAscope (MedX Health 
Corp, Mississauga, ON, Canada; 510(k) [137] in 
2003) and the MelaFindTM (MELA Sciences, Inc., 
now STRATA Skin Sciences, Inc., Horsham 
Township, PA; pre-market approval [138] in 
2011). These devices are similar, acquiring 
images in eight and ten, respectively, narrow 
bands from blue visible (~400  nm) to the near 
infrared (~1000 nm), but they differ in output. The 
SIAscope and accompanying software (SIMSYS-
MoleMateTM) displays approximate distribution 
maps of melanin, hemoglobin, and collagen in the 
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epidermis and dermis [139, 140]. In contrast, the 
MelaFindTM uses proprietary analysis software to 
give an automated, “yes/no” biopsy recommenda-
tion based on a classifier score that quantifies the 
level or amount of disorganization. In 2016, there 
were approximately 500–1000 SIAscopes and 
100 MelaFindTM units in use worldwide. The 
MelaFindTM is the only multispectral device to 
receive Current Procedural Terminology (CPT) 
codes: two Category III codes were awarded in 
2016, a year after manufacturing, marketing, and 
follow-up research studies were halted. STRATA 
Skin Sciences is no longer making, selling, or 
marketing any new MelaFind units, but is con-
tinuing to offer support to existing users.

The SIAscope and MelaFindTM experiences 
provide useful lessons for upcoming devices 

attempting to enter the market. Validated perfor-
mance for the intended user is critical, as is the 
comparison to alternative approaches in terms of 
 accuracy, efficiency, necessary training, initial 
investment, and physician reimbursement. For 
example, although expert SIAscope users may 
have a sensitivity and specificity as high as 80% 
[141–143], it has been contested whether diag-
nostic accuracy is improved for trained dermos-
copists [144]. The SIAscope now is mostly used 
for primary care screening prior to dermatology 
referral. However, triage decisions are similar 
following best practice guidelines (clinical his-
tory, naked-eye examination, and seven-point 
checklist) [145]. Additional lessons come from 
the MelaFindTM’s large, multicenter trials. The 
results challenged expert histopathology as the 

Dermoscopica d eBlood Contrast Melanin Contrast

Fig. 4.4 Relative to dermoscopy (a), multispectral images enable separation of hemoglobin (d) and melanin (e) in a 
single-pigmented lesion [152]
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gold standard for melanoma diagnosis [146]. 
They also demonstrated that device accuracy 
estimates can change when increasingly large 
populations are studied. MelaFindTM sensitivity 
and specificity estimates fell from 100% and 
85%, initially [147], to 98% and 10% in the land-
mark 2011 study by Monheit and colleagues 
[148]. The resulting high rate of excision recom-
mendations has drawn criticism [149], but this 
was the trade-off for high sensitivities accompa-
nying automated diagnosis thresholds set to avoid 
any risk of false reassurance. Such studies cannot 

be directly compared to interventions, such as the 
SIAscope or confocal microscopy, that incorpo-
rate a clinician’s interpretation. Subsequent stud-
ies examining the MelaFindTM’s effect on clinical 
assessment suggest increased dermatologist sen-
sitivity for melanoma but lower specificity rela-
tive to unaided evaluation [150].

The SIAscope and MelaFindTM are certainly 
not the final word for multispectral techniques in 
dermatology. Many groups have developed mul-
tispectral digital dermatoscope prototypes and 
accompanying algorithms for single-pigmented 

Fig. 4.5 Short (blue) 
wavelengths of light are 
more highly scattered 
than longer (red) 
wavelengths, enabling 
imaging from different 
depths with different 
spectral bands (courtesy 
of Dennis O’Neal, 
Canfield Scientific, Inc, 
[231])

a b

Fig. 4.6 FDA-approved multispectral devices. A.  SIAscope with SIMSYS-MoleMateTM software (MedX Health 
Corp). B. MelaFindTM device [232]
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lesion evaluation [141, 151, 152–155], including 
a smartphone-based system [156]. Increasing 
numbers of wavelengths, better mathematical 
models [157], and more precise detection [158, 
159] of light-tissue interaction may enable sig-
nificantly higher specificities while maintaining 
exquisitely high sensitivity [160]. Further, non-
contact implementations [161] may result in suf-
ficient sensitivity and specificity for incorporation 
into total-body/regional imaging systems for 
truly high-throughput screening and more 
informed melanoma treatment decisions [134].

 In Vivo Confocal Microscopy
Reflectance confocal microscopy (RCM) is a non-
invasive diagnostic tool that improves the diagnosis 
of neoplastic and inflammatory skin lesions and can 
be used routinely during the clinical visit by trained 
practitioners. RCM provides high-resolution, mag-
nified images of the skin, permitting examination of 
the epidermis and the papillary dermis at the cellu-
lar level [162]. RCM devices use a low-power laser 
(830 nm) that penetrates the skin and is reflected 
from subcellular structures at a desired focal point 
within the skin to pass back through a gating pin-
hole and enter the detector. This process allows 
grayscale horizontal images of the epidermis and 
papillary dermis up to an imaging depth of about 

250 μm to be obtained, with lateral resolution of 
approximately 1  μm (Fig.  4.7). Highly reflective 
organelles or structures appear bright/white, while 
non-reflective structures appear dark. Melanin, ker-
atin, collagen, and some activated organelles (e.g., 
Birbeck granules) have a high reflection index, thus 
appearing light gray to white. At a cellular level, 
melanocytes, pigmented keratinocytes, melanin-
containing histiocytes (melanophages), and meta-
bolically activated inflammatory cells strongly 
reflect 830  nm laser light and appear bright. 
Acquisition of the images requires approximately 
3–10 minutes, depending on the device used and 
the dimension of the lesion. Output images are hori-
zontal sections, parallel to the surface of the skin, 
giving a forward-facing representation of the epi-
dermis/dermis at the selected scanning depth. The 
most widely used RCM device (VivaScope 1500; 
CaliberID, Rochester, NY) stitches single images 
of 0.5 × 0.5 mm into larger mosaic images, allow-
ing the acquisition of up to an 8 × 8 mm area. A 
handheld RCM device (VivaScope 3000; 
CaliberID) is able to rapidly image lesions located 
on concave or convex surfaces (e.g., the tip of the 
nose) by obtaining 1 × 1 mm horizontal virtual sec-
tions. Ex vivo RCM imaging of excised tissue 
(VivaScope 2500; CaliberID) is opening a novel 
and promising field of application of the RCM tech-

VS1500

Detector

Laser

Scanning Optics

Objective Lens

Pinhole

VS3000

Fig. 4.7 Description of RCM technology. From left to 
right: The combo device, holding both VivaScope 1500 
(on the left) and VivaScope 3000 (on the right), with der-
moscopic camera in the center. Highlight of VivaScope 
1500 (on the top) and VivaScope 3000 positioned on the 
skin for image acquisition. Technical scheme of image 

generation with laser light (830  nm) entering the tissue 
and reflected light is detected by a sensor after filtered 
through a pinhole to ensure a sharply in-focus image. 
Example of confocal microscopy image showing atypical 
melanocytes aggregated into a nest at the dermal- 
epidermal junction in a melanoma (MAVIG GmbH)
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nique, allowing the reliable assessment of the surgi-
cal margins and resulting in faster and more feasible 
management during surgical intervention [163].

Confocal criteria for melanocytic and non- 
melanocytic lesions show high sensitivity and 
specificity for the diagnosis of nevi, melanomas, 
and other benign or malignant skin neoplasms 
[164]. In detail, typical nevi are usually charac-
terized by preserved dermal-epidermal junction 
architecture, usually composed of ringed and 
meshwork pattern, with irregular junctional nests 

and atypical junctional cells at the center of the 
lesion [165]. The presence of cytologic atypia in 
association with atypical junctional nests (show-
ing short interconnections or characterized by 
nonhomogeneous cellularity) is suggestive of 
histologic atypia (“dysplastic” nevus) [166], 
while widespread pagetoid cells scattered along 
the whole epidermis or atypical cells diffused 
throughout the junction (associated with 
 non- edged papillae) are typically found in mela-
noma [167] (Fig. 4.8).

a b

c d

Fig. 4.8 Examples of different melanoma types. A and B 
represent a “pagetoid-type” melanoma, constituted by 
large, roundish pleomorphic cells in the epidermis (a) and 
atypical cells mostly clustered into nests at the junction 

(b). C and D represent “dendritic cell-type” melanoma, 
characterized by dendritic cells in the epidermis (c) and 
junction (d) displayed as numerous tangled lines
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Pagetoid cells, mild-to-moderate cytological 
atypia, and non-edged papillae are described in 
thin/in situ melanomas. With increasing Breslow’s 
thickness depth, epidermal disorder, cellular pleo-
morphism, papillary infiltration by atypical cells, 
and presence of atypical dermal nests (i.e., cerebri-
form nests) are observed (Fig. 4.8). With respect to 
RCM characteristics, melanomas can be classified 
into different subgroups [168], such as a superfi-
cial spreading melanoma associated with intermit-
tent sun exposure and melanomas associated with 
chronic sun damage. Superficial spreading mela-
nomas associated with intermittent sun exposure 
occur mainly on the trunk of adults with a history 
of intermittent solar exposure, often showing 
abundant pagetoid cells, mainly of roundish shape, 
distributed throughout the lesion. The dermal-epi-
dermal junction is predominantly characterized by 
meshwork architecture with some atypical cells. 
Melanomas that occur on sun-damaged skin and 
lentigo maligna are characterized by dendritic 
pagetoid cells, mainly located around the hair fol-
licle, in the context of a disordered epidermis. At 
the dermal- epidermal junction, ringed, meshwork, 
or uneven patterns can be observed in association 
with atypical cells. The upper dermis is predomi-
nantly characterized by collagen alterations and 
solar elastosis.

The identification of characteristic RCM fea-
tures enables identification of early melanomas and 
discrimination with improved accuracy between 
benign and malignant lesions. The RCM imaging 
technique can be used as a diagnostic aid for lesions 
that display equivocal clinical and dermoscopic 
features. Even though histopathology remains the 
gold standard for the diagnosis of skin cancers, der-
moscopy and RCM analysis can improve early rec-
ognition of dangerous skin lesions by clinicians. 
Recent studies demonstrate that the application of 
RCM as a second-level skin examination improves 
cutaneous melanoma diagnostic accuracy [169, 
170]. In fact, the routine application of RCM by 
expert confocalists greatly improves specificity 
(ranging between 50 and 70%, with average sensi-
tivity of approximately 90%) compared with der-
moscopy, suggesting its effectiveness in sparing 
unnecessary excisions [171].

Moreover, in prospective interventional 
studies, characterized by the measurement of 
accuracy in real-world clinical practice, excel-
lent sensitivity, without dramatically lower 
specificity, has been achieved. The main out-
come was a significant reduction in the number 
of benign lesions excised in order to detect one 
melanoma, which averaged about 50% in all 
studies. In a more conservative setting, limiting 
the use of RCM to influence the decision of 
whether to excise moderately equivocal lesions 
only (i.e., all suspicious lesions were excised) 
resulted in over 50% of benign lesions being 
eligible for non- excision. This reduced the 
benign-to-malignant ratio from 15 to ~7 nevi 
for every one melanoma, and no melanoma was 
missed [172]. In the same setting, the introduc-
tion of RCM in the diagnostic workflow for 
melanoma showed the possibility of cost sav-
ings, since the expense of RCM examination 
was much lower than surgical and histopatho-
logic procedures [173]. Moreover, implementa-
tion of RCM in cohorts of dermoscopically 
positive lesions reached the target of 1–2 benign 
lesions excised for every melanoma [169, 170]. 
Of note, on a large sample, the achievement of 
such an excellent performance resulted in a 
sensitivity of 95%, with 1 out of 20 melanomas 
only detected during digital follow- up. Thus, 
published data shows that RCM in the clinical 
setting is a powerful and cost-effective tool, 
able to reduce unnecessary excisions, while 
demonstrating very low risk of missing melano-
mas, especially when applied on moderately 
atypical lesions following dermoscopic evalua-
tion [170].

The major limitations for introduction of 
RCM into clinical practice include the need for a 
trained expert confocalist and the slow speed of 
image acquisition. The latter can be solved with 
technical improvements. Concerning the need for 
training of expert confocalists, variable accuracy 
values are achieved depending on the evaluators’ 
expertise [174]. The ability to rapidly implement 
RCM reading in clinical practice will also likely 
be adaptable to telemedicine application in the 
future [175].
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 Electrical Impedance Spectroscopy
Electrical impedance spectroscopy (EIS) is an 
innovative method that allows objective informa-
tion to be drawn from atypical lesions. EIS is a 
measure of a material’s overall resistance to the 
flow of alternating electric currents of various 
frequencies. Electrical impedance of biological 
materials can reflect the clinical status of the tis-
sue under study. Normal and abnormal tissues 
differ with regard to cell size, shape, orientation, 
compactness, and structure of cell membranes. 
These different properties influence the ability of 
the cells to conduct and store electricity, meaning 
that these properties will also be reflected in an 
EIS measurement.

A harmless, imperceptible alternating electri-
cal current is applied between two electrodes at 
the probe tip (Figs.  4.9 and 4.10). In order to 
cover the lesion both in width and in depth, the 
measurement is performed with 35 frequencies 
(1 kHz–2.5 MHz) and 4 depth settings for a total 
of 10 permutations over the entire lesion. In gen-
eral, EIS measurements at low frequencies are 
related to the resistive properties of the extracel-
lular environments, whereas impedance at high 
frequencies is related both to the resistive proper-
ties of the intra- and extracellular environments 
and the capacitive properties (reactance) of the 
cell membranes (Fig. 4.11).

This method measures and analyzes atypical 
lesions and produces an EIS score between 0 
and 10, as well as a dichotomous result (EIS 

negative/positive) at a fixed cutoff. The fixed 
threshold is set at 4. This means that EIS scores 
less than 4 are EIS negative (−), with scores 4 or 
greater considered EIS positive (+). In this way, 
additional information is available to the exam-
ining clinician for melanoma detection. The 
accuracy of the EIS method has been tested in 
multiple clinical studies using the Nevisense 
system from the company SciBase (Stockholm, 
Sweden). The accuracy of the system was vali-
dated in an  international, multicenter, prospec-
tive, blinded clinical trial including 1951 
subjects, which yielded a sensitivity of 97% 
and a specificity of 34% on lesions destined for 
excision based on a clinical suspicion of 
 melanoma [176].

The Nevisense system and the EIS method 
can be used in clinical practice as a diagnostic 
support tool to detect melanomas or rule out 
benign lesions. Nevisense is intended for use on 
cutaneous lesions with one or more clinical or 
historical characteristics of melanoma. The sys-
tem is optimally designed for use when a clini-
cian chooses to obtain additional information by 
considering excision. The Nevisense EIS score 
becomes an additional element of the overall 
clinical assessment of a lesion. Not only the neg-
ative or positive EIS outcome, but also the actual 
EIS score (0–10), as the score value is associated 
with the stage and severity of a lesion, can be 
incorporated into the assessment.

Fig. 4.9 Nevisense 
control unit, probe, and 
probe cable
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In summary, the EIS method implemented in 
the Nevisense system has been shown to be an 
accurate and safe device that can be used in con-
junction with clinical risk assessment for patients 
with suspicion of melanoma. Nevisense has regu-
latory approvals in Europe and Australia, also 
receiving PMA approval from the FDA in 2017 
for clinical use in all major markets.

 Machine Learning

Premature Promises
Beginning in the 1980s, several advances in the 
field of artificial intelligence enabled artificial 
neural networks to overcome early design flaws 
[177–179], as the closely related field of  computer 
vision emerged with the advent of inexpensive 

Fig. 4.10 Principle of operation

NORMAL TISSUE

Low frequencies - primarily reflect the extracellular environment

High frequencies -  reflects both the intra- and the extracellular environment

ABNORMAL TISSUE

Fig. 4.11 Properties of low- and high-frequency impedance
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hardware in the form of scanners, printers, and 
computers with new graphical user interfaces 
[180]. A significant achievement from this period 
was the demonstration that machines could learn 
from the data sets presented to them, rather than 
having to be programmed on how to think. This is 
the key idea behind machine learning.

One of the areas in which machine learning 
showed early success and therefore generated 
premature optimism was in the field of dermatol-
ogy. From the mid-1990s, computer scientists 
were touting diagnostic tools for melanoma 
[181–183]. These claims were met with appropri-
ate skepticism as demonstrated by the fact that by 
mid-2017, over two decades later, we still do not 
have an approved, accepted computer diagnostic 
system for any skin disease. Recently, Brewer 
and colleagues identified both the potential and 
risks of using mobile technology, including those 
of technologies making diagnostic claims [184]. 
Wolf and colleagues were straightforward about 
the actual dangers of using smartphones to try to 
classify melanomas [130]. Nevertheless, a review 
of almost 40 apps [126] reveals that work in this 
area is continuing unabated.

The replacement of artificial neural networks 
with new machine learning techniques continued 
to show promise through the mid-2000s, but the 
pace of improvements substantially slowed [185]. 
At the same time, further improvements to artifi-
cial neural network architectures and training 
algorithms [186, 179] coincided with the prolif-
eration of a new kind of device, the general- 
purpose graphics processing unit (GP-GPU). 
These devices provided a critical hardware capa-
bility that researchers were quick to take advan-
tage of, and were especially useful for, problems 
involving images, such as the classification and 
location of objects in images [116]. The new bot-
tleneck evolved into actually having too few 
images to develop a training set on, further devel-
oped with new data sets (e.g., ImageNet [187] 
and MS-COCO [188]) and consistent improve-
ment in object recognition on the order of 1–2% 
improvement each year. In 2012, deep convolu-
tional neural networks were introduced and 
showed an improvement of over 11%, dropping 
the error rate to 15.3% [189], launching a mini- 

revolution in object detection and recognition in 
images (as well as additional problems); by 2016, 
the error rate had dropped to 3.0% [190].

Current Successes and Challenges
The impact of deep learning, a new field of 
machine learning, will be felt broadly and quickly 
and has already become normative in devices we 
talk to that respond with relevant information. 
Dermatology stands to be positively impacted by 
these advances. Much of the “Is it melanoma?” 
image research has shifted to work on dermos-
copy images, which include several more fea-
tures for computers to learn about. In late 2016, 
Codella and colleagues published preprint work 
[118] on dermoscopy images, demonstrating a 
computer system capable of outperforming eight 
expert dermatologists on a test set of images, 
both in terms of accuracy and specificity. Yet by 
modern data set standards, the size of their data 
set was relatively small, despite being the largest 
publicly available to date. In early 2017, Esteva 
and colleagues published results of a skin cancer 
classification system that demonstrated the abil-
ity to compete with board-certified  dermatologists, 
at least at the task of classifying static images of 
lesions [83]. The promise of deep learning is that 
the capability will only improve with larger data 
sets, with results leading to interesting and effec-
tive new tools in the clinic, in teledermatology, 
and eventually in the hands of ordinary users on 
mobile devices.

 Perspective on Emerging 
Technologies

Melanoma diagnostic techniques are evolving 
alongside imaging innovations driven both by 
worldwide consumer demands and advances in 
science. Among the increasingly diverse array of 
physical phenomena applied in dermatologic 
diagnosis (Table 4.3) are three noteworthy exam-
ples: Raman spectroscopy, multiphoton micros-
copy, and photoacoustic imaging.

Raman spectroscopy (Fig.  4.12) measures 
molecular vibrations by detecting energy shifts 
in light (spontaneous Raman scattering). In the-
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ory, every molecule has a unique Raman spec-
trum. This has enabled the development of 
commercial devices by RiverD (Rotterdam, The 
Netherlands) and Biozoom (Kassel, Germany) 
that noninvasively measure concentrations of 
compounds ranging from natural moisturizing 
factor to antioxidants, even in neonate skin 
[191]. However, the in  vivo Raman spectra of 
involved biomolecules are not known for mela-
noma detection. Instead, large known data sets 
are used to train computer algorithms to differ-
entiate benign from malignant, analogous to 
automated multispectral imaging technologies 
similar to MelaFindTM. With this approach, a 
commercial device, the AuraTM, has been devel-
oped by Verisante (Vancouver, Canada). 
HealthCanada approved the Verisante Aura for 
the early detection of skin cancer, following the 
results of a study that predicted 90% sensitivity 
and 68% specificity to differentiate benign pig-
mented lesions (286 cases) from melanoma (44 
cases) within its training set [192].

No device to date has been able to produce 
practical skin images with spontaneous Raman 
signals, mainly because they are at least one 
million fold weaker than the elastic light scatter-
ing background. However, nonlinear implemen-

tations employing high-peak-power laser 
systems are an active area of research, demon-
strating video-rate preclinical imaging via 
coherent Raman scattering [193]. Cutaneous 
malignancies are only beginning to be explored 
[194], but unique insights might be obtained 
through the ability to measure changes in 
 biomolecule distributions and active cell 
 metabolism [195].

 Multiphoton Microscopy
Multiphoton microscopy (Fig.  4.13) provides 
submicron image resolution (superior to confocal 
microscopy) through nonlinear light-matter inter-
actions created by femtosecond lasers. The most 
important signals are (1) two-photon fluores-
cence, which depends upon several biomolecules 
including melanin and NADH in different oxida-
tion states, and 2) second harmonic generation 
(SHG), which is particularly sensitive to colla-
gen. As a result, subcellular morphological 
details can be visualized, as can the relation of 
melanocytes and keratinocytes to dermal colla-
gen. The largest multiphoton study to date 
showed a 75% sensitivity and 80% specificity to 
discriminate melanoma from benign nevi among 
53 suspicious pigmented lesions in vivo [196]. A 

(a)

a b (b)

Epidermis
(normal)

Dermis
(BCC)

Dermis
(normal)

B

A

C

D

E

F

G

H

I

J

1800 1400 1000

Raman Shift (cm-1)

600

Fig. 4.12 A. Verisante Aura, a commercial Raman spectroscopy device [233]. B. Difference in Raman spectra between 
basal cell carcinoma and normal surrounding skin [234]
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a

b

Fig. 4.13 A. MPTflex, 
a commercial clinical 
multiphoton microscope 
[235]. B. Multiphoton 
view of a pigmented 
lesion at a depth of 40 
microns in skin: second 
harmonic generation 
(SHG—blue) from 
dermal collagen 
surrounded by 
pigmented keratinocytes 
visualized by two- 
photon fluorescence 
(green). Image taken at 
the Beckman Laser 
Institute, University of 
California, Irvine. Scale 
bar = 50 μm
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more recent pilot study has suggested higher 
accuracy when the nonlinear signal strengths are 
incorporated into the assessment [197]. Jenlab 
(Berlin, Germany) has commercialized the 
DermaInspect and MPTFlex devices, which pro-
vide high-resolution images along with label-free 
biochemical information from fluorescence life-
time [198] and nonlinear Raman measurements. 
However, dissemination has been limited by the 
high price (€400,000) and smaller field of view (a 
0.35 × 0.35 mm image at a single depth acquired 
in several seconds). Beyond multiphoton micros-
copy, femtosecond lasers enable several other 
related nonlinear optical techniques that may 
impact melanoma detection. Pump-probe ultra-
fast spectroscopy in particular has demonstrated 
high sensitivity for ex vivo melanoma detection 
through label-free measurement of eumelanin-to- 
pheomelanin ratios [199].

 Photoacoustic Imaging
Photoacoustic imaging (Fig.  4.14) is a hybrid 
technology that measures sound waves resulting 
from the absorption of light. Thus, it marries the 
resolution and molecular specificity of optical 
imaging with the depth advantages of ultrasound. 
It is exquisitely sensitive to light-absorbing mol-
ecules such as hemoglobin and melanin. This 
enables label-free, noninvasive detection of mela-
noma with more than a 50-fold higher contrast 
when compared to optical microscopy [200]. 
When multiple wavelengths are used, oxygen-
ation changes in single capillary loops can be 
visualized in the human cuticle and elsewhere 
[201]. The Mutispectral Opto-acoustic 
Tomography Acuity is a commercial device avail-
able from iThera Medical (Munich, Germany). 
Capitalizing on photo-acoustic depth capabilities, 
it enabled 100% sensitive detection of nodal mel-

a

c

b

Fig. 4.14 A. MSOT Acuity, a commercial clinical photo-
acoustic imaging device used to detect melanoma in lymph 
nodes [courtesy of iThera Medical]. B. Photoacoustic 
microscopy enables label-free imaging of blood and indi-

vidual melanosomes of a 4-day-old melanoma metastasis 
in a mouse ear [200]. C. Noninvasive depth measurement 
of a patient’s 1.67 mm melanoma (left) via photo-acoustics 
(center) and confirmed by histopathology (right) [203]
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anoma metastases prior to sentinel lymph node 
biopsy. Specificity was only 49%, due to false 
positives from nodal melanin and hemorrhage, 
with no false negatives detected [202]. More 
recently, a handheld clinical device has enabled 
noninvasive measurements of melanoma tumor 
thickness in good agreement with measured 
Breslow’s depth [203], which may alleviate stag-
ing inaccuracies from partial biopsies [204]. 
Photo-acoustics may even have a therapeutic role, 
as evidenced by noninvasive enumeration and 
real-time intravascular destruction of circulating 
melanoma cells in mice [205]. These early results 
collectively suggest that photoacoustics may have 
a significant role in several aspects of melanoma 
management in the future.

 Perspective on Technological Advances
As mounting clinical experience reveals their 
practical utility and limitations, emerging diag-
nostic techniques will be refined in new and unex-
pected ways. This is foreshadowed by the leaps 
reported in the optics literature for established 
technologies such as optical coherence tomogra-
phy (OCT). The lofty goal of individual skin cell 
resolution has been achieved in multiple varia-
tions, including full-field OCT [206], Mirau inter-
ferometry [207], Gabor-domain OCT [208], and 
with adaptive optics and liquid lenses [209]. At 
the other end of the spectrum, wide-field OCT has 
been developed to provide fast volumetric images 
of hundreds of square centimeters of skin [210].

While it is currently possible to categorize 
most large imaging studies into one of 11 
 different modalities (Table  4.3), boundaries are 
beginning to blur as multimodal devices emerge 
that synergistically couple individual strengths to 
overcome limitations. A combined fluorescence 
and Raman device has demonstrated rapid mar-
gin mapping and assessment for Mohs surgery 
[211]. Spectral and fluorescence imaging are also 
being explored as potential diagnostic enhance-
ments to established techniques like dermoscopy 
[153] and confocal microscopy [212]. The inven-
tors of the VivaScope (see Section “In Vivo 
Confocal Microscopy”) have recently developed 
a system of co-registering confocal microscopy 
and OCT images [213], overcoming the depth 

and resolution limitations of either technique 
alone. An integrated photoacoustic OCT device 
has also been developed [214]. This trend indi-
cates that a combination modality will likely be 
the optimal approach to achieve meaningful clin-
ical implementation.

 Molecular Assays for Detection 
of Melanoma and Lethal Melanoma

Evaluation of mRNA expression profiles origi-
nally identified by microarrays, and then further 
refined to qRT-PCR, has emerged as a method of 
diagnostic confirmation and prognostication for 
melanoma. There are currently three commer-
cially available qRT-PCR assays, two that focus 
on diagnosis and one upon prognosis. DermTech 
International, Inc. (La Jolla, CA) has developed a 
non-invasive technique that isolates mRNA from 
corneocytes removed by tape stripping the sur-
face of pigmented lesions. In principle, it is 
believed that the corneocytes contain mRNA 
from melanosomes transferred to them from 
melanocytes. The assay then uses qRT-PCR to 
look for expression of either LINC00518 or 
PRAME.  The identification of either renders a 
positive score, raising concern for the possibility 
of melanoma. The sensitivity and specificity of 
the assay in a combination of serially collected 
and archival samples were 91% and 69%, respec-
tively. In an exclusive set of serially collected 
samples, the respective sensitivity and specificity 
were 79% and 80% [215]. The non-invasive 
nature of the assay is clearly the strength of the 
technique. It is most ideal for lesions that have 
some concerning features, but are considered 
able to be monitored with dermoscopy; that is, 
the test would not replace a biopsy for lesions 
clearly atypical enough to warrant histologic 
assessment. The limitation of the technique is 
that lesions must be at least 6 mm in diameter and 
on a body surface that allows optimal application 
of the adhesive. Mucosal and acral lesions are 
excluded.

Myriad Genetics, Inc. (Salt Lake City, UT) 
has developed a qRT-PCR assay that assesses 
mRNA expression levels of 23 distinct genes 
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from formalin-fixed, paraffin-embedded (FFPE) 
tissue in order to better classify histologically 
controversial or difficult-to-diagnose cases [216]. 
The 23 genes include PRAME, which encodes a 
known melanoma tumor antigen, and is the same 
gene utilized in the DermTech tape stripping 
assay; 5 S100A genes known as the S100A9 com-
ponent; 8 immune-related genes; and 9 house-
keeping genes. In a validation set of 1400 
melanocytic lesions, the test performed with a 
sensitivity of 91.5% and specificity of 92.5% 
[217]. The strength of this assay is that it can be 
performed on relatively paucicellular processes 
and has been studied in relatively large validation 
cohorts. Alternatively, there have been no studies 
assessing the test’s ability to classify truly histo-
logically ambiguous cases with long-term fol-
low-up, so it is unknown how well the assay 
would perform on those cases that would be of 
greatest value to the field.

A prognostic assay based on mRNA expres-
sion profiling of 31 genes has been developed by 
Castle Biosciences (Friendswood, TX) for prog-
nostication of histologically confirmed mela-
noma [218]. Genes related to tissue development, 
epithelial differentiation, and cell junction- 
related genes are highly represented in the gene 
set. Since the initial development of the assay, in 
an independent validation study of 523 patients, 
the recurrence-free survival (RFS) rates for class 
1 (good prognostic signature) and class 2 (poor 
prognostic signature) were 88% and 52%, respec-
tively, with distant metastasis-free survival 
(DMFS) rates of 93% versus 60%, respectively 
(p < 0.001). The gene class signature was a sig-
nificant predictor in multivariate analyses (RFS 
HR = 2.1, p = 0.003; DMFS HR = 2.7, p = 0.002) 
with thickness and sentinel lymph node (SLN) 
status. The strength of this assay, as shown from 
the validation study with 523 patients, was its 
ability to identify 70% of SLN-negative patients 
who ultimately developed metastatic disease. 
The Kaplan-Meier curves have shown particu-
larly strong separation in the 5-year RFS and 
DMFS of stage II and IIIa melanoma patients. 
Among the stage I patients, the 5-year RFS sur-
vival for class 1 patients was 96%, compared to 
85% in class 2 patients, which was a statistically 

significant difference but not of the same magni-
tude as seen with stage II and IIIa patients [219].

Liquid biopsy with assessment of either circu-
lating tumor cells, cell-free circulating tumor 
DNA, or cell-free circulating microRNA has 
been investigated as a potential prognostic tool. 
In a meta-analysis of nine studies looking at the 
prognostic value of liquid biopsy, Khoja and col-
leagues showed that the studies have markedly 
different rates of tumor detection, based on the 
technique being utilized and the time at which the 
samples are obtained. Taken together, these 
results have been highly variable and inconclu-
sive as to the prognostic value of the assays [220].

The patient population in which liquid biopsy 
seemed most promising was in the assessment of 
stage III melanoma patients. Scoggins and col-
leagues assessed 820 patients who were part of the 
Sunbelt Melanoma Trial before they underwent 
lymphadenectomy [221]. After the sentinel lymph 
node biopsy, tyrosinase, MelanA/MART1, 
MAGE3, and gp-100 were serially assessed with 
qRT-PCR in 820 patients before the completion dis-
section. It was determined that stage III melanoma 
patients with a positive PCR test for >1 marker at 
any time point showed worse disease-free survival 
(p = 0.006) and overall survival (p = 0.0012) com-
pared with patients with only one positive marker. 
However, there were only seven stage III patients 
with a positive PCR test for >1 marker, which 
makes it difficult to draw any definitive conclusions. 
Validation studies on greater numbers of stage III 
patients would be of value. Additionally, since there 
are now so many possible circulating factors that 
may be assessed, including BRAFV600E, miR-
NAs, and others, it may take some time to deter-
mine which markers, and what time periods, would 
give optimal results [222, 223].

A number of studies have utilized mass spec-
troscopy as a method of studying the proteomics 
of melanoma tumors. Byrum and colleagues 
showed 171 proteins that were differentially 
expressed in comparison of FFPE samples of 
benign nevi, primary melanomas, and metastatic 
tumors [224]. These broader studies may allow 
the identification of smaller groups of proteins 
that may be investigated by immunohistochemis-
try as potential biomarkers. Overall, validation 
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studies using algorithms developed by proteomic 
analysis of training sets, and then applied to large 
validation sets of patients with known outcomes, 
have not yet been performed and hence are still in 
their infancy.

 Conclusions
Of all lethal cancers, melanoma is perhaps the 
“poster child” for the benefits that can be 
derived from its early detection. It is an 
aggressive cancer that when detected early has 
great potential for cure. Unfortunately, when 
detected late, it has a very high mortality rate, 
despite recent therapeutic advances. Its pri-
mary localization in the skin offers a distinct 
advantage for early detection from the per-
spective of naked-eye examinations, assess-
ment with technologies such as dermoscopy, 
in  vivo confocal microscopy, and other 
advanced non-invasive technologies. The ease 
of accessibility also makes sampling and his-
tologic evaluation simple, and allows for the 
implementation of genetic and genomic tech-
nologies applied towards melanocytic tumors 
for the purpose of improved diagnostic and 
prognostic information. Technologies that 
capitalize on the cutaneous location of mela-
noma are rapidly evolving to reach the right 
populations with mobile devices, to identify 
the individuals in greatest need of screening, 
and to apply the right technologies to identify 
melanoma before it reaches metastatic 
competency.

Furthermore, beyond all of these techno-
logical advances is the potential to apply deep 
learning and artificial intelligence to the chal-
lenge of early detection. Perhaps the final 
frontier that remains is how to couple and 
extend the clinical knowledge we have gained 
over the years with exciting and evolving 
technologies into the public health realm. The 
problem of reaching the right individuals, con-
vincing them of their vulnerability, and per-
suading them to seek attention if they have a 
concerning lesion remains. Bridging this gap 
between medical science, responsible adop-
tion of technology, public health challenges, 
and behavior modifications will be critical, 

especially if we are to take advantage of all the 
 progress that has been made with respect to 
melanoma early detection. Success in this 
arena will certainly minimize melanoma 
deaths and will also serve as a model for other 
cancers and disease types that can benefit 
from early detection.
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Staging and Classification 
of Melanoma

Michael E. Egger and Jeffrey E. Gershenwald

 Introduction

Cutaneous melanoma is staged according to the 
American Joint Committee on Cancer (AJCC) 
melanoma staging system. The AJCC employs a 
TNM-based system according to tumor (T), 
regional nodal (N), and distant metastasis (M) 
categories. The TNM designations are based on 
the primary tumor pathological characteristics 
(T), number of regional lymph node metastases 
or non-nodal regional metastases (N), and pres-
ence and site of distant metastases (M). As our 
understanding of the relevant risk factors for mel-
anoma has improved, and staging techniques 
have evolved, our understanding of the biology of 
melanoma has also advanced. These insights 

have prompted changes in the staging system 
over time, included in the most recent 8th Edition 
AJCC melanoma staging system [1].

A goal of cancer staging is to classify patients 
into groups of generally similar risk; it requires a 
balance between parsing patients into more 
defined groups with fewer numbers of patients 
with relatively homogenous survival outcomes 
versus limiting the number of groups to foster 
relative simplicity. Thus, staging systems, per se, 
may not be the optimal tool to provide an indi-
vidual patient risk profile assessment. Rather, 
stage groupings are useful to broadly risk stratify 
patients into relatively homogenous groups that 
are used for clinical decision-making and to com-
pare patients across different treatment centers 
and geographic regions. Stage groups are also 
used to define inclusion/exclusion and stratifica-
tion criteria for patients enrolled in clinical trials. 
Overall, accurate and detailed staging allows cli-
nicians to “speak the same language.” This chap-
ter introduces the 8th Edition AJCC melanoma 
staging system, discusses the rationale for its 
revisions, and discusses future directions in the 
staging of cutaneous melanoma.

 TNM Criteria

The 8th Edition AJCC melanoma staging system 
(summarized in Table  5.1) was published in 
October 2016, with its use recommended and 
considered as an important part of clinical care. 
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Table 5.1 TNM-based 8th Edition AJCC staging system for cutaneous melanoma

T category Thickness Ulceration status
TX: Primary tumor thickness 
cannot be assessed (e.g., diagnosis 
by curettage)

Not applicable Not applicable

T0: No evidence of primary tumor 
(e.g., unknown primary or 
completely regressed melanoma)

Not applicable Not applicable

Tis (melanoma in situ) Not applicable Not applicable
T1 ≤1.0 mm Unknown or unspecified

  T1a   <0.8 mm   Without ulceration
  T1b   <0.8 mm

  0.8–1.0 mm
  With ulceration
  With or without 

ulceration
T2 >1.0–2.0 mm Unknown or unspecified
  T2a   >1.0–2.0 mm   Without ulceration
  T2b   >1.0–2.0 mm   With ulceration
T3 >2.0–4.0 mm Unknown or unspecified
  T3a   >2.0–4.0 mm   Without ulceration
  T3b   >2.0–4.0 mm   With ulceration
T4 >4.0 mm Unknown or unspecified
  T4a   >4.0 mm   Without ulceration
  T4b   >4.0 mm   With ulceration
N category Number of tumor-involved regional lymph 

nodes
Presence of in-transit, 
satellite, and/or 
microsatellite 
metastases

NX Regional nodes not assessed (e.g., SLN biopsy not 
performed, regional nodes previously removed for 
another reason). Exception: Pathological N 
category is not required for T1 melanomas, use 
cN.

No

N0 No regional metastases detected No
N1 One tumor-involved node or in-transit, satellite, 

and/or microsatellite metastases with no tumor-
involved nodes

  N1a One clinically occult (i.e., detected by SLN 
biopsy)

No

  N1b One clinically detected No
  N1c No regional lymph node disease Yes
N2 Two or three tumor-involved nodes or in-transit, 

satellite, and/or microsatellite metastases with one 
tumor-involved node

  N2a Two or three clinically occult (i.e., detected by 
SLN biopsy)

No

  N2b Two or three, at least one of which was detected 
clinically

No

 N2c One clinically occult or clinically detected Yes
N3 Four or more tumor-involved nodes or in-transit, 

satellite, and/or microsatellite metastases with two 
or more tumor- involved nodes, or any number of 
matted nodes without or with in-transit, satellite, 
and/or microsatellite metastases

  N3a Four or more clinically occult (i.e., detected by 
SLN biopsy)

No
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Table 5.1 (continued)

T category Thickness Ulceration status
  N3b Four or more, at least one of which was clinically 

detected, or presence of any number of matted 
nodes

No

  N3c Two or more clinically occult or clinically detected 
and/or presence of any number of matted nodes

Yes

M category Anatomic site LDH level
M0 No evidence of distant metastases Not applicable
M1 Evidence of distant metastasis See below
M1a Distant metastasis to skin, soft tissue including 

muscle, and/or non-regional lymph node
Not recorded or 
unspecified

  M1a(0)   Not elevated
  M1a(1)   Elevated
M1b Distant metastasis to lung with or without M1a 

sites of disease
Not recorded or 
unspecified

  M1b(0)   Not elevated
  M1b(1)   Elevated
M1c Distant metastasis to non-CNS visceral sites with 

or without M1a or M1b sites of disease
Not recorded or 
unspecified

  M1c(0)   Not elevated
  M1c(1)   Elevated
M1d Distant metastasis to CNS with or without M1a, 

M1b, or M1c sites of disease
Not recorded or 
unspecified

  M1d(0)   Normal
  M1d(1)   Elevated

Suffixes for M category: (0) LDH not elevated, (1) LDH elevated. No suffix is used if LDH is not recorded or is 
unspecified
Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source 
for this material is the AJCC Cancer Staging Manual, Eighth Edition (2017) published by Springer Science and Business 
Media LLC, www.springer.com

This updated version was formally adopted for 
national registry reporting requirements begin-
ning in January 2017. The 8th Edition contains 
several revisions to the T, N, and M category cri-
teria, as well as changes to the stage groupings.

 T Category

Breslow’s thickness and ulceration continue to 
constitute the two primary tumor characteristics 
that inform the T category. Breslow’s thickness, or 
primary tumor thickness, is defined as the distance 
from the top of the granular layer of epidermis to 
the deepest invasive cell across the broad base of 
the tumor [2]. Since the 7th Edition AJCC mela-
noma staging system, this measurement has sup-
planted Clark level (a primary tumor-based 
schema based on the extent of invasion of mela-
noma relative to the papillary and reticular dermis) 

as the principal T category criterion, as it provides 
a more objective and reproducible measure of 
tumor thickness and more accurately risk stratifies 
patients compared to Clark level [3, 4]. Primary 
tumor thickness cut points of 1.0, 2.0, and 4.0 mm 
continue to define T1, T2, T3, and T4 category 
melanomas in the 8th Edition, and are unchanged 
from the 7th edition [1]. New to the 8th Edition is 
the subcategorization of T1 melanomas by tumor 
thickness. T1a lesions are defined as a non-ulcer-
ated primary melanoma that is <0.8 mm in tumor 
thickness. A T1b lesion is a non-ulcerated lesion 
with a primary tumor thickness of 0.8–1.0 mm, or 
any ulcerated lesion ≤1.0 mm in primary tumor 
thickness. Additionally, new to the 8th Edition 
AJCC, primary tumor thickness measurements 
should be recorded to the nearest 0.1 mm, rather 
than the nearest 0.01 mm. Reasons for this change 
include general measurement imprecision as well 
as a goal to avoid clustering of reported measure-
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ments around T category cut points (1.0, 2.0, and 
4.0  mm), the latter of which has been demon-
strated to bias overall tumor staging [5].

Mitotic rate, defined as the number of mito-
ses per mm2 using the dermal “hot spot” 
method, was previously used to subcategorize 
T1 lesions in the 7th edition AJCC, but is no 
longer used as a T category criterion in the 8th 
Edition [6]. Primary tumor thickness and ulcer-
ation are the only pathologic factors needed to 
determine the T category. The 8th Edition AJCC 
melanoma expert panel strongly recommends 
that mitotic rate continue to be recorded for all 
patients with cutaneous melanoma. Research 
using the AJCC database has identified that 
increasing mitotic rate, measured along its con-
tinuum, is independently associated with a 
worse survival in patients, with or without 
nodal micrometastasis [7, 8]. The mitotic rate is 
an important component of overall risk assess-
ment for patients with cutaneous melanoma and 
will likely continue to be incorporated into 
risk-assessing clinical tools to better inform 
clinical decision-making.

 N Category

N category criteria include the number of tumor- 
involved regional lymph nodes as well as the 
presence of microsatellites, in-transit metastases, 
and/or satellite metastases. The number of posi-
tive lymph nodes used as cut points to define N1, 
N2, and N3 disease generally remain as 1, 2, and 
4, respectively. Tumor-involved sentinel lymph 
nodes (SLN) and tumor-involved non-SLN (i.e., 
from a completion lymph node dissection) are 
added together to determine the total number of 
positive lymph nodes and appropriate N cate-
gory. In the 8th Edition, N category criteria 
include the suffix “a” to denote clinically occult 
regional nodes (e.g., identified by SLN biopsy), 
the suffix “b” to denote clinically detected 
regional nodal disease, (e.g., palpable disease 
detected on clinical exam or by radiographic 
imaging), and the suffix “c” to denote the pres-
ence of non-nodal regional disease that includes 
in-transit, satellite, and/or microsatellite metas-

tases. The nomenclature for SLN-positive dis-
ease in the 8th Edition has been changed and is 
now termed “clinically occult” rather than 
“microscopic.” Likewise, palpable nodal disease 
is termed “clinically detected” rather than “mac-
roscopic.” Patients with non- nodal regional dis-
ease are categorized as N1c, N2c, or N3c 
depending on the number of tumor- involved 
regional lymph nodes. Satellite metastases are 
cutaneous or subcutaneous metastases classi-
cally defined as within 2  cm of the primary 
tumor, with in-transit metastases defined as cuta-
neous or subcutaneous metastases located >2 cm 
from the primary tumor site; both are usually 
located between the primary tumor and draining 
nodal basin. From a staging perspective, both are 
considered equivalent with similar clinical out-
comes. Microsatellites, defined pathologically as 
the presence of discontinuous nests of melanoma 
cells >0.05 mm in diameter, are separated from 
the primary tumor by at least 0.3 mm of interven-
ing normal dermal or subcutaneous tissue. This 
is another example of non-nodal regional metas-
tases. Microsatellite disease is associated with an 
increased risk of regional nodal metastases and 
survival rates comparable to those associated 
with satellite or in-transit metastases [9, 10]. The 
stratification of non-nodal regional disease by 
extent of regional nodal disease burden is new to 
the 8th Edition; in the 7th Edition, all non-nodal 
regional disease was classified as N2c and con-
sidered either stage IIIB or stage IIIC based on 
the absence or presence of concomitant regional 
nodal disease, respectively [6].

According to the 8th Edition AJCC melanoma 
staging system, SLN biopsy is required for AJCC 
pathological classification in order to complete N 
categorization of T2, T3, and T4 primary melano-
mas without clinical evidence of metastatic dis-
ease. Selective consideration of SLN biopsy for 
patients with T1 primary tumors is at the discre-
tion of the clinician. This procedure is not requi-
site for AJCC pathological classification of T1 
primary melanomas. SLN tumor burden, while 
not incorporated directly into the 8th Edition N 
category, is an important prognostic factor that 
should be collected for all patients who have pos-
itive SLNs. Sentinel node tumor burden may be 
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incorporated into future prognostic models and 
clinical tools as further guidance for uniform 
reporting becomes available.

 M Category

The presence or absence of distant metastatic dis-
ease for cutaneous melanoma is designated as 
M1 or M0, respectively. In the 8th Edition AJCC 
melanoma staging system, characterization of 
the M subcategory is based on two factors: ana-
tomic location of the distant metastasis and 
serum lactate dehydrogenase (LDH) level. M1a 
denotes distant metastasis confined to distant 
skin, subcutaneous tissue, or distant (non-
regional) nodal metastases. A non-regional nodal 
basin is one that is not in the usual drainage pat-
tern for a particular primary tumor. For example, 
the axilla is a non-regional basin for a primary 
tumor on the lower extremity, but would be con-
sidered a regional nodal basin for a primary 
tumor on the trunk or upper extremity. Distant 
metastatic disease confined to the skin, subcuta-
neous tissues, or non-regional lymph nodes is 
associated with a more favorable survival com-
pared to other sites of metastasis [6, 11–13]. M1b 
denotes metastatic disease confined to the lung, 
with such patients having an intermediate overall 
survival risk that is worse than M1a disease, but 
more favorable than non-pulmonary visceral 
metastases [6, 11, 12].

The 8th Edition AJCC melanoma staging sys-
tem includes the stratification of non-pulmonary 
visceral metastases (previously designated as 
M1c regardless of the presence or absence of 
CNS metastasis in the 7th Edition) into noncen-
tral nervous system (CNS) visceral metastases 
(categorized as M1c) and CNS metastases (clas-
sified as M1d). This new designation of CNS dis-
ease into its own subcategory was incorporated 
because patients with CNS metastasis have worse 
prognosis than those without CNS metastasis, 
with median survival rates historically reported 
to be <1 year, and 5-year survival rates of <10% 
[11, 12]. The M1d designation is also pragmatic, 
in that CNS involvement is frequently an inclu-
sion or exclusion criterion for clinical trial eligi-

bility, as well as a component of clinical trial 
stratification and analysis. For all four subcatego-
ries, the highest M1 subcategory corresponding 
to the anatomic site(s) of distant metastasis is 
used for staging purposes. The 8th Edition AJCC 
staging system preserves the use of an LDH level 
in M1, but its designation has been slightly modi-
fied. Rather than designating all patients with 
elevated LDH levels and metastatic disease as 
M1c regardless of the anatomic site of metastatic 
disease, the 8th Edition provides a new suffix 
designation of (0) or (1), to represent the absence 
or presence of an elevated LDH level, respec-
tively. This designation can be used across all 
four M1 subcategories. For example, a patient 
with M1c(1) disease has distant non-pulmonary, 
non-CNS visceral metastasis with an elevated 
LDH level.

 Metastatic Melanoma of Unknown 
Primary Site

Staging of metastatic melanoma of an unknown 
primary site is specifically addressed in the 8th 
Edition AJCC melanoma staging system [1]. In a 
population-based study from the Netherlands, 
2.6% of all patients diagnosed with melanoma 
had an unknown primary site [14]. In most single- 
center reports on metastatic melanoma of 
unknown primary, the most common sites of met-
astatic disease are the lymph node basins (~60%) 
[15, 16]. The recent population-based study from 
the Netherlands reported that the most common 
site of diagnosis of melanoma of unknown pri-
mary was distant metastases (which included sub-
cutaneous metastases in their study) [14]. After an 
exhaustive search for a primary tumor, with care 
taken to examine mucosal or ocular primary sites, 
these patients should be staged according to the 
same criteria for patients with known primary 
tumors. For example, patients with disease lim-
ited to lymph node basins should be considered 
stage III. Several studies have shown that patients 
with lymph node metastases from an unknown 
primary have similar, if not more favorable, out-
comes compared to patients with stage III disease 
from a known primary melanoma [17–21].

5 Staging and Classification of Melanoma
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 AJCC Stage Groupings

Stage groupings for the 8th Edition AJCC mela-
noma staging system for melanoma are summa-
rized in Table 5.2. As in prior editions, clinical and 
pathological classifications are included. The clin-
ical classification can be used after the biopsy of 
the primary tumor has been performed with clini-
cal or biopsy assessment of the regional lymph 
nodes. For clinical classification, the only assess-
ment of the lymph nodes required is a thorough 
physical examination. In clinically node- negative 
patients, primary tumor pathological features (pri-
mary tumor thickness and ulceration) define 
stages IA, IB, IIA, IIB, and IIC. Clinically evident 
regional lymph node or non-nodal regional dis-
ease designates a patient as stage III, without fur-
ther subcategorization. Clinical stage IV includes 
all patients with distant metastases at the time of 
diagnosis, regardless of anatomic location.

AJCC pathological classification is deter-
mined after the regional lymph nodes are assessed 
by either SLN biopsy or regional lymph node dis-
section in patients with T2, T3, and T4 primary 

tumors; for patients with T1 primary tumors no 
further assessment of the regional lymph nodes 
beyond clinical exam is required, but if SLN 
biopsy is performed the pathological status of the 
SLN is also incorporated into the pathological 
classification. Pathological classification uses 
additional information obtained from the wide 
excision of the primary tumor, as well as from the 
assessment of the regional nodal basin by either 
SLN biopsy or therapeutic lymph node dissec-
tion. Pathologically staged groups I and II remain 
those patients with disease confined to the pri-
mary tumor, without evidence of nodal, non- 
nodal regional, or distant metastasis. Primary 
tumor thickness and ulceration define pathologi-
cal stages IA, IB, IIA, IIB, and IIC. Patients with 
clinical T1bN0 tumors are clinical stage IB.  If 
SLN biopsy is performed and found to be 
 negative, such patients are stage IA. Pathological 
stage III disease consists of patients with nodal or 
non-nodal regional disease. In the 8th Edition, 
there are four stage III groups, based on both T 
and N category criteria. Primary tumor thickness 
and ulceration remain important risk factors for 

Table 5.2 Stage groupings for cutaneous melanoma, 8th Edition AJCC melanoma staging system

Clinical stage Pathological stage
T N M Stage group T N M Stage group
Tis N0 M0 0 Tis N0 M0 0
T1a N0 M0 IA T1a N0 M0 IA
T1b N0 M0 IB T1b N0 M0 IA
T2a N0 M0 IB T2a N0 M0 IB
T2b N0 M0 IIA T2b N0 M0 IIA
T3a N0 M0 IIA T3a N0 M0 IIA
T3b N0 M0 IIB T3b N0 M0 IIB
T4a N0 M0 IIB T4a N0 M0 IIB
T4b N0 M0 IIC T4b N0 M0 IIC
Any T, Tis ≥ N1 M0 III T0 N1b, N1c M0 IIIB

T0 N2b, N2c, N3b or N3c M0 IIIC
T1a/b-T2a N1a or N2a M0 IIIA
T1a/b-T2a N1b/c or N2b M0 IIIB
T2b/T3a N1a-N2b M0 IIIB
T1a-T3a N2c or N3a/b/c M0 IIIC
T3b/T4a Any N ≥ N1 M0 IIIC
T4b N1a-N2c M0 IIIC
T4b N3a/b/c M0 IIID

Any T Any N M1 IV Any T, Tis Any N M1 IV

Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source 
for this material is the AJCC Cancer Staging Manual, Eighth Edition (2017) published by Springer Science and Business 
Media LLC, www.springer.com
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survival across the different N subcategories, and 
are included in the definition of stage III group-
ings. Pathological stage IV remains the only 
stage grouping for patients with metastatic dis-
ease regardless of M1 subcategory.

 Risk Factors Not Used in AJCC 
Staging

Pathological assessment of the primary tumor 
generally includes many more features than are 
required to define the T category. Although not 
currently included in the AJCC melanoma stag-
ing system, the AJCC melanoma expert panel 
recommends assessment of these factors for 
clinical care. Some of these factors include 
mitotic rate as a continuous variable, level of 
invasion (Clark level), regression, lymphovascu-
lar invasion, tumor-infiltrating lymphocytes, and 
neurotropism. These factors may contribute rel-
evant information towards the risk assessment 
for an individual patient, but their influence on 
overall survival, independent of more estab-
lished pathological prognostic factors like pri-
mary tumor thickness or ulceration, has not been 
unequivocally established. The 8th Edition 
AJCC melanoma staging system recommends 
that these factors be reported in registry data, 
although they are not explicitly required for 
staging.

Primary tumor regression is pathologically 
defined as the replacement of tumor cells by lym-
phocytic infiltration [22]. It is an immune-related 
process by which either a portion or the entire 
tumor is destroyed by an immune response. 
Lymphovascular invasion is defined as the pres-
ence of melanoma cells within the lumen of 
blood or lymphatic vessels and is associated with 
an adverse prognosis [23–28]. Tumor-infiltrating 
lymphocytes (TILs) are defined as the presence 
of lymphocytes infiltrating and disrupting tumor 
nests and/or directly opposing tumor cells. TILs 
are usually graded in a semiquantitative fashion 
as absent, non-brisk, or brisk. The presence of 
tumor-infiltrating lymphocytes is a favorable 
prognostic factor that is believed to signify a 
robust immune response. In some studies, it has 

been associated with a decreased risk of SLN 
metastasis [29–33]. Neurotropism, defined as the 
presence of melanoma cells abutting nerve 
sheaths either circumferentially or within nerves, 
is recorded as being present or absent. If present, 
neurotropism has been associated with an 
increased risk of local recurrence [34].

 Regional Nodal Disease: 
Assessment and Management

Determining the pathological status of the 
regional lymph nodes is a critical component of 
the staging process for cutaneous melanoma. 
Regional lymph node status is a powerful prog-
nostic factor with important implications for con-
sideration of treatment, follow-up 
recommendations, and clinical trial eligibility. 
The SLN biopsy technique has revolutionized the 
assessment of regional nodal disease in cutane-
ous melanoma and is an essential part of the stag-
ing process for clinically node-negative patients 
without evidence of distant metastasis at the time 
of initial assessment.

The technique of lymphatic mapping and SLN 
biopsy was introduced by Morton and colleagues 
in 1992 [35]. The prognostic significance of the 
technique was validated in a multi-institutional 
study by Gershenwald and colleagues [36]. The 
rationale for the SLN biopsy is based on the con-
cept that for a primary tumor in any given ana-
tomic area, there is at least one regional lymph 
node that receives direct afferent lymphatic 
drainage from the tumor site, termed the “senti-
nel node,” prior to the remaining regional nodal 
basin. The SLN is the most likely first site of 
metastasis to the regional nodal basin if any 
lymph nodes are involved. If the SLN is negative, 
the remaining nodes within the regional nodal 
basin are unlikely to harbor microscopic mela-
noma metastasis [37–39]. The technique’s accu-
racy has been validated in multiple 
multi-institutional studies, and has been incorpo-
rated into the AJCC melanoma staging system 
since 2002 (6th Edition) [36, 40, 41]. The patho-
logical status of the SLN is of critical importance 
for the accurate assessment of patients with at- 
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risk melanoma who have clinically negative 
regional lymph nodes.

From a staging perspective, the purpose of 
lymphatic mapping and SLN biopsy is to identify 
microscopic regional lymph node metastases in 
clinically node-negative patients; the presence of 
tumor-involved SLNs upstages a patient to stage 
III disease. The predicted risk of clinically occult 
regional disease informs the decision to perform 
lymphatic mapping and SLN biopsy for staging. 
Primary tumor factors, including Breslow’s 
thickness, ulceration, and mitotic rate, can be 
used to identify patients at high or low risk of 
clinically occult regional lymph node metastases 
[42–45]. Based on the associations of these pri-
mary tumor factors with microscopic regional 
lymph node metastases, the 8th Edition AJCC 
staging system requires that SLN biopsy be per-
formed for patients with T2, T3, and T4 primary 
tumors with clinically negative regional lymph 
node basins in order to report AJCC pathological 
stage group. Selective consideration of SLN 
biopsy for patients with T1 melanoma is permit-
ted, and if performed SLN biopsy results are 
included in the pathological classification of such 
patients. Several studies have reported that for 
patients with a “thin” melanoma, i.e., <1.0 mm 
tumor thickness, patient and primary tumor fac-
tors such as ulceration, decreased age, increased 
primary tumor thickness, advanced Clark level 
and mitotic rate that is ≥1/mm2 can be used to 
identify patients at higher risk of SLN metastases 
[42, 46–49]. The surgeon may consider these fac-
tors when counseling patients with thin melano-
mas regarding the utility of SLN biopsy.

Consistent with how the SLN biopsy tech-
nique was originally conceived, a completion 
lymph node dissection (CLND) of the involved 
regional nodal basin has been classically per-
formed after a positive SLN biopsy. From a stag-
ing perspective, CLND allows for a more 
accurate, complete assessment of the regional 
nodal basin and has been included in the N cate-
gory assessment to date. Two randomized clini-
cal trials have been designed to address the 
potential survival benefit of CLND (MSLT-2 and 
DeCOG-SLT) [50, 51]. The DeCOG-SLT study 
failed to meet original accrual goals; nonetheless, 
at a median follow-up of 35 months, there were 

no overall significant differences in 5-year 
relapse-free-, distant metastasis free-, or mela-
noma specific-survival. The initial results of the 
MSLT-2 trial were recently published. Similar to 
the initial findings of the smaller DECOG-SLT 
trial, the larger MSLT-2 trial, at a median follow 
up of 43 months, did not demonstrate a survival 
benefit for patients who had CLND following a 
positive SLN biopsy compared to patients with a 
positive SLN who had active surveillance of the 
SLN positive nodal basin. Nonetheless, from a 
staging standpoint, the pathological information 
from CLND may identify some patients with 
high risk disease in whom adjuvant therapy might 
otherwise not be considered [52–54]. Formal dis-
cussion of the clinical decision- making regarding 
CLND and its relative therapeutic benefit is 
beyond the scope of this chapter. When a patient 
has not undergone a completion lymph node dis-
section after a positive SLN biopsy, the use of a 
(sn) designation for the N category has been 
introduced into 8th Edition AJCC melanoma 
staging system to identify such patients.

Only 10–20% of patients with positive SLNs 
will have tumor-involved non-SLNs when a 
CLND is performed in the regional nodal basin. 
This suggests that, in theory, up to 80–90% of 
patients are not capable of deriving a therapeutic 
benefit from a CLND because no additional meta-
static melanoma is removed [55–58]. However, 
there is powerful prognostic information gained 
from determining the pathological status of the 
non-SLNs. Multiple studies have demonstrated 
that patients who have clinically occult disease 
confined to the SLNs have a favorable survival 
compared to those with additional disease identi-
fied in the non-SLNs. The reported hazard ratio for 
survival in these studies ranges from 2 to 3, com-
pared to patients with SLN disease alone [56, 57, 
59–61]. Non-SLN pathological status is not incor-
porated directly into the 8th Edition AJCC mela-
noma staging system; rather, it is indirectly 
accounted for as a component of the total number 
of tumor-involved regional lymph nodes. Similar 
to the 7th Edition, the 8th Edition distinguishes 
clinically occult (a) from clinically detected (b) 
lymph node disease, as there are both differences 
in survival and in relevant clinical and pathological 
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risk factors between patients with clinically occult 
and clinically detected lymph node disease [8].

Efforts to identify SLN-positive patients with 
a high and low risk for non-SLN metastases 
based on the likelihood of finding additional 
microscopic metastatic nodal disease have relied 
on patient, tumor, and SLN factors to risk stratify 
patients. The goal has been to identify low-risk 
groups, for whom a CLND may be electively 
omitted, or high-risk groups in which the benefit 
of a CLND may outweigh concerns about opera-
tive morbidity and patient comorbidities. This 
risk stratification, based on data available after 
SLN biopsy, is very important in the current post-
MSLT-2 era in which fewer CLNDs are likely to 
be performed. Investigators found that patient 
and primary tumor factors such as increased age, 
increasing tumor thickness, and male gender 
were associated with an increased risk of non-
SLN metastases. This suggests that these factors 
may guide clinical decision-making regarding 
CLND [62, 63]. Other investigators, using patient 
and primary tumor factors, were unable to iden-
tify risk factors predictive of non- SLN metasta-
ses, prompting recommendations for routine 
CLND with a positive SLN biopsy [64, 65]. 
Efforts that have focused on assessing SLN tumor 
burden to predict non-SLN metastases have also 
been promising to predict non-SLN metastases. 
The SLN tumor burden can be assessed by a vari-
ety of measures, including measurement of the 
diameter of the largest metastatic focus, the depth 
of invasion of the SLN tumor deposit, or the ana-
tomic distribution of the metastases within the 
SLN [66–71]. Some authors have reported that 
single measurements of metastatic SLN tumor 
burden are predictive of non-SLN metastases 
[72–74]. Others have used composite measures, 
sometimes including several different assess-
ments of SLN tumor burden measures, with or 
without clinical and primary tumor data, to pre-
dict the risk of non-SLN metastases [55, 75, 76]. 
Comparisons across different SLN tumor burden 
measures have generally confirmed that most 
measures can identify high- and low-risk patients. 
Linear measurement of the maximum diameter 
of the largest SLN metastatic deposit has gener-
ally been favored, due to reproducibility and 
overall consistent predictive ability for both non-

SLN metastases and survival [77–80]. 
Recognizing the prognostic importance and 
potential clinical utility of SLN tumor burden 
assessment, the 8th Edition AJCC staging system 
recommends that at a minimum, the single larg-
est maximum diameter of the largest discrete 
metastatic deposit in the SLN be measured by an 
ocular micrometer to the nearest 0.1  mm for 
reporting purposes [1].

The presence of non-nodal regional disease, 
i.e., microsatellite, satellite, or in-transit metasta-
ses, is associated with poor prognosis and desig-
nated as N(c) in the N category of the 8th Edition 
AJCC melanoma staging system [81–84]. The 
regional lymph nodes should be assessed for  
evidence of metastatic disease when non-nodal 
regional disease is identified. In the 8th Edition, 
patients with non-nodal regional disease are fur-
ther subcategorized according to the number of 
tumor-positive regional lymph nodes (Table 5.1).

 Future Directions

Classification and staging criteria for cutaneous 
melanoma continue to evolve. The AJCC contin-
ues to develop and mature a framework by which 
additional known or putative prognostic ele-
ments can be assessed and considered for use in 
the development of predictive clinical tools. 
Indeed, the AJCC melanoma expert panel rec-
ommends that additional clinicopathological fac-
tors be collected beyond those needed for AJCC 
melanoma staging. Some of the factors recom-
mended for routine collection have been dis-
cussed above, including additional primary 
tumor characteristics and measurements of SLN 
tumor burden. Our technology and understand-
ing of melanoma continue to move forward, as 
well as our ability to capture molecular-based 
information and insight. Genetic mutational pat-
terns, gene expression, epigenetic changes, 
immune response changes, and other novel 
tumor markers may also be incorporated into the 
clinical arena as these develop [85, 86]. These 
changes can be focused on assessments of the 
host, primary tumor, regional metastasis, or dis-
tant metastatic disease burden. Though not a for-
mal part of staging at this time, such factors may 
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become more relevant in the development of an 
individualized risk assessment profile for each 
patient. Such “profiles” may allow for more pre-
cise risk stratification and may inform therapeu-
tic decision-making.

 Primary Tumor Assessment

Researchers are beginning to understand the 
molecular underpinnings of the transition from a 
benign melanocytic lesion to melanoma. 
Mutations within the BRAF and N-RAS genes are 
more commonly found in lesions not associated 
with chronic sun exposure, suggesting alternative 
paths to malignancy based on ultraviolet light 
damage or BRAF/N-RAS derangement [87]. 
Promoter mutations in the TERT gene are associ-
ated with both familial and sporadic melanoma, 
and may be part of the pathway to malignancy via 
ultraviolet light damage [88]. The succession of 
genetic alterations involved in the evolution of 
melanoma from benign precursor lesions has been 
described and includes, among others, BRAF and 
N-RAS, TERT promoter, PTEN, TP53, and 
CDKN2A mutations, along with ultraviolet radia-
tion damage [89]. Many of these mutations are 
already targetable or may be targets for future 
therapy.

Cutaneous melanoma has been classically 
divided into five histological subtypes: superfi-
cial spreading, nodular, lentigo maligna, acral 
lentiginous, and desmoplastic. The most com-
mon subtype is superficial spreading. Currently, 
the 8th Edition AJCC melanoma staging system 
does not incorporate histological subtypes for 
staging purposes, as other factors have generally 
been shown to be prognostically more signifi-
cant. The histological subtype should be recorded 
in the cutaneous melanoma registry data for clas-
sification purposes. However, more rational, 
genomic-based classification of melanoma sub-
types based upon driver mutations and actionable 
mutation profiles are still needed.

Exploratory studies have attempted to classify 
primary melanoma tumors by differential gene 
expression [90–94]. Driver mutations have been 
identified that are potentially targetable and pro-

vide insight into the molecular drivers of onco-
genesis in both BRAF wild-type and mutant 
melanoma [95]. The Cancer Genome Atlas 
Network has molecularly classified melanoma 
into four subtypes based on genomic profiles that 
can also inform rational therapies for the indi-
vidual subtypes [96]. The four subtypes reported 
were BRAF, RAS, NF1, and triple wild type. A 
unique immune signature was also identified by 
RNAseq analysis, independent of the four sub-
types, that carries potential implications with 
regard to the use of immunotherapy. Gene 
sequencing may be used not only to identify 
actionable mutations for targeted therapy (e.g., 
N-RAS and BRAF mutations), but also to some 
extent for risk stratification to inform decision- 
making regarding additional targeted or immune 
therapies [94, 97, 98]. The genomic classification 
of melanoma is analogous to that of breast can-
cer, the latter being based on hormone status and 
Her2-neu receptor status. The classification is not 
only rationally based on the underlying genetic 
profile of each tumor, but also guides potential 
therapies.

Current research efforts are attempting to 
identify unique gene signatures, epigenetic pro-
files, or immune response markers in both pri-
mary tumors and in metastatic disease. 
Researchers have identified microRNAs, stress 
markers, and epithelial-mesenchymal transition 
markers in primary tumors that are associated 
with survival [99–101]. Immune profiles in pri-
mary tumors have been described that predict 
SLN positivity and survival [102]. Other investi-
gators have identified specific gene profiles in 
primary tumors that may predict survival [93]. 
Gene signature changes in primary tumors com-
pared to SLN metastases have been described 
that provide some insight into the genetic altera-
tions associated with metastases [92].

 Lymph Node Assessment

Molecular profiling of melanoma-containing 
lymph nodes has yielded insight into potential 
markers of risk of progression. While efforts to 
quantify SLN tumor burden (described above) 
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have improved our ability to risk stratify SLN 
patients beyond the binary positive (i.e., tumor- 
involved) or negative (i.e., tumor-free), improved 
molecular understanding may ultimately inform 
next-generation individualized risk models. 
Immune profiles of positive SLNs have been 
identified that are associated with increased risk 
of progression and decreased survival [103–105]. 
A specific gene signature in positive SLNs was 
found to outperform the AJCC 7th Edition stag-
ing system with regard to predicting overall sur-
vival [106]. In the future, a more robust 
understanding of the molecular profile of the pri-
mary melanoma, lymph node metastasis, or both 
may provide meaningful individualized prognos-
tic information beyond that which is already pos-
sible with classical TNM-based staging.

 Evaluation of Metastatic Disease

Traditionally, metastatic disease has been 
assessed with physical exam and cross-sectional 
imaging. Serum LDH levels are known to be 
associated with prognosis in stage IV melanoma 
and are incorporated into staging. More recently, 
novel tumor markers, immunologic profiles, and 
assessment of levels of circulating melanoma 
cells have been studied in an effort to identify 
occult metastatic disease or monitor response to 
therapy. One recent advance is the so-called “liq-
uid biopsy” approach that is able to identify cir-
culating tumor cells, cell-free circulating DNA, 
or cell-free circulating microRNA. This approach 
appears to correlate with survival and metastatic 
disease burden, proving to be a promising 
advance in surveillance and diagnosis for mela-
noma and other solid tumors. This may pro-
foundly impact how melanoma patients are 
assessed, and treated, in the near future [107].

Hematologic profiles that correlate with 
immune response, such as the neutrophil-to- 
lymphocyte ratio or receptor expression on CD4+ 
and CD8+ T lymphocytes may be associated with 
survival in patients with metastatic melanoma 
[108–110]. Exosomes, small (50–100  nm) 
secreted vesicles formed from the cellular mem-
brane, may actively participate in signaling and 

microenvironment manipulation directly related 
to oncogenesis [111]. Circulating exosomes in 
peripheral serum contain minute concentrations 
of putative melanoma biomarkers, such as MIA 
and S100B, that can be detected and quantified 
for diagnostic and prognostic purposes [112]. 
Circulating melanoma tumor cells can be detected 
and have been associated with prognosis in 
patients with stage II–IV melanoma [113–115].

Melanoma-specific serum markers have also 
been explored in an effort to provide additional 
prognostic information beyond serum LDH lev-
els. For example, in some studies, serum levels of 
MIA, S100, and YKL-40 have been shown to pre-
dict survival and non-SLN tumor involvement in 
patients with stage II–IV disease [116–118]. 
Changes in LDH and S100 may also be associ-
ated with tumor response to targeted and immune 
therapies in patients with stage IV disease [116, 
119, 120]. Elevated LDH levels were shown to 
correlate with poor survival in patients treated 
with the anti-CTLA-4 immunotherapy drug ipili-
mumab [121].

 Personalized Risk Assessment

The complex interplay among multiple known or 
putative risk factors in host and tumor, the wide 
range of prognosis within stage groups, and the 
power of computer-based analysis together pro-
vide unparalleled opportunities to further refine 
individualized risk assessment beyond TNM- 
based AJCC staging. Personalized risk assess-
ment can complement the initial risk stratification 
that is accomplished with initial staging. Current 
AJCC staging is necessarily constrained under 
the TNM-based system, and does not allow for 
the consideration of numerous risk factors that 
can provide a more personalized individual risk 
assessment. Instead, individualized risk assess-
ment is more likely in the context of clinically 
validated prognostic tools that can more compre-
hensively incorporate additional informative ele-
ments [122, 123]. These prognostic tools estimate 
a single individual’s risk of melanoma recurrence 
or death based on a number of clinical and 
 pathological features. The tools use mathemati-
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cal modeling of the marginal risk contributed by 
each negative or positive risk factor considered to 
create a comprehensive, individualized risk 
assessment. This assessment is often presented in 
terms of survival, either with an estimated hazard 
ratio or a 5-year survival estimate. The tools can 
also offer estimates of the a priori odds of SLN or 
non-SLN metastases. Estimates are often reported 
with confidence intervals to better inform the cli-
nician and patient about its precision.

Risk calculators have been developed that pro-
vide patients and clinicians with personalized 
risk assessment [124, 125]. In principle, such 
models can be useful clinical tools to improve 
clinical decision-making and risk assessment; 
however, one must be mindful of the shortcom-
ings of currently available clinical prognostic 
tools and discuss such limitations with patients. 
A recent review of available clinical prognostic 
tools for melanoma found that many of them 
were developed based on relatively old data (pre- 
2006), internal validity was not rigorously per-
formed, and fewer than half were externally 
validated [126]. This review concluded that there 
was opportunity for improvement in the currently 
available melanoma clinical prognostic tools.

The AJCC Precision Medicine Core has devel-
oped criteria by which clinical prognostic tools 
can be critically assessed in an effort to inform 
both professional and lay users of these tools 
[123]. The criteria can be used to objectively and 
critically evaluate the utility of a prognostic tool 
for potential clinical use. For example, legacy 
prognostic models have sometimes been built 
upon data that are somewhat dated and/or may 
not take into account contemporary treatment 
strategies. This core group has put forth a series 
of inclusion and exclusion criteria to critically 
evaluate a prognostic tool. The model should use 
relevant, clinically accessible predictors, and 
should clearly report the inclusion and exclusion 
criteria of the populations used to develop and/or 
validate the model. Users of the model can use 
these criteria to determine whether the model is 
appropriate for use in their specific population of 
interest. The actual mathematical form of the 
model should be published and accessible. Some 
measure of discrimination of the model should be 
reported and published in peer-review literature.

Conclusions

The current 8th Edition AJCC melanoma 
staging system uses a TNM-based assessment 
of the primary tumor, nodal and non- nodal 
regional metastases, and distant metastases. 
Primary tumor thickness and ulceration are 
factors by which the T category is determined, 
with these factors useful for both prognosis 
and treatment decision-making in  localized 
and regional disease. The status of the regional 
lymph nodes, most commonly assessed by  
the SLN biopsy technique, is the most power-
ful predictor of prognosis in patients with 
cutaneous melanoma. Patients with distant 
metastatic disease can be risk stratified 
according to the anatomic location of their 
disease and serum LDH levels. Clinicians 
must continue to collect data on clinical and 
pathological risk factors so that predictive 
models and staging systems can be continu-
ously reassessed and revised in an evidence-
based fashion. The future of staging for 
cutaneous melanoma will likely incorporate 
molecular characteristics in addition to con-
temporary clinical and pathological factors. 
These classifications may inform targeted 
treatment decisions in addition to providing 
survival stratification. In the future, validated 
clinical tools will augment staging to provide 
more precise estimates of individual 
prognosis.
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 Genetic Changes in Melanoma 
Tumors

 Introduction

Malignant melanoma originates from a trans-
formed melanocyte, the cell type in the human 
body that produces melanin pigment. Melanocytes 

are primarily located within the basal membrane 
of the skin, with the melanin distributed to its 
neighboring cells, mainly keratinocytes. These 
pigment-laden cells are important for protection 
of the nuclear DNA that can become damaged 
from the harmful effects of overexposure to ultra-
violet radiation (UVR). As with any other cancer 
type, melanoma harbors a set of characteristic 
genetic aberrations that highlight its dependence 
upon particular cellular pathways and functions. 
In this chapter, we explore the landscape of 
genetic aberrations and transcriptional changes 
that drive the transformation, development, and 
progression of melanoma. We also discuss the 
current model of temporal progression that is 
typical for this malignancy.

 Molecular Pathways Affected by 
Genetic Aberrations

Melanoma is dependent on several cellular 
signalling pathways, which is demonstrated 
by the high frequency of observed genetic 
alterations in these pathways. In particular, the 
 mitogen- activated protein kinase (MAPK) path-
way is affected in most tumors at a very early 
stage (Fig.  6.1). The Cancer Genome Atlas 
(TCGA) melanoma study investigated 333 
melanomas and identified mutations in either 
BRAF, NF1, or RAS genes (all key members of 
the MAPK signalling chain) in 86% of melano-
mas [1]. A recent study compiling four cohorts 
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that total 870 tumors has found similar aberra-
tion frequency [2]. Therefore, melanomas can 
be divided further based upon the main genetic 
aberrations in one of these genes: BRAF (45–
50%), RAS (28%), NF1 (8%), or none of these 
(so-called triple-wild-type tumors, 14–19%). 
The majority of BRAF mutations encode the 
Val600Glu (V600E) amino acid change, which 
was identified in several human cancer types 
in 2002 [3]. Soon thereafter, it was found to be 
the most frequent somatic genetic aberration 
in melanoma. The findings have prompted the 
development of multiple inhibitors of mutant 
BRAF. Of these, vemurafenib was approved by 
the US Food and Drug Administration (FDA) in 
2011 and by the European Medicines Agency 
(EMA) in 2012. It is widely used today for the 
treatment of patients with a BRAF-mutant mela-
noma in the clinical setting. Another inhibitor, 
dabrafenib, was approved by the FDA in 2013, 
for use as a single agent in BRAF V600 mutant 
melanoma. On the other hand, inhibitors of 
MEK target the MAPK pathway one step down-
stream of the BRAF gene. One such agent, tra-
metinib, was approved by the FDA in 2013 for 
the treatment of BRAF V600 mutant melanoma. 
Since resistance commonly arises to the BRAF 
and MEK inhibitors when they are used as single 
agents, combination therapy with trametinib and 
dabrafenib is more commonly used (approved by 
the FDA in 2014).

Among RAS gene mutations, the majority 
affect NRAS and cause the substitution of gluta-
mine at position 61 for an arginine, a lysine, or a 
leucine (Q61R/K/L), but can also affect HRAS 
and KRAS. Today, there are no agents targeting 
mutant RAS, and MEK inhibitors are not used 
for treatment of RAS mutant melanoma.

Unlike these hotspot mutations transforming 
the activity of the BRAF and RAS oncogenes, 
NF1 harbors loss-of-function (nonsense, splice- 
site, or frameshift) mutations. These mutations 
are dispersed throughout the length of the gene 
and are characteristic of the inactivation pattern 
seen with tumor suppressors. Lastly, the triple- 
wild- type group appears to be molecularly het-
erogeneous, as no single driver has been identified 
for this group. Mutations in KIT and 
GNA11/GNAQ are typical for non-sun-induced 
and uveal melanomas, respectively. Frequent 
copy number aberrations are typically character-
istic for this group.

The constitutive activation of the MAPK path-
way caused by mutations in BRAF, RAS, or NF1 
genes fuels the cell cycle through the expression 
of cyclins and cyclin-dependent kinases (CDKs). 
However, CDKs are regulated by certain inhibi-
tors; one of these is p16INK4A, which is encoded 
by the cyclin-dependent kinase inhibitor 2A 
(CDKN2A) gene. CDKN2A is altered in 50% of 
melanomas by mutation, hyper-methylation, or 
deletion of chromosome locus 9p21. The gene 
also encodes the p14ARF protein, an inhibitor of 
mouse double minute 2 (MDM2), which targets 
p53 for degradation, thus abrogating its function. 
The CDKN2A mutations provide a mechanism to 
abrogate p53 function in melanoma, whereby 
TP53 gene mutations are rare.

The cell survival and growth pathway regu-
lated by phosphoinositide 3-kinase (PI3K) and 
serine/threonine kinase AKT is not targeted by 
PIK3CA mutations, as can be found in some of 
the major solid cancers, such as breast and 
colorectal carcinoma. Instead, it is targeted 
through a phosphatase and tensin homolog 
(PTEN) gene mutation, deletion of whole chro-
mosome 10 (50% of melanomas), or overexpres-
sion of AKT3 (20%). The recently described 
telomerase reverse transcriptase (TERT) pro-
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Fig. 6.1 Members of the MAPK signaling pathway 
 frequently affected by genetic alterations in melanoma 
tumors.
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moter mutations [4, 5] leading to modest upregu-
lation of telomerase have been found to be the 
most frequent somatic event in melanoma. 
Although they are identified in 70–80% of BRAF/
RAS/NF1 melanomas, they are absent in triple- 
wild- type lesions, where TERT is instead tar-
geted by gene amplification.

Interestingly, BRAF mutations tend to occur 
together with amplifications of the MITF gene 
and PTEN deletions, while such a tendency is not 
observed in NRAS mutant tumors. This may be 
due to efficient activation of both PI3K/AKT and 
MAPK pathways by a single genetic aberration 
in the latter case (e.g., NRAS mutation), which is 
indeed upstream of both PI3K/AKT and MEK/
ERK signalling.

 Ultraviolet Radiation  
and Mutational Load

Most melanomas arise on sun-exposed skin, and 
the contribution of the sun to melanoma etiology 
has been established through decades of research. 
Therefore, it is not surprising that the genomes of 
melanoma tumors are dominated by mutations 
that arise as a consequence of DNA damage 
caused by UVB radiation. This has been elegantly 
shown through whole-genome and whole-exome 
sequencing of melanoma-based studies over the 
past decade. Such mutations can represent up to 
80–90% of all mutations in the genome of a cuta-
neous melanoma. This “UVB mutation signa-
ture” is characterized by the cytosine (C) to 
thymine (T) transition at di-pyrimidine sites 
(sites that are typically preceded by another C or 
a T at the 5´ end), as well as CC to TT tandem 
base substitutions [6].

With its average mutation rate of 16.8 muta-
tions/Mb, melanoma has long been considered to 
be the most highly mutated cancer type. However, 
a recent study of basal cell carcinoma (BCC) of 
the skin showed an even higher mutation rate of 
65 mutations/Mb. It also had a similar UVB sig-
nature that was comparable to that seen with 
melanoma [7].

In light of these findings, it is intriguing that 
UVR may not be necessary to acquire the genetic 

event that often lays the ground for melanoma 
initiation. Indeed, neither BRAF V600E (BRAF 
c.1799  T  >  A) nor NRAS Q61R (NRAS 
c.182A  >  G) are typical UVB-induced DNA 
changes. In addition, BRAF V600E and NRAS 
Q61R mutations are recurrent in other cancers, 
not associated with UVB radiation, such as papil-
lary thyroid carcinoma [8] and colorectal carci-
noma [9] (Catalogue of Somatic Mutations in 
Cancer, COSMIC, http://cancer.sanger.ac.uk/
cosmic).

 Progression from Nevus to Primary 
to Metastatic Melanoma 
and Genetic Changes Associated 
with It

The nature of the precursor lesion to the full- 
blown primary malignant melanoma has long 
been debated. Previously, it was thought that a 
melanoma originates from a benign nevus, that  
undergoes malignant transformation accompa-
nied by unlimited proliferation, independency 
from growth factors, and other hallmark fea-
tures of cancer [10]. This theory is supported by 
the observation that most common acquired 
nevi (~80%) carry the BRAF V600E mutation, 
which is a recurrent and clonal mutation in mel-
anoma, and therefore an early event in its devel-
opment. Another piece of evidence comes from 
the observation of an associated nevus found 
within, or as a part of, many primary melanomas 
upon pathological examination. This observa-
tion has lent support to the idea that the tumor 
developed from a cell within the nevus. 
Melanomas that originate within a nevus have a 
moderate mutation load, and arise on intermit-
tently sun-exposed skin (e.g., trunk and extrem-
ities) in younger individuals (median 50 years).

However, as discussed above, many melano-
mas do not carry a BRAF V600E mutation, and 
instead are initiated by an NRAS, an NF1, or a 
BRAF non-V600E mutation. Such melanomas 
arise on skin that has been exposed to sun for 
many years, and carry signs of chronic sun dam-
age (CDS), such as solar elastosis [11]. Such 
lesions arise with no benign precursor, such as a 
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benign nevus. However, intermediate precursors 
may exist, as well as a melanoma in situ (MIS) 
represented by a lentigo maligna. This type of 
lesion arises on the skin of elderly people, and is 
located mainly on chronically exposed areas of 
the skin, such as the face, head and neck, and dor-
sum of hand and forearms. Dysplastic nevus can 
also serve as a precursor lesion, arising as a result 
of a genetic predisposition and typically harbor-
ing NRAS or BRAF non-V600E mutations. 
Melanomas that arise on such a background typi-
cally arise in older individuals and carry frequent 
cyclin D1 (CCND1) amplifications, KIT proto- 
oncogene receptor tyrosine kinase (KIT) muta-
tions or copy number gains and NF1 mutations, 
along with a high mutation load with a large con-
tribution of the UVB signature.

The third type of melanoma arises on sun- 
protected body sites, e.g., acral lentiginous mela-
noma on glabrous skin (e.g., palms of the hands, 
soles of the feet), and mucosal melanoma on 
mucosal surfaces (most commonly those of the 
head and neck region, the anorectal region, and 
the female genital tract). These melanomas are 
characterized by the absence of BRAF and NRAS 
mutations, generally few mutations, and virtually 
no contribution of the UVB mutation signature. 
However, they carry many genomic copy number 
aberrations, including broad and focal chromo-
somal changes targeting KIT, CDK4, and other 
genes.

Different stages of melanoma progression are 
characterized by distinct, recurrent mutations 
that probably signify the acquirement of a trait 
necessary at that particular stage [12]. Benign 
nevi carry no recurrent alterations other than the 
BRAF V600E mutation. The BRAF V600E muta-
tion, by itself, is insufficient for the establishment 
of a melanoma, and nevus cells remain within the 
defined boundaries of a nevus. However, nevi 
have the propensity to change in appearance over 
time, often regressing as we age. They proliferate 
when influenced by certain conditions, such as 
immunosuppressive treatment and pregnancy. 
Therefore, their state is not an irreversible arrest 
of proliferation. Intermediate lesions, such as 
those melanocytic proliferations that are difficult 
to classify as either benign or malignant, are 

often characterized by BRAF, NRAS, TERT, and 
heterozygous alterations of the CDKN2A gene 
[12]. Indeed, this set of alterations is the same 
observed in lesions classified as an MIS, arguing 
in favor of their true distinction from the benign 
cases.

Established invasive primary melanoma is 
also characterized by a biallelic inactivation of 
CDKN2A, PTEN, or TP53 loss, and mutations in 
the SWI/SNF chromatin remodelling complex 
(ARID2, ARID1A). In addition, a high frequency 
of DNA copy number aberrations appears at this 
stage. The comparatively late entrance of this 
class of genetic alterations may indicate that it is 
a consequence of genomic instability caused by 
one of the mutations, such as those affecting the 
SWI/SNF complex. At this stage, the contribu-
tion of the UVB signature has reached its maxi-
mum, and UVB-induced mutations are not 
acquired at high frequency any longer. This may 
possibly be associated with the melanoma cells 
invading into deeper tissues away from body sur-
face and UV radiation. Indeed, sequencing of 
multiple regions of the same metastasis has 
revealed diminished UVB signature among 
branch mutations, in this case mutations that are 
acquired in parts of the tumor (also called sub- 
clonal mutations) [13].

 Gene Expression Characteristics 
of Melanoma Tumors

 Main Drivers of Classification

Transcriptomics-based (i.e., the study of tran-
scription levels of all genes) classification of bulk 
tumor tissue can provide valuable insight into the 
predominant biological cellular processes at 
work and identify weak points for therapeutic 
 targeting. Since the pioneering study by Bittner 
and colleagues in 2000 [14], a number of inde-
pendent studies have attempted to identify bio-
logical patterns and to classify melanoma tumors 
by means of investigation of the transcriptomic 
profile. Among these, the TCGA [1] classifica-
tion with “keratin,” “immune,” and “MITF-low” 
subtypes and the Lund [15–17] classification 
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with “pigmentation/MITF-high,” “proliferative/
MITF- low,” “high-immune,” and “normal-like” 
subtypes exist. The main driving forces of such 
classification systems converge on the same fea-
tures, namely pigmentation, immune response, 
proliferative, and invasive processes [18].

 Pigmentation, Proliferation, and Tissue 
Invasion
Pigmentation is the main function and feature of 
the differentiated melanocyte. It is governed by 
the transcription factor, MITF, which is the master 
regulator of both the melanocyte fate and func-
tion. The recurrent germline mutation, MITF 
E318K, confers a genetic predisposition to mela-
noma [19, 20]. MITF induces the transcription for 
a plethora of genes, including those within the 
pigmentation pathway. This pathway is activated 
in normal melanocytes by the alpha-melanocyte- 
stimulating hormone (alpha-MSH), secreted 
locally by keratinocytes in response to UVR 
exposure. Alpha-MSH binds and activates the 
melanocortin 1 receptor (MC1R), which signals 
through cyclic adenosine monophosphate (cAMP) 
and MITF, and induces the transcription of 
Melan-A (MLANA), melanocyte protein PMEL 
(homolog of mouse silver locus) and tyrosinase 
(TYR), necessary for the synthesis of melanin.

According to the rheostat model, MITF 
activity in the cell is tightly regulated, since 
very low activity levels induce senescence, 
while very high levels result in cell differentia-
tion. Intermediate levels appear to regulate the 
balance between proliferation and invasion, 
two properties that are two opposing states of a 
melanocyte or melanoma cell [21]. Indeed, 
melanoma cell lines have been found to be 
either proliferative (i.e., MITF-high) with high 
expression of MITF, SOX10, and pigmentation 
pathway genes or invasive (i.e., MITF-low) 
with high expression of AXL, WNT5A, TGF-
beta, and TCF/LEF [22–24].

In patient-derived tumors, these phenotypes 
have been difficult to recapitulate.

This may be due to the fact that tumors are 
communities of heterogeneous cells (some 
malignant, some not), with each cell possessing 
its own transcriptional profile. Moreover, the 

malignant cells within a tumor lesion may dis-
play different phenotypes [25]. However, tumor 
invasiveness and proliferation appear to define a 
certain phenotype and drive classification, with 
MITF-high (“keratin” subgroup in TCGA classi-
fication, “pigmentation” and “normal-like” sub-
groups in Lund notation) and MITF-low 
(“MITF-low” by TCGA, “proliferative” by Lund) 
cases clearly separated.

 Immune System
Immune response signatures have been found 
that distinguish a subgroup of melanoma tumors 
in multiple, independent studies utilizing global 
gene expression profiling, further associated with 
a “good prognosis” signature in both primary and 
metastatic disease [26–28]. Both TCGA and the 
Lund classification systems have identified a 
cluster of genes, characterized by the overexpres-
sion of immune response-related genes 
(“immune” in TCGA, “high-immune” in Lund). 
These signatures contain cytokines and chemo-
kines, markers of antigen-presenting cells and 
interferon pathway genes. More importantly, 
they represent the presence of immune cells, as 
confirmed by immunohistochemical (IHC) CD3 
staining, demonstrating T-cell infiltration.

Melanoma has long been recognized as an 
immunogenic disease, due to the high proportion 
of immune cells that infiltrate the tumor. 
Additionally, there are several reported cases of 
spontaneous tumor regression, estimated to occur 
in 15–50% of primary melanomas [29, 30]. 
Spontaneous systemic immune response may 
ensue against cells expressing tumor-associated 
antigens (TAAs), such as Melan-A/MART-1, 
tyrosinase, MAGE, gp100, and NY-ESO-1. At 
the same time, it will cause the destruction of 
normal cells of the same phenotype. This phe-
nomenon is illustrated clinically in patients who 
develop vitiligo, which is the appearance of white 
patches on the skin due to the destruction of cuta-
neous melanocytes [31, 32].

However, despite clinical signs of spontane-
ous (i.e., nontreatment-induced) tumor regres-
sion, the disease may still result in death [31]. 
Ultimately, the high mutational load that is char-
acteristic of sun-induced melanoma provides a 
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possible explanation for its immunogenicity. This 
assumes that the chances of creating an immuno-
genic neo-antigen will increase with the number 
of somatic mutations. Studies have shown that 
tumor-infiltrating immune cells may not react to 
tumor cells due to immunosuppressive microen-
vironment created by the latter. Mechanisms may 
include the recruitment of tumor-associated mac-
rophages and regulatory T cells which inhibit the 
activity of the cytotoxic cells [33]. Other reasons 
may be due to the downregulation of antigen pre-
sentation by the tumor cells [34, 35]. This vulner-
ability has been used by investigators to target 
immune checkpoints for inhibition, such as anti- 
CTLA- 4 and PD-1/PD-L1 antibodies. 
Intriguingly, in a fraction of patients, these agents 
induce vitiligo, with some studies suggesting a 
positive correlation between its development and 
an improved outcome to therapy [36].

 Association to Mutations

The transcriptomic subtypes are not recapitulated 
by the classification based on mutations in the 
MAPK pathway. Therefore, there is no associa-
tion to BRAF, NRAS, and NF1 mutations and 
these are equally distributed across gene expres-
sion subtypes [1, 15, 16]. This may indicate that 
the transcriptional subtypes arise independently 
of genetic driver events. This is also corroborated 
by the absence of prognostic significance for 
BRAF and NRAS gene mutations. However, some 
differences exist between the subtypes. For 
instance, the MITF-low/proliferative tumors more 
commonly comprise BRAF or NRAS mutations, 
with homozygous CDKN2A deletions and down-
regulation of p16 mRNA enriched within this sub-
type. On the other hand, mutations in beta-catenin 
(CTNNB1) and amplifications of cyclin D1 
(CCND1) and MITF prevail among tumors of the 
MITF-high/pigmentation subtype [15, 16].

 Association to Disease Stage

Since the transcriptional subtypes, to some 
extent, reflect the tumor microenvironment, they 

are unequally represented across the stages of 
disease. In particular, a large proportion of pri-
mary tumors belong to the normal-like/keratin 
subtype and only a few are found to be prolifera-
tive [1, 17]. In contrast, proliferative subtypes are 
overrepresented among both regional and distant 
metastases, while the normal-like subtype is 
almost nonexistent [15]. In addition, the signa-
tures for a primary melanoma strongly correlate 
with a tumor Breslow’s thickness [37], with pig-
mentation and proliferative subtypes enriched for 
thicker tumors, and normal-like and high-immune 
signatures seen with thinner tumors [17].

 Progression

 Heterogeneity and Clonal Evolution

Cancer is a result of an evolutionary process that 
acts at each cell division through selection of the 
cells with the highest fitness, a process acting on 
random mutations. This process may create mul-
tiple genetic clones of cells that coexist within 
the same tumor, defining intratumoral heteroge-
neity (ITH). Comprehensive methodology is 
essential for studies aiming at describing the 
diversity of cells within a tumor. Such methodol-
ogy has only recently become available, with 
multi-region sampling of a tumor lesion followed 
by sequencing (currently mostly whole exome, 
but in some studies whole genome). The extent of 
ITH is quite complex, with our current under-
standing still in its infancy, highlighted further in 
the landmark study by Gerlinger and colleagues 
[38]. This study showed that between 63 and 
69% of all mutations in a primary renal cell car-
cinoma are heterogeneous and spatially oriented 
within the tumor.

These results were later confirmed in another 
publication [39]. However, the range of mutation- 
based heterogeneity spanned between 28 and 
92% among the ten tumor lesions. Studies of 
other primary cancers have followed, all showing 
a diverse degree of ITH, such as multifocal pros-
tate cancer (~100%) [40, 41], esophageal adeno-
carcinoma (55%) [42], ovarian cancer (49%) 
[43], and lung cancer (24–30%) [44, 45]. In lung 
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cancer, the TRACERx study examined 100 pri-
mary tumors, showing a large variation of ITH 
among tumors [46].

Within melanoma, such assessment of pri-
mary tumors is lacking, due to the unavailability 
of technology for comprehensive and reliable 
delineation of genetic alterations within small 
lesions. However, assessment of ITH within met-
astatic melanoma tumors has revealed that 
between 3 and 21% of all mutations are restricted 
to certain areas within a tumor [13]. This lower 
extent of heterogeneity may be specific for mela-
noma, or may signify the more homogeneous 
composition of metastases compared to that of 
primary tumors. Interestingly, while the ubiqui-
tous mutations seen within a melanoma tumor 
are dominated by the UVB signature, the hetero-
geneous mutations represented all types of nucle-
otide substitution. This may indicate a diminished 
role of UVB in diversification mutagenesis within 
a metastatic lesion after its establishment. The 
degree of ITH may also have implications for 
multiple areas, in particular high levels of ITH 
have been associated with poor prognosis in sev-
eral cancer types [47].

At the transcriptional level, ITH also exists, 
reflecting the specific contribution of the tumor 
microenvironment, as discussed above. Instead, 
it would be more interesting to assess transcrip-
tional ITH among singular melanoma cells. 
Although this is technologically challenging, one 
such study has been performed, showing that 
melanoma tumors harbor cells that span the 
expression continuum between MITF-high and 
MITF-low subtypes. This appears to be irrespec-
tive of the main subtype (MITF-high or -low) 
assigned to the tumor that is based on the analysis 
of bulk tissue [25]. These results confirm 
 predictions based on mathematical models of 
phenotypic states within a tumor [48].

In melanoma cell line models, a proliferative 
(MITF-high) and an invasive (MITF-low) state 
are thought to be plastic, with cells having the 
capacity to assume one, or the other, state. This 
plasticity is primarily due to the influences of 
the tumor microenvironment, such as cellular 
factors and signals [49]. Moreover, malignant 
cells are thought to oscillate between these two 

states, sought to be a driving force of tumor 
progression [50], with multiple cycles of 
“invade-proliferate” stages. In breast cancer, it 
has been demonstrated that different cancer cell 
clones cooperate with each other in order to 
establish a viable tumor deposit [51]. Clinically, 
an MITF-low state has been shown to confer 
resistance to multiple therapeutic modalities 
[52, 53]. Altogether, this may indicate that (a) 
tumors are composed of cells in different phe-
notypic states that are defined by their tran-
scriptional profile; (b) some of these states may 
be resistant to anticancer therapies; and (c) 
plasticity of the phenotypic state may pose a 
serious challenge for therapy.

 Diversity Between Metastases

Genetic and phenotypic diversity may also be 
observed between multiple metastatic lesions 
that have formed from the same primary mela-
noma. Generally, such lesions are very similar 
genomically and display only minor differences 
in mutations and DNA copy number aberrations 
[54]. In some cases, a single metastasis may 
acquire additional mutations, indicating a muta-
genic effect, or a genetic event, leading to genome 
destabilization [54]. Phenotypically, MITF loss 
appears to be irreversible, as metastatic lesions 
classified as MITF-low at the transcriptional 
level are terminal in a sequence of multiple 
metastases, supported by the fact that subsequent 
lesions do not regain MITF expression [54]. It is 
unclear how the malignant cells within such 
lesions avoid senescence associated with MITF 
loss. The mechanisms underlying these observa-
tions remain to be elucidated.

 Future Insight into the Molecular 
Pathology of Melanoma

During the past decade, our understanding of the 
molecular evolution of melanoma has increased. 
Further development of single-cell sequencing 
technologies applied to benign nevi, intermediate 
lesions, and invasive melanoma will provide us 
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with an increased understanding of the molecular 
mechanisms underlying the development of 
melanocytic tumors.
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 Introduction

Melanoma is the deadliest form of skin cancer 
and originates from the malignant transformation 
of melanocytes, the pigment-producing cells of 
the epidermis. Lysosome-like organelles called 
melanosomes, inside melanocytes, synthesise 
and store melanin pigments. A variety of 
melanocyte- specific enzymatic and structural 
proteins, as well as proteins important for traf-
ficking and sorting of melanin, are required for 
the normal physiological function of melano-

cytes. Figure 7.1 illustrates the key pathways in 
melanin production [1].

Melanoblasts, the precursor cells of melano-
cytes, are derived from the embryonic neural 
crest, and migrate to the epidermis during 
embryogenesis. Melanoblasts reside predomi-
nately in the basal layer of the epidermis where 
they are in contact with keratinocytes [2, 3]. 
Melanocyte function is tightly regulated by kera-
tinocytes, secreting α-melanocyte-stimulating 
hormone (α-MSH) upon environmental stimula-
tion such as UV irradiation. In turn, this binds to 
the melanocortin 1 receptor (MC1R) on melano-
cytes (Fig. 7.1).

Stimulation of melanogenesis induces the pro-
duction of melanins, which in vertebrates is 
formed from a family of closely related mole-
cules derived from l-tyrosine. There are two 
types of melanin in mammals: dark/black 
‘eumelanin’ and reddish/yellow ‘phaeomelanin’ 
(Fig. 7.1). After melanin pigments are produced 
they are packaged into melanosomes and subse-
quently transferred to keratinocytes and distrib-
uted there. They are strategically localised over 
the sun-exposed side of nuclei to protect the 
DNA by forming cap-like structures [2, 4, 5].

 Melanoma

Most deaths from skin cancer are attributable to 
melanoma, which is known as the most aggressive 
form of skin cancer. Melanoma is highly  curable if 
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detected during the early stages of disease; how-
ever, metastatic disease becomes very difficult to 
treat despite improved recent treatment options. 
Identifying the exact mechanisms of initiation and 
progression of human melanoma would greatly 
help to identify molecular targets for early detec-
tion, treatment and prognosis of this malignancy. 

About 5–12% of all worldwide melanoma is 
caused by germline mutations; therefore about 
10% of patients present with a family history of 
melanoma [6]. The genetic factors involved in 
melanoma have been studied extensively [7–9].

Although the identification of new suscepti-
bility genes may shed light on the complexity of 
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Fig. 7.1 Pathways in melanogenesis. A series of reac-
tions within melanosomes of melanocytes produce 
eumelanin and phaeomelanin. Production of the enzymes 
involved in melanin synthesis is driven by the MITF tran-
scription factor. MITF activity itself is regulated by a 

number of signalling pathways including protein kinase 
C, cyclic AMP, MEK and WNT. Receptors such as KIT 
(ligand: SCF) and MC1R (ligands: α-MSH, ACTH and 
ASP) activate these signalling pathways. The expression 
of genes such as PAX3 and SOX10 is also driven by MITF
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the genetic landscape of melanoma, the specific 
cellular mechanisms as to how these genes influ-
ence patient phenotypes seem to be much more 
complex.

 Epigenetics

Despite the genetic contribution to melanoma pro-
gression, its development is also attributed to 
diverse epigenetic factors [10]. Epigenetic factors 
are normally heritable [11], and neoplastic pheno-
types may be manifested when there are reversible 
changes in gene regulation, without the sequence 
of the genome being changed. Epigenetic changes 
include aberrant DNA methylation, histone modi-
fications and expression of variants, chromatin 
remodelling and nucleosome re-positioning as 
well as deregulation of small and long non-coding 
RNAs (ncRNAs) [10, 12]. Among epigenetic fac-
tors, DNA methylation followed by chromatin 
modification are the best studied. However, the 
roles of ncRNAs in recent years have become 
apparent. Since epigenetic changes normally occur 
prior to malignant transformation and genetic 
aberration, their characterisation may help us to 
identify biomarkers and use them for the early 
detection and treatment of melanoma.

 DNA Methylation

Methylation of cytosine (5mC) is a stable and 
mitotically heritable epigenetic marker that is 
established and maintained by DNA methyltrans-
ferase (DNMT) enzymes [13]. If 5mC marks are 
not maintained, they are passively erased in a 
replication-dependent manner or they can be 
actively removed in a process mediated by TET 
enzymes [14]. These marks are found almost 
exclusively in the context of CpG dinucleotides, 
of which there are 28 million across the human 
genome. DNA methylation is critical for genomic 
imprinting, X chromosome inactivation, tissue 
differentiation and regulation of transcriptional 
activity. Most protein-coding genes have small 
CpG-rich regions (~1  kb), called CpG islands 
(CGIs), in their promoter regions [15]. These 

regions are typically unmethylated, which makes 
the chromatin structure more accessible for tran-
scription factor (TF) binding and hence permits 
transcription of the associated genes.

Aberrant changes in DNA methylation have a 
well-established role in contributing to tumori-
genesis [16]. Promoter hypermethylation (i.e. an 
increase in 5mC marks) of so-called tumour- 
suppressor genes that regulate critical cellular 
pathways is by far the most studied epigenetic 
feature in cancer [17]. In melanoma, the most fre-
quently hypermethylated tumour-suppressor 
genes include TNFRSF10D (~80% of melano-
mas) [18], COL1A2 (~80%) [19], RARB (up to 
70%) [20], PTEN (~60%) [21], RASSF1A (~55%) 
[20], MGMT (~34%) [20] and SYK (30%) [19]. 
Advances in genome-wide techniques over the 
last decade have provided the opportunity to 
investigate methylation changes at an unprece-
dented scale [22, 23]. A recent analysis of 458 
melanomas (99 primary tumours and 358 meta-
static tumours) identified hypermethylation in the 
promoter regions of the HOXD12, TNFRSF10C, 
FGFR2 and TERT genes [24]. It is interesting to 
mention that hypermethylation of genes such as 
TERT is associated with the increased expression 
in melanoma patients [25]. Furthermore, genome- 
wide studies have identified methylation signa-
tures that are beneficial for diagnosis [26–29] and 
prognosis [30–33].

In addition to site-specific gain of methylation 
at gene promoters, genomic hypomethylation is 
an established feature of most cancers. Indeed, 
compared to their wild-type counterparts, mela-
noma cells are typically globally hypomethyl-
ated; that is, genome-wide there are fewer 5mC 
marks [34, 35]. This hypomethylation is poten-
tially due to dysregulation of the de novo methyl-
transferase DNMT3A, especially for tumours 
harbouring the recurrent BRAF driver mutation 
V600E [35]. Highlighting prognostic impor-
tance, further global hypomethylation occurs 
upon metastatic progression [30, 36].

The global loss of methylation primarily 
occurs in repeat regions, such as satellite DNAs, 
Alu elements and long interspersed elements 
(LINEs). Expression of normally inactivated 
transposable elements within these regions 
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results in genomic instability, which contributes 
to tumour progression [37]. It has been shown 
that hypomethylation of LINE1 elements in pri-
mary melanomas is associated with decreased 
relapse-free survival and increased metastatic 
potential [38]. Furthermore, in melanoma and 
other cancers, hypomethylation has been shown 
to activate cancer-testis (CT) genes such as 
MAGE (melanoma antigen family) [39] and 
BAGE (B melanoma antigen) [40]. As the aber-
rant expression of CT genes is highly tumour 
specific and higher levels are correlated with 
poorer outcome [41], they have been an attractive 
target for immunotherapy [42].

The site-specific gain of promoter methylation 
and global loss of methylation in intergenic 
regions described above have mainly been stud-
ied in the context of primary cancers. In compari-
son, fewer studies have focused on epigenetic 
changes associated with the metastatic cascade. 
However, the role of aberrant methylation in 
metastasis is just starting to be appreciated. In a 
recent genome-wide DNA methylation analysis 
of cell lines derived from primary melanomas 
and their matched metastases, hypomethylation 
was shown to activate a cryptic 47 kDa transcript 
of TBC1D16. This transcript generated an iso-
form of a Rab GTPase-activating protein, expres-
sion of which promoted melanoma growth and 
metastasis, and was associated with poorer prog-
nosis [33].

Interestingly, although DNA methylation has 
been strongly established as a gene-silencing 
mechanism, in an analysis of paired primary and 
metastatic cell lines, a gene has been identified 
(EBF3) of which high promoter methylation 
facilitates mRNA expression. Treatment of these 
cells with DNA methylation inhibitors decreased 
EBF3 mRNA levels, which implies that the meth-
ylation level is likely to have a causal role in 
regulating this gene [36]. It was proposed that 
methylation of the EBF3 promoter impedes bind-
ing of a transcriptional repressor and that this 
results in elevated expression of EBF3 in meta-
static melanoma.

It was also observed that, compared to the 
paired primary cell lines, the metastatic cell lines 
were globally hypomethylated, with regions of 

site-specific hypermethylation enriched for active 
chromatin marks. In contrast, the hypomethyl-
ated regions were enriched for repetitive ele-
ments (particularly SINE elements) and silenced 
chromatin marks. Hypomethylation of otherwise 
repressed regions could result in their reactiva-
tion in melanoma metastasis [43]. Indeed, another 
study has shown that hypomethylation of trans-
posable elements was associated with metastatic 
capacity of primary melanomas [38]. Further, 
other studies have recently reported methylation- 
mediated deregulation of HOX family (in partic-
ular HOXD9) [30], RASSF6, [44] and TFAP2A 
[45] genes in metastatic melanoma.

Transcriptional activity can also be modulated 
by methylation of enhancer elements, which are 
perturbed in cancer [46]. Enhancers can be diffi-
cult to identify as (a) they are often up to 1 Mbp 
away from transcription start sites (TSSs), (b) a 
single enhancer can regulate more than one gene 
and (c) multiple enhancers can regulate a single 
gene [47]. In an integrated analysis of over 6200 
DNA methylation profiles from melanoma 
patients’ tumour and normal tissue, Bell et  al. 
[48] discovered that enhancers have a higher pro-
portion of differentially methylated regions 
(DMRs) than any other region. These tumour- 
associated DMRs were more commonly hypo-
methylated and were enriched for central 
pluripotent TFs. Furthermore, they also found 
that enhancer DMRs were often specific to a sin-
gle metastasis site and were the best genomic 
predictor of prognosis. Very little work has been 
done so far to understand the regulation of genes 
by these long-range interactions in melanoma 
and this is likely to be an area that will be explored 
in more depth in the future.

 Histone Modification

DNA molecules are tightly wrapped around 
highly basic histone proteins, which consist of 
H2, H2B, H3 and H4 as well as other variants. 
Covalent post-translational modifications of his-
tone proteins have been known for more than a 
half century and identified as key mechanisms for 
regulating the function of these proteins.
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Histones can be modified by addition of 
chemical groups to their tails. The proteins that 
mediate the addition of these chemical groups 
are known as writer proteins, and eraser pro-
teins remove these marks. These modifications 
act as templates for reader proteins, which 
recruit transcription factors (or repress their 
activities) to modulate gene expression.  
Besides the modifications of histones, altera-
tions of nucleosome structure can affect gene 
expression [49].

Histone modification can either induce or sup-
press transcription, depending on the nature and 
location of the modification that dictates the 
accessibility of DNA to the transcriptional 
machinery. More than 100 post-translational 
modifications are known for human histones. 
The best known post-translational modifications 
of histones include methylation, acetylation, 
phosphorylation, ubiquitylation, sumoylation, 
ADP ribosylation, deamination and proline 

isomerisation [50]. These modifications affect 
diverse biological processes such as transcrip-
tional regulation, DNA damage response and 
chromosome packaging [50]. Table  7.1 sum-
marises different modifications, and identifies the 
residues modified and the enzymes involved in 
the modification. The use of antibodies against 
the modified histones in chromatin immunopre-
cipitation assays has revolutionised the under-
standing of the global distribution of histone 
modifications. This understanding of chromatin 
modifications has revealed that they are not uni-
formly distributed, that common features such as 
acetylation at the 5′ end of genes are associated 
with actively transcribed regions of the genome 
and that there is a basic blueprint of modification 
patterns [50].

Aberrant patterns of histone modifications 
have been associated with a large number of 
human malignancies including melanoma. Here, 
we discuss our understanding of the mechanisms 

Table 7.1 Modifications of histones

Modification Residues modified Enzymes involved in modification
Acetylation Lysine HAT1, CBP/P300, PCAF/GCN5, TIP60. HB01, ScSAS2, 

ScSAS3, ScRTT109
Deacetylation Lysine SirT2, HDAC1-11 [142]
Methylation Lysine;

K-me1,
K-me2,
K-me3

SUV39H1, SUV39H2, G9a, ESET/SETDB1, EuHMTase/GLP, 
CLL8, SpClr4, MLL1, MLL2, MLL3, MLL4, MLL5, SET1A, 
SET1B, ASH1, Sc/Sp SET1, Sc/Sp SET2, NSD1, SYMD2, 
DOT1, Sc/Sp DOT1, Pr-SET 7/8, SUV2 20H1, SUV4 20H2, 
SpSet9, EZH2, RIZ1

Demethylation Lysine;
K-me1,
K-me2,
K-me3

LSD1/BHC110, JHDM1a, JHDM1b, JHDM2a, JHDM2b, 
JMJD2A/JHDM3A, JMJD2B, JMJD2C/GASC1, JMJD2D

Methylation Arginine;
R-me1,
R-me2,
R-me3

CARM1, PRMT4, PRMT5

Phosphorylation Serine,
tyrosine

Haspin, MSK1, MSK2, CKII, Mst1

Ubiquitylation Lysine Bmi/Ring1A, RNF20/RNF40
Sumoylation Lysine UBC9 [143]
ADP ribosylation Glutamic acid ARH1, ARH2, ARH3, PARGs [144, 145]
Deiminationa Arginine
Proline isomerisation Proline- cis or trans SCFPR4

The process of deimination has been correlated with the disappearance of methyl-arginine, indicating that deimination 
has the potential to antagonise arginine methylation. The data are derived from [50] except for the references given in 
the table
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that control and maintain the histone marks and 
show how disruptions of these modifications con-
tribute towards the pathogenesis of melanoma.

 Histone Acetylation/Methylation

The transfer of acetyl groups from acetyl-CoA 
to the amino groups of lysine side chains leads 
to histone lysine (K) acetylation. The process 
of acetylation/deacetylation is catalysed by his-
tone acetyl transferases (HATs) and histone 
deacetylases (HDACs), respectively [49–51]. 
The acetylation of lysine residues suppresses 
their positive charges and their interaction with 
negatively charged DNA leads to the formation 
of open or euchromatin that facilitates tran-
scription and induces gene expression. The best 
studied targets for histone acetylation are the 
lysine residues in the tails of H3 and H4, 
although other residues such as K56 in H3 are 
internally acetylated. To change the status of 
euchromatin to heterochromatin (closed form) 
the acetyl groups on histones must be removed 
to facilitate the deposition of activating or 
repressive marks, such as H3K9me3 and 
H3K27me3, respectively [49].

Histone modifications are dynamic processes. 
For most modifications, enzymes have been iden-
tified that remove the modification. Although 
enzymes actively remove methyl groups from 
lysine residues (Table 7.1), methyl groups can be 
removed from arginine residues by deimination, 
a reaction that is antagonistic to arginine methyl-
ation. The most well-characterised modification 
is methylation, since methyltransferases are the 
enzymes most specific to histone modification 
[52]. Despite kinases being specific for histone 
modification, they have not been studied as 
extensively as have enzymes responsible for 
methylation. This is due to the activation of dis-
tinct signalling pathways that are required for 
phosphorylation of histones [53].

The recruitment of enzymes essential for 
modifications requires the disruption of the con-
tacts among nucleosomes in order for the pro-
teins to access the histones. Acetylation and 
phosphorylation are among the modifications 

that have impact on chromatin compaction via 
changes in ionic charges [54–57].

A complex cross talk between modifications 
arises from the abundance of modifications [50]. 
Cross talk occurs since several modifications that 
are antagonistic to each other take place on his-
tone lysine residues. They are mutually exclusive 
and a modification may disturb the binding of 
proteins to adjacent sites on the histone [54]. This 
results in the compromise of the enzyme’s cata-
lytic activity [58], or its substrate recognition 
enhanced [59]. The cross talk of modifications 
also occurs between different histone tails [50].

The differential acetylation of histones during 
melanogenesis has been reported. For instance, 
deacetylation of histones and methylation of the 
same residues in the CDKN2A locus down- 
regulate the expression of the tumour-suppressor 
genes p14ARF and p16INK4a [49, 60]. Despite exten-
sive studies performed on HDACs, not much is 
known about their functions in melanoma. 
However, the expression of HDAC8 is related to 
improved survival rates, and HDAC1 and -8 
increase the phosphorylation of the NF-κB p65 
subunit that is associated with resistance to 
MAPK inhibitors [61, 62].

On the other hand, histone methyltransfer-
ases have been shown to have effects on mela-
noma progression. For instance, enhancer of 
zeste homologue 2 (EZH2), the catalytic sub-
unit of polycomb repressor complex 2 (PRC2), 
methylates H3K27 and represses transcription 
[63]. Activating mutations of EZH2 have also 
been reported [64]. It has been shown that the 
histone marks H3K9me3 and H3K27me3 were 
not changed significantly in the promoter region 
of the p16INK4a gene when skin keratinocytes 
were exposed to UV irradiation, but an 
H3K4me3 mark was reduced when cells were 
treated with UVA chronically [65]. The 
H3K4me3 mark was also enriched at the pro-
moter of the KLF4 gene in the UVA-irradiated 
cells. A decreased H3K9me3 mark (70% reduc-
tion) was observed for P21WAF1/CIP1 after 
15  weeks of UVA treatment. Cells treated for 
15 weeks with UVA also revealed a 40% reduc-
tion of the H3K27me3 mark at the hTERT pro-
moter [66].
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 Reader Proteins

Apart from histone-modifying proteins, reader 
proteins also can affect gene expression. Reader 
proteins contain a variety of domains that bind to 
specific modifications. Histone reader proteins 
regulate gene expression by recruiting enzymes 
such as transcription elongation factors, by caus-
ing further modification or by inherent catalytic 
activities. The involvement of reader proteins 
such as the bromodomain and extra terminal 
(BET) family in melanoma has been reported. 
BRD2 and BRD4 from this family are over-
expressed in melanoma. Also it has been shown 
that ING1 protein, that contains a plant homol-
ogy domain (PHD) that binds to acetylated 
lysine, is overexpressed in melanoma and that its 
expression induced upon UV irradiation [67].

It has been reported that a variable number of 
nucleotides are localised in each nucleosome. 
The SWI/SNF proteins constitute chromatin- 
remodelling complexes that determine nucleo-
some positioning. Components of the SWI/SNF 
complex [68] including ARID2 [69–71] and 
ARID1A, and ARID1B and SMARCA4 [72], are 
mutated in melanoma, suggesting that the dereg-
ulation of chromatin-remodelling proteins fea-
tures in melanoma progression.

 Histone Variants

The replacement of canonical histones by vari-
ant histones, which have different sequences and 
properties, has been reported. Among these, 
variants of H2A and H3 are the most common. 
The expression of variants results in altered 
chromatin structure, post-translational modifica-
tions and changes to gene expression [73]. 
Histone variant H2A.Z, which is increased in 
melanoma, consists of the two subforms 
H2A.Z.1 and H2A.Z.2 that differ by three amino 
acids and are transcribed from distinct genomic 
regions [74]. H2A.Z.2 is highly expressed in 
melanoma and results in the activation of genes, 
especially E2F targets that promote cell cycle 
progression [74]. Expression of macroH2A, 
another variant of H2, suppresses melanoma 

progression via suppression of CDK8 expression 
and it is generally lost with the development of 
melanoma [74]. The histone 3 variants H3.3 are 
also associated with E2F target gene expression. 
Its over-expression leads to suppression of E2F 
target genes and senescence [75]. The variants of 
histones or the chaperones that direct them to 
specific regions of chromatin can be targeted to 
change the sensitivity of melanoma cells to 
MAPK inhibitors or immunotherapy [49].

 Non-coding RNA

The role of RNA in cells has been undergoing 
revision since the demonstration that only about 
1.5–2% of the human genome is transcribed into 
protein-coding RNAs, while the vast majority is 
transcribed as non-coding RNAs (ncRNAs) [76]. 
The higher abundance of non-coding as com-
pared to protein-coding genes in eukaryotes sug-
gests that ncRNAs may contribute to their 
complex physiology and development [77]. This 
finding evinces the biological relevance to these 
molecules and points to their contribution to the 
genetic and physiological complexity of higher 
eukaryotes. NcRNAs function as housekeeping 
RNAs such as ribosomal RNAs (rRNAs), trans-
fer RNAs (tRNAs), small nuclear and small 
nucleolar RNAs (snRNAs and snoRNAs, respec-
tively), as well as regulatory RNAs.

Regulatory RNAs act as epigenetic modula-
tors and are classified into small and long 
ncRNAs based on their lengths [78]. Short 
ncRNAs are those with less than 200 nucleotides 
and long ncRNAs (lncRNAs) with sizes ranging 
from 200 nucleotides to several kilobases (kb). 
The identities and functions of short ncRNAs 
such as microRNA (miRNA) and short interfer-
ing RNA (siRNA) are well studied [79]. These 
ncRNAs regulate various pathways that are cru-
cial to development and that are perturbed in dis-
ease [76, 79].

On the other hand, with the exception of a few 
well-studied transcripts, the identities and func-
tions of the vast majority of lncRNAs are yet to 
be characterised. The range of cellular processes 
that are in one way or another governed by 
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ncRNAs is beyond estimation since they regulate 
gene transcription, RNA processing such as 
splicing and modification, and stability and trans-
lation of mRNA as well as act as scaffold and 
signalling molecules [80]. Therefore, they are 
capable of acting at multiple levels to control cel-
lular functions and contribute towards the aetiol-
ogy of diseases including cancer.

 Long Non-coding RNA

LncRNAs are emerging as important regulatory 
molecules, the function of which is altered in 
cancer progression and have the potential to be 
used as novel diagnostic and prognostic markers 
as well as therapeutic targets. The expression of 
lncRNAs is more tissue specific than that of 
protein- coding transcripts, with many regulated 
during development and growth and showing 
altered regulation in disease progression [81–84]. 
Recent transcriptome analysis has revealed that 
the expression of many lncRNAs is dysregulated 
in cancer, and that their expression can be used as 
signatures that distinguish cancer cells from nor-
mal matched tissues [85].

The nuclear-enriched MALAT1 is one of the 
best studied cancer-causing lncRNAs [86]. 
MALAT1 is involved in RNA alternative splicing 
and transcriptional control. It contains sequence 
that is conserved across 33 mammalian species 
[87] and more recently has been found in the 
nuclear speckles which are sites of association of 
splicing factors and pre-mRNA splicing com-
plexes [88]. Following these studies, many 
lncRNAs have been presented as a new class of 
cancer-related genes with potential to be used for 
diagnostic or therapeutic purposes.

 Long Non-coding RNA in Melanoma

Recent transcriptome analysis has revealed that a 
large number of lncRNAs are expressed differen-
tially in melanoma when compared to normal tis-
sues. The potential roles of some of these 
lncRNAs are summarised in Table 7.2 [10, 89]. 
The regulatory role of lncRNAs as epigenetic 
modulators is well established. However their 

functions are diverse, depending on their subcel-
lular localisation and binding partners. NcRNAs 
are able to target chromatin architecture to facili-
tate the modification of various proteins in chro-
matin. LncRNAs such as HOTAIR [90], ANRIL 
[91–93] and MIR31HG [94] have been reported 
to interact with polycomb repressor complexes 
(PRC) to suppress the expression of target genes.

It is also suggested that PAUPAR lncRNA may 
interact with histone-modifying complexes to 
inhibit histone H3K4 methylation and modulate 
the expression of the transcription factor HES1 
[95] (Fig.  7.2a). However, the interaction of 
lncRNAs with PRC complexes has been reported 
to be promiscuous [96]. Other lncRNAs such as 
UCA1 and MALAT1 contribute to cell migration. 
Knockdown of these lncRNAs affects cell migra-
tion in cultures of melanoma cells [97]. UCA1 
interacts with heterogeneous nuclear ribonucleo-
protein (hnRNP) complexes and increases p27 
translation in melanoma. UCA1 can also be tar-
geted by miR-507 in melanoma cells. miR-507 on 
the other hand can target FOXM1 [98], a tran-
scription factor that is elevated and activated in 
malignant melanoma [99]. Therefore, FOXM1 
can be down-regulated by either up-regulation of 
miR-507 or depletion of UCA1 (Fig. 7.2b).

The up-regulation of the lncRNA SLNCR1 in 
melanoma has been reported. The brain-specific 
homeobox protein 3a (Brn3a) and the androgen 
receptor (AR) bind within and adjacent to 
SLNCR1’s conserved region, respectively. The 
transcriptional activation of matrix metalloprotein-

Table 7.2 List of lncRNAs involved in melanoma

Long ncRNA Function Ref
ANRIL Correlated with p16 [146]
BANCR Tumour suppressor [100]
CASC15 Oncogene [147]
HOTAIR Oncogene [148]
LIMe23 Oncogene [149]
MALAT1 Oncogene [97]
MIR31HG Anti-correlated with p16 [94]
PAUPAR Tumour suppressor [95]
PTENP1 Tumour suppressor [150]
SAMMSON Oncogene [102]
SLNCR1 Oncogene [151]
SPRY4-IT1 Oncogene [152]
UCA1 Oncogene [97]
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ase 9 (MMP9) that increases melanoma invasion 
requires assembly of the SLNCR1, Brn3a and AR 
complex (Fig. 7.2c). Other nuclear lncRNAs such 
as Llme23 are exclusively expressed in melanoma 
cells and regulate splicing. Llme23 knockdown has 
significant effects on cell growth (Fig. 7.2d).

On the other hand, cytoplasmic lncRNAs such 
as SPRY4-IT and PTENP1 have diverse func-
tions. SPRY4-IT is a polysome-associated RNA 
and regulates the abundance of the lipid phospha-
tase lipin 2 (Fig. 7.2e), while PTENP1 acts as a 
positive regulator of PTEN mRNA by binding to 
PTEN-targeted miRNA and suppressing the 
binding of the miRNA to its target site (Fig. 7.2f). 
The BANCR transcript is up-regulated in 
BRAFV600E mutant primary melanoma and acts in 
trans to regulate the expression of genes involved 

in cell migration [100]. BANCR also activates the 
ERK1/2 and JNK MAPK pathways to promote 
proliferation in melanoma [101], although the 
mechanism of action is not fully understood.

The lncRNA SAMMSON gene is amplified 
consistently with the melanoma-specific oncogene 
MITF. These two genes are both located in 
3p13–3p14 and their amplification had been 
reported in more than 10% of melanoma cases 
[102]. SAMMSON is also a target of the transcrip-
tion factor SOX10 and its expression is detected in 
more than 90% of human melanomas. Knockdown 
of SAMMSON reduces melanoma cell viability 
and clonogenicity regardless of whether the BRAF, 
NRAS, or TP53 genes are mutated. Knockdown of 
SAMMSON also further reduces the viability of 
melanoma cells treated with BRAFV600E- and 
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MEK-targeted agents (vemurafenib and pimaser-
tib, respectively). The interaction of SAMMSON 
and p32, a regulator of mitochondrial homeostasis 
and metabolism, reveals evidence for SAMMSON 
silencing and perturbation of mitochondrial func-
tion (Fig. 7.2g) [102].

Other lncRNAs such as CASC5 regulate gene 
expression in melanoma cells, although the 
mechanism of action of this transcript remains to 
be clarified. Figure  7.2 summarises the various 
mechanisms by which lncRNA can regulate gene 
expression in melanoma.

 Small Nucleolar RNA

The small nucleolar RNAs (snoRNAs) are rela-
tively small RNAs in the range of 70–200 nucleo-
tides involved in ribosomal RNA (rRNA) 
modifications. There are two major classes of 
snoRNAs: box C/D and H/ACA [103, 104]. This 
classification is based on the conserved sequences 
in each family. SnoRNAs from the C/D box fam-
ily share sequence motifs UGAUGA (box C) and 
CUGA (box D) at the 5′ and 3′ ends, respectively. 
The 5′ and 3′ ends of C/D box snoRNAs nor-
mally base-pair and expose the C and D boxes 
(Fig.  7.3) to form a K-turn that creates a motif 

that is bound to specific proteins to make ribonu-
cleoproteins (snoRNPs).

Most of the C/D box snoRNAs contain C- and 
D-like motifs called C′ and D’ boxes that are 
separated by a short spacer sequence (Fig. 7.3). 
C/D box snoRNAs normally process rRNAs by 
guiding snoRNPs to evolutionarily conserved 
complementary sequences of rRNA and methyl-
ating particular bases in rRNA (Fig. 7.3) [105]. 
The H/ACA box snoRNA family on the other 
hand is characterised by the ANANNA motif 
(box H) and is a highly conserved ACA (ACA 
box) motif. Most of the H/ACA snoRNAs fold 
into a hairpin-hinge-hairpin-tail structure. The 
hinge and tail, which are single-stranded regions, 
contain the H and ACA motifs, respectively 
(Fig. 7.3). Box ACA is always positioned three 
nucleotides upstream from the 3′ end, shown as 
NNN in the ACA box in Fig.  7.3. The internal 
loops located close to the base of the hairpins 
usually contain short sequences that are comple-
mentary to rRNA sequences that undergo base 
modification (pseudouridylation Ψ) [103, 106] 
(Fig. 7.3).

The functions of snoRNAs in recent years 
have been expanded and shown to be involved in 
the modification of small nuclear or snRNAs that 
mediate mRNA splicing [107]. Also snoRNA 
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transcripts can serve as the precursors of miRNA- 
like small RNAs and regulate alternative splicing 
[108, 109]. It was also found that 
20–25- nucleotide-long RNAs could be produced 
by the processing of the H/ACA box snoRNA 
species, known as ACA45.

The processed RNA is associated with 
Argonaut proteins and targets specific mRNAs, 
including CDK11 [108]. A subset of miRNAs 
also share functional H/ACA box snoRNA char-
acteristics and it has been suggested that these 
miRNAs might have evolved from snoRNAs 
[110]. Moreover, it was shown that some snoR-
NAs could be processed to produce smaller 
RNAs, of which some have similar functions to 
miRNAs. Since miRNAs play crucial role in dif-
ferent functions, such as cell survival and prolif-
eration, such processing of snoRNAs could be of 
crucial importance.

 SnoRNA in Melanoma

The first report of down-regulation of snoRNA in 
human meningioma was reported by Chang et al. 
in 2002 [111]. Following this finding, the differ-
ential expression of snoRNA in hepatocellular 
carcinoma [112], prostate cancer [113, 114] and 
B-cell lymphoma was shown [115]. Many genes 
hosting snoRNA sequences are deregulated in 
cancer [116–120]. The SNHG5 gene specifies a 
524  bp lncRNA hosting snoRNA50A/B. It is 
located on chromosome 6q15 at the breakpoint of 
the chromosomal translocation t(3,6)(q27;q15); 
this site is involved in human B-cell lymphoma 
[115]. Recently, somatic SNORD50A/B deletions 
in melanoma have been reported and are associ-
ated with reduced survival rates [121].

SNORD50A/B specifies two C/D box snoR-
NAs that target 28S rRNA, although this house-
keeping function of these snoRNAs has no link 
to their carcinogenic effects. Both of these snoR-
NAs bind to K-Ras4A and K-Ras4B, with resi-
dues involved in RNA binding. These are widely 
distributed in K-Ras while a 7-nucleotide oligo 
derived from the C box largely abolishes this 
binding. This finding not only indicated the 
involvement of snoRNA in melanoma but also 

showed that snoRNAs are located both in the 
nucleolus and outside the nucleus. The pheno-
type consequent upon the deletion of snoR-
NA50A is the result of snoRNA deletion rather 
than that of its host gene [121]. On the other 
hand, up- regulation of SNHG5 in the serum of 
melanoma patients has been reported [122]. This 
suggests that SNHG5 may play some role in 
melanogenesis and/or melanoma metastasis 
independent of snoRNA50A/B although further 
investigations are required to fully address this 
question.

 MicroRNA

MicroRNA (miRNA) is categorized as single- 
stranded small (~22 nucleotide) ncRNAs that 
target the 3′-untranslated region of mRNA to 
inhibit their expression. The number of identi-
fied functional roles of miRNA in various can-
cers has grown immensely over the past decade. 
miRNA genes are transcribed either indepen-
dently or coexpressed from an intron of another 
gene by RNA polymerase II. The primary tran-
script of individual or coexpressed miRNAs is 
processed in the nucleus to generate precursor 
miRNAs of about 70 nucleotides. The precursor 
miRNAs are actively transported into the cyto-
plasm by exportin- 5. In the cytoplasm, they bind 
to an RNase III-type endonuclease Dicer that 
processes the precursor miRNAs to mature 
miRNAs (Fig.  7.4). Single-stranded mature 
miRNAs then bind to the RNA-induced silenc-
ing complex (RISC), which guides them to their 
target sites [123].

 miRNA in Melanoma

Melanoma-associated miRNAs are known to 
deregulate the expression of important genes in 
signalling pathways involved in different 
aspects of melanin synthesis and metastasis. 
Understanding the role of miRNA in melanoma 
progression and its metastasis will help us to 
develop miRNA-targeted therapy. More than 
80% of melanoma cell lines have copy number 
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variation in genomic regions containing miRNA 
genes and some of these are melanoma specific 
[124]. Some of the differentially expressed 
miRNAs can be used as diagnostic markers as 
they are unique to melanoma cells (reviewed in 
[125]).

MITF plays key roles in cell proliferation 
and apoptosis and its expression is deregulated 
in 10–20% of human melanomas. Therefore, 
miRNAs associated with MITF have been stud-
ied extensively. Some miRNAs such as miR-
137 are located at the chromosomal region 
1p22, which is a melanoma-susceptible region 
affecting MITF regulation. Another miRNA 
with a significant role in melanoma is miR-182, 
located in 7q31-34, and harbours the c-Met and 
BRAF genes. Both of these genes are important 
regulators of the MAPK/ERK signalling path-
way [125]. The miR- 148 binds to the MITF 
3’UTR, and down- regulates this transcript 
[126]. MITF also regulates the expression of 
many miRNAs [127] and the functional signifi-
cance of some of these has been investigated 
extensively (reviewed in [125]).

A more recent study has shown that melano-
somes carry miRNAs into fibroblasts, which lead 
to increased proliferation, migration, and proin-
flammatory gene expression. Among melano-
somal miRNAs, miR-211 targets IGF2R and 
activates the MAPK signalling pathway [128].

The epigenetic regulation of miRNAs can 
influence the development of melanoma. On the 
other hand, miRNAs can regulate the expression 
of epigenesis-related genes such as DNMT3 
[126]. The functions of miRNA in melanoma are 
summarised in Fig. 7.5 and have been reviewed 
extensively [10, 124, 125].

AAAAAAA
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Cleavage

Drosha
DGCR8

Exportin 5
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TRBP/PACT

pre-miRNA
Cleavage

miRNA duplex

RISC complex
Mature miRNA

Cytoplasm

NucleusFig. 7.4 Pathway 
involved in miRNA 
synthesis. miRNA is 
transcribed in the 
nucleus as primary 
miRNA (Pri-miRNA). It 
is then processed by the 
Drosha/DCGR8 
complex to pre-miRNA 
and actively exported to 
the cytoplasm. In the 
cytoplasm, pre-miRNA 
is processed to miRNA 
duplexes by the Dicer 
complex. Single- 
stranded mature miRNA 
then is loaded on the 
RISC complex and binds 
to the 3’ UTR of 
mRNAs

miRNA

Signalling molecule
eg; in melanosome

Signalling pathway
eg; MAPK

Epigenetic factors
eg; DNMTs or lncRNA
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Fig. 7.5 Functions of miRNA in melanoma. miRNA can 
target melanoma-specific genes such as MITF, signalling 
pathways involved in melanogenesis and pathways inside 
melanosomes. miRNAs also regulate and are regulated by 
epigenetic factors. Differential expression of miRNA 
would regulate target genes accordingly
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 Targeting Epigenetic Factors 
for Therapy
Epigenetic alterations in cancer are potentially 
mediated by genetic changes. However, there is 
limited understanding of the extent and impact 
of genetic mutations on the cancer epigenome. 
Recent extensive genome sequencing of cancer 
genomes (mainly by international consortia 
such as The Cancer Genome Atlas) has provided 
meaningful insight into genetic mutation of epi-
genetic modulators (EM). It is now clear that in 
many cancers, a high proportion of EM genes 
become mutated. A targeted analysis of 275 
genes (including 41 epigenetic regulator genes) 
in 38 treatment-naïve melanoma samples 
revealed a high EM mutation rate (92.1% of the 
patients harboured at least one mutation in an 
EM gene) [129].

This list of EM genes included histone 
modification- related genes (MECOM, MLL2, 
SETD2), major chromatin-remodelling genes 
(ARID1B, ARID2) and DNA methylation 
(DNMTs) and demethylation regulator genes 
(TET2, IDH1) [129]. However, the role of these 
EM mutations in shaping the cancer cell pheno-
type is yet to be explored. This has substantial 
therapeutic potential as several drugs are avail-
able or in clinical trial that can specifically target 
these EM genes.

After years of seemingly minimal progress, 
cancer immunotherapies have recently come to 
the forefront of therapy for patients with meta-
static melanoma. Such immunotherapeutic 
approaches have clearly demonstrated both dura-
ble and long-lasting complete responses in 
patients with stage 4 disease. Immune checkpoint 
molecules act as ‘brakes’ to suppress an exces-

sive immune response when required. However, 
in cancer, up-regulation of these immune check-
point molecules allows the tumour cell to evade 
the host immune response. Monoclonal antibod-
ies targeting immune checkpoints can reactivate 
antitumour immunity [130]. Two of these anti-
bodies (nivolumab and pembrolizumab) block 
the activity of one of the most important check-
points, mediated by the programmed death- 
ligand- 1 or PD-L1 protein.

Although these therapies can be very effec-
tive, a large proportion (60–70%) of melanoma 
patients do not respond to these treatments or 
many suffer relapse and side effects of these 
drugs [131]. However, the combination of DNA 
methylation inhibitors with an anti-PD-L1 anti-
body has remarkably improved patient responses 
in clinical trials. This suggests that different epi-
genetic profiles exist between responding and 
non-responding patients [132–135]. There is sub-
stantial interest in understanding how epigenetic 
therapy could enhance the efficacy of immuno-
therapies. The current understanding is that if 
DNA methylation inhibitors are given first, spe-
cific immune signatures are activated, creating an 
environment in which immunotherapies can act 
more effectively [136]. Although much more 
work is required to understand the key regulators 
of these combinatorial therapies, they hold a tre-
mendous promise to improve patient outcome 
and survival [134].

New drugs targeting DNA methylation and 
histone modifications have already been tested 
and some have been approved by the US Food 
and Drug Administration (FDA) [137]. 
Table  7.3 summarises the FDA-approved 
drugs targeting DNA methylation and histone 

Table 7.3 List of drugs targeting epigenetic modulator approved by the FDA [137]

Target Function Drug Cancer type
DNMT Inhibition of DNA methylation Azacitidine (Vidaza) MDS

Decitabine (Dacogen) MDS, AML
Guadecitabine AML

HDAC Inhibition of histone deacetylation Belinostat (Beleodaq) Peripheral T-cell lymphoma
Panobinostat (Farydak) Multiple myeloma
Romidepsin (Istodax) Cutaneous T-cell lymphoma
Vorinostat (Zolinza) Cutaneous T-cell lymphoma

MDS myelodysplastic syndrome, AML acute myeloid leukaemia
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modification.  However, none of these target 
solid tumours including melanoma.

Single targeted therapies for BRAF and EGFR 
bearing particular mutations have been used in 
melanoma and size reductions of tumours 
detected [138], although in almost all cases drug- 
resistant cells eventually emerge. Currently com-
binational therapy with different drugs is being 
tested, and the future for epigenetic therapies for 
solid tumours is also relying on a combination of 
drugs based.

Different histone-modifying enzymes are also 
being targeted for therapy. EZH2, a catalytic sub-
unit of PRC2 involved in tri-methylation of lysine 
27 on histone 3, plays important roles in melano-
magenesis. Targeting EZH2 via small-molecule 
inhibition has been used in preclinical and  clinical 
studies. Although EZH2 inhibitors reduced his-
tone methylation, none of them provided a prom-
ising result in melanoma [63].

The use of oligonucleotides as potential drugs 
for cancer therapy has been investigated exten-
sively in recent years. Diverse classes of oligo-
nucleotides have been used as drugs. These 
include antisense oligonucleotides (ASOs), siR-
NAs, miRNAs and aptamers. Several ASOs have 
been approved by the FDA, although none of 
them has been offered for cancer therapy yet. A 
great challenge in using oligonucleotides as 
drugs is the optimisation of their structures for 
safety as well as delivery.

The success of using oligonucleotides as 
drugs similar to small molecules is dependent 
upon their effects on target sites, and their phar-
macokinetics (as defined by absorption, distribu-
tion, metabolism and excretion) [139]. 
Oligonucleotides in targeted therapy either up- 
regulate [140] or down-regulate gene expression 
as well as modify RNA splicing [141]. This phe-
nomenon is not limited to targeting mRNA and 
can be applied to lncRNA. Therefore, using oli-
gonucleotides could be a promising procedure 
for targeting ncRNAs in cancer therapy.

Conclusion
Epigenetic factors are key elements in cancer 
progression including that of melanoma. 
Better understanding of epigenetic processes 

and alteration of their states in melanoma will 
provide opportunities to study the disease. It is 
well established that epigenetic factors are key 
players in gene regulation and many epigene-
tic modifier genes themselves can act as 
tumour suppressor or oncogenes. Therefore, 
they could be targeted for better diagnosis, 
therapy and prognosis. Most epigenetic altera-
tions in neoplasia take place prior to genetic 
alterations and therefore they could be used as 
early diagnostic markers or therapeutic 
targets.
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Immunobiology of the Melanoma 
Microenvironment

Yutaka Kawakami and Adam I. Riker

 Introduction

Melanoma has been recognized as one of the can-
cers that respond to immunotherapies and the best 
human cancer model to investigate the immuno-
pathology of cancer. The recent analyses on the 
patients treated with immune checkpoint block-
ade therapies including PD-1/PD-L1 and CTLA-4 
inhibitors led to great progress in our understand-
ing of the immunobiology of human melanoma. 
The response rate of the PD-1/PD-L1 antibody 
therapy is ~30%, so that the identification of bio-
markers to select appropriate patients who are 
likely to respond to immunotherapies is essential. 
Appropriate immunotherapies such as immune 
checkpoint inhibitors or gene- engineered, high-
avidity T-cell-based adoptive immunotherapies 
are needed to further advance our understanding 
of the immunobiology of melanoma.

The immune status in tumor-associated 
microenvironments such as tumor tissue, senti-
nel lymph nodes, peripheral blood, and bone 

marrow is different among cancer patients. It is 
correlated with prognosis following standard 
therapies in patients with various cancers, 
including melanoma. The cancer immune status 
may be defined by cancer cell’s genetic charac-
teristics, patients’ immune reactivity, and envi-
ronmental factors. It varies among cancer types, 
subtypes, and individual patients. In melanoma, 
there may be differences among disease sub-
types (e.g., superficial spreading, acral lentigi-
nous, mucosal melanoma), cancer gene 
alterations (e.g., DNA mutations generating 
immunogenic neo-antigens, oncogenes, and 
somatic copy number alterations causing 
immune resistance), and environmental factors 
(e.g., intestinal microbiota). Further understand-
ing of the cancer immunobiology will lead to the 
identification of new biomarkers for predicting 
patient outcome, as well as new therapeutic tar-
gets for developing effective combination 
immunotherapy.

 T-Cell-Inflamed and Non-inflamed 
Conditions in Tumors

The initial immunological analyses of tumor 
tissues prior to initiating treatment within a 
clinical trial of PD-1/PD-L1 blockade revealed 
an accumulation of CD8+ T cells at peri- or 
intratumoral sites. Additionally, IFN-γ produc-
tion was noted by those CD8+ T cells and 
PD-L1 expression in melanoma cells or tumor-
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infiltrating  macrophages were significantly 
correlated with the response to anti-PD-1 
blocking antibody [1–3]. This situation was 
often referred to as “T-cell inflamed,” and 
about 40% of melanoma patients have such 
“T-cell-inflamed” tumors [4, 5], with other 
melanoma patients identified as “T-cell non-
inflamed.” When immunological changes fol-
lowing PD-1/PD-L1 blockade were evaluated, 
the peri- and intra-tumor CD8+ T cells were 
found to expand in the tumors and appeared to 
eradicate melanoma cells. The T-cell repertoire 
appeared to be skewed, possibly against immu-
nogenic tumor antigens including DNA 
mutation- derived antigens (neo-antigens). 
Such phenomenon was not observed in nonre-
sponders (no T-cell infiltration and expansion 
in tumors and no production of IFN-γ or 
expression of PD-L1). Therefore, preexisting 
T-cell immunity, “T-cell inflamed,” appeared to 
be essential for the response to PD-1/PD-L1 
therapy in melanoma (Fig. 8.1).

 Expansion of Preexisting Partially 
Exhausted CD8+ T Cells Following 
PD-1/PD-L1 Blockade

Since tumor-infiltrating T lymphocytes (TILs) 
appear to be important for PD-1/PD-L1 therapy, 
further characterization of TIL was performed. 
The high percentage of the partially exhausted 
PD-1hi CTLA-4hi CD8+ T cells producing IFN-γ, 
but not TNF-α (partially exhausted, loss of multi- 
functionality), in melanoma tissues prior to ther-
apy was correlated with the response to PD-1 
antibody therapy [6]. Interestingly, more com-
pletely exhausted T cells through epigenetic 
changes, such as chromatin remodeling and DNA 
methylation, may not be reinvigorated by PD-1/
PD-L1 blockade. Similarly, other reports indi-
cated that exhausted CD8+ T cells (Tex) (e.g., 
Ki67+ CD38+ HLA-DR+ PD-1hi CTLA-4hi 
CD45RAlo CD27hi Eomeshi T-bet lo 2B4hi CD8+ T 
cells) in peripheral blood and tumors expand fol-
lowing PD-1/PD-L1 therapy, and were associated 
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with responses to PD-1/PD-L1 therapy [7, 8)]. 
One recent report indicated that the amount of 
such Tex is proportional to tumor burdens, with 
the ratio of such expanded Tex cells in peripheral 
blood and tumor burden correlating with the 
response of melanoma patients to PD-1/PD-L1 
therapy [7]. These results suggest that reinvigo-
rated, expanded Tex may be responsible for erad-
ication of melanoma. However, in murine tumor 
models, induction of antitumor T cells in lym-
phoid organs appears to be important for antitu-
mor effects of PD-1/PD-L1 blockade. The 
involvement of newly induced tumor antigen- 
specific T cells from naïve T cells (antigen 
spreading) in the regression of melanoma follow-
ing MAGE vaccine was previously reported [9]. 
Therefore, the importance of the induction phase 
including CD28+ PD-1+ stem cell-like memory T 
cells in lymph nodes for antitumor activity of 
PD-1/PD-L1 blockade remains to be further 
investigated by confirmation of the presence of 
newly induced tumor antigen-specific T cells in 
tumors and their antitumor activity after PD-1/
PD-L1 blockade.

 Tumor Antigens Recognized by 
Tumor-Infiltrating T Cells 
and Relation to the Response 
to Immune Checkpoint Inhibitors

What are the important tumor antigens for TILs 
to recognize in order to eradicate melanoma cells 
following PD-1/PD-L1 blockade? We have 
extensively investigated and identified numerous 
melanoma antigens that are recognized by TILs 
[10, 11]. TILs recognize a variety of tumor anti-
gens including neo-antigens derived from DNA 
mutations, cancer testis antigens (proteins 
expressed in various cancer cells, but not in nor-
mal adult tissues in the exception of special tis-
sues such as testis and placenta), melanocyte 
lineage differentiation antigens (e.g., melanocyte- 
related proteins such as MART-1/Melan-A, 
gp100, tyrosinase, and TRP1/2), and several 
others.

Among these melanoma antigens, neo- 
antigens recognized by TILs are generally tumor- 

specific antigens derived from missense 
mutations of passenger DNA mutations, consid-
ered highly immunogenic and unique to each 
patient [12]. Melanoma cells, particularly of the 
superficial spreading subtype, contain a relatively 
high mutation burden as a result of UV irradia-
tion [13]. Interestingly, patients with higher 
mutation burdens have significantly better over-
survival (OS) following treatment with immune 
checkpoint blockade with anti-CTLA-4 mAb and 
anti-PD-1/PD-L1 mAb [14].

The DNA mutations found in a primary mela-
noma are mainly caused by UV irradiation (UV 
signature), but other causes may also contribute 
to the increase in such deleterious mutations. One 
study showed that the presence of BRCA2 gene 
mutation that causes hyper-DNA mutation via 
dysfunction of DNA repair was correlated with a 
favorable outcome after anti-PD-1 therapy [15]. 
Other causes include tobacco use, proofreading- 
related POLE/POLD1, DNA repair-related 
BRCA1, and DNA mismatch repair (MMR) pro-
teins such as hMLH1. These are all involved in 
the generation of trunk DNA mutations and are 
reported to create immunogenic neo-antigens for 
a subsequent immune response to PD-1/PD-L1 
blockade.

Several criteria are necessary for DNA muta-
tions to generate immunogenic neo-antigen epit-
opes. The antigen molecule should be expressed 
and translated and epitope peptides should be 
processed by proteases, including the proteasome 
complex. The peptides should bind to a patient’s 
own MHC with sufficiently high affinity, and the 
TCR repertoire for the peptides should be readily 
present. Neo-antigens may be partly predicted 
using bioinformatics analysis that considers these 
factors. In addition, direct identification of HLA- 
binding neo-antigens using mass spectrometry 
has recently been reported [16]. Lastly, actual 
recognition of neo-antigens by TILs can be tested 
by T-cell functional assays. These technologies 
are currently being applied for development of 
novel neo-antigen-specific personalized 
immunotherapies.

Neo-antigen-specific immunotherapies using 
the NGS-identified neo-antigens have recently 
been explored by multiple centers around the 
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world. These neo-antigens are unique for each 
patient, with the development of specific vac-
cines (synthetic peptides or RNA virus vectors) 
or T-cell-based adoptive cell therapy (TIL- 
derived T cells or neo-antigen-specific TCR- 
transduced T cells). Clinical trials are already in 
progress for patients with melanoma and other 
types of cancers, with some clinically significant 
tumor responses noted to either neo-antigen vac-
cine alone or in combination, with PD-1 block-
ade [17, 18]. These are really personalized 
immunotherapies potentially without severe 
immune-related adverse effects that are often 
observed in the patients treated with immune 
checkpoint inhibitors.

The presence of TIL within the tumor micro-
environment is correlated with the recognition of 
melanocyte-specific proteins such as MART-1/
Melan-A, gp100, tyrosinase, and cancer testis 
antigens as shared melanoma antigens [19, 20]. 
The adoptive transfer of T cells specific for 
MART-1/Melan-A or gp100 resulted in mela-
noma regression, occasionally resulting in the 
development of vitiligo, uveitis, and other auto-
immune disorders, all of which are signs of nor-
mal melanocyte destruction [21]. There is a 
correlation between the occurrence of autoim-
mune reactions (irRE: immune-related adverse 
effect) to melanocytes, vitiligo, and antitumor 
response as it relates to immune checkpoint 
blockade therapy in melanoma patients [22].

However, anti-tumor activity of melanocyte- 
specific T cells for non-mutated self-peptides 
may not be so high, partially due to the relatively 
low avidity of the TCR and self-tolerance mecha-
nisms. Neo-antigens, on the other hand, are 
acquired proteins, and may not be identified 
through central tolerance mechanisms within the 
thymus. The role of TILs that are specific for 
melanocyte proteins in immunotherapy for mela-
noma remains to be further investigated. The role 
of the cancer testis antigens, such as MAGE and 
NY-ESO-1, which are tumor-specific, shared 
tumor antigens, also remains to be investigated. 
The adoptive transfer of gene-engineered, high- 
avidity TCR-T cells that are specific for 
NY-ESO-1 showed a strong immune response 
and associated tumor regression without irAE 

[23]. Furthermore, some reports have suggested 
the involvement of cancer-testis antigens in 
tumor infiltration of CD8+ T cells and tumor 
regression following PD-1/PD-L1 blockade.

 Adaptive Immune Resistance

In about 40% of melanoma patients, anti-tumor T 
cells are already induced and accumulated in 
tumors before therapies (T-cell inflamed), but 
tumors continue to grow unless immune inter-
ventions are applied because of the presence of 
immune-resistant mechanisms at local tumor 
sites including PD-1/PD-L1 interaction (adaptive 
immune resistance) [24]. In addition to PD-1/
PD-L1, other inhibitory co-receptors, such as 
CTLA4, LAG3, TIM3, BTLA, VISTA, and 
TIGIT, may also be involved in the adaptive 
immune resistance [25]. TILs expressing multi-
ple inhibitory co-receptors were reported to be 
more exhausted T cells [26]. Blocking Abs spe-
cific for these inhibitory co-receptors have been 
developed, with some being evaluated in combi-
nation with PD-1/PD-L1 blockade in clinical 
trials.

In addition to the inhibitory receptors, 
tryptophan- metabolizing enzyme, indoleamine 
2,3-dioxygenase (IDO), is also induced by IFN-γ 
produced by TILs and involved in the adaptive 
immune resistance [24]. IDO depletes tryptophan 
important for T-cell responses, and metabolize 
tryptophan to kynurenine that has an activity to 
inhibit T cells. T-cell-induced inflammation and 
chemokines may also recruit immunosuppressive 
Tregs and inhibit antitumor T-cell responses. 
Potential antitumor effects of IDO inhibitors in 
combination with PD-1/PD-L1 blockade have 
been shown in clinical trials for melanoma 
patients.

 Primary Immune Resistance

In about 60% of melanoma patients, anti-tumor 
CD8+ T cells have not been well induced and 
accumulate in tumors prior to treatment with 
immunotherapy. An improved understanding of 
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the mechanisms (primary immune resistance) 
may lead to the further development of new ther-
apeutic strategies, particularly in combination 
with PD-1/PD-L1 blockade.

CTLA4 is a molecule involved in the 
negative- feedback mechanisms in priming of 
naïve T cells by professional antigen-presenting 
cells, such as dendritic cells (DCs). T cells acti-
vated via stimulation of TCR/HLA-Ag complex 
and CD28/CD80/86 express CTLA4, with 
CTLA4 having higher binding affinity to 
CD80/86 than CD28, preferentially blocking 
the CD28/CD80/86 complex. CTLA4 is also 
involved in one of the suppression mechanisms 
of regulatory T cells (Tregs), which are constitu-
tively expressed with CTLA4 and suppress DC 
function. Therefore, CTLA4 blockade results in 
enhanced priming and induction of antitumor T 
cells from naïve T cells.

The combination of anti-CTLA4 ab and anti- 
PD- 1 Ab in melanoma resulted in better ORR 
(about 60%) than either antibody alone (about 
30% ORR) [27], possibly through enhanced 
induction of antitumor T cells and subsequent 
infiltration into tumor tissues. The combination 
therapy prolonged survival of the patients with 
melanoma not expressing PD-L1 at baseline 

(likely to be T-cell non-inflamed), but no differ-
ence in overall survival was observed between 
the combination and anti-PD-1 antibody mono-
therapy. This suggested that CTLA4 blockade 
promoted induction of anti-tumor T cells and 
converted T-cell non-inflamed to T-cell-inflamed 
conditions, which is essential for response to 
PD-1/PD-L1 blockade [28]. Therefore, CTLA4 
blockade may overcome primary resistance in 
some of the melanoma patients.

 Oncogenes Responsible for Immune 
Resistance

Neo-antigens derived from DNA mutations 
appear to be one of the major targets for anti-
tumor T cells, and may reflect CD8+ T-cell infil-
trations in tumors. However, total DNA mutation 
burden, numbers of predicted neo-antigens, or 
expression of shared melanoma antigens, such as 
melanocyte antigens and cancer-testis antigens, 
are not correlated with CD8+ expression in mela-
noma tissues [29]. CD8+ T-cell accumulation 
appears to be affected by other factors (Fig. 8.2).

The mechanism of T-cell non-inflamed status 
in about a half of melanoma patients may be 
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explained by activated β-catenin signaling in 
melanoma cells [30]. In the BRAF mutant, PTEN 
knockout transgenic mouse melanoma model, 
melanoma cells with activated β-catenin had 
reduced production of chemokines such as CCL4. 
They also had reduced recruitment of Batf3- 
driven CCR5+ CD103+ dendritic cells producing 
CXCL9/10, and subsequently reduced recruit-
ment of anti-tumor CXCR3+CD8+ T cells into 
tumors. Similarly in melanoma patients, β-catenin 
activation may be correlated with reduced Batf3- 
driven CD141+DC producing CXCL9/10/11 and 
CXCR3+CD8+ T cells in tumors [31]. We have 
previously reported intratumoral administration 
of oncolytic HSV, or partially activated DC, that 
may restore this type of problems [32, 33]. We 
have also reported that β-catenin signal activation 
may also suppress T-cell responses at both induc-
tion (partly via IL10-induced suppression of DC) 
and effector CTL levels. Lastly, it has been shown 
that a β-catenin inhibitor may restore the DC 
function of β-catenin-activated melanoma [34].

Melanoma with PTEN loss was also reported 
to correlate with less CD8+ TILs and poor 
response to PD-1 blockade therapy [35]. PTEN 
loss results in AKT signal activation, with one of 
the AKT downstream molecules identified as 
VEGF, known to inhibit DC function. An inhibi-
tor for PI3K upstream of AKT signaling or a 
VEGF inhibitor was shown to restore anti-tumor 
T cells in murine tumor models. High-serum 
VEGF was related to a poor response to anti- 
CTLA4 Ab therapy and combination therapy of 
anti-VEGF antibody and anti-CTLA4 antibody has 
been evaluated in several clinical trials [36, 37]. 
Copy number loss frequently occurs in chromo-
some 10 that contains the PTEN gene in melanoma, 
and is inversely correlated with CD8 expression in 
melanoma [38]. These results indicate that onco-
gene activation may affect antitumor CD8+ T-cell 
accumulation into melanoma cells, which have 
abundant T-cell targets such as neo-antigens. This 
further indicates that the depletion of these negative 
factors may enhance CD8+ T-cell infiltration in 
tumors and may convert non-responders to respond-
ers for PD-1/PD-L1 blockade therapies.

BRAF is frequently mutated (common BRAF 
(V600E) mutation and other mutations) in SSM, 
and involved in the proliferation and invasion of 

melanoma cells [39, 40]. Although a BRAF gene 
mutation is not correlated with the accumulation 
of CD8+ TILs, it causes MAPK signal activation 
that may affect T-cell responses [41]. BRAF 
mutant-selective inhibitors, such as vemurafenib 
and dabrafenib, inhibit proliferation of melanoma 
cells with mutant BRAF, but conversely activate T 
cells with wild-type BRAF through paradoxical 
activation via CRAF [42]. Along with other 
mechanisms, such as increased tumor antigen 
expression, BRAF inhibitors may enhance anti- 
melanoma T-cell responses. In fact, it is observed 
that CD8+T cells are significantly increased in 
regressing melanoma tissues following the admin-
istration of BRAF inhibitors [43]. Interestingly, 
CD8+ T cells disappear and M2-like macrophages 
increase in tumor microenvironment after drug 
resistance is acquired for these kinase inhibitors 
[44]. Thus, target therapy and immunotherapy 
influenced each other via changes within the 
tumor microenvironment. Similarly, STAT3 sig-
naling may also be activated in melanoma cells, 
and may affect immune responses particularly 
through augmenting STAT3 in various immuno-
suppressive immune cells such as dendritic cells, 
macrophages, and Tregs [41, 45].

Other gene alternations, such as somatic copy 
number alterations (SCNA), particularly aneu-
ploidy, were found to be inversely correlated with 
CD8 expression in tumors of various cancer types 
including melanoma, with several possible mech-
anisms currently being investigated [46]. Since 
both SCNA and total mutation burden (TMB) are 
independent, the combination of SCNA and 
TMB may predict the response to immune check-
point blockade therapy in melanoma patients bet-
ter than either alone.

 Mesenchymal Tumor 
Microenvironment Responsible 
for Immune Resistance

TGF-β is a well-known immunosuppressive fac-
tor. We have previously shown that increase of 
TGF-β within the tumor microenvironment 
inhibited induction of tumor antigen-specific T 
cells in draining lymph nodes. It also inhibited 
subsequent tumor cell accumulation of CD8+ T 
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cells via induction of MDSC and Treg and 
impairment of DC functions [47]. TGF-β also 
increases immunosuppressive activity of mela-
noma cells by promoting the production of 
immunosuppressive molecules such as IL10, and 
TSP1 via snail expression, along with causing 
epithelial to mesenchymal transition (EMT) for 
metastasis [48]. It was reported that melanoma 
patients with TGF-β-related mesenchymal tumor 
microenvironment (increased gene expression 
related to angiogenesis, would healing, and 
EMT) did not respond to PD-1 Ab therapy [15]. 
Inhibitors of immunosuppressive factors, includ-
ing TGF-β, IL10, IL6, IL8, VEGF, TAM/MDSC, 
and Tregs in such mesenchymal tumor microen-
vironments, may also be useful for converting 
non-responders to responders to PD-1/PD-L1 
blockade therapy in melanoma.

 Recent Topics 
in the Immunobiology of Cancers

In addition to cancer cell genetic factors, vari-
ous factors influencing anti-tumor immune 
responses have been investigated. As one of the 
environmental factors, intestinal microbiota 
were shown to correlate with anti-tumor effects 
as well as immune-related adverse effects, such 
as colitis, in anti-CTLA-4 Ab therapy for mela-
noma [49, 50].

The metabolic conditions within the tumor 
microenvironment are also one of the major top-
ics in cancer immunology. In tumor tissues, can-
cer cells preferentially utilize glycolysis (Warburg 
effect) to produce their energy source via ATP 
and materials for cell division such as nucleic 
acids, resulting in hyponutrition, including hypo- 
glucose and hypoxia conditions. In such a unique 
environment, anti-tumor CD8+ effector T cells 
for which glycolysis and glutaminolysis are essen-
tial for their proliferation and effector functions 
are weakened, whereas Tregs that utilize fatty acid 
oxidation survive. Metabolic modulators, such as 
metformin and fibrates, are improving anti-tumor 
T-cell survival and functions, additionally syner-
gizing with PD-1/PD-L1 blockade. Energy metab-
olism may also be related to autophagy involved in 
processing of tumor antigens for the induction of 

anti-tumor T-cell responses. Calorie restriction 
mimetics may enhance anti-tumor T-cell responses 
partly regulating autophagy.

The metabolic status of various molecules, 
including amino acids important to the immune 
response, such as tryptophan, arginine, nucleic 
acids, and lipids (e.g., prostaglandins generated 
by COX2, cholesterol, and fatty acids), are also 
involved in generating tumor-promoting and 
immunosuppressive conditions in the tumor 
microenvironment. The specific importance of 
these molecules as it relates to immune resistance 
in the tumor microenvironments needs to be 
investigated in melanoma patients.

 Combination Cancer 
Immunotherapy

Based on the immunopathology evaluated in 
human melanoma, various combined immuno-
therapies are being developed by considering the 
following immunological issues [51]: (1) use of 
vaccines with appropriate tumor antigens (e.g., 
neo-antigens), (2) in situ tumor destruction to 
induce immunogenic cancer cell death (e.g., che-
motherapy, molecular target therapy, radiation, 
oncolytic viruses), (3) enhancement of antigen- 
presenting cells’ function (e.g., TLR3/STING/
CD40 agonists), (4) in vivo activation of antitu-
mor T cells (e.g., cytokines, agonistic Abs for co- 
receptors, cultured antitumor T cells), and (5) 
reversal of immune-resistant mechanism  (e.g., 
primary and adaptive immune resistance). A per-
sonalized combination may be important due to 
unique immune system differences in each 
patient. In addition to a combination of CTLA4/
PD-1 Abs, various new combination immuno-
therapies, particularly with PD-1/PD-L1 block-
ade, and combinations with IDO inhibitors and 
VEGF inhibitors, are currently being evaluated in 
patients with metastatic melanoma.

 Concluding Remarks

The reverse translational research using clinical 
samples obtained from clinical trials utilizing 
immune checkpoint blockade and T-cell-based 
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adoptive cellular therapy reveals immunological 
mechanisms for anti-melanoma T-cell responses in 
patients. Further understanding of the immunobiol-
ogy of melanoma, using new technologies such as 
multi-omics computer analyses and systematic 
immunological analyses, will lead to the identifica-
tion of new biomarkers to select appropriate patients 
and immunotherapies along with new therapeutic 
targets for effective combination immunotherapies.

In melanoma, about 40% of patients have a 
T-cell-inflamed tumor microenvironment (antitu-
mor CD8+ T cells specific for various tumor anti-
gens, such as neo-antigens, are induced and 
accumulated in tumors). However, the adaptive 
immune-resistant mechanism, such as the PD-1/
PD-L1 interaction and tryptophan-metabolizing 
IDO, does not result in the eradication of mela-
noma cells by anti-tumor T cells. In other patients, 
due to primary immune-resistant mechanisms 
(e.g., low immunogenic tumor antigens, loss of 
immune cell-recruiting chemokines, cancer cell- 
producing immunosuppressive molecules and 
cells), antitumor CD8+ T cells are not efficiently 
induced and accumulated within tumor tissues.

The presence of immunogenic antigens, includ-
ing neo-antigens derived from DNA mutations, 
cancer-testis antigens, and melanocyte antigens, is 
important in the induction of tumor antigen-spe-
cific CD8+ T cells. However, activation of onco-
genes such as β-catenin, AKT (loss of PTEN), 
BRAF, and STAT3; TGF-β-associated mesenchy-
mal conditions; and chromosomal SCNA may 
affect the induction and accumulation of tumor 
antigen-specific CD8+ T cells in tumors. In the 
patients with sufficient immunogenic antigens for 
T cells, strategies to deplete such negative factors 
may promote the induction and tumor infiltration 
of antitumor CD8+ T cells. This improves the anti-
tumor activity of PD-1/PD-L1 blockade through 
the conversion of T-cell non-inflamed (non-
responders) to T-cell-inflamed (responders) condi-
tions within tumor microenvironments.
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Dermoscopy of Melanocytic 
Lesions

Zachary J. Wolner, Oriol Yélamos, 
Konstantinos Liopyris, and Ashfaq A. Marghoob

 Introduction

The diagnosis of skin cancers can be challenging 
by naked eye examination (NEE) alone. Although 
the clinical examination is a fundamental compo-
nent for the diagnosis of skin cancer, NEE alone 
can miss early skin cancers and clinically sym-
metric skin cancers (i.e., those lacking the ABCD 
features), or, conversely, can lead to unnecessary 
biopsies of benign lesions. To a certain extent, 
these errors will occur regardless of the diagnos-
tic method utilized; however, the addition of der-
moscopy can significantly improve the diagnostic 
accuracy of both melanoma and non-melanoma 
skin cancer, reduce the number of unnecessary 
biopsies, and diagnose thinner and smaller skin 
cancers [1–3].

Dermoscopy, also referred to as dermatoscopy, 
uses a handheld device called a dermoscope or 
dermatoscope that consists of a transilluminating 
light source and a 10× magnifying lens. When the 
skin is seen by NEE alone, one can only perceive 
light reflected off the superficial stratum corneum. 
Dermoscopes use either polarized or non-polar-
ized light to see beyond the stratum corneum and 
to identify subsurface features of the epidermis, 

dermoepidermal junction (DEJ), and papillary 
dermis unappreciable by NEE [4, 5].

Non-polarized dermoscopy requires the use of 
a liquid interface, such as ultrasound gel or alco-
hol, between the dermoscope and the skin surface 
[6]. Creation of a surface–liquid interface is nec-
essary to visualize structures below the stratum 
corneum using non-polarized light. Polarized 
light obviates the need for a liquid interface by 
filtering out the light reflected off of the stratum 
corneum. Therefore, polarized dermoscopy can 
be performed without contacting the skin, result-
ing in better detection of vascular structures as 
they are not compressed by the pressure of the 
dermoscope [7]. Polarized and non-polarized 
light can also highlight different dermoscopic 
features due to a difference in light penetration of 
the skin [7]. Polarized dermoscopy offers 
improved visualization of structures in the deeper 
layers of the skin such as blood vessels and alter-
ations of the matrix, such as shiny white struc-
tures [7, 8]. In contrast, non-polarized dermoscopy 
affords improved visualization of superficial 
structures such as blue-white veil (due to ortho-
keratosis), milia-like cysts, and comedo-like 
openings [7].

In the hands of experienced practitioners and 
novices (with only a few hours of didactic train-
ing), dermoscopy can significantly enhance the 
diagnostic accuracy of skin cancer. In addition, it 
can reduce the benign-to-malignant biopsy ratio 
(BMR) and enable users to diagnosis melanomas 
at an early stage [1–3]. For these reasons, the use 

Z. J. Wolner · O. Yélamos · K. Liopyris   
A. A. Marghoob, M.D. (*) 
Division of Dermatology, Department of Medicine, 
Memorial Sloan Kettering Cancer Center,  
New York, NY, USA
e-mail: wolnerz@mskcc.org; yelamoso@mskcc.org; 
liopyrik@mskcc.org; marghooa@mskcc.org

9

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-78310-9_9&domain=pdf
mailto:wolnerz@mskcc.org
mailto:yelamoso@mskcc.org
mailto:liopyrik@mskcc.org
mailto:liopyrik@mskcc.org
mailto:marghooa@mskcc.org


144

of dermoscopy has become an important part of 
most dermatology practices, further expanding to 
other specialties such as family medicine [9, 10]. 
In the following sections, we review the impact 
of incorporating dermoscopy into clinical prac-
tice, describe the dermoscopic structures found in 
melanocytic neoplasms, discuss the diagnostic 
and triage algorithms, and highlight the advan-
tages and limitations of dermoscopy.

 Utility of Dermoscopy 
in Diagnosing Melanoma

In multiple meta-analyses, dermoscopy has been 
shown to improve the diagnostic accuracy for 
melanoma when compared to NEE alone [2, 11, 
12]. Vestergaard et al. analyzed nine prospective 
clinical studies that included 8487 suspicious 
pigmented and non-pigmented lesions [2]. 
Melanoma prevalence among included studies 
ranged from 0.5 to 21.1% with a Breslow’s thick-
ness that ranged from 0.35 to 0.95  mm [2]. 
Diagnostic accuracy was evaluated through the 
diagnostic odds ratio (DOR), a function that takes 
into consideration sensitivity and specificity and 
their respective trade-offs [2]. Compared to NEE, 
the DOR for dermoscopy was 15.6 times higher 
(confidence interval [CI]: 2.9–83.7, p = 0.016). A 
summary estimate of sensitivity was also higher 
with dermoscopy (0.90, CI: 0.80–0.95) than for 
NEE (0.71, CI: 0.59–82, p  =  0.002) [2]. It is 
important to underscore that this improvement in 
sensitivity was not associated with a concomitant 
lowering of specificity. In other words, while the 
sensitivity for detecting melanoma improved 
with dermoscopy, there was no statistical differ-
ence in specificity between NEE and dermoscopy 
(0.90, CI: 0.57–98 vs. 0.81, CI: 0.48–0.95, 
p = 0.18) [2].

Another method to investigate the positive 
impact of dermoscopy is to analyze the number of 
benign lesions biopsied for each malignant lesion 
biopsied. This is represented by the benign-to-
malignant ratio (BMR). Carli et al. followed this 
ratio for 4 years with six practitioners, two der-
moscopy users, and four nonusers. Dermoscopy 
users demonstrated an improvement in their BMR 

from 18:1 to 4.3:1 (p = 0.037), whereas dermos-
copy nonusers experienced no significant change 
in their BMR from the beginning (11.8:1) to the 
end (14.8:1) of the study [1]. Another study com-
pared three groups of dermatologists with and 
without access to dermoscopy and digital moni-
toring options. One group had no access to der-
moscopy (Group A) while the other did (Group 
B). The third group had dermoscopy and the 
option to follow digital dermoscopic images of 
lesions over time to evaluate for change (Group 
C). Group A had the highest BMR (10.74:1), fol-
lowed by Group B (8.14:1), and finally Group C 
(2.43:1). Therefore, the group that used dermos-
copy and had the option to digitally monitor 
lesions was able to identify melanomas with the 
fewest biopsied benign lesions. It is important to 
appreciate that this improved BMR was due to a 
combination of an increase in the number of mel-
anomas found and reduction in the number of 
benign lesions biopsied [13]. In yet another study, 
a 10-year multicenter survey found an improve-
ment in the BMR from 12.8 to 6.8 at clinical sites 
dedicated to skin cancer treatment. The BMR 
remained unchanged in clinical sites not dedi-
cated to skin cancer screening. The authors of the 
study argued that the adoption of dermoscopy was 
largely responsible for the observed improvement 
in the BMR [14]. Dermoscopy-led improvement 
in melanoma detection and reduction of benign 
biopsies has been associated with a reduction in 
morbidity and healthcare costs [15].

Another advantage of dermoscopy is that it 
enables the detection of thinner melanomas. A 
prospective study of patients with previously 
diagnosed melanoma evaluated the associations 
of melanoma tumor thickness at diagnosis with 
socioeconomic status, clinical factors, behavioral 
factors, screening strategies, and known mela-
noma risk factors [16]. Multivariate analysis 
revealed significant association of thinner mela-
nomas with participation in specialized dermo-
scopic screening programs (p  <  0.0001) and 
performance of dermoscopic examination at 
diagnosis (p  <  0.04) [16]. Dermoscopy users 
identified melanomas with a mean Breslow’s 
thickness of 1.4  mm and dermoscopy nonusers 
found melanomas with a mean thickness of 
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2.6 mm, which proved to be a highly significant 
difference (p < 0.0001) [16]. As mentioned previ-
ously, the diagnostic power of dermoscopy can 
be enhanced by the use of digital dermoscopy. In 
a meta-analysis of digital dermoscopy of melano-
cytic lesions, including 383 melanomas, greater 
than 50% of melanomas diagnosed with digital 
dermoscopy were in situ higher than the expected 
ratio found in the general population [3]. The 
likelihood of detecting melanoma increased with 
lesion surveillance time [3]. In summary, der-
moscopy improves diagnostic accuracy, lowers 
the BMR, and leads to the diagnosis of thinner 
melanomas. In order to use dermoscopy as a use-
ful skin cancer screening tool, it is necessary to 
learn the most representative dermoscopic struc-
tures that identify skin cancers. In the following 
sections, we detail the dermoscopic structures 
associated with melanocytic tumors and we high-
light the dermoscopic features specific for the 
diagnosis of melanoma.

 Dermoscopic Structures

Under the lens of dermoscopy, a skin lesion 
reveals a host of structures and colors unseen by 
NEE.  Most dermoscopic features have unique 
histologic correlates allowing the user to clini-
cally classify a lesion with high accuracy and 
even provide the clinician with potential prog-
nostic information [2, 17–21]. Dermoscopy has 
been in routine use for over 30  years and has 
resulted in a literature riddled with redundant and 
ambiguous terminology [22, 23]. In order to stan-
dardize the terminology for the most commonly 
used dermoscopic structures, the International 
Dermoscopy Society (IDS) has published a con-
sensus paper in 2016 on dermoscopic terms [22]. 
In this chapter we, with few exceptions, adhere to 
the IDS 2016 consensus terminology.

 Melanocytic Dermoscopic Patterns

When approaching a lesion with dermoscopy, 
one of the fundamental questions to answer is 
whether or not the lesion is a melanocytic tumor. 

A method to help differentiate melanocytic from 
non-melanocytic lesions was first described after 
a dermoscopy consensus and is widely known as 
the two-step algorithm [24]. This algorithm will 
be fully explained in a later section, but briefly 
there are three pathways for a lesion to be labeled 
as melanocytic. The lesion can contain one or 
more of the nine dermoscopic features that indi-
cate that a lesion is probably melanocytic: pig-
ment network, negative network, angulated lines, 
streaks, aggregated globules, peripheral rim of 
globules, homogenous blue pattern, pseudonet-
work (facial lesions), and parallel pigment pat-
tern (volar lesions) (Fig.  9.1) [24]. In addition, 
the lesion can have vasculature indicative of a 
melanocytic lesion or the lesion is unclassifiable 
as a non-melanocytic lesion. In the last example, 
the lesion is then included as a melanocytic lesion 
in the second step.

Once it has been determined that the lesion is 
melanocytic, the next step is to determine whether 
the lesion is a nevus or a melanoma. The lack of 
dermoscopic structures concerning for malignancy 
(discussed in  "Melanoma-Specific Structures) in 
conjunction with the identification of a uniform 
and an organized globular, reticular, starburst, or 
homogenous blue pattern leads to the diagnosis of 
a benign melanocytic nevus [25]. The benign 
melanocytic patterns listed above along with addi-
tional benign combinations are summarized and 
depicted in Fig. 9.2. In contrast, the dermoscopic 
structures and colors in melanomas are usually 
distributed in a disorganized and random manner. 
In addition, several dermoscopic features have 
been shown to be specific for melanoma. In the 
following section, we review the melanoma-spe-
cific structures. Finally, if the lesion is equivocal, a 
biopsy or referral to a specialist for further evalua-
tion would be indicated [26].

 Melanoma-Specific Structures

Several dermoscopic features are more com-
monly associated with melanoma than with nevi 
and these structures are known as the melanoma- 
specific structures, including atypical pigment 
network, angulated lines, negative pigment 
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e f
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Fig. 9.1 Dermoscopic 
structures and patterns 
associated with 
melanocytic lesions. (a) 
Pigment network. (b) 
Negative network. (c) 
Angulated lines. (d) 
Streak or starburst 
pattern. (e) Globular 
pattern. (f) Peripheral 
rim of globules. (g) 
Homogeneous blue. (h) 
Top: Parallel pigment 
pattern (volar sites). 
Bottom: Pseudonetwork 
(facial skin)
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network, atypical dots, atypical globules, irregu-
lar streaks, shiny white lines, irregular blotch, 
blue- white veil, regression structures, polymor-
phous vasculature, and peripheral tan structure-
less areas [23]. In this section, we review each 
melanoma- specific structure and provide repre-
sentative schematics (Fig. 9.3) and dermoscopic 
images (Figs. 9.4, 9.5, 9.6, 9.7, and 9.8).

Atypical/irregular pigment network con-
sists of a grid composed of heterogeneous and 
erratic line thickness, variable size of network 
holes, and multiple colors ranging from brown 
to gray to black (Figs. 9.3a and 9.4a). Another 
sign of atypia is an asymmetrically distributed 
network with smudging, giving the network the 
appearance of being out of focus [22]. The net-
work is often distributed in an asymmetric and 
noncontiguous manner. The presence of an 
atypical network is associated with superficial 
spreading melanoma [27]. Histologically, the 
dark lines of the pigment network correspond 
to the rete ridges, and the holes of the network 
correspond to the supra-papillary plates. The 
lines appear dark due to an increased number 
of melanized cells in the rete ridges, either 
melanocytes or pigmented keratinocytes [28]. 
If a lesion has an atypical pigment network 

there is a 2.0–9.0 odds ratio (OR) for mela-
noma [23, 24, 29–31].

Angulated lines consist of straight brown to 
gray lines that intersect at acute angles to create a 
zigzag pattern (Figs. 9.3a and 9.4b). These lines 
can eventually coalesce to form polygonal struc-
tures such as rhomboids [22]. The presence of 
angulated lines is associated with melanoma on 
sun-damaged skin, such as lentigo maligna [4]. 
Histologically angulated lines represent conflu-
ent atypical melanocytes in the basal layer 
admixed with dermal melanophages [32]. A 
lesion with angulated lines has a 1.95 OR for 
melanoma [33].

Negative pigment network refers to hypopig-
mented lines that appear to meander around the 
lesion in a serpiginous pattern (Figs.  9.3b and 
9.5a). This can also be described as hypopig-
mented lines that surround elongated or 
 curvilinear globular structures [22]. Although a 
negative network can be found in Spitz nevi [34], 
it is impossible to differentiate Spitz nevi from 
melanoma with a high degree of certainty. 
Therefore, its presence should always raise the 
concern for melanoma arising in a nevus. 
Although the histological correlate of negative net-
work is not entirely known, it has been suggested 

Diffuse Reticular

a

f g h i j

b c d e

Patchy Reticular

Peripheral globules/starburst
Peripheral reticular

with central globules Globular Two-components
Symmetric multi-

component

Peripheral reticular with
central hypopigmentation

Peripheral reticular with
central hyperpigmentation Homogeneous

Fig. 9.2 Dermoscopic patterns associated with nevi. (a) 
Diffuse pigment network. (b) Patchy pigment network. (c) 
Diffuse pigment network with central hypopigmentation. 
(d) Peripheral pigment network with central hyperpigmen-
tation. (e) Homogeneous brown, pink, and blue. (f) Diffuse 

pigment network with a ring of peripheral globules (left), 
diffuse pigment network with a peripheral ring of tiered 
globules (middle), and starburst pattern (right). (g) Peripheral 
pigment network with central globules. (h) Globular pattern. 
(i) Two-component. (j) Symmetric multicomponent
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Fig. 9.3 Melanoma- 
specific dermoscopic 
structures. (a) Atypical 
pigment network (top) 
and angulated lines 
(bottom). (b) Negative 
network. (c) Atypical 
globules and dots. (d) 
Streaks: Radial 
streaming (left) and 
pseudopods (right). (e) 
Regression area 
(scar-like 
depigmentation and 
granularity/peppering). 
(f) Blue-white veil. (g) 
Shiny white streaks. (h) 
Atypical blotch. (i) 
Peripheral tan structure. 
(j) Polymorphous 
vasculature
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that they correspond to bridging of adjacent rete 
ridges or to elongation of the rete ridges together 
with the presence of large melanocytic nests in 
the papillary dermis [35]. The presence of a nega-
tive network has been found to have a 1.4–1.8 OR 
for melanoma [23, 36, 37].

Typical dots are located in the center of a 
lesion, on pigment network lines, or in hole of a 
pigment network. Dots located in any other dis-
tribution are considered atypical. Atypical dots 
include dots in an asymmetric or a random distri-
bution, in a peripheral location (off center), or 
unassociated with network lines or holes 
(Figs.  9.3c, 9.6, and 9.7) [22]. Histologically, 
brown dots represent dermal-epidermal nests. 

a b

Fig. 9.4 Dermoscopic features of disorganized melano-
mas. (a) Melanoma with atypical network. Lines in the 
pigment network vary in size and manifest in different 

colors throughout the lesion. (b) Melanoma of the face 
with atypical network and angulated lines (white arrows) 
creating a zigzag pattern within the pigment network

a b

Fig. 9.5 Dermoscopic features of organized melanomas. 
(a) Melanocytic lesion with peripheral regular pigment 
network with a central area of negative network (arrow) 

indicative of melanoma arising in a nevus. (b) Spitzoid 
melanoma with pseudopods of different sizes and colors 
but distributed symmetrically around the entire lesion

Fig. 9.6 Dermoscopic features of a spitzoid melanoma 
with irregular dots/globules (asterisks), shiny white streaks 
(arrowhead), and polymorphous vasculature (arrows)
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Black dots correspond to nests located in the 
upper epidermis or stratum corneum [38]. 
Atypical dots/globules in a lesion have a 1.7–4.8 
OR for melanoma [24, 29, 39].

Typical globules are of similar size, shape, 
and color. They tend to be distributed throughout 
(globular nevus), at the periphery (in growing 
nevi) or in the center of a lesion (Fig.  9.2). 
Globules of differing size, shape, and color dis-
tributed in an asymmetric and/or random fashion 
are considered atypical. On histology, brown or 
black globules correspond to melanocytic nests 
present at the DEJ or superficial dermis, while 
blue globules correspond to nests located deeper 
in the dermis [38]. Atypical dots/globules in a 
lesion have a 1.7–4.8 OR for melanoma [24, 29, 
39]. (Figs. 9.3c, 9.6, and 9.8).

Streaks are linear, pigmented projections that 
emerge from the perimeter of a lesion and extend 
into surrounding normal skin. There are two 
types of streaks: radial streaming and pseudo-
pods. Radial streaming corresponds to linear 
structures extending from the periphery of a 
lesion (Fig.  9.3d). Pseudopods are similar to 
radial streaming but with an added bulbous end-
ing (Fig.  9.5b) [22]. Streaks distributed evenly 
around the entire periphery of a lesion are typical 
of a Spitz/Reed nevus [40]. In contrast, when 
streaks are asymmetrically distributed or limited 

to a focal area on a lesion then they are consid-
ered to be irregular and are indicative of mela-
noma (Fig. 9.8) [4]. Histologically, streaks have 
been associated with confluent melanocytic nests 
located at the DEJ present at the periphery of a 
lesion [28]. Irregular streaks have an OR 1.5–5.8 
for melanoma [23, 24, 29, 30, 39].

Regression structures consist of scar-like 
depigmentation and granularity/peppering. The 
areas of regression will be non-palpable and will 
not contain blood vessels or shiny white struc-
tures on polarized dermoscopy [22]. Peppering/
granularity is seen as fine blue-gray dots and they 
correspond with papillary dermal melanophages 
or free melanin (Fig. 9.7) [17]. Scar-like depig-
mentation corresponds to dermal fibroplasia that 
appears dermoscopically as porcelain white 
structureless areas that are lighter in color com-
pared to adjacent normal skin [22]. Peppering/
granularity and scar-like depigmentation often 
appear together, but they can also present sepa-
rately, and have an OR 2–18.3 for melanoma [23, 
24, 30, 39] (Figs. 9.3e and 9.7).

A blue-white veil is a blue to blue-black area 
covered by a whitish ground-glass haze located 
in a raised area of the lesion (Figs. 9.3f, 9.7, and 
9.8). The bluish color is due to melanin/melano-
cytes in the dermis and the overlying whitish 
haze is created by compact orthokeratosis [41]. A 
homogeneous blue-white veil encompassing 
the entire lesion can be seen in blue nevi and in 

Fig. 9.7 Dermoscopic features of melanoma depicting 
multiple raised areas with a blue-white veil (white 
arrows), polymorphous vessels (star), peripheral struc-
tureless area (asterisk), irregular dots (rectangle), pepper-
ing/granularity (arrowhead), and shiny white streaks 
(center of the lesion)

Fig. 9.8 Dermoscopic features of melanoma demonstrat-
ing a blue-white veil (asterisk), atypical globules (arrows), 
and a component of radial streaming (box) corresponding 
to radial growth
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epidermotropic melanoma metastasis [42]. A 
focal blue-white veil with asymmetrical distribu-
tion has an OR 1.74–13 for melanoma [23, 24, 
30, 39].

Shiny white lines/streaks can only be visual-
ized with polarized light and consist of discrete 
short white lines that are often oriented in an 
orthogonal or a parallel configuration (Figs. 9.3g, 
9.6, and 9.7). The presence of these lines in a 
melanocytic lesion narrows the differential diag-
nosis to between a Spitz nevus and a melanoma 
[4, 43]. Shiny white streaks correspond to stro-
mal alteration and dermal fibrosis [35, 43]. The 
presence of shiny white structures has an OR 
2.5–9.7 for melanoma [23, 43].

Blotches are structureless areas with heavy 
pigmentation obscuring the visualization of any 
other dermoscopic structures. An isolated blotch 
located toward the center of a reticular nevus is 
considered to be regular and is found in nevi 
(Fig. 9.2d). A blotch is irregular if it is off center 
(closer to the periphery of the lesion, Fig. 9.3h) or 
if multiple blotches are found within a lesion 
[22]. The pigment corresponds to melanin pres-
ent throughout all layers of the epidermis with or 
without dermal involvement [17]. Irregular 
blotches have an OR 1.88–4.1 for melanoma [23, 
24, 29, 30].

Structureless areas are light brown or tan 
areas that encompass more than 10% of the lesion. 
Those that are located at the periphery of a lesion 
are considered irregular (Figs. 9.3i and 9.8), while 
those with a central location are considered regu-
lar. The peripheral tan structureless areas corre-
spond to areas of flattened DEJ with pagetoid 
spread of melanocytes [17]. Peripheral structure-
less areas have an OR 2.9 for melanoma [29].

There are numerous terms in dermoscopy that 
describe vessel morphology and distribution. 
Short curved linear vessels analogous to a comma 
are typical of benign dermal nevi. The presence 
of any other vascular structure in a melanocytic 
lesion should raise concern for melanoma. 
Polymorphous vasculature or the presence of 
multiple types of vessels (i.e., dotted, coiled, 
looped, and serpentine) in one lesion is indicative 
of malignancy [22], and has an OR 2.0–3.04 for 
melanoma [23, 29, 30] (Figs. 9.3j, 9.6, and 9.7).

In the clinical setting, the practitioner is 
required to integrate the clinical context with 
physical findings in order to formulate a differen-
tial diagnosis. Based on the practitioner’s impres-
sion, management decisions can be discussed 
with the patient. Incorporating dermoscopy into 
this equation can appear daunting. In the next 
section, we walk through several dermoscopic 
algorithms to successfully integrate dermoscopy 
into the clinical approach to a lesion.

 Diagnostic/Triage Algorithms

With dermoscopy, practitioners can evaluate pig-
mented and non-pigmented lesions to determine 
which lesion requires a biopsy [44]. There are 
several methods for incorporating this into clini-
cal practice. We focus on pattern analysis, two- 
step algorithm, and triage amalgamated 
dermoscopy algorithm (TADA).

 Pattern Analysis

Pattern analysis,  first described by Pehamberger 
et al. [45], assesses heterogeneity in the structure, 
color, pattern, and margin of a lesion. While pat-
tern analysis has been shown to have superior 
diagnostic performance, it draws upon a practi-
tioner’s experience [24]. As more clinicians 
incorporate dermoscopy into their practice [46], 
algorithms that aid new users in diagnosing and 
managing a diverse array of skin lesions are 
needed. In this section, we cover the two-step 
algorithm, mentioned earlier, and TADA.

 The Two-Step Algorithm

The first step of the two-step algorithm differenti-
ates melanocytic from non-melanocytic lesions. 
A lesion that does not contain melanocytic struc-
tures should be evaluated to see if it has any 
structures indicative of a dermatofibroma, basal 
cell carcinoma (BCC), squamous cell carcinoma 
(SCC), seborrheic keratosis (SK), and angioma/
angiokeratoma. In order to correctly apply the 
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two-step algorithm, it is important to be able to 
identify common non-melanocytic lesions, which 
include dermatofibroma, BCC, SCC, SK, and 
angioma/angiokeratoma. While outside the scope 
of this chapter, these non-melanocytic lesions can 
be reliably diagnosed with the aid of dermoscopy 
using features specific for these lesions [18, 44, 
47]. If the lesion does not fit into any non- 
melanocytic category, the presence of vascular 
structures associated with melanocytic structures, 
such as comma, dot, serpentine, coiled, or poly-
morphous vessels, indicates that the lesions 
should be evaluated in the second step. An unclas-
sifiable lesion should be considered melanocytic 
and analyzed in the second step of the algorithm 
[24]. The second step uses the presence and/or 
absence of melanoma-specific features to help 
clinicians classify melanocytic lesions as benign 
(melanocytic nevus), suspicious, or malignant 
(melanoma). Clinicians can then proceed to reas-
sure the patient or monitor/biopsy the lesion 
(Fig. 9.9).

Several algorithms have been developed to 
assist dermoscopy users in the second step. The 
melanoma-specific features can achieve high 
sensitivity and specificity for the diagnosis of 
melanoma (range of sensitivity 70.6–82.4% 
and range of specificity 40.2–59.4%) [23]. 
Intended as an aid for new users, these algo-
rithms include the ABCD Rule, the 7-point 
checklist, the Menzies’ method, the CASH 
algorithm, and the “chaos and clues” algorithm 
[48–52]. In essence, nevi tend to manifest one 
of the benign patterns (Fig. 9.2) and any lesion 
with one of the aforementioned melanoma-spe-
cific structures should raise concern for 
melanoma.

 Triage Amalgamated Dermoscopy 
Algorithm (TADA)

TADA is a dermoscopic algorithm that serves as 
a comprehensive guide to managing pigmented 
and non-pigmented skin lesions through previ-
ously validated dermoscopic criteria (Fig. 9.10) 
[26, 37, 43, 53–57]. The unique feature of TADA 
is that it first asks users to identify if the lesion is 

an unequivocal dermatofibroma, angioma, or 
SK. If the user is confident that the lesion evalu-
ated can be classified as one of these three benign 
lesions, it is then excluded from further evalua-
tion and the patient can be reassured. Since these 
lesions are excluded from further analysis, these 
lesions must be unequivocal.

In the second step, the user assesses a lesion 
for architectural disorder [58]. In a study by the 
International Dermoscopy Society, architectural 
disorder was the most powerful discriminator for 
melanoma (OR of 6.6) and had the best interob-
server agreement among study participants 
(intraclass correlation coefficient of 0.43, where 
0 corresponds to agreement by chance and 1 is 
perfect agreement) [23]. However, malignancy 
can present in an organized manner, as evident 
with spitzoid, nodular, and amelanotic melano-
mas (Figs.  9.5 and 9.6) [59]. Therefore, TADA 
includes additional features found in organized 
malignant lesions: starburst pattern, blue-black 
or gray color, shiny white structures, negative 
network, ulceration/erosion, and/or vessels. The 
presence of architectural disorder or any of the 
abovementioned features of an organized malig-
nancy signals the need for a biopsy/excision or a 
specialist referral.

A pilot study found that dermoscopy nov-
ices, including dermatologists and family phy-
sicians, with just 1 day of dermoscopy training, 
achieved 93.3% sensitivity and 74.1% specific-
ity using TADA to evaluate malignant study 
lesions (melanoma, BCC, SCC) [58]. The study 
suggested that individuals with limited dermos-
copy training and experience can be effective at 
skin cancer screening, regardless of their medi-
cal specialty.

 Advantages and Limitations 
of Dermoscopy

As previously described, dermoscopy improves 
diagnostic accuracy, allows for digital surveil-
lance leading to the detection of thinner melano-
mas, and reduces the number of unnecessary 
biopsies [2, 3, 13, 16]. Dermoscopy also offers 
additional advantages, such as patient and 
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melanocytic
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Basal cell
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Fig. 9.9 Diagram depicting the two-step algorithm. The 
first step requires the user to decide whether the lesion is 
melanocytic. For all practical purposes, the presence of 
any structure/pattern depicted in level 1 requires the lesion 
to be evaluated in the second step of the algorithm that is 
designed to differentiate nevi from melanoma. If the 
lesion does not have any of the features depicted in level 1 
then the lesion is further evaluated to determine if it has 

any features diagnostic for the most common non- 
melanocytic lesions encountered in clinical practice (lev-
els 2–6). If, on the other hand, the lesion is determined to 
have features listed in level 1, level 7, or level 8 then the 
lesion is considered melanocytic and needs to be evalu-
ated in step 2 of this algorithm. The second step of the 
algorithm is designed to help identify a lesion as a nevus, 
melanoma, or indeterminate
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Skin Lesion*
Viewed with Polarized

Dermoscopy

Unequivocal
Angioma

Dermatofibroma
Seborrheic Keratosis

Yes

Reassure /
Monitor2

No

Architectural disorder/
Disorganized pattern1

NoYes

Biopsy/
Refer

Yes

Biopsy/
Refer

Monitor3

No

* This rule does not apply to lesions on glabrous skin (i.e., palms, soles, mucosal surfaces) and nails.
1 Colors and structures distributed in an asymmetric/chaotic fashion.
2 Patient should continue self-monitoring and changes in morphology or symptoms should be
brought to attention of their healthcare provider.
3 Monitoring can include short-term monitoring, long-term monitoring or self-monitoring for change.

Organized lesion with Starburst Pattern
or with any of the following features:

1. Blue-Black/Gray Color

2. Shiny White Structures

3. Negative Network

4. Ulcer/Erosion

5. Vessels

r/Erosion

els

Fig. 9.10 Diagram depicting the triage amalgamated 
dermoscopy algorithm (TADA). This algorithm requires 
that the lesion be evaluated with polarized dermoscopy. 
All unequivocal angiomas, dermatofibromas, and sebor-
rheic keratoses can be safely removed from further analy-
sis in the algorithm and the patient can be reassured and, 
if needed, the lesion can be further monitored. A lesion 
that is not an unequivocal SK, angioma, or DF is next 
evaluated for architectural disorder. A lesion with disorder 

should be biopsied or referred to a specialist. If the lesion 
is determined to be organized, then it is further evaluated 
to rule out the slim possibility of a skin cancer presenting 
itself with a symmetric morphology. Any organized lesion 
with a starburst pattern, blue-black/gray color, shiny white 
structure, negative network, ulcer/erosion, or vessel 
should be biopsied or referred to a specialist. Any lesion 
that reaches the end of the algorithm with no indication 
for biopsy or referral can be safely monitored
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physician reassurance, formation of a more pre-
cise differential diagnosis, and enhanced physi-
cian  confidence in the clinical diagnosis [60]. 
However, dermoscopy also has its limitations.

Dermoscopy is meant to further inform and add 
more information to the physical exam and clinical 
history. Therefore, dermoscopy performed with-
out the appropriate clinical context can lead to 
lower diagnostic accuracy [61]. Users can rely too 
heavily on one piece of information (anchoring 
bias) or use incomplete dermoscopic information 
to confirm a preexisting diagnostic suspicion 
(search satisfaction). Furthermore, the misidentifi-
cation or misinterpretation of structures can lower 
diagnostic accuracy [62]. Finally, users may not 
detect early melanomas that lack specific dermo-
scopic criteria [63]. Therefore, dermoscopy needs 
to be performed as an adjunct to clinical examina-
tion, as relying solely on two- dimensional dermo-
scopic morphology may miss important 
information such as texture, consistency, or con-
text of the lesion compared to surrounding lesions. 
However, despite these limitations, no study has 
empirically shown that trained dermoscopy users 
perform worse. This is most likely due to expert 
integration of patient history and lesional context 
with the dermoscopy information such as pattern 
recognition (gestalt) and analytical recognition 
(dermoscopic criteria) [64].

Conclusion
Dermoscopy offers improved diagnostic accu-
racy of melanoma. Users can achieve high 
sensitivity without sacrificing specificity for 
the diagnosis of melanoma. An improved 
BMR indicates that for every diagnosed 
malignancy, fewer benign lesions were unnec-
essarily removed. In addition, digital dermos-
copy allows users to monitor ambiguous 
lesions for change and diagnose melanomas at 
an earlier stage. Although dermoscopy has its 
own learning curve, new users may utilize 
diagnostic and management algorithms, such 
as TADA or two-step algorithm to triage 
lesions for further evaluation and to improve 
their sensitivity and specificity for discrimi-
nating malignant from benign lesions. Finally, 
with all these improvements, dermoscopy can 
be a cost-effective screening tool.
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International Models of Melanoma 
Management (Australia)

Paul Elmslie

 The Clinical Management of Skin 
Cancer

The phrase, “clinical management,” refers to the 
process that occurs once a suspicious lesion is 
found or identified by a family physician or gen-
eral practitioner (GP). Typically, once this lesion 
is identified, the patient is referred to a derma-
tologist in order to obtain a tissue diagnosis. If it 
is determined that the lesion is a melanoma, the 
dermatologist will then conduct an excisional 
biopsy and send the sample to the pathologist, 
who will then confirm the lesion’s malignancy 
and the staging if it is a melanoma.

Once the skin cancer is confirmed, the derma-
tologist then provides the diagnosis to the patient. 
Depending on the severity of the case, as well as 
the dermatologist’s experience, the patient will 
likely be either treated within the dermatologist’s 
practice or referred to a surgeon. Another signifi-
cant factor is the specialist’s access to important 
resources, and this is often determined by where 
the patient is located. For example, in certain 
regional areas, there may be only a general sur-
geon who is available to remove the lesion, as 
opposed to a surgical oncologist, plastic surgeon, 

or dermatologist experienced with Mohs micro-
graphic surgery.

While the clinical management of skin cancer 
and, more specifically, melanoma is essentially 
the same in every country, there are notable dif-
ferences in other aspects of care as well. This sec-
tion focuses specifically on those clinical 
management differences in Australia, the UK, 
and the USA.

 Australia

In Australia, the clinical management of skin 
cancer is a combination of primary care, public 
and private hospitals, and specialists. The federal 
government’s Medicare system provides patients 
with a rebate for clinical services delivered by 
GPs and specialists. Some GPs will accept the 
Medicare payment as full payment; therefore, the 
services delivered have no out-of-pocket cost for 
the patient. Specialists will typically charge the 
patients privately and then the patients can access 
the Medicare rebate or use their private health 
insurance. State governments fund public health 
care and provide free hospital services to local 
populations. However, patients are not able to 
select their own specialists, and waiting lists can 
be quite long.

The private hospital system enables patients to 
select a specialist and also to have access to pri-
vate rooms. Approximately one-half of 
Australians carry private health insurance [1]. 
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Currently, private health insurance does not cover 
primary care services, and only covers specialists 
and private hospital admissions.

 Traditional Pathways

A GP is usually the first clinician to identify a 
suspicious skin lesion, whether it is presented to 
the GP by the patient as a suspicious lesion or it 
is the result of a skin check. A GP may have the 
necessary skills to perform a punch or shave 
biopsy, so long as the lesion is not located on a 
cosmetically sensitive area. If the lesion is a sus-
pected melanoma, an excisional biopsy would be 
recommended, and a GP would also likely be 
able to complete this task. (The management of 
melanomas is discussed in more detail in the fol-
lowing section.)

If the lesion is located on a cosmetically sensi-
tive area, the patient can be referred to a GP who 
subspecializes in skin cancer. In Australia, these 
GPs are known as skin cancer doctors, and they 
are able to conduct surgical procedures of a cos-
metically sensitive nature. At a lower cost, they 
provide quicker access to clinical services for 
patients who do not have private health insurance 
or cannot afford to pay privately for a dermatolo-
gist or plastic surgeon.

There are also two traditional GP referral 
options for patients with a diagnosed or suspected 
melanoma [2] (see Fig. 10.1):

 1. Referral to a dermatologist, and then to a sur-
geon if malignancy is confirmed: If a case is 
severe, the patient will be referred to a surgi-
cal oncologist and then potentially to a radia-
tion oncologist if more aggressive treatment is 

necessary, especially for an advanced 
melanoma.
 (a) A patient must first receive a referral from 

a GP to see a dermatologist. The referral 
lasts 12 months.

 (b) This is usually only an option for those 
with economic resources because treat-
ment can range from hundreds to thou-
sands of dollars.

 2. Referral to a state-funded public hospital sys-
tem: This, however, presents its own set of 
challenges because the hospital system is 
overloaded and patients could have two very 
different outcomes:
 (a) A patient with a melanoma is treated 

within 1 month because a melanoma is 
considered a category 1 case with a target 
date of 30 days for treatment.

 (b) Non-melanoma cases have a wait list of 
more than a year, which means the cancer 
progresses as a patient waits for treatment.

These options are available to those who live in 
cities. For Australians living in rural areas, the 
options tend to be more limited. A dermatologist 
may visit once a month, but he or she only looks at 
significant cases. Thus, a GP or skin cancer clinic 
(which is discussed next) tends to do more diag-
nostic and low-level management cases. There are 
also regional hospitals with a visiting surgeon who 
may perform any necessary surgeries.

 Skin Cancer Clinics

Skin cancer clinics are a relatively recent devel-
opment in Australian health care. These clinics 
began to open in the mid-1990s. They are staffed 

Specialist practice Public hospital

Skin cancer patient
presents to GP

Current referal pathway for managing skin cancerFig. 10.1 Current 
referral pathway for 
managing skin cancer. 
From “Business Plan for 
Expansion of the 
National Skin Cancer 
Centres for the South 
Australian Government” 
(Elmslie 2016, p. 2)
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by local GPs with an interest in skin cancer medi-
cine, and they provide lower cost and quicker 
access to more specialized services. Clinic staff 
usually manages basal cell and squamous cell 
carcinomas (BCCs and SCCs) on a daily basis. 
They also have the skill set to successfully treat 
early-stage primary melanomas. Anything more 
significant (stage III, stage IV, etc.) is referred to 
a specialist or a hospital.

There are now 400 skin cancer clinics in oper-
ation across Australia. They are usually small—
staffed by two or three doctors—and they are run 
by the owner/operator in partnership with his col-
leagues. Approximately 800 GPs work in clinics, 
out of a GP population of about 28,000. Today, 
they are considered to be a normal part of skin 
cancer treatment as well as a standard of care in 
Australia.

The clinics provide head-to-toe skin exams, 
on-site biopsies, and on-site treatment for most 
skin cancers, but patients cannot get any other 
type of medical services here, including prescrip-
tions. Due to their growing popularity and their 
success at providing a much-needed service, 
more generalist GPs are beginning to integrate 
skin cancer services into their own practices. This 
is because GPs are becoming frustrated that their 
patients will see them for normal health concerns 
but then go to a GP-led skin cancer clinic for their 
skin cancer concerns.

 Challenges in Clinical Management

There are two significant challenges facing the 
clinical management of skin cancer in Australia.

First, Australia has the highest rate of skin 
cancer in the world. In fact, every two of three 
Australians who live to age 70 will get skin 
cancer [3], and in a population of 23 million 
more than 750,000 skin cancers are treated 
every year [4]. Skin cancer is the most costly 
form of cancer to treat in Australia, with its 
annual cost to the government of $703 million 
in 2015 [5]. Approximately 80% of cancers are 
skin cancers [4].

Second, Australia is a large country with a 
geographically dispersed population. This makes 

the delivery of health services challenging, 
especially in regard to specialist services. Of 
particular concern to the management of skin 
cancer is the acute shortage of dermatologists. 
There are approximately 450 dermatologists to 
cover the entire population, and while most of 
these specialists live in the capital cities one-
third of Australians live in rural areas. It is not 
uncommon for a dermatologist to have a 
6-month wait list.

 Managing Melanoma

Australia’s management of melanoma is dis-
cussed at length in Section “Efficient/Effective 
Methods of Diagnosis and Treatment Based on 
the Australian Model.”

 United Kingdom
Current clinical management in the UK is part of 
a single-payer system that is publicly funded. It is 
unique in that the government funds it in its 
entirety, regardless of whether it is at a primary 
care or specialist level. As a result, patients have 
only the option of being seen at the local hospital 
for definitive diagnosis and treatment of skin can-
cer. This does not mean, however, that there are 
no specialists in private practice. There are a 
small percentage of specialists who operate 
within the public sphere. However, this option is 
typically only available for a wealthy minority 
who carry private health insurance.

A 2015 study conducted by Public Health 
England found that the number of melanoma 
diagnoses for patients living in the most 
deprived areas, who present either through the 
2-week referral or GP referral, is substantially 
higher than that for those who live in the least 
deprived areas [6]. The same study found a 2% 
difference in emergency-room melanoma pre-
sentations between those who lived in the most 
deprived areas versus those living in the least 
deprived areas [6]. In addition, the 1-year sur-
vival rate for melanoma was noticeably lower 
in patients living in the most deprived areas 
(95%) versus those living in the least deprived 
areas (97%) [6].
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 Overview

When a patient presents to a GP with a suspicious 
lesion, he is automatically referred to a specialist. 
This is because of the NICE Guidelines, which 
effectively prohibit a GP from managing any 
lesion that is anything more severe than a superfi-
cial BCC. Therefore, if a GP finds a suspicious 
skin lesion, it is always referred into the hospital 
system.

Depending on the severity of the case, a 
patient will be seen by a dermatologist, who will 
make a diagnosis that is confirmed by a histopa-
thologist. Then, the case will be handed over to 
the hospital surgeons. The severity of the lesion 
and its cosmetic sensitivity will determine which 
type of surgeon manages the patient.

Similar to Australia, the UK has also inno-
vated its clinical delivery system to try and deal 
with the shortage of dermatologists, which is 
critical considering you are eight times more 
likely to die of a skin cancer in the UK compared 
to Australia. This is despite the fact that Australia 
has eight times the number of cases [7]. In fact, in 
the last 25 years in the UK, melanoma cases have 
increased faster than any of the top ten cancers in 
both men and women [8].

The UK has approximately 600 dermatolo-
gists for a population of 60 million people, and 
many regional or rural areas having little to no 
dermatology services in the hospitals. The 
development of the category called a “GP with 
a Special Interest” (GPwSI), however, has 
helped provide more dermatology services in 
the hospital system. These GPwSI in dermatol-
ogy are required to complete a diploma-level 
course and undertake continuous professional 
development and practicing under the supervi-
sion of a dermatologist. This allows for the 
GPwSI to become the frontline of hospital 
referrals and help filter less significant cases 
(low-level rashes and infections). (As of this 
writing, the accreditation for GPwSI in derma-
tology was under review with the goal of estab-
lishing a national accreditation body. Updates 
are expected in June 2017.)

 Challenges in Clinical Management

The UK hospital system divides patients into two 
groups in terms of waiting times to access derma-
tology services. Melanoma is considered a 
“2-week-wait” case. Once a patient is referred, it 
is recommended he or she be seen within 2 
weeks. Many trust hospitals, however, struggle to 
meet this deadline despite their best efforts. All 
other skin cancers are placed on an 18-week 
waiting list. Hospitals also struggle to meet this 
deadline because of their workload.

Another issue for this system is that many 
patients with melanomas can be incorrectly 
referred by the GPs as 18-week-wait cases or as 
having benign lesions that are referred as sus-
pected melanomas. This is due to low levels of 
dermoscopy use and training at a primary-care 
level. Results from a teledermatology study con-
ducted in Hertfordshire, England, confirmed this. 
Clinical information for 110 patients revealed 
that 30–50% of 2-week-wait cases were not 
urgent [9]. This study is discussed in more detail 
in Section “Teledermatology and Other 
Educational Projects in the U.K. and its Utility in 
Clinical Practice.”

The UK healthcare system is divided into four 
separate systems, each called the National Health 
System. (Northern Ireland’s is now officially 
“Health and Social Care in Northern Ireland,” but 
it is commonly still referred to as NHS.) Each 
country funds its own system. Though this results 
in many differences between each system, they 
are all relatively simple to navigate because gen-
eral practitioners are responsible for referrals to 
the local hospitals.

However, like all government-funded health 
care, the systems are under significant cost pres-
sures and will need to be innovated in the future 
in order to deal with the aging population and 
longer life expectancy. Additionally, in the UK, if 
a drug isn’t approved for government funding, 
you can’t access it through the NHS. Therefore, 
you would have to pay privately for the new and 
more expensive melanoma drugs available for 
advanced disease.
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 Managing Melanoma

In the UK, all melanomas are referred to hospital 
or specialists for treatment.

 USA
The healthcare system in the USA is primarily 
private, for-profit, and, therefore, very expensive 
in comparison to almost all other countries. For 
most people, it is essential to have coverage, 
especially for substantial, life-threatening situa-
tions. It is not unusual for a significant health 
issue to have costs upwards of $100,000. People 
can also go bankrupt due to healthcare costs, 
something you don’t see in Australia or the 
UK.  As we have recently witnessed with the 
introduction of Obamacare in 2010, and the sub-
sequent challenges to it, the US healthcare sys-
tem is in a constant state of flux, which makes 
forward planning more difficult for all 
stakeholders.

The USA also has a Medicare/Medicaid struc-
ture to provide healthcare funding for people who 
meet specific criteria. Medicare is a federally 
funded program for people over 65 years old or 
for people with certain disabilities, while 
Medicaid is a joint state and federally funded 
program for people with limited income. These 
programs are similar to the Australian model in 
that each service has a CPT code associated with 
it that the medical practice then charges to the 
government. It also has the challenge that its 
funding will have to change in the future due to 
rising costs and government-deficit pressures.

 Overview

Family physicians and nurse practitioners that 
staff primary care clinics do not typically have 
the skills necessary for diagnosing and treating 
skin cancers, including melanoma. Therefore, 
patients with suspected skin cancers are typi-
cally referred to a dermatologist, of which there 
were approximately 13,000-plus in the USA in 
2015 [10].

When a patient with a suspicious skin lesion is 
referred to a dermatologist, a diagnosis is made 
and confirmed by a histopathologist. Then, the 
vast majority of cases are sent to a Mohs sur-
geon—a dermatologist who has undertaken addi-
tional training in specific surgical techniques for 
the treatment of skin cancer. Micrographic sur-
gery is very common in the USA, unlike in the 
UK or Australia.

Mohs surgery involves the patient having the 
lesion removed with minimal margins. The lesion 
is then analyzed with frozen sections to examine 
the surgical margins and reviewed by the on-site 
Mohs surgeon for histopathological diagnosis. If 
the lesion was not completely excised, the Mohs 
surgeon will remove more tissue along the 
affected margin. It is especially useful for areas 
where margin control is important for future 
patient function or cosmetic purposes.

 Challenges in Clinical Management

Skin cancer costs are climbing in the USA at a rate 
of 126%, compared to a 25% increase in the cost 
to treat other cancers over the same time period 
[11]. Treatment costs rose from $3.6 billion in the 
5-year period from 2002 to 2006 to $8.1 billion in 
the 5-year period of 2007–2011 [11].

One reason for such an increase is because 
Mohs micrographic surgeries (MMS) increased 
by 700% between 1992 and 2009 [12]. These sur-
geries normally receive Medicare payments 120–
370% more than a standard surgical elliptical 
excision. This also helps to explain why, during 
the same period, surgical excisions only increased 
by 20% [12]. In addition, 1,800 providers billed 
Medicare for MMS in 2009, a number that 
increased to 3,209 in 2012 [12]. Approximately 
one in four skin cancer cases are treated with 
MMS [12].

These rising costs are increasing awareness 
and concern over how skin cancers are managed 
and may lead to future changes, especially 
because many cases do not need to be managed 
by the hospital system, which is presently the 
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case. It should be noted, however, that melano-
mas are a slightly different situation. The vast 
majority of melanoma cases are managed in the 
hospital system, and depending on their severity 
this is as it should be. This will be discussed in 
more depth in the next section.

Another challenge facing the US management 
of skin cancer is the evolution of dermatology in 
the USA. Many dermatologists are moving more 
toward aesthetic and cosmetic medicine because 
patients pay cash on the day of their procedure. In 
contrast, traditional dermatology payments dis-
bursed by an HMO—the private health insurance 
company—can take 90–120  days to send pay-
ments to the provider. As with Australia and the 
UK, it is a lengthy process to increase the number 
of dermatologists. Foreseeably, they will also 
have challenges in providing clinical services due 
to increased demand and the changing face of 
dermatology practices.

 Managing Melanoma

Over the course of their lifetime, one in five 
Americans will develop skin cancer (Robinson 
2005, cited in [13]). Each year, more than 5.4 
million non-melanomas are diagnosed (Rogers 
2012, cited in [13]), with more new cases of skin 
cancer than the combined incidence of breast, 
prostate, colon, and lung cancer (American 
Cancer Society, 2017, cited in [13]). The National 
Cancer Institute estimates that there will be 
~87,110 new melanoma cases in the USA in 
2017, and of those cases 9730 will result in death 
(American Cancer Society, 2017, cited in [14]). 
Though melanoma represents the smallest seg-
ment of skin cancer in the USA (less than 5%), it 
accounts for the most deaths, a rate that has been 
steadily increasing over the past 40  years 
(American Cancer Society, 2014, cited in [14]).

Studies have found that even the most experi-
enced dermatopathologists have difficulty distin-
guishing between benign pigmented lesions and 
early melanomas. In fact, one study found that, 
when presented with 140 cases, a panel of derma-
topathologists disagreed on 37 of them [15]. 
Therefore, it is recommended that when a patient 

presents with a suspicious lesion, it is best to 
receive a second opinion.

Surgical excision should be the main manage-
ment tool for melanoma, particularly for cutane-
ous melanomas that have not spread [14]. 
Additional treatment is determined by the stage 
of progression [14]. While stage 0 melanoma 
requires only excision, stages I through IV could 
be treated with excision as well as lymph node 
management, which is first done through lymph 
node mapping and sentinel lymph node biopsy, 
as well as one or more of the following (depend-
ing on stage): chemotherapy, palliative local ther-
apy, immunotherapy and/or adjuvant therapy, or 
signal transduction inhibitors [14].

In the USA, there are several different doctors 
who are trained to treat melanoma. These include 
dermatologists, medical oncologists, surgical 
oncologists, and radiation oncologists [16]. Other 
professionals may be part of the medical team, as 
well as nurse practitioners and physician assis-
tants [16].

Before beginning treatment, a patient will go 
through his or her medical history with someone 
from the medical team [16]. This will include dis-
cussing age and health, the stage to which the 
melanoma has progressed, the likely outcomes of 
the proposed treatment plan, and the possible 
side effects from treatment, as well as the patient’s 
feelings toward these side effects [16].

Patients are also advised to get a second opin-
ion, if time allows, or participate in a clinical 
trial [16].

 Efficient/Effective Methods 
of Diagnosis and Treatment Based 
on the Australian Model

In Australia, health practitioners have had to inno-
vate due to a number of factors. As previously 
mentioned, Australia has the highest rate of skin 
cancer in the world. It also has a population of 23 
million people who are spread across a landmass 
similar in size to the USA. This, coupled with a 
shortage of specialists who have  traditionally 
been located in major capital cities, has led to 
long wait lists as well as other challenges.
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The traditional model is one where the GP is 
the first practitioner to whom a patient with a sus-
pected skin cancer or melanoma presents. The 
GP must then decide whether the patient should 
be referred to a dermatologist or, if the patient is 
unable to afford a specialist, whether he or she 
can be referred to the public hospital. If referred 
to a dermatologist in private practice, the derma-
tologist then makes an assessment or final diag-
nosis of the lesion and determines whether the 
lesion should be treated in his or her own practice 
or referred to another specialist.

In the hospital system, the admissions officer 
is typically the person who makes a determina-
tion based on the GP’s referral as to how quickly 
the patient should be seen. The officer determines 
whether the case should be placed on the cate-
gory 1 waiting list and seen within 30 days due to 
a suspected melanoma, or whether the case is cat-
egory 3, which could put the patient on a wait list 
of up to 1 year.

Case Study In 2000, a 31-year-old mother of 
two presented to a primary care practice in 
Australia with a suspicious lesion of the lip. The 
GP recognized it as a possible skin cancer but did 
not have the confidence to make a definitive diag-
nosis. The patient did not have private health 
insurance and was therefore unable to afford a 
dermatologist or surgeon; thus, she was put into 
the public hospital system. She was unable to be 
seen in the public hospital for 9 months, and trag-
ically the lesion was an invasive and very aggres-
sive SCC. She died 2 months later.

This case exemplifies the importance of inno-
vation in dealing with skin cancer, particularly in 
Australia. This woman sought treatment, but due 
to financial constraints she was unable to access 
the care that would have saved her life. Her case 
was the impetus that led to this author’s develop-
ment of a new Australian model of skin cancer 
treatment.

 A New and Better Model

More often than not, the traditional model gener-
ally provides good patient outcomes, albeit with 

long waiting lists and easier access to those who 
live in major capital cities. The new model, there-
fore, is not dissimilar to the old model, but it does 
take into consideration the critical need to pro-
vide specialist services outside of the public hos-
pital system to (1) those who may not be able to 
afford it and (2) those living in rural or regional 
areas.

Under the new model, GPs are now able to 
perform 60% of skin cancer diagnoses and treat-
ment. These GPs may practice in their existing 
primary care practices or in skin cancer clinics. 
Regardless, they are able to provide a frontline 
service for diagnosis and treatment and, in many 
cases, manage low-level melanomas—in situ and 
level I melanomas—with a high degree of confi-
dence. This is a shift from the situation in many 
other parts of the world, including the USA and 
the UK, where primary care physicians do not 
undertake this type of work. In fact, they would 
likely refer all suspicious lesions to their special-
ist colleagues.

Typically, with melanoma, as well as with 
other aggressive skin cancers such as SCCs, the 
time from initial diagnosis to treatment is critical 
due to the fact that some of these cancers can be 
very aggressive with a high level of morbidity or 
mortality if left too long without treatment. 
Therefore, the “ideal model,” which is based on 
the new model in Australia, is designed around 
providing an optimized service delivery with a 
focus of trying to minimize the time between ini-
tial discovery and diagnosis to definitive 
treatment.

 The Ideal Model

First, a patient would undergo an initial screen-
ing—the head-to-toe examination that is required 
to adequately assess for skin cancer. Because der-
matologists do not tend to have enough time to 
conduct head-to-toe screenings for all of their 
patients, this is usually done by either a GP or 
family physician. In the USA, a physician assis-
tant or nurse practitioner might perform the 
screening. Each of these medical professionals 
would have training in dermoscopy as well as 
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skills necessary to conduct a skin assessment and 
diagnose suspicious lesions.

Cytologists are a future potential group of 
medical professionals who could conduct these 
screenings. The world of cytology is radically 
changing and it will soon have a large number of 
highly skilled people who could quite easily 
work with dermoscopy to conduct skin cancer 
screenings.

One of the challenges that must be overcome 
is the misunderstanding that skin cancers are 
only a result of sun exposure and therefore only 
occur on the face, arms, or lower legs. In fact, 
more than 50% of melanomas are anatomically 
distributed on the trunk of the body of a male and 
the trunk and legs of the female. Unless a patient 
is completely undressed, you may miss 50% of 
melanomas (see Fig. 10.2).

If a suspicious lesion is found, a biopsy punch 
or shave or an excisional biopsy must be done. In 
the ideal model, a family physician, GP, or nurse 
practitioner with the appropriate training and 
confidence (particularly when a lesion may be 
located in a cosmetically sensitive area) can per-

form the biopsy. Once the biopsy is completed, 
the biopsied segment would be sent to the der-
mato- or histopathologist for review and, if it is a 
melanoma, studied to determine its stage.

Upon reviewing the pathology report, the pri-
mary care physician must determine whether to 
perform a further excision (particularly if it is a 
melanoma) or refer the patient elsewhere. If the 
lesion is located in a cosmetically sensitive area 
or is more advanced, the patient could be referred 
to a dermatologist or surgeon. However, this 
would only be possible if the patient has private 
health insurance or other financial resources. If 
not, the primary care physician could instead 
send the patient to a skin cancer clinic, where, for 
low-level cases, there would be a lower cost and 
quicker access to services. Many BCC and SCC 
cases would be referred to these clinics, whereas 
being referred to a public hospital could lead to 
up to a year of wait time.

If, however, the patient is referred into the 
public hospital system, the benefit of having gone 
through the ideal model is that the patient goes 
into the hospital already with a known diagnosis. 
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Fig. 10.2 Melanoma 
distribution from Skin 
cancer incidence 
statistics, December 
2015 (Cancer Research 
UK 2015 [24])
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The hospital will know in advance that the patient 
needs to be seen quickly and would, therefore, 
provide the appropriate treatment in the required 
amount of time.

 What You Need to Know About 
Australia and Its Clinicians

The ideal model is capable of providing the short-
est timeframe from diagnosis to definitive treat-
ment and, quite probably, at the lowest cost to the 
government, insurers, and the general public. 
There is still a lot of work being done, however, 
by primary care physicians, and this would be an 
adjustment for many countries. To better under-
stand how this model works, it is important to 
have a more in-depth understanding of the 
Australian environment and culture.

Though there are registered and enrolled 
nurses in Australia, there are effectively no nurse 
practitioners or physician assistants. Furthermore, 
though registered and enrolled nurses are permit-
ted to do some skin cancer screenings, the gov-
ernment Medicare system does not reimburse 
payment for any work that a nurse conducts in the 
screening or treatment process. As a result, nurses 
act more as facilitators alongside GPs to enable 
them to manage and treat more patients each day.

From a primary care perspective, skin cancer 
is reimbursed quite well. For example, in 
Medicare, which is the Australian Government- 
funded rebate system, skin cancer is the most 
lucrative service a GP can provide. Additionally, 
the GPs often take a “cowboy approach” to medi-
cal practice, meaning that they tend to take on 
more complex cases and push their clinical limits 
in comparison to other countries. This is for three 
reasons. First, as a culture, Australians tend to 
embrace a certain level of risk.

Second, there is little fear of medical or legal 
ramifications because it is very rare for doctors in 
Australia to be sued by a patient. There is an 
accepted understanding and recognition that doc-
tors will not always get it right and that mistakes 
are an inevitable part of life. In more than 18 years 
of building skin cancer clinics, this author (Paul 
Elmslie) has worked with doctors who have 

treated thousands upon thousands of patients. 
I’ve not ever come across a case where a Medical 
legal case was brought against any doctor with 
whom I’ve worked with. I’m sure this happens 
occasionally; however, it is exceedingly uncom-
mon compared to the US healthcare system.

Third, when patients have limited options, 
such as living in a rural or regional area, there is 
an expectation that the GP can perform the 
required treatment, to include surgery. Patients 
simply do not want to travel or will not be able to 
afford the care provided by a specialist. Regional 
Australians, by their very nature, are “tough” and 
would prefer to simply have a lesion cut out by 
their own doctor and continue on with their lives.

 Lessons Learned from the Australian 
Experience

Due to the severe lack of specialists in Australia, 
it has become necessary to develop an alternate 
approach to skin cancer screenings. Skin cancer 
clinics, which began to form in the late 1990s, are 
staffed by local GPs who market to their patients 
that have skin cancer concerns and who don’t 
want to wait several months to see a specialist.

Initially, several issues arose with the develop-
ment of these clinics. The GPs who staffed them 
had no more training than their GP colleagues 
working in nearby primary care practices. As a 
result, even though these “skin cancer doctors,” 
as they later became known, were only focusing 
on one element of patient care (which also hap-
pened to be the most lucrative), they had no spe-
cialized training in skin cancer management.

As a result of this sole focus on skin cancer, 
patients began to assume that the GPs at the skin 
cancer clinics were actually dermatologists or 
other highly trained clinicians. This became 
problematic because while these clinics were 
developing across the country, there was no stan-
dard of skill developing alongside them.

In 2005, however, discussion began on how to 
change that, and by 2006 Australia-based 
HealthCert™, in collaboration with the University 
of Queensland, developed the world’s first certifi-
cate through to master’s-level university skin 
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cancer program. The aim of this program was to 
train doctors working in these clinics on a spe-
cific skin assessment process.

 Standards

The development of a minimum standard for 
training and care for skin cancer is critical for the 
success of the ideal model of skin cancer care. 
GPs should be trained in dermoscopy in particu-
lar; otherwise, they will be under-skilled and will 
ultimately miss potential melanomas. The devel-
opment of specific standards in Australia remains 
a challenge, however. As of this writing, there are 
moves to try and rectify this, but ultimately col-
leges and the representative bodies of primary 
care doctors are not keen on the development of 
too much subspecialization for fear that it will 
weaken the foundation of general practice.

As a result, the UK model for GPs with spe-
cial interests will likely become the model taken 
up in Australia, as it remains one of the best mod-
els for skin cancer management in the world.

 Opportunities for Citizen Education 
in the USA Based on the Australian 
Model

In Australia, an outdoor lifestyle is very much the 
norm, as the vast majority of the population lives 
near the coast and therefore spends a lot of time 
at the beach. Unfortunately, but traditionally, 
Australians tended to forego sunscreen. As a 
result, national campaigns to increase awareness 
of the dangers of sun exposure have become 
critical.

The main organization fulfilling this purpose 
in Australia is the Cancer Council. It is a rela-
tively well-funded national organization with its 
own products, such as sunscreens, and services, 
such as a public awareness campaign that has 
been ongoing for more than 20 years. The cam-
paign is well known across the country for its 
“Sid the Seagull” cartoon mascot, as well as its 
promotional tune with the phrase, “Slip, Slop, 
Slap,” which encourages you to slip on a shirt, 

slop on some sunscreen, and slap on a hat. The 
campaign became so popular that every Australian 
could sing the jingle. While targeted toward chil-
dren, it actually educated the wider population 
about the importance of skin cancer prevention.

Though Sid the Seagull is no longer part of the 
campaign, his presence sparked a level of public 
recognition that has only increased over the 
years. Today, the campaign has evolved to include 
the words “seek” and “slide” in order to encour-
age people to also seek shade and slide on 
sunglasses.

With this campaign, the Cancer Council was 
able to achieve a high level of public awareness 
and change community attitudes toward skin can-
cer. This can be seen on a practical, everyday 
level. For example, today, in schools across 
Australia, there is a policy called “no hat, no 
play.” Children are expected to wear a hat to 
school and are not permitted to play outside 
unless they are wearing one. There are places, 
too, where sun structures have been constructed 
over playgrounds and funded by government and 
city councils.

There are other organizations in Australia that 
have made inroads into public awareness. One 
such organization is Melanoma Patients Australia, 
which is a support group for people affected by 
melanoma. In addition to marketing their ser-
vices to doctors, who in turn provide the informa-
tion to their patients, they also lead public 
awareness activities.

The Skin Cancer Institute is a new, global, 
multidisciplinary organization that focuses solely 
on skin cancer. Its members include dermatolo-
gists, surgeons, histopathologists, primary care 
GPs, and nurses. The goal of the institute is to 
optimize limited resources—whether medical or 
financial, in order to minimize skin cancer’s 
impact.

One core activity on which the Skin Cancer 
Institute focuses on is building education in non-
traditional spaces. For example, it has recently 
developed programs that train professionals such 
as hairdressers and masseuses to be able to iden-
tify possible malignant skin lesions. This is typi-
cally done through the ABCDE rule methodology, 
so that they can learn how to identify a suspicious 
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skin lesion and communicate this to their clients 
to seek medical attention.

The Institute is also developing training for 
medical professionals. The first developed course 
was for pathologists on the subject of dermos-
copy. The program taught pathologists the basic 
elements of dermoscopy and the characteristics 
to look for on a surface-based lesion. As photo-
graphic images will be incorporated with pathol-
ogy requests in the future, this skill will be 
invaluable for pathologists. It will allow them to 
decide whether more sections will need to be cut 
for a biopsy if the diagnosis is inconclusive from 
the existing sections and if the pathologist is con-
cerned about the lesion.

Currently, programs are in development for 
surgeons and podiatrists, two groups of medical 
professionals who are not traditionally trained in 
dermoscopy or skin cancer diagnosis but who are 
in a position to potentially diagnose suspicious 
lesions.

Australia’s skin cancer clinics, which focus on 
prevention, diagnosis, and treatment as well as 
public awareness, are equally important educa-
tional tools. The National Skin Cancer Centres, 
which are a chain of skin cancer clinics, act as 
low-cost/quick-access referral centers in the local 
community. Focused on patient education, they 
produce a series of patient brochures that describe 
what a suspicious lesion might look like and how 
to conduct a skin self-examination (see Fig. 10.3).

These centers also lead two important com-
munity activities. Due to their focus on patient 
education, the clinics conduct public presenta-
tions on the prevention, self-examination, and 
early detection of skin cancer. The presentations 
are given at places such as senior citizen facilities 
and sporting clubs.

“Information evenings” enable professionals 
such as GPs, pharmacists, and even hairdressers 
to assist identifying suspicious skin lesions and 
then discussing them. This provides an opportu-
nity for people, particularly in nonmedical fields, 
to learn how to identify possible melanomas. It is 
important for any professional to whom a person 
may present with a suspicious lesion to know 
where to refer him or her, and these “education 
evenings” provide that.

As shown with the Australian model, there are 
many different opportunities for citizen education 
in the USA. Organizations such as the American 
Cancer Society and the American Academy of 
Dermatologists, as well as smaller private founda-
tions, are excellent educational resources to pro-
vide tools similar to those being successfully used 
across Australia.

 Current Educational Efforts 
in Australia in Skin Cancer 
Management for Physicians 
and How These Opportunities Can 
Be Expanded Internationally

As most of those reading this know, primary 
care is typically the front line for a patient to 
enter the healthcare system. The primary care 
physician determines how the patient is man-

1. Examine the front
    and back of your
    body, then your sides
    with arms raised.

2. Use a hand mirror to
    check the back of
    your neck, ears and
    scalp.

3. Bend your elbows
    and look carefully at
    your arms, hands,
    fingers, and nails.

4. Examine your back
    and buttocks,
    Ask a family
    member/your
    partner for help.

5. Check the back of
    your legs, feet,
    between your toes,
    and your soles

Fig. 10.3 Self-examination from National Skin Cancer 
Centre Brochure ([25] May 2016)
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aged and to which medical facility he or she 
should be referred to.

When dealing with skin cancer patients, how-
ever, one of the challenges is that primary care 
physicians do not have enough training to diag-
nose a melanoma or successfully assess any 
lesion that may appear abnormal. Primary care 
physicians likely did not receive any dermoscopy 
training, which, even though it has only been 
introduced more widely in the last 20 years, is an 
essential skill in the diagnosis of skin cancer. 
Patients tend to visit their primary care physi-
cians more often than a dermatologist, so training 
is crucial for a better diagnosis.

When skin cancer clinics began developing 
across Australia, it was immediately realized that 
primary care physicians were not adequately 
trained to diagnose and treat skin cancer. As a 
result, HealthCert™ developed a course in skin 
cancer medicine in 2005. Called the Certificate in 
Primary Care Skin Cancer Medicine, the course 
was built in collaboration with the University of 
Queensland through then-Deputy Dean David 
Wilkinson. With his help, it became a school 
award course receiving credit into the Master of 
Medicine (skin cancer) degree at the University’s 
School of Medicine.

Today, the program has developed into nine 
separate courses in the areas of skin cancer medi-
cine, skin cancer surgery, and dermoscopy. 
Participants are able to study toward the original 
professional certificate, an advanced certificate, 
or a professional diploma. The professional 
diploma program in general dermatology is of 
particular importance because many times, a 
patient will present to his or her primary care 
physician with what looks like a suspicious 
lesion, but is really a rash or an infection or some 
other type of dermatological condition. Doctors 
who complete the professional diploma training 
become more educated about the various types of 
skin problems and can assess them with more 
confidence.

Professional development is an increasing 
requirement in many parts of the world. In 
Australia in particular, it is compulsory in order for 
doctors to maintain their vocational registration. 

HealthCert’s university-recognized courses instill 
a high degree of confidence in doctors who want to 
undertake professional development to better help 
their patients.

The courses are generally short; they are can 
be completed online while others are face to face 
with practical sessions in biopsy and surgical 
techniques. There is also an online exam. 
Because the course is specifically designed to 
give doctors the skills and confidence to manage 
patients, rather than giving them new qualifica-
tions, there is no required specialist licensure. 
The courses are, however, accredited for CME/
CPD.  There is also a free course that teaches 
how to conduct a full head-to- toe skin examina-
tion and basic dermoscopy at www.skincancer-
training.com.

Sub-specialization is increasing as well, which 
means doctors are seeing more patients in that 
particular field. The UK has a successful model 
of sub-specialization for continuous professional 
development, and Australia is beginning to fol-
low suit. Additional educational opportunities 
that have developed include the Master of 
Medicine at the University of Queensland as well 
as at the University of Graz in Austria, which also 
has a Master of Science. Other notable education 
providers are the Royal Australian College of 
General Practitioners, Australian College of 
Rural Remote Medicine, and the Australian 
College of Dermatologists.

 Impact

Education and training should be able to improve 
a doctor’s diagnostic skills in two ways: (1) by 
identifying lesions that otherwise may have been 
missed and (2) by reducing the number of unnec-
essary excisions.

In Australia, there is a ratio of 39 benign 
excisions to 1 melanoma excision for GPs [17], 
but additional research shows that with further 
education this ratio can be reduced to 17–1. As 
more specific education is obtained in regard to 
the recognition of skin cancer, the ratio falls 
even further to 8.5–1 [18]. The ability to reduce 
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the number of unnecessary biopsies will have a 
profound impact, particularly for a healthcare 
system that may be under pressure from a fund-
ing perspective.

Patient safety is impacted by a doctor’s level of 
skill. A hypothetical situation might be the follow-
ing: A patient presents with a suspicious lesion, 
but because his or her clinician is uncertain about 
what it might be, perhaps because the patient does 
not have a history of suspicious lesions, it is rec-
ommended that the patient does not need to seek 
further treatment. If the doctor had been trained in 
dermoscopy, however, and knew specifically how 
to use and what to look for with a dermatoscope, a 
better decision could have been made.

Education also reduces waiting times. If a 
medical professional is able to detect an early- 
level skin cancer, particularly a melanoma, it can 
typically be treated within 2–4 weeks. Others that 
may be in need of more specialist care can be 
quickly referred. Patient recognition is another 
area positively affected by training and education. 
Doctors who complete university-level education 
are then able to put an award or a certificate on 
their wall that enables patients to see they have 
completed professional development classes and 
have additional skills in a particular area. This is 
of importance in Australia because some doctors 
have had no extra training whatsoever, while oth-
ers have had up to a master’s level of additional 
education. It would be unfair for a patient to 
believe that these doctors are equally skilled.

Peer recognition is impacted when a doctor 
has additional training and education. If a gen-
eral practitioner finds a lesion with which he or 
she is not comfortable diagnosing or managing, 
and the patient does not have the insurance and/
or wants to wait a year at the local hospital, the 
GP can then refer the patient to a primary care 
colleague with more specialized skills. Many 
doctors now in Australia, once they have 
obtained a subspecialty skill set, will market 
themselves to their local GPs for referrals. The 
National Skin Cancer Centers send referral 
pads to local GPs to make them aware of the 
additional skill sets doctors within the centers 
have developed.

 Expanding Internationally

More than 9,500 physicians from 32 countries 
have completed HealthCert courses at the time of 
this writing (April 2017). HealthCert is now the 
largest provider of education for primary care 
physicians in the world for skin cancer medicine. 
Three examples of HealthCert’s expansion 
include live presentations in the USA, develop-
ment of a free online course for the UK’s National 
Health Service (NHS), and an online dermoscopy 
certificate to diploma course featuring world 
leading dermatologists/dermoscopists.

Online versions of these courses are becoming 
more important as HealthCert grows internation-
ally, because distance ought not be an obstacle 
for additional training and education. The online 
courses are as effective as those that are live, with 
the benefit of eliminating the need for travel and 
time spent outside the office. Practical skills 
taught in a live environment are still critical. For 
example, HealthCert uses pork bellies and pig 
heads as a practice medium to teach doctors how 
to perform punch and shave biopsies as well as 
complete deep dermal sutures, elliptical exci-
sions, various flaps, and full-thickness grafts.

International growth can be complicated, 
however, as different countries have different 
methods of delivering information to their medi-
cal professionals and the potential client may not 
be the primary care physician. In the USA, for 
example, the client may not be the family physi-
cian or nurse practitioner; it is more likely that 
the course is sold to a hospital organization of a 
medical group or health system that does not cur-
rently have dermatology services. It also could be 
a dermatologist who is looking to add this to their 
skill set for their midlevel providers, such as a 
nurse practitioner or physician assistant.

In Australia, which is very different from the 
USA, primary care doctors tend to be 
 sub-contractors who get paid a percentage of the 
money that they bill for services. As a result, 
there is an incentive to increase their skills 
because if they are able to increase the amount 
they bill, they can take home additional income. 
In the USA, most doctors are wage employees 
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who work for large groups. As a result, the incen-
tive to upskill is smaller, because even if they do 
increase their billings, they are unlikely to see 
any benefits. (It should be noted that rural doctors 
or doctors with their own practices do not tend to 
fall into this category.)

In these particular situations, HealthCert must 
effectively communicate to the people who run 
the organization the benefits of obtaining these 
skills for their primary care physicians and other 
medical professionals, including physician assis-
tants and nurse practitioners. In the UK at this 
time, medical treatment still falls under one sys-
tem, the NHS. Doctors are usually employees of 
the NHS and, therefore, HealthCert would need 
to encourage the UK Government to help fund 
education and upskilling courses.

Europe is a very different picture because 
there are typically no restrictions on the number 
of training places for dermatologists as there are 
in other parts of the world like Australia. As a 
result, there are many, many dermatologists in 
Europe and little need for primary care physi-
cians to do this work. Therefore, if we were going 
to expand our education, particularly in dermos-
copy education, then dermatologists would be the 
craft group for us to train in the future.

Canada is similar to Australia in that they both 
have smaller populations and a small number of 
specialists. Here, as in Australia, it would be of 
great benefit for primary care physicians to 
become more skilled in dermoscopy, low-level 
diagnosis, and treatment to take some of the 
heavy load from the specialists. It is important to 
understand that dermoscopy is the biggest 
weapon to fight melanoma. It is an essential skill 
for dermatologists, primary care physicians, and 
also, arguably, surgeons. Its impact is very well 
documented, and it is a skill that not only is easy 
to learn, but can also be learned through very 
short training courses.

 Teledermatology and Other 
Educational Projects in the UK 
and Its Utility in Clinical Practice

Teledermatology is a type of telemedicine that 
enables medical information to be transferred 
virtually. There are two basic types:

 1. Real time (RT): An interactive process that 
requires all participants be present at the same 
time, even if based in different locations.

 2. Store and forward (S&F): Participants need 
not be present at the same time. For example, 
with teledermatology, healthcare practitioners 
in remote areas take a digital image of a suspi-
cious skin lesion, which can be done with a 
low-cost, off-the- shelf digital camera and der-
matoscope. The image is forwarded to a spe-
cialist for his or her review, who then 
documents and returns his or her opinion to 
the remotely located practitioner. This is 
known as “store and forward” 
teledermatology.

It is of particular use in areas of the world 
where health care is not readily available. In 
Australia especially, because the population is so 
widely dispersed and dermatologists are primar-
ily located in capital cities, the practice of tele-
dermatology is becoming more useful. 
Teledermatology has also been used for several 
years in the UK through various software and 
models. This section explores several UK-based 
projects that have shown positive results.

 Educational Projects in the UK

For several years, NHS groups in the UK used 
proprietary teledermatology software through 
Australia’s HealthCert™ to provide patients in 
rural areas easier access to dermatological ser-
vices. With the UK’s struggle to keep up with 
hospital caseloads, teledermatology is proving to 
reduce costs, and provide patients with faster 
access to care, especially when a severe skin can-
cer is present.

With the increased use of teledermatology, it 
is also important to ensure that healthcare profes-
sionals have the necessary skill set to success-
fully incorporate it into their practice. But current 
dermatology training in medical school is mini-
mal. The average time spent in this specialization 
is a 2-week period during a student’s clinical 
year. As a result, clinical exposure to common 
dermatological issues is low. In a 2012 study 
completed in Edinburgh, UK, the authors advised 
that additional training be provided, and that 
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e-learning tools in particular would be both cost 
effective and educationally effective [19].

The following provides a brief overview of 
several UK projects and studies that have 
reviewed the effectiveness of teledermatology in 
modern medical practice.

 The Somaliland Project
In 2007, Somaliland’s first medical school gradu-
ated its inaugural class [20]. But the doctors are 
located across a large geographical area and their 
access to medical literature and further training is 
limited. A teledermatology program between the 
UK and Somaliland has helped ease these limita-
tions [20]. As part of the program, doctors in 
Somaliland discuss their clinical cases with 
UK-based tutors who help them pinpoint areas in 
need of more attention [20].

 Regional Study on the Effect 
of Teledermatology for All Pigmented 
Lesions
Since 2004, the Medway Maritime Hospital in 
Kent, UK, has used a teledermatology service 
that stores images and patient history [21]. A der-
moscopy service was added in 2008 [21]. In this 
particular study, which included patients from the 
2-week-wait clinics, researchers looked at the 
“effect of teledermoscopy on teledermatology of 
all pigmented lesions [21].” Approximately 1200 
images were reviewed in 2008 and 2009 [21].

As a result of the study, more patients were 
sent directly to surgery and fewer required a sec-
ond face-to-face evaluation [21]. In addition, 
slightly more patients were directly discharged 
after their pre-dermoscopy teledermatology 
assessment [21]. According to the participating 
dermatologists, these findings strengthened their 
certainty that the use of teledermoscopy leads to 
improved diagnoses [21].

 Hertfordshire Teledermatology Pilot 
Study
This study aimed to determine the reliability and 
effectiveness of telediagnosis for patients on the 
2-week-referral list [9]. Six GP practices 
uploaded 110 patients’ clinical information as 
well as three digital images per patient [9]). The 
study ran alongside the normal 2-week-referral 
path (Bataille et al.)

Each patient received a telediagnosis by two 
independent dermatologists, as well as face-to- 
face consultation and histology if deemed neces-
sary [9]. The two independent dermatologists 
agreed on 78% of cases [9]. In addition, complete 
agreement was made in 78% of telediagnoses by 
one independent dermatologist and the face-to- 
face consultation, and in 73% of telediagnoses by 
the other independent dermatologist and face-to- 
face consultations [9].

The study concluded that between 30 and 50% 
of all 2-week referrals could be “triaged to other 
non-urgent pathways” [9]. Though it was recom-
mended that the sample size be increased, the 
study found that triage of patients in the 2-week- 
referral pathway could reliably be seen via tele-
dermatology for diagnosis [9].

 Choose and Book Software
Choose and Book is a patient referral service 
software used across the UK. It enables second-
ary care providers to easily review referrals on a 
secure network and GPs a pathway to upload 
patient images and discuss their cases with hospi-
tal consultants.

The software has a teledermatology service, 
but it is often underutilized. In one study, 
researchers reviewed the use of this service over 
a 6-month period in the dermatology department 
of a UK teaching hospital [22]. Sub-services that 
were observed included data storage, image qual-
ity, patient consent and selection, GP training, 
and even local tariff negotiation [22].

The study concluded that Choose and Book’s 
teledermatology service enables patient’s quick 
access to dermatology consultancy and even 
reduces the need for secondary referrals in some 
cases [22].

 Teledermatology Service in Kent
A primary care teledermatology service was 
developed with a group of GPs in Kent to “deliver 
cost-effective dermatology advice without the 
necessity of the patients travelling to a secondary 
care centre” [23]. In the pilot study, conducted 
between February 2010 and January 2011, two 
dermatologists with teledermatology experience 
logged into the KSYOS system each day to 
review waiting referrals and report daily on cases 
[23]. Four parameters were consistently observed: 
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(1) reduced referrals, (2) quality improvement, 
(3) response time, and (4) learning effect. Over 
the course of the study, 183 cases were received 
[23]. The study concluded that the teledermatol-
ogy service led to an average 9-h response time 
and that 82% of possible referrals to secondary 
care were prevented [23]. In addition, GPs found 
the consultant’s reply very helpful in 75% of 
cases, and helpful in 99% [23].

 Future Management of Melanoma

Though there is still debate around the benefits of 
procedures such as sentinel lymph node biopsy, 
there are current shifts in treatment that will have 
a significant impact on the diagnosis and treat-
ment of melanoma.

 Training

The belief that every primary care physician and 
nurse should be trained in dermoscopy is increas-
ing. It is a very simple skill to learn and should be 
integrated into undergraduate programs, particu-
larly where populations are at higher risk. For 
example, in Australia, the number of thick mela-
nomas has been decreasing to the point that med-
ical providers are finding more earlier, in situ 
melanomas. In situ melanomas are not only rela-
tively easy to treat, but they can also be treated at 
a much lower cost. This means that, when pro-
vided with the appropriate training, primary care 
providers can successfully provide treatment, 
thus preventing patients from having to go 
through the substantial physical and financial 
cost of chemotherapy and radiation.

 Screenings

Traditionally, skin cancer screening involves 
evaluating a person’s skin type, family history, 
personal history, and likely environmental fac-
tors, to determine whether a person qualifies as 
high risk.

The Genome Project, however, is changing 
this traditional screening process and will enable 
doctors to know in advance whether a patient has 
a higher propensity to develop skin cancer in the 
future, thus immediately making them a candi-
date for regular screening. This will completely 
change how the screening of high-risk popula-
tions is conducted. Based on this, routine screen-
ings for the general population will ideally 
become the norm, particularly in areas of the 
world where melanoma is a high risk. But cur-
rently, its cost is still prohibitive in many places.

 Teledermatology

At this time, teledermatology is mainly avail-
able business-to-business; it is a service used 
between a primary care doctor and dermatolo-
gist. In the future, however, with the continued 
development of technology, it will increasingly 
become a direct-to-consumer option. 
Advancements in teledermatology will enable 
patients to conduct a self-diagnosis, take clini-
cal and dermatological images of a suspicious 
lesion, and send them directly to a dermatolo-
gist or other skin cancer doctors. In the future, 
artificial intelligence (AI) will have a profound 
impact on dermatology service delivery, espe-
cially rashes and infections.

Some of these advancements are already in 
progress. There are now in existence dermato-
scopes, made for less than 10 dollars, that can be 
attached to smartphones with dermatoscope- 
specific slipcases. In addition, smartphones will 
likely have high enough resolution to take clini-
cal images clear enough for a medical care pro-
vider to evaluate a suspicious lesion.

 Digital Full-Body Imaging

The best example of digital full-body imaging at 
this time is the Canfield Vector WB360, which is 
currently only available in two research facili-
ties. This tool is composed of a frame with 46 
SLR cameras attached to it that can take one 
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image and stitch it together into a 3D body map 
capable of identifying changes on the body as 
small as 1 mm.

Using a tool such as this will drastically alter 
the future management of melanoma. During a 
skin cancer screening, a patient will get undressed 
and stand in front of the device, which will then 
take a photograph and analyze what is new or 
changing on the patient’s body. Then, based on 
this analysis, the doctor or nurse will discuss with 
the patient what next step ought to be taken.

Currently, digital full-body imaging is pro-
hibitively expensive, but it is expected that 
advanced tools such as this will become cheaper 
and more readily available every 18  months as 
per Moore’s law.

 New Immunotherapy Drugs 
for Melanoma

Drugs such as ipilimumab, nivolumab, and pem-
brolizumab are capable of treating late-stage 
melanoma and are specifically for patients for 
which little can be done because their cancer is so 
advanced. However, they are relatively new and 
very expensive, and unfortunately, in some 
places, the government does not subsidize or 
reimburse for them. It is reasonable to assume 
that they will become more readily available and 
affordable in the future. Based on advancements 
with these medications, the following question 
must be asked: Will there eventually be a vaccine 
for melanoma? The advancements of technology 
and the changes occurring in how cancer is diag-
nosed and managed make it reasonably foresee-
able that, in the future, patients will not die from 
skin cancer.
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 Introduction

Skin cancer incidence continues to increase in 
the United States, with melanoma accounting for 
the most deaths. The increase in the number of 
thin (<1  mm) melanomas diagnosed indicates 
that a combination of increased diagnostic skills 
as well as increased awareness may be contribut-
ing factors [1, 2]. Given the grave morbidity and 
mortality associated with thicker lesions, appro-
priate diagnosis and treatment are imperative. 
The fundamental step in this cascade is the skin 
biopsy.

Skin biopsy, however, is not without its con-
troversies. For the majority of cutaneous sites, 
four major biopsy options exist: shave biopsy, 
incisional biopsy, scoop or saucerization biopsy, 
and excisional biopsy. When selecting a biopsy 
technique, various factors play a role including 
but not limited to those related directly to the 
lesion as well as those specific to the patient and 
the performing physician. In this chapter, our 
goal is to explore the various biopsy techniques 
as well as discuss their overall utility and value. 
We also review special situations and pertinent 
biopsy techniques. Lastly, while a biopsy still 

represents the gold standard for tissue diagnosis, 
we will briefly describe several new and emerg-
ing diagnostic non-invasive modalities.

 Evaluation of Pigmented Lesions

Initial clinical history and skin evaluation are 
always the first steps prior to a biopsy. In most 
dermatology offices, little equipment exists 
beyond visual examination and dermoscopy. The 
most widely used clinical algorithm is the ABCDE 
criteria. Lesions suspicious for melanoma include 
those that show asymmetry, border irregularity, 
variegated or multiple colors, diameter of greater 
than 6 mm, and evolving or changing lesions. Its 
utility value in the clinical setting varies. While 
sensitivity and specificity have been reported to 
be as high as 90% in some studies, these criteria 
have fallen short in the detection of a primary 
melanoma less than 6  mm in diameter and the 
nodular subtype of melanoma [3].

In conjunction with visual examination, der-
moscopy has emerged as an important adjunct for 
the detection of melanoma. A dermatoscope is a 
magnifying lens that, in conjunction with a liquid 
medium and polarized light, can allow direct 
visualization of features in the epidermis and 
superficial dermis that are not visible to the naked 
eye. Its value has been confirmed in multiple 
studies and meta-analyses that show that adding 
dermoscopy to the clinical skin exam increased 
the detection of melanoma compared to 
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 performing only a clinical skin exam [4]. Multiple 
algorithms have been developed based upon the 
dermoscopic features identified, with further 
refinement of various features still in develop-
ment towards a single unifying algorithm [5].

 Equipment, Setup, and Anesthesia

Once the decision is made to biopsy a skin lesion, 
the next step in performing a satisfactory biopsy 
is to gather the necessary equipment and local 
anesthetic and to organize and set up for the pro-
cedure. While equipment is dependent upon the 
type of biopsy being performed, local anesthesia 
is needed for any biopsy. Minimal equipment is 
needed to perform skin biopsies and most are 
readily available in dermatology offices. Personal 
protective equipment for the physician including 
non-sterile gloves, goggles, or an eye shield and 
mask can be used if they are felt to be necessary 
to protect from any bodily fluid or other materi-
als. Handwashing or use of antiseptic solution is 
also necessary prior to and after the performance 
of a biopsy.

Equipment needed usually include a 
Dermablade™ or a #15 scalpel, a needle holder/
driver, tissue forceps, Iris scissors, punch biopsy 
tool, suture material, and gauze. For hemostasis, 
there are several options including aluminum 
chloride, electrocautery, or Monsel’s solution. 
Monsel’s solution is iron based and does leave 
behind residual brown pigment which is both 
cosmetically displeasing but also can add to dif-
ficulties with pathological examination in the 
event a second biopsy is needed [2]. While biopsy 
sites are often initially cleaned with 70% alcohol 
wipes prior to injection with anesthetic, this mea-
sure has been shown to be unnecessary and does 
not decrease the risk of infection. Sanitization of 
skin is only suggested for a visibly dirty or 
unclean biopsy site [6].

Lidocaine is the most commonly used anes-
thetic in dermatologic practice. We typically uti-
lize 1% lidocaine with epinephrine in a 1:100,000 
dilution, commonly purchased in this form as 
single-use vials. Benefits associated with the 
addition of epinephrine include longer duration 

of action, vasoconstriction leading to less local-
ized bleeding, and ability to use larger quantities 
because of decreased systemic diffusion [7]. The 
full effect of vasoconstriction takes roughly 
7–10  min while the duration of action of the 
anesthetic itself is 1–2  h overall [2]. Lidocaine 
with epinephrine use is contraindicated in the 
first trimester of pregnancy and therefore only 
lidocaine with a maximum volume of 
10 mL. Lidocaine with epinephrine is safe to use 
for digital anesthesia unless the patient has 
known peripheral vascular disease, connective 
tissue disease, Raynaud’s syndrome, or antiphos-
pholipid syndrome. A single injection of lido-
caine with epinephrine into the midline of the 
phalanx can provide anesthesia for up to 10 h vs. 
5  h for lidocaine alone [2, 7, 8]. Patients will 
often report an “allergy” to lidocaine; however, 
further investigation may reveal that these per-
ceived allergies are secondary to the sympathetic 
effects of epinephrine leading to tachycardia and 
anxiety. A true allergic reaction to lidocaine, an 
amide anesthetic, should prompt substitution of 
an ester anesthetic such as procainamide.

Injection of anesthetic is with a small-gauge 
needle, such as a 30-gauge, ½-in. needle, until a 
visible wheal is raised of the surrounding area. 
Anesthetic should be injected adjacent, rather 
than within the lesion, in order to prevent any dis-
ruption of the epidermis or dermis. For larger 
lesions, a “ring injection” around the perimeter of 
the lesion can allow for diffusion of the anes-
thetic more centrally [2]. If the lesion is felt to 
extend deeper, particularly in certain anatomic 
sites with a thicker dermis, injection into a deeper 
plane such as the reticular dermis or superficial 
adipose tissue may be needed.

There are multiple techniques available to 
lessen the discomfort associated with the anes-
thetic injection. Lidocaine 1% with 1:100,000 
epinephrine has a known pH of 4.2; thus buffer-
ing with 8.4% sodium bicarbonate in a 10:1 
ratio has been found to decrease the discomfort 
of the injection. Buffering lidocaine does not 
decrease its anesthetic efficacy but does reduce 
the epinephrine concentration by 25% per week 
exposed. Warming of the anesthetic solution 
has also been found to decrease injection pain. 
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The combination of warming and buffering has 
been found to produce the greatest benefit in terms 
of diminishing the pain associated with injection 
[2, 7]. Needles of a smaller diameter (between 27 
and 30 gauge) and slow injection also decrease 
discomfort. Consequently, a smaller needle also 
leads to slower injection of anesthetic. Sharper 
needles lead to less force required to inject into the 
skin; using a separate needle to draw up anesthetic 
and then another to inject the patient is a useful 
way to reduce injection pain. Distraction tech-
niques can range from having the patient look 
away to tapping at a separate site, having a conver-
sation with the patient, and attempting to gently 
vibrate the syringe while injecting.

Other anesthetic options seen in many der-
matologic practices include topical anesthetics. 
Topical anesthetics such as EMLA (lidocaine/
prilocaine) cream can be used as an adjunct 
prior to biopsy procedures and local injected 
anesthetic or as a primary means of numbing. 
After 2  h under occlusion, EMLA provides 
anesthesia to a depth of about 5 mm that is deep 
enough for skin biopsy in areas with a thin-to-
moderate dermis [8]. For children, pretreatment 
with EMLA cream for 45 min under occlusion 
can ease injection pain, with the full effect seen 
after 90–120  min. A few other options may 
include simple application of ice or cryogen to 
the area [2, 7].

 Guidelines for Biopsy

Recommendations on what is regarded as an ade-
quate biopsy for a suspicious skin lesion vary 
depending on the academic body. The British 
Academy of Dermatology issued revised guide-
lines in 2010 indicating that adequate excision of 
suspicious pigmented lesions should include 
2 mm margins of normal skin and a cuff of sub-
cutaneous fat [9]. It advised against performing 
diagnostic shave biopsies, partial removal of 
nevi, or routine removal of nevi 5  mm or less. 
Punch biopsy for lentigo maligna or acral mela-
noma was deemed acceptable. For subungual 
melanoma, assurance of the nail matrix in the 
sample and removal of clinically obvious tumor 

were advised. These guidelines, however, merely 
represent recommendations only and should be 
applied to each patient based upon the clinical 
situation [9].

The American Academy of Dermatology 
issued recommendations regarding the biopsy of 
pigmented lesions in 2011 [10]. For suspicious 
pigmented skin lesions, narrow excisional biopsy 
with 1–3 mm margins of normal skin is recom-
mended. Several biopsy techniques are deemed 
acceptable, such as a standard ellipse, punch 
biopsy/removal, or a deep-shave biopsy that 
includes subcutaneous fatty tissue. Under certain 
circumstances, incisional biopsy may be per-
formed, with clinicopathologic correlation often 
necessary. For example, suspicious pigmented 
lesions of the nail bed may be approached with 
an incisional or excisional biopsy [10]. As previ-
ously echoed in the British recommendations, the 
above recommendations are utilized and applied 
individually and, in general, will apply to the vast 
majority of patients.

 Biopsy Techniques

Below is a review of the four main biopsy tech-
niques—shave biopsy, scoop or saucerization 
biopsy, incisional or punch biopsy, and excisional 
biopsy.

 Shave Biopsy

The shave biopsy is the most commonly per-
formed method to evaluate pigmented lesions 
because of how quickly it can be performed, sim-
plicity of wound care, cosmetic result, and cost- 
effectiveness [11]. The necessary equipment is 
shown in Fig.  11.1. Prior to performing the 
biopsy, it is helpful to finely demarcate the bor-
ders of the lesion. A Wood’s lamp (365  nm) 
examination can be helpful in doing so because it 
enhances (darkens) lesion borders through an 
increased amount of lesional melanin that causes 
increased absorption of light compared to the 
surrounding skin. Once the lesion is clearly 
defined and marked, the area is then anesthetized 
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with lidocaine with epinephrine as previously 
described. A scalpel (#15 blade) or a flexible 
razor blade is used to remove the lesion in its 
entirety if possible, usually with a 1 mm margin 
of normal surrounding skin. The flexible razor 
blade allows for alteration of the diameter of the 
biopsy by curving the blade and alteration of the 
depth of the biopsy by angling the blade; a greater 
curvature decreases the diameter of the sample 
and a deeper angle towards the subcutis increases 
the depth of the sample [2]. Removing the lesion 
in its entirety by the aforementioned techniques 
allows the true depth to be evaluated if need be 
and it is often recommended that the lesion be 
re-shaved or completely excised if residual pig-
ment remains.

A disadvantage of this technique is that it can 
leave a depressed and hypopigmented scar if the 
biopsy is angled too sharply. Thus, a #15 blade 
may be a better choice when the skin lesion is 
flatter and flush with the skin. For this reason, it 
is ideal for areas of thin skin such as the face and 
dorsum of the hands. The flexible razor blade is 
better suited for areas of thick skin such as the 
back. With experience, however, it is possible to 

use either blade for biopsy of any skin site with 
cosmetically acceptable results.

After biopsy, hemostasis is often achieved 
using aluminum chloride, which deposits small 
salt plugs into blood vessels. The site is then 
allowed to heal by secondary intention. Patients 
are instructed to clean the area with mild soap 
and keep it moist by coating with Vaseline oint-
ment and covering with a bandage daily until 
fully healed. The use of antibiotic ointment is not 
routinely recommended because there is signifi-
cant risk for allergic contact dermatitis and the 
overall potential for wound infection is low given 
the superficial nature of biopsy. Furthermore, 
recent studies suggest that these antibiotic oint-
ments may select for methicillin-resistant 
Staphylococcus aureus [12]. The use of hydrogen 
peroxide is also not advised as this may impede 
the healing process.

Patients should be advised that the biopsy site 
will look erythematous and inflamed initially and 
then heal with a yellow fibrinous exudate that is 
part of the normal healing process. Biopsies on 
the lower extremities may take up to 1 month or 
longer to heal completely because of poorer 

Fig. 11.1 Shave biopsy 
setup. Shave biopsies 
require minimal 
equipment to perform. 
An alcohol pad is used 
to sanitize the area. 
Gillette blade is used for 
lesion removal with 
aluminum chloride on a 
cotton tip applicator for 
hemostasis. Gauze 
should be available to 
apply pressure for 
bleeding. After bleeding 
is controlled, white 
petrolatum and a 
bandage are used to 
cover the wound
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 circulation in certain patient populations with 
peripheral vascular disease, immunosuppression, 
or diabetes. Given that a shave biopsy is usually 
selected for small lesions, it tends to provide a 
generally good cosmetic outcome. The defect 
created is often circular in shape and shallow so 
that a significant scar is not evident if the proce-
dure is performed well. Additionally, the scar 
tends to contract over time, and it is helpful to 
reassure patients from the outset that the cos-
metic defect will likely be smaller than the pig-
mented lesion with respect to size.

Other benefits of the shave biopsy are the ease 
of performing the procedure, allowing for an effi-
cient use of office time during a busy day of see-
ing patients. The shave biopsy is also inexpensive 
because suture is not needed to close the residual 
defect. In terms of resident education and train-
ing, it is considered an important and standard 
part of any residency training program in derma-
tology, with most residents becoming proficient 
with the shave biopsy early in their training. 
Other healthcare providers are also capable of 
performing shave biopsies, an important benefit 
for patients seeing their primary care physicians. 
Moreover, in a patient who has many suspicious 
melanocytic lesions such as that seen in dysplas-
tic nevus syndrome, shave biopsy may be prefer-
able because multiple excisional biopsies can 
become laborious for both provider and patient. 
Most providers cannot interrupt their clinic to 
perform a surgery and must have the patient 
return for the procedure with significant potential 
for the patient to be lost to follow-up. The patient 
may be too fearful to undergo surgery or have 
scheduling difficulties that may not allow for a 
return visit in the immediate future. In such cases, 
shave biopsy may at least allow for immediate 
diagnostic testing at the time of lesion 
identification.

A major problem with the shave biopsy tech-
nique arises when the procedure is inappropri-
ately selected. For example, larger lesions are 
more difficult to completely sample and may best 
be sampled by other means (see later discussion). 
If a lesion is transected at the base, the true thick-
ness (Breslow’s depth) of the lesion cannot be 
accurately evaluated. Thus, if the lesion returns 

as a melanoma, where Breslow’s depth deter-
mines the margins of excision as well as whether 
to perform a sentinel lymph node biopsy, it is 
problematic for the surgeon to fully determine 
this based upon an incomplete Breslow’s depth. 
A recent retrospective study of 139 patients with 
melanoma showed that 18 patients had a thicker 
Breslow’s depth as determined by excision com-
pared with initial shave biopsy of the lesion. 
Seven of these patients required additional sur-
gery after the initial wide local excision because 
of the discrepancy [13].

A more recent study, with a sample size of 600 
patients, noted that the initial shave biopsy accu-
rately predicted the lesional depth, translating 
into the correct surgical treatment strategy in 
97% of patients [14]. Thus, when properly per-
formed in the appropriate setting, the shave tech-
nique may yield the accurate Breslow’s depth in 
97% of patients, but it may be incorrect in as 
much as 10%. The most worrisome scenario 
could occur if a biopsy is performed too superfi-
cially and the pathologist notes that there are 
atypical features but does not interpret them as a 
melanoma. Here, it is possible that the deeper 
portions of the specimen would have resulted in 
pathologic interpretation as melanoma. Thus, if 
the pathologist notes that a lesion has significant 
atypia and it extends to the base of the specimen, 
it is advisable to have the entirety of the lesion 
definitively sampled.

 Incisional or Punch Biopsy

There are several settings in which an incisional 
biopsy may be more useful compared to the 
shave biopsy. For example, as congenital nevi 
develop, there are often areas within the nevus 
that become cobblestoned, bleed from irritation, 
or become darker. An incisional biopsy using a 
punch biopsy tool is very helpful to sample a cer-
tain portion of the larger lesion. Similarly, in a 
nevus spilus, areas of hyperpigmentation can 
become darker and may require sampling. 
Incisional biopsies have been recommended in 
other circumstances as well, such as extensive or 
large pigmented lesions with unclear margins, 
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extensive facial lentigo maligna, and pigmented 
lesions in acral and mucosal areas [15]. The tools 
and equipment needed to perform a punch biopsy 
are shown in Fig. 11.2. As with the shave biopsy, 
the portion of the lesion to be biopsied is clearly 
marked. A camera is recommended to photo-
graph exactly where in the lesion the biopsy is 
taken from. Anesthesia is again provided with 
1% lidocaine with epinephrine.

The biopsy can be performed using a punch 
tool, which is placed over the area and rotated in 
one direction while pressure is applied in a down-
ward direction. The skin lesion should be cen-
tered between your fingers and held in the 
direction of the relaxed skin tension lines so that 
the punch creates a small ellipse rather than a 
perfect circle. Depending on the area, the rotation 
should continue until the hub of the punch is at 
the surface of the skin. If working in an area of 
thin skin, the punch should be rotated until the 
level of the fat is reached. The punch tool is then 
removed and a tissue forceps is used to gently 
grasp the specimen without crushing it, and sharp 
scissors to transect the specimen along the deep 
fat. For pigmented lesions, the size of the punch 
should be no smaller than 3  mm so that the 
pathologist has an adequate specimen for sec-
tioning and processing. A 2  mm punch biopsy 
would not provide enough tissue for a pathologist 

to render a diagnosis. Punch biopsies come in 
many sizes ranging from 1 to 10  mm. Size of 
punch biopsy is determined by the size of the 
lesion and whether a whole or only partial sample 
of the lesion is to be taken. A hemostatic foam or 
gauze can be used to pack the biopsy site if it is 
3 mm. For larger punch sizes, it is recommended 
to use a simple, interrupted stitch with a nonab-
sorbable suture to be removed in 5–10 days in the 
office, depending on the location. If there is con-
cern that the patient cannot return for a suture 
removal visit, an absorbable suture with cyanoac-
rylate or other liquid adhesive and Steri-Strips for 
epidermal re-approximation can be used.

If the lesion is larger than a punch tool, a scal-
pel with a #15 blade can be used. An ellipse in the 
direction of skin tension lines is made over the 
area to be biopsied and removed by cutting down 
to the layer of the fat. Closure is then performed 
using dermal and epidermal sutures as needed. 
Historically, there have been two major issues 
with incisional biopsy. One is whether putting a 
defect in the middle of the tumor allows for fur-
ther spread or seeding of the tumor. This theory 
has largely been debunked and, if it occurs at all, 
is not considered clinically relevant [15, 16]. The 
more important and clinically relevant issue 
relates to diagnosis and evaluation of the 
Breslow’s depth. Similar to shave biopsies, there 

Fig. 11.2 Punch biopsy 
setup. From left to right, 
suture, forceps, iris 
scissors, Mayo 
dissecting scissors, 
needle driver, and punch 
biopsy tool are pictured. 
The punch biopsy tool is 
used to sample the 
specimen with the Adler 
forceps and Mayo 
dissecting scissors used 
for removal. A needle 
driver and sutures are 
then used to suture the 
wound if needed. Gauze 
should be available to 
apply pressure for 
bleeding
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is potential for misinterpretation of the true tumor 
depth with the incisional technique.

Unlike the shave biopsy, which is usually 
selected with the intent to remove the entire lesion, 
the incisional biopsy is intended to remove only a 
portion of the lesion. Some have argued that the 
most worrisome portion of the lesion, as deter-
mined clinically and dermoscopically, should thus 
be sampled. However, Somach et  al. found that 
there are differences amongst clinicians as to what 
might represent the most worrisome area of a sus-
pected lentigo maligna lesion [17]. Furthermore, 
they identified a diagnostic discordance between 
incisional and excisional biopsy by as much as 
40%. Thus, keep in mind that the portion of the 
lesion most worrisome to a clinician may not cor-
respond to the most histologically aggressive por-
tion of a melanocytic lesion.

Although this observation may be true, once a 
diagnosis of melanoma is made, most patients 
subsequently undergo a complete excision with 
the appropriate surgical margins, with treatment 
plans modified based upon histopathologic eval-
uation of the excised specimens. Even though 
this technique may subject the patient to addi-
tional procedures, studies have not documented 
any negative implications with respect to patient 
outcome. Pflugfelder et al. retrospectively exam-
ined nine such studies, and found no significant 
difference in patient outcomes when comparing 
incisional with excisional samples [15]. However, 
similar to concerns with the shave biopsy, if a 
lesion is interpreted as melanoma in one region 
but not another, and the non-melanoma portion of 
it is sampled, the diagnosis may be missed alto-
gether. Thus, if the pathologist notes that there is 
atypia with extension to any of the peripheral 
margins when performing an incisional biopsy, 
consideration should be given to completely 
excising the pigmented lesion.

Conversely, a major disadvantage of the inci-
sional biopsy technique is a false-positive result. 
Evaluation of the symmetry and borders of the 
lesion is important for the pathologist when inter-
preting specimens. When an incisional biopsy is 
performed, the area of interest always extends to 
the periphery of a sample, thereby making a 
proper diagnosis difficult to render [18]. For 

example, histologic melanoma mimickers such 
as a Spitz nevus or recurrent nevus that can share 
features of melanoma with regression, for exam-
ple, may be falsely diagnosed as melanoma when 
only partially biopsied [19]. In certain situations, 
an incisional biopsy is an appropriate choice but 
every effort should be made to provide the 
pathologist with the entire pigmented lesion 
when able for the aforementioned reasons.

 Excisional Biopsy

Excisional biopsy is considered the gold standard 
for melanoma diagnosis. It allows the entire lesion 
to be examined by the dermatopathologist for the 
margins, Breslow’s depth of invasion, and cellular 
behavior. The excisional biopsy is thus the tech-
nique of choice for a pigmented lesion that is sus-
picious for melanoma. First, the margins of the 
melanocytic lesion are clearly defined; as men-
tioned earlier, a Wood’s lamp can be helpful to 
detect subclinical pigmentation. A 2–3 mm mar-
gin of excision is performed around the skin 
lesion, following steps similar to that of other 
types of biopsies. A scalpel is utilized after local 
anesthetic has been infiltrated, removing an ellip-
tical area that includes the subcutaneous fat. Once 
removed, it is important to orient the specimen for 
the pathologist and provide them with as much 
information as possible about the lesion, such as 
anatomic location, description of the lesion, and 
your preliminary diagnosis. On the extremities, 
for example, it is preferable to orient excisions 
vertically, rather than horizontally, to better pre-
serve lymphatic architecture as well as to provide 
the surgeon the best opportunity to close the resid-
ual defect primarily, without requiring placement 
of a skin graft for wound closure.

Upon the implementation of sentinel lymph 
node mapping as a sensitive method of examin-
ing the first draining lymph nodes in a nodal 
basin, there was some initial concern as to the 
effect of performing a biopsy upon the primary 
site. Several subsequent studies have shown that 
if there is not significant tissue rearrangement 
after defect closure, the accuracy of sentinel 
lymph node biopsy is still quite good, although 
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sentinel lymph node biopsy at the time of wide 
local excision is preferred [20, 21]. Few studies 
have attempted to specifically address whether an 
initial diagnostic excisional biopsy affects the 
subsequent accuracy of sentinel lymph node 
biopsy. One study of 60 patients found no differ-
ence in lymphatic flow between groups who had 
previously had diagnostic excisional biopsy for a 
suspected melanoma [22]. Although no studies 
directly compare the accuracy of sentinel lymph 
node biopsy with skin biopsy technique (i.e., 
shave versus incisional versus excisional), it is 
generally accepted that narrow excisional biopsy 
does not alter the subsequent accuracy of a senti-
nel lymph node biopsy and therefore does not 
change patient prognosis. If wide local excision 
does not appreciably alter the accuracy of senti-
nel lymph node biopsy,  it can be assumed that 
neither should the initial biopsy with narrow mar-
gins [23].

 Scoop (Saucerization) Biopsy

The scoop biopsy involves utilizing a flexible 
razor blade that is angled to yield a specimen that 
extends to the mid-dermis or subcutaneous fat. 
Thus, it is considered an “excisional biopsy” and 
may be utilized for lesions that are difficult to 
remove with an elliptical excision. For example, 
potential sites include areas where scars may 
become hypertrophic and spread over time such 
as the upper back and shoulders or when a patient 
prefers not to have limitations during the postop-
erative period. Compared with an elliptical exci-
sion that is closed primarily and resulting in a 
linear scar, saucerization leaves a smaller, rounder 
scar that may be considered a cosmetically 
acceptable scar while still providing as much 
diagnostic tissue as an elliptical excision [11].

 Special Situations

Unique situations requiring tailored evaluation 
include melanonychia, scalp nevi in children, and 
labial and genital melanotic macules.

 Evaluation of Melanonychia

The evaluation of longitudinal melanonychia 
remains somewhat difficult and will often require 
performing a biopsy for definitive diagnosis. The 
most widely accepted biopsy technique is a lon-
gitudinal, full-thickness excisional procedure, 
since a shave biopsy does not always allow ade-
quate evaluation of the true Breslow’s depth [24]. 
Many suggest that before obtaining a biopsy, the 
nail plate should be viewed “end-on” with der-
moscopy because lesions that are present in the 
dorsal nail plate reflect a melanocytic origin at 
the proximal nail matrix, whereas lesions present 
in the ventral nail plate correspond to an origin at 
the distal nail matrix [25]. Regardless of which 
biopsy technique is chosen, the procedure is best 
performed with a digital nerve block using lido-
caine and occasionally utilizing a tourniquet 
(with tourniquet time not exceeding 20  min). 
There has been much controversy over the years 
regarding the use of epinephrine in acral areas but 
it is now generally accepted that it can be used 
safely in small quantities (not exceeding 3 mL for 
a single digit) to ensure hemostasis [26].

 Shave Biopsy of the Nail Matrix

After achieving adequate anesthesia, tangential 
incisions are made at the junction of the proximal 
and lateral nail folds. The skin can be undermined 
in several ways with sharp dissection along the 
nail bed plane, with the proximal nail reflected 
back and thereby exposing the proximal nail plate 
and underlying matrix. The proximal nail plate is 
then reflected laterally through the use of an anvil-
action nail splitter. This procedure allows full 
exposure of the proximal nail bed and matrix. The 
origin of the pigment band is identified and scored 
with a scalpel blade that is then turned horizon-
tally to shave the specimen. The laterally reflected 
nail plate is trimmed longitudinally at its lateral 
free edge and returned to its original position. The 
proximal nail fold is released and returned to its 
normal position. The skin is then sutured at each 
tangential incision [2].
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 Punch Biopsy of the Nail Matrix

As with the shave biopsy, anesthesia is achieved 
and proximal nail fold is reflected. The nail plate 
is left intact because it may serve to help visual-
ize the origin of the pigment. A punch biopsy tool 
is used to score the overlying plate above the ori-
gin of melanonychia and carried down through 
matrix to bone. Fine-tipped scissors are used to 
snip the specimen at the level of the periosteum. 
Given that the underlying nail plate is secure, 
suturing is not necessary after realigning the 
proximal nail fold, and a simple pressure dress-
ing may suffice for wound healing [2].

 Lateral Longitudinal Excision

A scalpel blade is inserted halfway between the 
cuticle and distal interphalangeal crease, 1–2 mm 
medial to the pigmented band. Incision is made 
through skin and soft tissue to the level of the 
bone, extending distally through the nail plate 
and hyponychium, to a level 3–4 mm distal to the 
digital tip. The blade is then re-inserted proxi-
mally at the same starting point and moved later-

ally, coursing around the entire matrix horn, so 
that a final elliptical shape is achieved, with a thin 
margin around the entire pigmented band. Repair 
is performed by placing a suture that realigns the 
proximal nail fold to the lateral nail fold, and 
another at the proximal nail fold and at the hypo-
nychium [2] (Fig. 11.3).

 Evaluation of Scalp Nevi in Children

Scalp nevi in children represent a diagnostic 
challenge because they frequently undergo sig-
nificant change as the child grows [27]. However, 
most scalp nevi in children are benign and gener-
ally recommendations are conservative observa-
tion instead of immediate biopsy. Although nevi 
in this “special site” are not often associated with 
problematic clinical behavior, they are more 
likely to display atypical histologic features, 
making them somewhat difficult for pathologic 
evaluation [28, 29]. Thus, if sampling is to be 
performed, some recommend a full-thickness 
excisional biopsy with conservative margins in 
order to provide the dermatopathologist with the 
most tissue to evaluate [30].

a b c

Fig. 11.3 All photos courtesy of Jordan B. Slutsky, MD 
FAAD. (a) Linear melanonychia on right first digit which 
patient reports has been changing in size in color over the 
last few years. (b) In this photo, the cuticle has been flip 

backed to reveal the proximal matrix after nerve and local 
block has been performed. (c) After biopsy of the matrix, 
the cuticular skin is sutured
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 Labial Melanotic Macules

Melanotic macules on the lips can be due to many 
causes, including but not limited to sun exposure, 
medications, physiologic pigmentation, carci-
noma, and syndromes such as Laugier-Hunziker 
or Peutz-Jegher. Biopsy is often indicated and the 
technique used is dependent upon where on the 
lip the lesion is located. On the cutaneous lip, a 
shave biopsy is acceptable if the lesion does not 
cross the vermilion border. The site can be left to 
heal by secondary intention and with minimal 
scarring. On the mucosal lip, a punch biopsy with 
closure using silk suture (because silk lies down 
flat and is nonirritating) is preferred. Sutures may 
be removed at 5 days as the mucosa heals quickly. 
If the pigmented lesion crosses the vermilion bor-
der, a punch biopsy with vertical orientation 
should be performed. Horizontal orientation may 
inadvertently cause a noticeable eclabium. Prior 
to the procedure, the border of the lip should be 
marked with a gentian violet marking pen so that 
when the suture is placed to close the defect, the 
border can be precisely aligned [2].

 Genital Melanotic Macules

Genital melanomas are relatively uncommon, 
with an overall poorer prognosis and earlier ten-
dency towards metastatic spread [31]. For this 
reason, melanotic macules in the genital region 
should be monitored closely with serial photog-
raphy (both clinical and dermatoscopic) to assess 
for change. If biopsy is required, a punch biopsy 
using a silk suture for closure is the preferred 
method. As for oral mucosa biopsies, sutures 
should be removed at 5  days. Although shave 
biopsies heal well here, patients often complain 
of stinging and irritation while wound healing 
occurs [2].

 Non-invasive Options for Pigmented 
Lesions

Non-invasive diagnostic options are emerging, 
both as adjuncts to routine biopsy and histopa-

thology, as well as independent diagnostic enti-
ties. In this section, we provide an overview of 
reflectance confocal microscopy, digital multi-
spectral dermoscopy, optical coherence tomogra-
phy, tape-stripping mRNA, ultrasound, and 
electrical bioimpedance.

 Reflectance Confocal Microscopy

Reflectance confocal microscopy is a method for 
in vivo imaging of skin and suspicious lesions. It 
involves the use of lasers to optically section the 
area of interest into horizontal sections with a 
depth of 150–200 μm. Black and white images 
are produced with cellular structures providing 
different refractive indices (Fig. 11.4). An option 
to capture vertical images in an indicated location 
allows for the reconstruction of a three- 
dimensional area [32].

Its use in dermatology for melanoma and non- 
melanoma skin cancers has been validated with 
over 600 indexed articles currently circulating 
[33]. In one algorithm, two major and four minor 
criteria were identified for the differentiation of 
melanoma from nevi. Major criteria included 
cytologic atypia and non-edged papillae at the 
basal layer. Minor criteria included round cells in 
superficial layers spreading upwardly in pagetoid 
fashion, widespread pagetoid cells, cerebriform 
clusters in papillary dermis, and nucleated cells 
within the dermal papillae. Two points were 
given for the presence of either major criteria and 
one point was given for the presence of a minor 
criteria. When this criteria was applied to 102 
lesions comprised of primary melanoma, nevi, 
and Spitz/Reed nevi, a score >5 led to a 96.9% 
specificity and an 83.8% sensitivity for the diag-
nosis of melanoma [34].

The challenge now is to transition reflectance 
confocal microscopy into a typical dermatologic 
clinical practice. Limitations to its use include, 
but are not limited to, learning the diagnostic fea-
tures and algorithms, experience with the tool, 
and the time needed for imaging and interpreta-
tion. Imaging alone can take >10  min, without 
including the time needed for image interpreta-
tion. In addition, image quality can vary greatly 

C. Wassef et al.



187

depending on the presence of makeup, air bub-
bles, and movement of the patient or microscope 
during imaging [32]. Given these challenges, it is 
evident that reflectance confocal microscopy 
may not be ideal for every lesion, but rather may 
benefit more in cosmetically sensitive areas such 
as the head and neck. It may also be of benefit for 
the evaluation of lesions in which dermoscopy 
features are not easily seen, such as with lentigo 
maligna [33].

In a study of 1279 lesions deemed equivocal 
on clinical examination, reflectance confocal 
microscopy was found to be most useful in eval-
uating both melanoma and non-melanoma skin 
cancers on the head and neck [33]. This is likely 
due to the thin epidermis and visualization of 
deeper structures and sun-damaged skin. This 
damage results in the atrophy of the epidermis 
and thinning of the dermo-epidermo junction 
that allows for adequate confocal imaging and 
visualization of regression features. Because of 

its limitation regarding imaging depth, lesions 
with invasion or microinvasion into the dermis 
cannot be assessed [35]. Further research is 
needed to clarify lesional and patient character-
istics that can be best imaged with reflectance 
confocal microscopy.

 Digital Multispectral Dermoscopy

Digital multispectral dermoscopy (MelaFind™) 
is a dermoscope that images pigmented lesions in 
both the infrared and visible spectra using tailored 
software. It is indicated for lesions with at least 
one of the clinical criteria for melanoma. Ten 
bands of white light are used to illuminate the 
image followed by multiple imaging with high-
quality photos in order to correlate to each spec-
tral band. Images are then conveyed to a computer 
system for evaluation and compared to a historic 
imaging database of previously classified lesions. 

Fig. 11.4 Black and 
white image generated 
by reflectance confocal 
microscopy. This area 
represents the dermo- 
epidermal junction with 
the dermal papillae in 
horizontal sections 
versus the traditional 
bread loaf sections seen 
with histopathology
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The database for MelaFind™ contains approxi-
mately 9000 biopsied lesions from over 7000 
patients. Its intention is to be used as an indepen-
dent tool to decide whether a biopsy is necessary 
or not [32, 35, 36].

In a prospective, multicentered, blinded study, 
1831 pigmented lesions scheduled for biopsy 
were imaged prior to their removal. Diagnoses 
reached by the evaluation of digital multispectral 
dermoscopy images from multiple blinded 
pathologists were compared to the gold standard 
of histopathological diagnosis. Of the 127 biop-
sied melanomas, a sensitivity of >98% was 
achieved. In comparison to clinical exam alone, 
digital multispectral dermoscopy had a specific-
ity that was 9.5% greater than the exam per-
formed by the clinician [36]. There are several 
disadvantages to the use of this imaging modal-
ity. The computer system is extremely sensitive 
and if every image does not meet parameters, no 
image is produced. Problems relating to image 
capture including hair, air bubbles, lack of center-
ing of the lesions, and camera malfunctions also 
exist [32, 36].

 Optical Coherence Tomography

Optical coherence tomography uses infrared light 
to create cross-sectional microstructural images 
of tissue. Light from a light source is divided into 
two paths, one towards the tissue and the other 
towards a mirror. Light reflected from the tissue 
sample and that reflected from the mirror are then 
used to create a false color or grayscale image. 
Image formation is dependent upon linear struc-
tures that include scattering structures, birefrin-
gence, and refractive indices. Lesions can be 
imaged up to a depth of 1 mm [32, 35].

In one study, 92 pigmented lesions previously 
scheduled for removal and histopathologic evalu-
ation were scheduled for imaging prior to biopsy. 
No definitive features for benign or malignant 
lesions were identified to be statistically signifi-
cant [37]. Features that could be used to differen-
tiate a melanoma from a benign pigmented lesion 
included unclear demarcation of dermo- 
epidermal junction, bright horizontal dermal lin-
ear structures, vertical dermal icicle-shaped 

structures, and architectural disarray. However, a 
few of these features have also been noted in non- 
melanoma skin cancers. Limitations include no 
distinct algorithms for the evaluation of pig-
mented lesions, sensitivity to imaging artifacts, 
hyperkeratosis, and motion. Images show varia-
tion from person to person and variation depend-
ing on different sites for the same person. Scar 
and crust are known to enhance posterior light 
accentuation [32, 37].

 Tape-Stripping mRNA

Tape-stripping mRNA, or epidermal genetic 
information retrieval, is a technique that uses a 
special adhesive to noninvasively sample mRNA 
from the stratum corneum. RNA is then recov-
ered from this adhesive and amplified to evaluate 
for melanoma-specific genes. Despite the fact 
that the stratum corneum is made up of non-
nucleated cells, mRNA was recovered in this 
layer and its dispersion is believed to be similar 
to the dispersion of pigment [32, 38].

In a preliminary study, RNA was harvested 
from 212 melanoma and nevi via tape stripping. 
These lesions were later removed for histopatho-
logic diagnosis. A total of 312 genes were identi-
fied that differentiate nevi from melanoma. From 
a data set of 37 melanoma and 37 nevi, a 17-gene 
classifier set was found that differentiated these 
lesions with 100% sensitivity and 88% specificity 
[38]. In a subsequent study, a total of 140 lesions 
consisting of melanomas, nevi, and other benign 
entities were sampled via tape stripping and then 
biopsied for histopathologic diagnosis. Using a 
previously reported 15-gene classifier set, gene 
pairs were amplified and rearranged until two 
genes, CMIP and LINC00518, were found to 
have a sensitivity of 97.6% and a specificity of 
72.7% in the diagnosis of melanoma. With adjust-
ment for a melanoma prevalence of 10%, which is 
the average seen in clinical practice, a negative 
predictive value of 99.6% was achieved [39].

Advantages of this technique include no recov-
ery time or healing wound, allowing for the exam-
ination of multiple lesions. In the setting of 
dysplastic nevus syndrome, this could serve as a 
screening method to determine which lesion 
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within the background of all lesions would war-
rant a biopsy based upon the presence of various 
genetic sequences. However, limitations include a 
lesion size of at least 4 mm as well as loss or inad-
equate amounts of mRNA. Acral and vulvar skins 
have also been excluded from studies and their 
utility for these lesions is unknown [32, 35, 39].

 Ultrasound

Ultrasound has been used in dermatology since 
the 1970s. It is utilized to assist with depth deter-
mination of the pigmented lesions. To produce 
ultrasound images, acoustic energy is released 
from a transducer and reflected or refracted off of 
various tissue specimens. The returning waves 
are processed with images generated by a com-
puter. In comparison to lymph nodes, where opti-
mal frequency for imaging is 7.5–10  Hz, 
ultrasound transducer for pigmented lesions is 
optimal at 20 Hz [32]. It has been established that 
in melanomas thicker than 1 mm ultrasound and 
histopathology have yielded similar depth mea-
surements. In one study, 28 biopsy-proven mela-
nomas were imaged with ultrasound prior to 
removal [40]. Ultrasound depth was measured to 
be within 0.1  mm of measured histopathologic 
Breslow’s depth. Of note, two thin facial melano-
mas with a Breslow’s depth 0.4 mm and 1.0 mm 
were overestimated by ultrasound, later found to 
be 1.7 mm and 2.7 mm, respectively. They both 
displayed dermal elastosis and inflammatory 
infiltrates that may have contributed to the erro-
neous measurements [40].

In thinner melanomas (<1  mm), however, 
overestimations of depth have also been noted. 
These have been attributed to inflammatory infil-
trates confounding depth measurement. Higher 
frequencies, as high as 100 Hz transducers, have 
been used to evaluate pigmented lesions with a 
higher resolution noted; however, this comes at 
the expense of shorter depth visualization. This 
could potentially lead to non-visualization of a 
thicker area in a pigmented lesion. In one study 
of thin melanomas, 52 lesions of which 6 were 
melanomas were imaged with a 22 Hz transducer 
[41]. Lesions were subsequently biopsied and 
Breslow’s depth on histopathology was mea-

sured. A manual measurement of depth via ultra-
sound imaging was also performed. Automated 
depth measurement from ultrasound imaging was 
developed via a set of algorithms. Manual mea-
surement was found to overestimate the depth, 
while the automatic depth measurement underes-
timated, with the majority of underestimations 
within <0.1  mm. Ultrasound has the ability to 
image a lesion up to a depth of 1.5 cm. However, 
it is difficult to differentiate between a primary 
melanoma from a dermal metastasis. Image qual-
ity is also greatly dependent on operator skill and 
familiarity with equipment [35].

 Electrical Bioimpedance

Electrical bioimpedance measures the current 
evoked when a voltage source runs through a des-
ignated area. Levels of bioimpedance are a func-
tion of the structure of not only cells and 
membranes, but also water content. Sensitivity in 
the detection of melanoma has been estimated to 
be 92–100%, with a specificity of 67–80%. When 
imaging lesions, bioimpedance images are taken 
from the center of the lesion and from an unaf-
fected area of skin. The entire process is esti-
mated to take ~7 min [32, 35, 42].

Melanoma detection is limited by the high 
impedance of the stratum corneum. While this 
does not affect basal cell carcinomas as much 
because of their location in the epidermis, mela-
noma is found primary at the dermo-epidermal 
junction. To rectify this problem, microelectrodes 
with probes into the stratum corneum have been 
used as a modified way to detect melanoma using 
bioimpedance. While technically this does make 
it an “invasive method,” the probes are limited to 
the stratum corneum only. With this adjustment, 
nevi were differentiated from a melanoma with a 
92% sensitivity and 80% specificity [35, 42, 43].

 Conclusion
In conclusion, various techniques exist for the 
biopsy of pigmented lesions. Lesion charac-
teristics as well as operator comfort are impor-
tant factors when deciding what techniques to 
use. With many emerging noninvasive imag-
ing modalities available, the use of these as 
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either independent tools or as adjuncts offers 
another option particularly when assessing 
lesions in children or cosmetically sensitive 
areas. Further research is needed to qualify 
these modalities as comparable to the gold 
standard of biopsy before they are used 
independently.
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The Pathology of Melanoma

Jane L. Messina and Rahel A. John

 Specimen Submission 
and Evaluation Guidelines

The correct diagnosis of melanoma begins with 
the submission of an adequate specimen, as well 
as clinical information that is essential to corre-
late with the findings. The pathology requisition 
should include, in addition to the required demo-
graphic information such as age and sex, a 
description of the size of the lesion, its duration, 
and whether there has been any recent change. If 
the biopsy is only partially representative of a 
larger lesion, then it should be clearly stated on 
the requisition. In practice, there is a wide variety 
of biopsy techniques employed by those at the 
forefront of diagnosing melanoma, such as der-
matologists, primary care physicians, and sur-
geons. These include excisional biopsies, shave 
biopsies, deep scallop shave biopsies, and punch 
biopsies. All of these techniques have potential 
pitfalls and can potentially lead to challenges in 
accurate diagnosis and staging, due to partial 
sampling and underrepresentation of the lesion. 
Inadequate sampling of a pigmented lesion may 
not allow the pathologist to assess all features 

required to establish the diagnosis of a melanoma 
from a nevus, including the overall size of the 
lesion, its circumscription, and its symmetry.

Transection of the base of a lesion may lead to 
an underestimation of its true depth, leading to 
inaccurate staging, and therefore decisions about 
the width of margins and the necessity for 
regional nodal sampling. Currently, the American 
Academy of Dermatology recommends exci-
sional biopsy as the preferred method for biopsy 
of a skin lesion suspicious for melanoma [1–4]. 
However, excisional biopsies of melanomas are 
infrequently performed, possibly due to either 
time constraints in a busy clinic and fairly low 
sensitivity of the clinical diagnosis for mela-
noma. The reported rates are as low as 42% for 
general practitioners and as high as 80% for der-
matologists [5]. There is also some concern about 
the potential for excision resulting in an altera-
tion of the lymphatic drainage and compromise 
of the sentinel lymph node (SLN) mapping pro-
cedure, especially for large primary lesions. 
Considering the low sensitivity for clinical recog-
nition of melanoma there is also the potential for 
a morbid excision for a lesion that turns out to be 
benign [6].

Punch biopsy is still very commonly used in 
the initial assessment of cutaneous lesions suspi-
cious for melanoma. While they are easy to per-
form under local anesthesia, biopsies larger than 
3 mm require simple suture closure. Punch biop-
sies are limited in diameter, with 6 mm the larg-
est typically available. Thus, while a punch can 
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 usually provide accurate assessment of dermal 
depth, their inability to encompass the entire 
periphery of the lesion puts the dermatopatholo-
gist at a disadvantage. This is partly due to an 
incomplete punch biopsy that hinders the accu-
rate assessment of overall size, circumscription, 
and symmetry of the lesion. This partial sam-
pling can lead to misdiagnosis, a far more seri-
ous error than an inaccurate T-stage. Additionally, 
in very- large- diameter lesions only partially 
sampled, there is a potential for inaccurate 
reporting of depth (if other areas of the pig-
mented lesion are left in situ and have a thicker 
Breslow’s depth) [1, 7].

Karimipour et al. reported that previous inci-
sional or punch biopsies of melanoma were asso-
ciated with upstaging in 21% of patients at the 
time of definitive excision [8]. Proponents of 
shave biopsy point to its timesaving nature and 
minimal morbidity, as well as a lack of need for 
suture placement [2, 9]. Clearly, the ideal shave 
biopsy should include the full thickness of the 
melanoma for most accurate staging. Considering 
the fact that the median tumor depth of mela-
noma at diagnosis is 0.60 mm [10] this should not 
be difficult. However, partial biopsies are still 
seen, likely secondary to the aforementioned low 
sensitivity of clinical diagnosis. If the shave 
biopsy measures at least 1 mm in depth, even if 
the melanoma is greater in thickness, the decision 
to perform a 2-cm-wide excision and sentinel 
node biopsy, as recommended by National 
Comprehensive Cancer Network (NCCN) guide-
lines, is still not compromised [3, 11]. In a recent 
large series, melanomas diagnosed by shave 
biopsy were upstaged in only 3% of subsequent 
wide excisions [12].

The handling of therapeutic wide excisions 
varies among institutions, and there have been no 
prospective or retrospective studies outside of 
Europe addressing the gross examination proto-
col for these specimens. While these European 
studies showed minimal yield from examination 
of multiple sections, the initial method of diagno-
sis in these patients is excisional biopsy, which 
removes nearly all of the primary lesion [13, 14]. 
In the USA, where shave and punch biopsies are 
more commonly employed as initial diagnostic 

methods, there are no studies documenting the 
positivity rate of subsequent wide excision. There 
are a wide variety of protocols, and whichever is 
used it must address the presence and extent of 
residual tumor and status of as much of the 
peripheral and deep margin as feasible, in order 
to facilitate accurate staging. Most centers 
employ variations of the “bread loaf” method, 
wherein specimens are serially sectioned and 
completely submitted after differential inking of 
margins. However, this is not feasible for exci-
sions larger than 1  cm in diameter by 2  cm in 
length due to the large number of sections this 
would produce. Tangential sampling of all or 
most of the peripheral and deep margins, with 
enface sectioning of these cuts, as well as sub-
mission of serial sections from the residual pri-
mary tumor and/or prior biopsy site, is an 
accepted and valid approach for large excisions.

 Evaluation of Primary Melanoma 
Biopsies

Once properly sampled, the diagnosis of mela-
noma requires the identification of a constellation 
of features that distinguish it from its benign 
nevus counterparts. There is no exact number of 
features that is required, rather a systematic eval-
uation of the lesion’s growth pattern, cytomor-
phology, and alterations of the microenvironment 
such as inflammation and reactive sclerosis. 
There are fairly characteristic morphologic fea-
tures that vary by histologic subtype, and these 
are described below.

Proper evaluation of a biopsy of an atypical 
pigmented lesion begins with a low-power exam-
ination of the architecture of the lesion, assessing 
the lesion’s size and symmetry. If any portion of 
the biopsy shows incomplete sectioning, cutting 
of deeper levels is essential to enable evaluation 
of the entire lesion. If the entire lesion has been 
sampled, attention should be paid to the border of 
the lesion. Poor lateral circumscription is a hall-
mark of melanoma, as evidenced by a trailing 
edge of solitary, irregularly spaced melanocytes. 
Next, attention is paid to the junctional compo-
nent of the lesion.
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Within the epidermis, irregularity of size, 
shape, and spacing of nests (if present) is often 
seen in melanoma, as well as high cellularity evi-
denced by confluence of nests. Single cells often 
predominate, but not always. Suprabasal (defined 
as above the hypothetical line drawn at the tips of 
the dermal papillae) nests and single melanocytes 
are commonly seen. Consumption of the epider-
mis, defined as the presence of a thinned epider-
mis overlying expansile junctional nests of 
melanocytes, was found in 43% of melanomas. 
This is compared to only 2.5% of severely dys-
plastic nevi, and absent in mildly dysplastic, con-
genital, and common nevi [15]. While occasional 
single melanocytes and even suprabasal melano-
cytes can be seen in the central, most cellular por-
tions of dysplastic nevi, acral nevi, and nevi with 
recent actinic exposure, their presence and/or 
predominance at the edges of a pigmented lesion 
is suspicious for melanoma [16, 17]. The dermal 
component of a melanoma is often markedly 
more cellular than benign counterparts. Any 
sheetlike growth, with little or no intervening 
dermis between groups of cells, strongly favors a 
diagnosis of melanoma.

After the architecture is closely examined, 
attention should be paid to cytologic features. 
Malignant melanocytes can range from epitheli-
oid to spindle, and vary in size from small cell 
variants to large, even ballooned cell types. 
Often, classic malignant cytologic features such 
as marked pleomorphism, multinucleation, 
hyperchromasia, and atypical mitoses are promi-
nent. While 1% of nevi may demonstrate 1–2 
superficial mitoses, the presence of mitoses near 
the base of the lesion is a suspicious finding [18]. 
More subtle features include lack of maturation 
of the dermal component, with the presence of 
pleomorphic melanocytes at the base of the lesion 
the same size as junctional component—a hall-
mark of melanoma. Some lesions demonstrate 
pseudo-maturation, where the overall size of the 
cell diminishes because of loss of cytoplasm, but 
the high nuclear/cytoplasmic ratio is maintained 
[19]. Melanoma typically elicits a distinctive 
reaction in the dermis, including the presence of 
an expanded and sclerotic papillary dermis, 
increased lymphocytic infiltrate, and irregular 

clumps of melanin-laden macrophages. Elastic 
fiber staining has been touted to distinguish the 
distinctive sclerotic peritumoral collagen from 
the undisturbed stroma of a benign nevus [20].

While the typical melanoma often displays 
many of the aforementioned features, many 
lesions only demonstrate a few abnormalities, 
and thus overlap with benign nevi. 
Immunohistochemical analysis is often employed 
to aid in the diagnosis. Melanocyte-specific stains 
such as Melan-A/Mart-1, Sox10, and MITF can 
help delineate the size of lesion, cellularity, and 
presence of pagetoid spread. Melan-A is a cyto-
plasmic stain that can sometimes give the impres-
sion that a lesion is more cellular than it actually 
is, especially in sun-damaged skin [21]. 
Therefore, nuclear stains such as Sox10 and 
MITF are often more helpful in examining biop-
sies on sun-damaged skin. S-100 has mostly been 
replaced by Sox10 due to its lack of specificity. 
One notable pitfall of S-100 is its lack of sensitiv-
ity in evaluating lesions of the nail matrix, where 
70% of melanoma in situ was negative for 
S-100  in one study [22]. The monoclonal anti-
body, HMB-45, is often utilized to identify the 
gp-100 tumor antigen that is often retained 
throughout the full thickness of the dermal com-
ponent in melanoma. It may taper in intensity 
upon dermal depth in benign nevi, with the 
exception of blue nevi, deep-penetrating nevi, 
and some Spitz nevi [23, 24].

Evaluation of proliferation with Ki-67 has 
both diagnostic and prognostic use. While many 
melanomas show a proliferation index that over-
laps with benign nevi, a proliferation index of 
>10% is almost always diagnostic of melanoma 
[25, 26]. Since Ki-67 is expressed in a high per-
centage of lymphocytes, which can lead to diffi-
culty in interpreting heavily inflamed lesions, 
combining this marker with Melan-A using two 
chromogens (MelPro or K-Mart) is quite helpful 
[27]. Phosphohistone H3 (pHH3) is a marker of 
cells in mitoses, and can give an accurate assess-
ment of the number of mitoses in a lesion. While 
there is a significant correlation of pHH3 with 
manual assessments of mitotic rate, and it can be 
used to screen for “hot spots” of mitotic activity, 
it should not replace manual counting of mitoses 
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[28, 29]. P16 expression is often assessed, since it 
is lost in up to 63% of melanomas [30] and often 
retained in benign lesions. While complete loss 
of expression of p16 was originally thought to 
indicate homozygous deletion of the CDKN2a 
gene encoding p16/INK4a and p14ARF (a hall-
mark of melanoma), it is now known that epigen-
etic silencing and heterozygous deletion can lead 
to absence of staining [31]. Therefore, this stain 
cannot be used as a sole indicator of the malig-
nant potential of a lesion. In the rare lesion with 
Spitzoid morphology, there are other immunohis-
tochemical stains such as BAP-1 that may also be 
employed.

 Histologic Subtypes of Melanoma

The histologic subtypes of melanoma were first 
proposed by Clark and Elder in 1986 [32]. These 
variants show distinctive clinical presentations, 
clustering in certain ethnic subgroups and geo-
graphic locations. While they were originally 
thought to be distinctive prognostically, it is now 
known that other histologic features such as 
tumor depth and presence of ulceration are the 
major drivers of prognosis in primary melano-
mas. These subtypes have recently been shown to 

cluster with certain types of molecular abnormal-
ities, especially with respect to the presence or 
absence of chronic sun damage [33, 34].

Lentigo maligna melanoma arises in heavily 
sun-damaged skin, evidenced by abundant solar 
elastosis and often epidermal atrophy. It is char-
acterized by an in situ growth phase (lentigo 
maligna) that displays predominantly basally 
located growth of atypical melanocytes. Pagetoid 
involvement of the epidermis (so named because 
of the superficial resemblance of the single epi-
thelioid melanocytes to Paget’s disease of the 
breast) is typically a minor feature, but conflu-
ence of single melanocytes is characteristic. 
There is often a quite prominent adnexal involve-
ment (Fig. 12.1). Occasionally, lesional cells may 
be quite small and nevoid, but confluent, broad 
growth is still a feature [35]. The invasive compo-
nent usually is composed of spindled melano-
cytes [36], but epithelioid melanocytes may be 
observed. There is variable cytological atypia, 
with occasional downward displacement of the 
dense band of solar elastosis in the background of 
sun-damaged skin by the tumor nests [37].

Superficial spreading melanoma is character-
ized by a proliferation of atypical melanocytes, 
singly and in nests, at all levels within the epider-
mis (Fig.  12.2). The abundance of pagetoid 

Fig. 12.1 Lentigo 
maligna (melanoma in 
situ in sun-damaged 
skin), with marked solar 
elastosis and growth of 
confluent melanocytes in 
a flattened epidermis 
and extending into 
adnexal epithelium 
(×10)
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spread has been referred to as “buckshot scatter.” 
The junctional component features poor circum-
scription, marked variation in nesting, and areas 
of confluence [38]. Superficial adnexal epithe-
lium may also be involved. Consumption of the 
epidermis, defined as thinning of the epidermis 
above and below expansile intraepidermal collec-
tions of melanocytes, is present in approximately 
40% of cases of malignant melanoma of all types 
[15]. Consumption is thought to possibly predate 
cutaneous ulceration, and its presence is helpful 
in favoring a diagnosis of melanoma over a 
benign mimicker such as Spitz nevus [39]. Often, 
the abundant intraepidermal growth of melano-
cytes in superficial spreading melanoma leads to 
the formation of clefts from the epidermis, due to 
lack of adhesive cellular junctions in melano-
cytes [38]. The infiltrative component of superfi-
cial spreading melanoma may be sheetlike or 
fascicular in growth, and composed of melano-
cytes with a variety of morphologies, including 
epithelioid, spindled, and nevoid. There is usu-
ally absence of maturation [38].

Nodular melanoma is characterized by 
entrance in the vertical growth phase early in the 
development of the lesion, so that there is a mini-
mal junctional component (Fig. 12.3) [40]. The 
earliest definition of a nodular melanoma speci-

fies that the junctional component should not 
extend three rete ridges beyond the invasive com-
ponent [41]. The dermal component may be com-
posed of any morphologic variant of melanoma, 
including epithelioid and spindle. Nodular mela-
nomas are the variety most commonly ulcerated 
at presentation [42], and their average thickness 
at diagnosis is greater than the other subtypes 
[43]. The NRAS mutation is most frequently 
found in this variant of melanoma [33].

Acral lentiginous melanoma has a distinctive 
lentiginous pattern of intraepidermal growth, 
with single cells predominating over nests. The 
lentiginous melanocytes often have a perinuclear 
clear halo, giving a lacunar appearance, or they 
may have heavily pigmented dendritic processes 
(Fig. 12.4). Pagetoid spread, however, is usually 
less prominent than it is in superficial spreading 
melanoma [44]. Deep extension of in situ growth 
in adnexal epithelium is often found, with 
approximately 15% of cases considered amela-
notic [45]. The invasive component may consist 
of epithelioid cells or spindle cells, or it may 
resemble nevus cells [44]. There may be a des-
moplastic stromal response, with the presence of 
secondary sarcomatous changes, typically osteo-
sarcoma, as a distinctive feature of acral lentigi-
nous melanoma [46].

Fig. 12.2 Superficial 
spreading melanoma, 
showing confluent nests 
and single melanocytes 
with abundant pagetoid 
spread (×10)
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Desmoplastic melanoma is a distinct subtype 
of melanoma characterized by a subtle in situ 
component, and paucicellular dermal growth of 
spindle cells surrounded by abundant desmoplas-
tic stromal change (Fig.  12.5). The mean 
Breslow’s thickness at presentation is 4 mm [47]. 
It has been shown that only about 70% of cases 
demonstrate an in situ component at initial pre-
sentation [48]. Desmoplasia is defined as the 
presence of prominent dermal fibroblasts with 
abundant production of dermal mucin, mostly 

hyaluronic acid. These distinct histologic features 
contribute to the distinct clinical presentation of 
this lesion, which is often found in sun-damaged 
skin, rarely pigmented, and often scar-like at pre-
sentation [48]. There are two  subtypes of desmo-
plastic melanoma, pure and mixed, with pure 
desmoplastic melanoma composed of >90% 
paucicellular dermal spindle cell growth. If >10% 
of the tumor is cellular, with little intervening 
stroma between tumor cells, or has an epithelioid 
morphology, the tumor is classified as mixed [49].

Fig. 12.3 Nodular 
melanoma, showing 
invasive dermal 
component and no 
extension of melanoma 
in situ laterally to it 
(×10)

Fig. 12.4 Melanoma on 
acral skin, showing 
polyglonal melanocytes 
with pale cytoplasm and 
exhibiting separation 
artifact from dermis due 
to abundant cellularity 
(×10)
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This distinction is important, since pure desmo-
plastic melanoma has a lower rate of sentinel node 
positivity than mixed and non-desmoplastic mela-
noma of similar thickness [50]. Both types of des-
moplastic melanoma frequently demonstrate 
perineural invasion and/or small foci of collections 
of tumor cells resembling nerves, so- called neuro-

tization. Lymphoid follicles are scattered through-
out the dermal component of the tumor, giving a 
distinctive low-power appearance. This subtype of 
melanoma is distinct immunohistochemically, 
with desmoplastic melanoma almost always posi-
tively staining for S-100 and Sox-10 (Fig. 12.6), 
but by definition is negative for Melan-A and 

Fig. 12.5 Pure desmoplastic melanoma, showing 
paucicellular proliferation of slender cells separated 
by fibromyxoid stroma and infiltrated by lymphocytes 
(×10)

Fig. 12.6 Sox10 
staining of desmoplastic 
melanoma (×20)
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HMB-45 [51]. This morphology makes distinction 
from the malignant peripheral nerve sheath tumors 
(MPNST) difficult, but a recently described 
marked, H3K27Me3, is retained in desmoplastic 
melanoma, lost in 69% of MPNST and in 95% of 
sporadic MPNST [52]. Delineation of desmoplas-
tic melanoma from spindle cell melanoma (i.e., 
nodular or superficial spreading melanoma with a 
spindled dermal component) is often difficult. In 
contrast to desmoplastic melanoma, spindle cell 
melanoma is more likely to demonstrate positivity 
with Melan-A, have a trichrome-negative stroma, 
and demonstrate more frequent (31 v 5%) BRAF 
mutation [53].

There are a variety of other unusual subtypes of 
melanoma that are distinctive on either the basis of 
histology or the clinical presentation. These 
include nevoid melanoma (Fig.  12.7), verrucous 
melanoma, balloon-cell melanoma, animal- type 
melanoma, signet ring-cell melanoma, Spitzoid 
melanoma, small-cell melanoma, myxoid mela-
noma, and melanoma with divergent differentia-
tion such as osteosarcoma and chondrosarcoma 
[54]. Recognition of these variants is obviously 
important insofar as the accurate diagnosis and 
therefore treatment of melanoma are initiated, but 
these variants do not carry a different prognosis 
from the common varieties listed above when 
matched by stage.

The entity “primary dermal melanoma” 
deserves mention, as the proper staging of a patient 

who presents with a dermal nodule of melanoma is 
a common diagnostic dilemma. Not infrequently, 
although the precise incidence is poorly defined, 
patients present with a single dermal or subcutane-
ous nodule of melanoma and the pathologist is 
unable to identify an epidermal component in 
order to establish the diagnosis of primary cutane-
ous melanoma [55]. Whether these represent a pri-
mary melanoma arising in the dermis or a 
metastasis remains a matter of debate. However, 
available evidence suggests that these dermal or 
subcutaneous tumors are usually primary melano-
mas where the epidermal component has regressed 
or been lost, such as by prior biopsy, trauma (such 
as repeated scratching), or cryoablation.

Traumatic removal of the epidermal compo-
nent of a melanoma is quite frequent in areas 
groomed by shaving, such as the legs in women 
and face in men. Melanomas located in the der-
mis and subcutaneous tissues behave more like a 
thick, primary melanoma or a local recurrence 
rather than a regional metastasis [56]. 
Management of these cases benefits greatly from 
close collaboration with the pathologist as well 
as a careful history to seek evidence for an initial 
cutaneous component of the tumor versus a his-
tory of a primary melanoma at another site that 
could have potentially been the source of metas-
tasis. A full metastatic workup may or may not be 
necessary depending on the level of uncertainty 
as to whether the lesion represents a primary 

Fig. 12.7 Nevoid 
melanoma, 
demonstrating 
pseudomaturation of 
dermal component, 
which remains 
hyperchromatic and 
cellular despite 
diminution in size of 
cells upon dermal depth 
(×10)
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tumor. For tumors centered in the deep dermis or 
subcutaneous tissue, a diagnosis of clear cell sar-
coma should be entertained, and the specimen 
referred for analysis for the t(12;22)(q13;q12) 
translocation. The AJCC staging guidelines for 
melanoma indicate that for melanomas lacking a 
primary epidermal component, when an appro-
priate staging workup does not reveal other sites 
of metastases, the lesion be managed and staged 
as a primary melanoma of similar thickness [57]. 
Oftentimes, the presence of an epidermal compo-
nent is noted on the wide excision, in retrospect, 
establishing these lesions as primary cutaneous 
melanoma.

 Molecular Analysis of Diagnostically 
Challenging Melanocytic Lesions

While a thorough discussion of the benign mim-
ickers of melanoma is beyond the scope of this 
chapter, a brief discussion of some of the adjunct 
tests used for diagnostic confirmation may be 
helpful. Melanocytic neoplasms that demon-
strate pathologic overlap with benign lesions, so-
called “atypical melanocytic neoplasms” 
(melanocytic tumors of uncertain malignant 
potential, superficial atypical melanocytic prolif-
erations of uncertain significance, etc.), are of 
special interest because of the consequences of 
both overtreatment (aggressive local and regional 
surgery) and undertreatment for incorrectly 
diagnosed lesions. Many of these lesions are 
diagnostically challenging because of the signif-
icant histologic overlap that exists between Spitz 
nevus and melanoma, cellular blue nevus and 
melanoma, and nevus and so-called nevoid mel-
anoma. There have been numerous studies docu-
menting the lack of histologic consensus among 
experts in diagnosing these lesions, as well as 
the difficulty in predicting their biologic behav-
ior from histology alone [51, 58]. Many of the 
patients affected by this dilemma are pediatric, 
with many of their lesions displaying worrisome 
clinical features [59]. Accordingly, efforts have 
been made to develop tests to detect basic molec-
ular differences between melanoma and its his-
tologic mimics. One caveat in determining the 

utility of these tests is that they have been infre-
quently tested in ambiguous lesions using the 
gold standard (long- term event-free survival or 
death from melanoma).

Fluorescence in situ hybridization (FISH) is a 
commercially available assay to aid in the diag-
nosis of controversial melanocytic lesions. 
Melanomas display numerous chromosomal 
aberrations such as loss of chromosomes 6q, 8p, 
9p, and 10q and copy number increases of chro-
mosomes 1q, 6p, 7, 8q, 17q, and 20q, which are 
not found in nevi. The exception is Spitz nevus, 
which shows an isolated copy number increase of 
chromosome 11p in one-fourth of cases, an aber-
ration not found in melanoma [60]. After exten-
sive testing with probes for a number of 
chromosomal regions, a combination of four 
probes was demonstrated to have a sensitivity 
and specificity of 86.7% and 95.4%, respectively, 
for the diagnosis of melanoma [60].

The first version of the FISH assay employed 
probes targeting 6p25 (RREB1), centromere 6, 
6q23, and 11q13 (CCND1) utilizing formalin- 
fixed paraffin-embedded tissues [61]. The test 
has also been used to distinguish intranodal nevi 
from metastatic melanoma, epithelioid blue nevi 
from blue nevus-like melanoma, and mitotically 
active nevi from nevoid melanoma [62–64]. In 
2011, an assay employing new probes to 9p21 
(CDKN2a), 11q13 (CCND1), 8q24 (MYC), and 
centromere 9, and maintaining probes for 6p25 
(RREB1), was promulgated to increase the sensi-
tivity in evaluating ambiguous Spitzoid neo-
plasms and to address the issue of false positivity 
in the setting of polyploidy [65]. This test 
increased the sensitivity for detection of mela-
noma to 94% but is still hampered by lack of 
specificity in evaluation of atypical Spitzoid 
lesions, as low as 33% [66–69].

In 2012, a commercial test offered by Myriad 
Genetics became available for use in formalin- 
fixed biopsies of diagnostically challenging 
lesions. The myPath test measures mRNA expres-
sion of 23 genes by quantitate RT-PCR. A weight-
ing algorithm computes the expression of these 
genes, which are related to melanocyte differen-
tiation, immune signaling, and others to produce a 
numerical score between −16 and +11. A negative 
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score supports a benign lesion, while a positive 
score supports a melanoma malignancy, with a 
reported sensitivity of 90% and specificity of 91% 
in unequivocal lesions [70]. A single report test-
ing the utility of this assay in diagnostically chal-
lenging lesions has shown that the myPath score 
agreed with the histologic interpretation of a panel 
of experts in 64% of cases. This same study 
showed agreement of FISH result with histologic 
interpretation in 70% of cases [71].

Comparative genomic hybridization (CGH) is 
an assay that can detect losses or gains within 
portions of genomic material and map to their 
chromosomal regional location. This test uses 
formalin-fixed, paraffin-embedded (FFPE) tissue 
and has the advantage of evaluating the whole 
genome of the entire tissue sample, rather than 
focusing on specific parts of the genome, such as 
with FISH. In CGH, the index lesion is compared 
to normal tissue, with the DNA from both sam-
ples allowed to compete for substrate and evalu-
ated based upon the ratio of fluorescence intensity 
of tumor to normal tissue [72]. A total of 95% of 
melanomas harbor whole chromosomal gains 
and/or losses, especially in chromosome 9, fol-
lowed by chromosome 10, 61, and 8p [73]. In 
contrast, benign nevi typically show normal 
CGH, and rarely isolated gains or losses of chro-
mosomal regions in a pattern that does not over-
lap with melanoma [72]. Spitz nevi can harbor an 
11p or 7q gain [61, 72, 74, 75]. One drawback of 
this test is that it is not widely available, further 
complicated by issues of difficulties in test cost 
reimbursement by most major insurance carriers. 
As such, CGH is mostly employed as part of a 
comprehensive, expert consultation of a diagnos-
tic lesion at major academic centers.

Recently, mutations in the promoter region of 
the telomerase reverse transcriptase (TERT) 
gene, which regulates the activity of telomerase, 
have been described in melanomas in both adults 
[76] and children [77]. In a recent study of 56 
atypical Spitz tumors and Spitzoid melanomas, 
the presence of a TERT promotion mutation was 
the most significant predictor of distant meta-
static spread and death. Three of the four patients 
who died had initially been diagnosed with an 
atypical Spitzoid lesion [78].

 Reporting and Staging of Primary 
Melanoma

Once a diagnosis of melanoma has been estab-
lished, examination of the lesion for a variety of 
pathologic features that are essential for accurate 
staging is necessary. These features must be 
accurately measured and recorded to enable the 
most precise prognostication possible. While the 
8th edition of the American Joint Committee on 
Cancer (AJCC) staging criteria only employs a 
handful of staging features of primary melanoma, 
a host of other features have been shown to have 
prognostic or predictive ability either in univari-
ate or, occasionally, multivariate analysis. Several 
of these are required by AJCC to be assessed and 
recorded, though not used for final staging. While 
one may debate the necessity of evaluating and 
reporting other non-AJCC-required features, 
most academic centers continue to report the 
majority of these, in the spirit of recording this 
data for possible use in future predictive models.

For the purposes of AJCC staging, tumor 
depth in millimeters, presence or absence of 
ulceration, and presence or absence of microsat-
ellite metastases are required to be evaluated and 
reported in the examination of a primary mela-
noma biopsy specimen and/or wide local exci-
sion. The depth of the tumor measures from the 
granular layer of the epidermis to the deepest 
portion of the invasive component. This was first 
described by Alexander Breslow in 1970 [79], 
with the Breslow’s depth of invasion becoming 
the most important prognostic feature of a pri-
mary melanoma, further defining the T-stage of 
the lesion. The thickness can only be evaluated 
accurately in sections cut perpendicular to the 
epidermis. When the epidermis is absent, the 
Breslow’s depth is measured from the base of the 
overlying ulcer [42]. Melanoma growing within 
and continuous with adnexal epithelium is not 
considered in the measurement of Breslow’s 
depth, unless it is the only focus of invasion [80].

In the newest version of the AJCC staging sys-
tem, tumor depth is reported to the closest 0.1 mm. 
While most ocular micrometers have the ability to 
read to the closest 0.01 mm, the reading would be 
rounded to the nearest 0.1 mm, rounding down for 
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decimal values ending in 1–4 and rounding up for 
5–9 [57]. The 8th edition T1–4 categories con-
tinue to be defined by whole- number integers (T1: 
0–1.0 mm, T2: >1.0–2.0 mm, T3: >2.0–4.0 mm, 
T4: >4.0 mm). The T1 category is subdivided as 
follows: T1a: 0–0.8 mm and T1b: >0.8–1 mm. If 
tumor thickness cannot be evaluated, the tumor is 
staged as TX. Melanoma in situ is staged as Tis. 
Patients with completely regressed melanoma or 
melanoma of unknown primary are staged as T0.

Tumor ulceration continues to be a part of the 
T-staging, with its presence upstaging a tumor 
from T-stage (a) to (b) at any thickness. Ulceration 
is defined as absence of the full thickness of the 
epidermis, and is accompanied by reactive 
change such as fibrin deposition and presence of 
neutrophils (Fig. 12.8). Mere thinning of the epi-
dermis, presence of scale crust, or narrow, sharp 
ulceration consistent with traumatic excoriation 
does not constitute ulceration. In one recent study 
of 4,661 patients, the 5-year melanoma-specific 
survival was significantly impacted in patients 
with an ulcer diameter <5 mm compared to those 
with an extensively ulcerated (>5 mm) melanoma 
[81]. Therefore, the 8th edition staging mandates 
that the maximum extent of ulceration is required 
to be measured and recorded in millimeters using 
an ocular micrometer.

While mitotic rate is no longer considered in 
the staging of a lesion, the AJCC recommends 
measuring and recording the number of mitoses/
mm2. This is accomplished using the “hot spot” 
method, wherein the region containing the most 
mitoses is first identified (Fig. 12.9). Then, after 
counting mitoses in the initial high-power field, 
the count is extended to adjacent but nonoverlap-
ping fields until an area 1 mm2 is counted. The 
pathologist must know the field diameter of their 
microscope in order to determine how many high 
power fields comprise this area, using the for-
mula πr2. The mitotic rate is recorded as a whole 
integer. If the invasive component measures 
<1 mm2, the number of mitoses found should still 
be recorded as if they were found in a mm2. 
Conversely, if only one mitosis was found in the 
entire dermal component, then it is recorded as 
the absolute number. The revisions in recording 
of tumor depth, ulceration, and mitotic rate will 
cause some differences in staging of thin melano-
mas in the revised AJCC staging. For instance, in 
the 7th edition, a mitotically active lesion mea-
suring 0.70 mm would be recorded as T1b, while 
in the 8th edition it would be classified as a T1a 
melanoma. Conversely, a 0.90  mm melanoma 
with 0 mitoses/mm2 previously classified as T1a 
would be T1b in the updated staging system.

Fig. 12.8 Ulcerated 
melanoma, demonstrating 
complete absence of 
epidermis with surface 
fibrin deposition and
neutrophils
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Microsatellite metastases are defined as 
microscopic tumor foci within the dermis or sub-
cutaneous fat adjacent to, but discontinuous from, 
the primary melanoma. Microsatellites must be 
separated from the primary tumor by normal der-
mis or fat, not fibrosis or inflammation 
(Fig.  12.10). These were previously strictly 
defined as measuring >0.05  mm in size and 
located at least 0.3 mm from the main primary 

tumor mass [3]. However, the 8th edition does 
not delineate a minimum size or distance. Thus, 
to avoid a potential for “overcall” of microsatel-
lites, it is recommended to examine multiple tis-
sue levels to distinguish these from peri-adnexal 
extension, especially in tumors with poorly cir-
cumscribed interface with the surrounding der-
mis [57]. The presence of microsatellites is an 
adverse prognostic factor in primary melanoma. 

Fig. 12.9 Three mitotic 
figures in one ×40 field 
of melanoma, arrows 
(×40)

Fig. 12.10 Several 
subcutaneous nodules of 
melanoma separate from 
base of primary 
consistent with 
microsatellites (×20)
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Patients with microsatellites are classified as 
Stage III disease, and staged as N1c, N2c, or N3c 
according to the number of positive regional 
lymph nodes present [57].

Other non-staging prognostic features required 
by AJCC to be recorded as a primary tumor char-
acteristic include Clark’s level of invasion, 
tumor-infiltrating lymphocytes, lymphovascular 
invasion, regression, and neurotropism. The level 
of invasion, first described by Wallace Clark, is a 
surrogate for tumor depth, similar to that 
described by Breslow [82]. Defined as penetra-
tion of tumor relative to anatomic landmarks of 
the dermis, its relative lack of reproducibility is 
the likely reason for its prognostic significance in 
univariate, but not most multivariate, analyses 
[83]. Lymphocytic infiltration of the primary 
melanoma tumor is a favorable prognostic factor 
[84], and may predict lower rates of sentinel node 
positivity [85]. Tumor-infiltrating lymphocytes 
(TILs) are defined as lymphocytes that surround 
and extend into nests and individual tumor cells 
of a melanoma. The tripartite grading scheme 
most commonly used is absent, non-brisk, and 
brisk TILs. To classify a tumor as having brisk 
TILs, the lymphocytes must either infiltrate the 
entire base of the tumor or diffusely permeate it 
[57]. Lymphovascular invasion comprises mela-
noma tumor cell infiltration into either blood ves-
sels or lymphatics. It is recorded as present or 
absent. A double immunostain for melanoma and 
lymphatic endothelium has been proposed as a 
method to augment its recognition, and this phe-
nomenon was demonstrated to be a factor pre-
dicting metastasis in patients with clinical stage 
IB and IIA melanoma [86].

Tumor regression of a melanoma occurs when 
the host immune response results in destruction 
of all or a portion of a primary melanoma. 
Histologically, regression is characterized by the 
absence of melanoma, associated with superficial 
dermal fibrosis/sclerosis, accompanied by lym-
phocytes, melanophages, and epidermal efface-
ment. The mere presence of fibrosis, 
inflamma tion, and/or melanophages in the vicin-
ity of viable tumor does not equate to regression, 
as this requires complete absence of tumor [3]. 
Regression is scored as present or absent. 

Regression is often patchy within a tumor, and if 
regression changes are noted at the margin of 
excision, re-excision should be considered. The 
prognostic significance of regression is a matter 
of debate. While it has been shown to portend a 
worse prognosis in thin melanomas [87], a sys-
tematic review and meta analysis of 14 studies 
comprising 10,098 patients showed a lower inci-
dence of sentinel node positivity in tumors with 
regression compared to those without [88]. It is 
likely that the varied results of these studies stem 
in part from a lack of a standardized definition or 
criteria for the diagnosis of regression, as well as 
poor interobserver reproducibility. Additional 
prognostic parameters often reported include 
growth phase (radial or vertical), and presence or 
absence of a coexisting nevus.

 Pathologic Evaluation of Regional 
Lymph Nodes

Optimal utilization of sentinel node biopsy in the 
care of melanoma patients requires cooperation 
between the radiologist, surgeon, and patholo-
gist. Accurate pathologic diagnosis of the senti-
nel node is central to proper staging, optimal 
treatment decisions, and precise prognostication 
of patients with melanoma. Intraoperative han-
dling, gross dissection, and histologic/immuno-
histochemical (IHC) evaluation techniques are all 
key components of this process. Although not 
currently part of routine handling, newer molecu-
lar techniques may potentially add to the valuable 
information gained from evaluating sentinel node 
specimens.

Standard gross dissection of all types of SLN 
begins with complete reporting of the anatomic 
location, SLN number, and if indicated by sur-
geon the presence or absence of blue dye and 
radioactivity counts. After proper fixation, any 
gross lesion, such as pigment or visible tumor, 
should be described and measured. Unless volu-
minous, the perinodal fat should not be dissected 
away, taking care not to disturb the lymph node 
capsule. If small (<4 mm), the node can be sub-
mitted in its entirety, unsectioned. Larger SLN 
should be serially sectioned at 2–3 mm intervals 
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along the longest axis and completely embedded 
for histopathologic evaluation [3]. Rapid intraop-
erative identification of SLN metastases may 
allow the patient to avoid second surgery and 
treatment delays. However, frozen section of 
melanoma SLN has been found to have a low 
sensitivity, with reported rates ranging from 47 to 
59% [89]. While one group found a false- negative 
rate as low as 5.3% [90], this has not been 
repeated by others and has not gained widespread 
acceptance. Thus, due to concerns about tissue 
exhaustion and cryostat contamination, currently 
frozen section analysis is not advised in the 
detection of melanoma [91].

Intraoperative imprint cytology (IIC) gained 
widespread interest in the early 2000s as a rapid 
alternative to frozen section that can sample a 
broader area of tissue with no concerns for tissue 
usage. After touch imprinting one to several lymph 
node surfaces to a glass slide, with a variety of 
staining techniques that have been employed, 
including Giemsa/Diff-Quik staining, H&E stain-
ing, and additional rapid immunohistochemical 
staining melanoma, IIC has been shown to have a 
sensitivity of 33–61%, with a negligible false-pos-
itive rate. The sensitivity of IIC increases with the 
tumor stage, as high as 47% in patients with T4 
lesions, and rises to 62% when metastases >2 cm 
in size are present [92]. Thus, it is acceptable to 
perform IIC in melanoma SLN, and preferable to 
performing a frozen section, when a metastasis is 
strongly suspected on gross examination.

Current and past AJCC guidelines recognize 
two categories of SLN involvement in melanoma: 
clinically occult micrometastasis and clinically 
apparent macrometastasis [3]. Micrometastatic 
melanoma is defined as the presence of morpho-
logically malignant cells positive for at least one 
IHC marker (S-100, HMB-45, Melan-A/Mart1, 
Sox10) (Figs.  12.4 and 12.5) and/or melanoma 
detectable on H&E staining alone [3]. A number 
of IHC markers have been evaluated for sensitiv-
ity and specificity of detection of metastatic mela-
noma in the SLN. S-100 has the greatest sensitivity 
(~99%), and Melan-A approaches this in one 
study (97%) [93]. More recently, Sox10 has been 
utilized, with sensitivity that is equivalent to 
S-100, but with added specificity, because unlike 
S-100 this nuclear stain is negative in nodal den-

dritic cells and macrophages [94]. S-100 and 
Melan-A also highlight benign nodal nevi, pres-
ent in the capsule, trabeculae, and rarely the 
parenchyma in up to 28% of lymph nodes [95], 
but these are typically HMB-45 negative [96, 97].

In the 8th edition AJCC schema, the designa-
tion of nodal stage of melanoma depends on the 
number of involved nodes; presence of in-transit, 
satellite, or microsatellite metastases; and 
whether tumor was detected by sentinel node 
staging (a) or clinically (b) [57].

While standardized lymph node examination 
protocols have been in place in Europe for a num-
ber of years, there is no standard protocol man-
dated in the USA, and several major institutions 
have developed their own sets of guidelines. The 
most widely utilized protocol is that of Cochran 
and colleagues, who advocate cutting ten serial 
sections from each lymph node section, staining 
sections 1, 3, 5, and 10 with H&E, 4 with HMB45, 
and 6 with Mart-1, saving four for possible addi-
tional studies [98]. This approach identifies meta-
static melanoma in 16–20% of specimens [99]. 
Numerous studies have demonstrated that 
extended histopathologic examination of the 
SLN can improve diagnostic yield.

The current EORTC protocol is modeled after 
the work by Cook, demonstrating a 34% SLN 
positivity rate with a protocol that examines six 
pairs of sections cut at 50 μm intervals, staining 
1–6 with H&E and S-100 and level 2 additionally 
with HMB-45 and pan-melanoma [100]. 
Spanknebel and colleagues employed a tech-
nique of performing S-100, Melan-A, and HMB- 
45 immunostaining on multiple levels of SLNs 
step-sectioned 20 times at 50  μm intervals or 
until the node was exhausted. This identified 
metastases in 14/39 (35%) of SLN called nega-
tive by routine pathologic analysis, for an overall 
node-positive rate of 61%. The authors concluded 
that cutting three sections for H&E, S-100, and 
HMB-45 at three 250 μm intervals had the high-
est yield, detecting 70% of all nodal micrometas-
tases [101]. While this costly ($1050  in 2005) 
and time-consuming approach is not practical for 
routine use, the study highlighted the widespread 
distribution of tumor cells in SLN, and was one 
of the first studies to raise the possibility that 
there may be a SLN tumor burden low enough 
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that may be subclinical and comparative to those 
patients with node-negative disease [101].

Several studies have suggested that the pattern 
and burden of SLN tumor involvement may be 
linked to non-SLN positivity and clinical out-
come measures [102, 103]. Starz et al. developed 
a three-stage schema based on the number of 
metastases and depth of tumor invasion from the 
interior of the SLN capsule in mm [104], show-
ing that this schema was predictive of distant 
metastases and long-term survival. Cochran dem-
onstrated that the two-dimension percentage of 
involved nodal area could independently predict 
non-SLN positivity [105]. Dewar demonstrated 
that a SLN with metastases in the subcapsular 
region had a lower rate of non-SLN positivity 
that those with multifocal, extensive, or intrapa-
renchymal disease [106].

The Rotterdam criteria, based on the work by 
van Akkooi et al., demonstrated that the maximum 
diameter of the largest metastasis had a significant 
influence on non-SLN involvement and survival 
[106]. While none of these criteria have yet been 
fully validated in a multicenter or prospective 
study, reporting is recommended. The ongoing 
European Minitub trial comparing outcome in 
patients with minimal SLN tumor burden managed 
by observation versus a complete lymph node dis-
section (CLND) will likely answer this question.

Pathologic evaluation of the CLND is simi-
larly important for accurate staging. Clearly, this 
requires submission of at least one section from 
each grossly identified lymph node. However, 
there is controversy over the necessity for sub-
mission of each lymph node in its entirety, versus 
a single representative section. Similar to the 
controversy surrounding optimal methods for 
evaluation of sentinel nodes, there is debate con-
cerning the necessity for IHC evaluation of non- 
SLNs [107].

 Distant Metastatic Melanoma

Melanoma metastases may be resected as part of 
the initial diagnostic workup in a patient with a 
previously undetected or unknown primary, or as 
a palliative and/or therapeutic excision in a 
patient with oligometastatic disease. In patients 

without a prior history of melanoma, a thorough 
diagnostic workup often includes the IHC mark-
ers discussed in Section “Evaluation of Primary 
Melanoma Biopsies.” The most useful markers 
include a combination of at least one highly sen-
sitive marker such as S-100 or Sox-10, and one 
highly specific marker such as Melan-A or HMB- 
45. There are several potential pitfalls to this 
approach: desmoplastic melanoma may be 
missed, and tumor of perivascular epithelioid 
cells (PEComa) and clear-cell sarcoma may have 
a similar immunoprofile. PEComa is a family of 
tumors comprising angiomyolipoma, lymphan-
giomyomatosis, and clear-cell sugar tumor of 
lung, and most importantly in the differential 
diagnosis of melanoma PEComa may present as 
a soft-tissue mass. Soft-tissue and cutaneous 
PEComa are characterized by nested/fascicular 
growth of clear cells, often with a perivascular 
distribution (ref). In one study, all cases expressed 
at least one melanocytic marker, including HMB- 
45 (96%), Melan-A (72%), and MiTF (50%) 
[108]. However, unlike melanoma, they almost 
always express smooth muscle markers [109].

Clear-cell sarcoma is a tumor of young adults 
that chiefly arises in the soft tissue of acral loca-
tions. It displays compact nests or fascicles of 
oval cells with clear cytoplasm in a delicate con-
nective tissue framework. S-100 is almost always 
expressed, as well as HMB-45, Melan-A, and 
MiTF [110, 111]. There is commonly a transloca-
tion of t(12;22)(q13;q12), fusing the EWSR1 
gene on chromosome 22 with ATF, a member of 
the CREB transcription factor family on chromo-
some 12. This translocation is found in 70% of all 
cases [112]. As noted previously, desmoplastic 
melanoma is only positive for Sox-10 and S-100, 
and thus demonstration of retention of H3K27em3 
is required to separate it from MPNST [52].

Finally, the emergence of therapies targeted to 
specific gene mutations present in melanoma has 
also changed our evaluation of metastatic mela-
noma tumors. It is now customary to evaluate 
metastatic disease at the time of diagnosis for the 
presence of actionable gene mutations. There are 
a number of methods employed, such as pyrose-
quencing, Sanger sequencing of individual genes, 
or next-generation sequencing, that target a panel 
of genes. While mutations in BRAF and cKIT are 
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most commonly evaluated [113], there are also 
therapies and/or therapeutic trials available for 
patients with mutations of a variety of other 
genes, including NRAS, MET, EGFR, ALK, 
ROS1, PIK3CA, mTOR, PTEN, NF1, AKT, and 
NTRK fusions [114].

In summary, recent knowledge gained from 
exhaustive mining of clinical and molecular data 
has revolutionized the ways in which tissue from 
melanocytic lesions is analyzed and reported. 
From pathologic microstaging of localized and 
regionally metastatic disease to submission of 
tumor tissue for molecular testing to stratify 
patients for treatment, pathologists and oncolo-
gists must be aware of these advances in order to 
avail their patients of the most relevant treatment 
options.
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Melanocytic Neoplasms
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 Introduction

 Definition and Epidemiology

Pediatric melanoma is a malignant melanocytic 
lesion in a child from birth to the start of adult-
hood, variably defined as either age 18 or 21. 
Pediatric melanoma can be classified by the pres-

ence or absence of precursor lesions, age at pre-
sentation (see Fig. 13.1), histology, and staging 
criteria applied to adult melanoma. In children, it 
is often difficult to establish whether an abnormal 
melanocytic lesion is unequivocally cancer. 
Although this difficulty is sometimes due to reti-
cence in diagnosing melanoma in young chil-
dren, there are a significant number of abnormal 
melanocytic lesions that are difficult to character-
ize consistently. We term this broad class as atyp-
ical melanocytic neoplasms, and these can be 
classified based on pathology and metastatic 
potential [1, 2].

While it is the most common cutaneous malig-
nancy in patients younger than 20 years of age, 
pediatric melanoma comprises only 0.3–2.0% of 
all melanomas and 1–3% of pediatric malignan-
cies [3–5]. Melanoma is more prevalent in ado-
lescents than in the younger pediatric population, 
and was expected to comprise 5% of all cancers 
diagnosed in this age group in 2017 [6]. Over the 
past 30  years, the incidence in prepubertal 
patients has remained stable, while it has been 
steadily rising in older children by 2.9% per year 
in the United States. This trend is also mirrored in 
other parts of the world [7, 8]. Caucasian children 
account for the majority of new diagnoses; how-
ever, the incidence continues to rise in the 
Hispanic and Native American populations [9]. 
The rise in melanoma is highest in female 
adolescents.
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 Classification and Risk Factors

 General Risk Factors
The risk factors for pediatric melanoma are 
somewhat age dependent. While genetic risk fac-
tors and benign precursor lesions are more com-
mon in prepubertal patients, the risk factors for 
adolescents are similar to those of adults: sun 
exposure, fair skin, and tanning bed use [8, 10].

 Congenital/Neonatal Melanoma: 
In Utero to 1 Year
Congenital and neonatal melanoma is rare, and 
the incidence has remained steady over the past 
30 years [4, 11].

Transplacental Transmission
Although it is extremely rare, melanoma can 
spread from mother to fetus via transplacental 
transmission. Available literature includes fewer 
than 30 cases and is mainly descriptive [12–16]. 
The factors that have been associated with this 
rare but devastating event are maternal diagnosis 
of node-positive disease >3 years prior to preg-
nancy, development of metastatic melanoma in 
the mother during the third trimester, primiparity, 
male fetal gender, birth at greater than 36 weeks 
gestation, and maternal age less than 30 [14, 17]. 
Clearly, some of these factors are associated with 
a patient’s ability, desire, and/or willingness to 

become pregnant after a prior melanoma diagno-
sis. For example, younger women with no prior 
children and a long interval since their melanoma 
diagnosis may be more motivated to become 
pregnant and accept the risks associated with 
recurrence of their disease in the pre- or postpar-
tum period.

For transplacental transmission to occur, 
metastatic melanoma must first lodge in and 
grow in the maternal side of the placenta, where 
it can be detected by histopathologic analysis 
conducted after delivery. In cases with placental 
metastases, two-thirds of infants were alive 
1.5 years after birth, so the finding of melanoma 
in the placenta does not guarantee that transpla-
cental transmission will occur [15, 17]. In the 
small number of cases where transmission to the 
fetus across the placenta has been reported, the 
diagnosis portends a poor prognosis, and the 
majority of these newborns ultimately die within 
the first year of life [15, 16, 18, 19]. Placental 
metastases have been reported even in mothers 
with early-stage melanoma, and thus we recom-
mend thorough pathologic examination of the 
placenta after delivery in all women with a his-
tory of invasive melanoma. An evaluation show-
ing no evidence of melanoma can provide the 
new mother with a strong sense of reassurance 
that transplacental transmission was unlikely to 
have occurred.

Congenital

Transplacental
transmission

Melanoma arising.
from a congenital

nevus

Atypical melanocytic
neoplasms

De novo melanoma

De novo melanoma

Melanoma arising from a
congenital nevus

Atypical melanocytic neoplasms

In Utero Birth Age 1 Puberty Age 21

Neurocutaneous
melanocytosis

Neurocutaneous
melanocytosis

De novo melanoma

Infancy Childhood
Adolescent
and Young

Adult

Fig. 13.1 Pediatric melanoma presentations according to 
age. The width of the textbox is roughly proportional to 
the incidence of melanoma (and/or atypical melanocytic 

neoplasms) occurring in each period  (adapted from 
Sreeraman Kumar et al. [101])
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Proving that neonatal melanoma was trans-
mitted transplacentally and not occurring de novo 
is possible. Karyotyping analysis or fluorescence 
in situ hybridization (FISH) can be used when 
transplacental melanoma transmission is sus-
pected in males (as an XX chromosome in the 
tumor would confirm maternal origin). Efforts to 
quantify the copy number of sex chromosomes in 
genomic DNA purified from a fetal tumor biopsy 
specimen suspected to be of maternal origin have 
also been conducted [20].

Melanoma in a Giant Pigmented Nevus
Congenital melanocytic nevi (CMN) are present 
at,  or very shortly after, birth. They are benign 
melanocytic proliferations and are classified by 
the size the lesions are projected to attain at adult-
hood, assuming growth congruent with the 
growth of the child, because the risk of malignant 
transformation rises with the size of the nevus. 
Small CMN are those projected to be less than 
1.5  cm in diameter; medium CMN will be 
between 1.5 and 20 cm; and large CMN will be 
greater than 20 cm [21]. The definitions of what 
constitutes a giant (as opposed to a large) CMN 
vary. Some use body surface area measurements 
rather than projected adult size [22]. Giant CMN 
are either G1 (40–60  cm) or G2 (>60  cm), but 
other features besides nevus size, particularly sat-
ellite nevus counts and physical features such as 
color, surface change, and hypertrichosis, appear 
to also impact the risk of malignant transforma-
tion [23]. Location is also a factor: axial CMN 
are more likely to develop melanoma than CMN 
in extremities [24]. Giant CMN are most likely to 
give rise to pediatric melanoma, although the 
estimated risk varies. Small and medium CMN 
have a lifetime risk of 2–5%, but most of the mel-
anomas within these nevi that do occur are diag-
nosed in adulthood, not in childhood. In contrast, 
patients with giant CMN are more likely to 
develop melanoma in adolescence or even early 
childhood.

A meta-analysis of 432 patients with CMN 
found that 0.7% developed melanoma, and a 
more recent, prospective, observational study of 
patients (median age of 6) noted two pediatric 
patients who developed melanoma [25, 26]. 

Although the median age of diagnosis for mela-
noma arising in CMN is 7 years, the median age 
of diagnosis for patients with fatal cases is 3 years 
[27]. The early onset of melanoma in CMN 
patients is the rationale for surgical removal of 
these lesions in early childhood. NRAS mutations 
have been seen in congenital nevi, and while the 
studies are conflicting BRAF V600E mutations 
may be seen in 12–30% of cases [28–30]. One- 
third of cases of fatal childhood melanoma aris-
ing in the setting of congenital nevi also had 
neurocutaneous melanocytosis [31].

Neurocutaneous Melanoma
Neurocutaneous melanoma is exceptionally rare. 
It originates in the background of neurocutaneous 
melanocytosis, which is also termed “congenital 
melanocytic nevus syndrome.” This syndrome 
involves benign and malignant proliferation of 
melanocytes in the central nervous system, in 
conjunction with a giant CMN or with more than 
three small-to-medium CMN. As many as 4–11% 
of patients with giant CMN will develop symp-
tomatic neurocutaneous melanocytosis [22, 26, 
32]. Presenting symptoms include headache, 
vomiting, seizures, neuropsychiatric disturbance, 
or myelopathy, often the result of increasing intra-
cranial pressure. Most patients develop symptoms 
by age 10 and have intractable seizures and neuro-
cognitive delay [32]. Neurocutaneous melanocy-
tosis is associated with the development of 
melanoma in 40–60% of cases. Patients may 
develop melanoma involving the skin, brain, or 
leptomeninges. Due to the difficulty of resection, 
risk of leptomeningeal infiltration, and lack of 
available targeted agents, the prognosis is poor 
[33, 34]. Genomic studies have indicated that 
NRAS mosaicism and post-zygotic mutations in 
codon 61 are associated with the onset of neuro-
cutaneous melanocytosis [35]. Recent studies 
suggest the involvement of activated Wnt signal-
ing as an additional factor leading to the varied 
natural histories of neurocutaneous melanocyto-
sis. The mitogen- activated protein pathway 
(MAPK) may play a role, as its inhibition was 
noted to halt the development of neurocutaneous 
melanocytosis in animal studies [36]. One clinical 
case series investigating trametinib (a MEK 
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inhibitor) in patients with neurocutaneous mela-
noma demonstrated symptomatic improvement, 
though patients eventually succumbed to the dis-
ease [37].

De Novo/Sporadic Melanoma
There are only 14 cases of de novo melanoma in 
infancy reported to date [38, 39]. Of these, three 
have succumbed to the disease. There are no 
known risk factors, and diagnosis is challenging, 
given some histologic overlap with giant 
CMN. Comparative genomic hybridization may 
be helpful to establish the diagnosis [39].

 Childhood Melanoma: 1 Year 
to Puberty

The most relevant biologic cutoff to divide child-
hood and adolescent melanoma seems to be 
puberty, when hormone-driven changes in mela-
nocyte physiology occur. Although Tanner stage 
may be an accurate method of determining post-
pubertal adolescence, retrospectively ascertaining 
whether a child has undergone puberty is difficult. 
Thus, most studies use an arbitrary threshold of 
age 10 or 12 as a substitute to distinguish between 
prepubertal and postpubertal cases.

 De Novo/Sporadic Melanoma
Most childhood melanomas are not associated 
with CMN or genetic syndromes. The risk factors 
for these sporadic cases have not been firmly 
established. However, such cases are primarily 
associated with UV radiation exposure, fair skin, 
and multiple nevi just as in adults [10]. Prepubertal 
patients, however, are more likely than adoles-
cents to be non-Caucasian. Consequently, the 
role of UV exposure for these patients remains 
ambiguous [40].

 Arising from Giant CMN and Dysplastic 
Nevi
Childhood melanomas, like neonatal melanomas, 
can develop from giant CMN. One-third of child-
hood melanomas originate from giant CMN or 
another precursor lesion, including common and 
dysplastic nevi [21, 22, 24, 33, 40–45].

CMN (Please See “Melanoma in a Giant 
Pigmented Nevus”)

Spitz Nevi
Spitz nevi are benign melanocytic proliferations 
that present more commonly in the pediatric pop-
ulation. Like melanoma, they can be melanocytic 
or amelanotic, and can have irregular borders. 
However, most are less than 1  cm in diameter, 
and up to 80% spontaneously involute during 
childhood. Intermediate between benign Spitz 
nevi and melanoma are the atypical spitzoid 
tumors (AST). Some of these atypical, but not 
unequivocally malignant-appearing, lesions have 
the potential to metastasize (i.e., they are unrec-
ognized melanomas). High-risk factors for recur-
rence and metastasis include ulceration, 
asymmetry, and large diameter. All patients with 
atypical Spitz tumors should be monitored care-
fully clinically, but particularly those with lesions 
with the aggressive features mentioned above. 
Immunohistochemistry (IHC) can be helpful in 
distinguishing AST from melanoma [46]. A new 
study revealed differences in miRNA expression 
levels between the two tumor types, particularly a 
decrease in the expression of miR-155-5p in spit-
zoid melanomas [47].

 Genetic Syndromes
Germline mutations that result in alterations to 
cell cycle tumor suppressors and genes involved 
in DNA damage repair confer sensitivity to DNA 
damage. These are associated with an increased 
risk of melanoma in children, adolescents, and 
adults alike.

Xeroderma Pigmentosum
Xeroderma pigmentosum is an autosomal reces-
sive genetic disorder of nucleotide excision 
repair. Affected individuals are sensitive to DNA 
damage by UV radiation. By age 8, they gener-
ally develop non-melanoma skin cancer; by age 
21, 5–13% of xeroderma pigmentosum patients 
have been diagnosed with melanoma [45, 48].

Familial Melanoma Syndromes
Familial melanoma syndromes are not particularly 
well characterized in either the pediatric or the 
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adult populations. However, genomic studies are 
providing further insight into the mutations lead-
ing to multiple and recurrent melanomas. CDKN2A 
is the most common high-risk melanoma suscepti-
bility locus. Mutations in this gene are associated 
with dysplastic (atypical) nevus syndrome, >100 
nevi, nevi of buttocks/feet, multiple primary mela-
nomas, and in some cases an increased risk for 
pancreatic cancer [49]. These germline mutations 
are present in <5% of prepubertal melanomas [50, 
51]. Rarer familial melanoma syndromes include 
germline BAP1, BRCA2, and MC1R mutations. 
However, they are more closely associated with 
adult rather than pediatric melanoma.

 Adolescent and Young Adult Melanoma
Adolescent and young adult melanoma com-
prises patients from puberty to age 21. The inci-
dence in this cohort of pediatric melanoma 
continues to rise, largely due to the increasing 
rate in teenage girls [52]. The risk factors are 
thought to be similar to that for adults, which 
include ultraviolet radiation exposure, tanning 
bed use, fair skin, family history of melanoma, 
and presence of multiple and atypical nevi [40, 
42, 43, 52–55]. Other risk factors include xero-
derma pigmentosum and germline mutations 
involving cell cycle mediators, as for prepubertal 
melanoma.

 Clinical Presentation

 General

Pediatric melanoma presents with its own clinical 
signs and symptoms, which vary by age grouping, 
as do the epidemiologic factors enumerated 
above. In adult melanoma, the classic criteria are 
asymmetry, irregular borders, variation in color, 
diameter >6 mm, and evolution. However, 60% of 
prepubertal melanomas and 40% of adolescent 
melanomas do not exhibit these characteristics 
[43, 53, 56]. Cordoro et  al. noted that 77% of 
patients younger than 10 years old presented with 
an amelanotic lesion, with Ferrari et  al. noting 
that 88% of patients had well- circumscribed 
lesions [53, 57]. Accordingly, the traditional diag-

nostic criteria have been expanded to include the 
following new criteria for pediatric melanoma: 
amelanotic, bump/bleeding, uniform or no color, 
and de novo/any diameter (see Table 13.1) [3, 57]. 
While the criteria have not been validated in pro-
spective studies, they nonetheless provide a 
framework for further evaluation.

 Congenital/Neonatal Melanoma

Congenital melanomas associated with mater-
nofetal transmission develop in the background 
of maternal metastatic melanoma, and as such 
this potential risk can be of concern to pregnant 
women with a history of melanoma. Due to the 
risk of maternofetal melanoma transmission, we 
recommend the routine submission of the pla-
centa at the time of delivery for pathologic analy-
sis with IHC staining for melanocyte lineage 
antigens such as S-100 and/or Melan-A.  The 
presence of melanoma cells on the fetal side of 
the placenta suggests potential maternal-fetal 
spread, and infants should be carefully monitored 
during the first year of life and beyond for signs 
and symptoms of metastatic melanoma. The 
majority of, if not all, neonatal melanoma cases 
arising from maternal-fetal transmission are 
diagnosed within the first year of birth [15, 18].

Infants with melanoma unrelated to transpla-
cental transmission usually have melanoma from 
a CMN.  Neonates have a distinct presentation 
from older patients in that they are less likely to 
arise from an atypical junctional proliferation or 
melanoma in situ. Patients tend to have pink or 

Table 13.1 Characteristics of pediatric melanoma com-
pared to the classic adult "ABCDE" criteria

Classic adult 
melanoma Pediatric melanoma

A Asymmetry Amelanotic
B Border irregularity Bump and bleeding
C Color variation Colorless or uniform color
D Diameter De novo development/any 

diameter
E Evolution Evolution

This table describes the classic features of adult mela-
noma and the additional features seen in pediatric mela-
noma (adapted from Cordoro et al. [57])
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dark papules within CMN or nodules in the der-
mal component of CMN.  These are difficult to 
diagnose, given that features typically of concern, 
such as ulceration, can be found in benign prolif-
erative nodules within CMN [27]. In cases of neu-
rocutaneous melanocytosis, neonatal patients 
present with symptoms of increased intracranial 
pressure and other neurologic symptoms.

 Childhood Melanoma: Age 1–Puberty

While there is no classic presentation of prepu-
bertal melanoma, they tend to exhibit alternative 
diagnostic criteria, such as amelanosis, bleeding, 
nodularity with uniform color, and diameter 
<6 mm that persist after being monitored for an 
extended period of time. Prepubertal patients are 
more likely than adolescents to have extremity or 
head and neck presentation, nodular rather than 
superficial lesions, and multiple nevi [3, 4, 40].

 Adolescent and Young Adult: 
Puberty–21

More than 75% of pediatric melanoma patients 
are diagnosed in adolescence or young adult-
hood. Similar to prepubertal patients, 40% will 
present with atypical presentations, such as amel-
anotic, symmetric papular, or a nodular appear-
ance and “evolution.” The most common 
pre-biopsy diagnosis in this age group is pyo-
genic granuloma [57]. In contrast to younger 
children, they are more likely to have superficial 
spreading, rather than nodular, melanomas and 
more likely to have a truncal primary site [4].

 Initial Clinical and Pathologic 
Workup

The rarity of pediatric melanoma, along with the 
plethora of benign nevi in the pediatric popula-
tion, makes the diagnosis of malignancy difficult. 
The potential for delay in diagnosis is quite high, 
with a recent study finding an initial clinical mis-
diagnosis in 25% of their cohort [58]. Among 

experienced pathologists, there was significant 
diagnostic disagreement, with a kappa coefficient 
of 0.3, indicating a low degree of inter-observer 
concordance [59].

Given the high rate of misdiagnosis and delay 
in diagnosis, suspicious melanocytic lesions 
should be biopsied and evaluated by an experi-
enced dermatopathologist. Often, cutaneous 
lesions in children are initially diagnosed as 
warts, and subsequently treated with a variety of 
topical agents prior to biopsy. The clinical his-
tory, including the presence of a precursor lesion, 
CMN or nevus, demographics, color, size, extent 
of biopsy (excisional, partial excision/punch, 
shave), and photograph of the lesion, can all 
assist the dermatopathologist in the diagnostic 
process. The importance of collaboration between 
clinicians and pathologists by sharing clinical 
information that can assist in the diagnostic eval-
uation bears emphasis.

We recommend complete excisional biopsy 
with a narrow margin of normal skin, allowing 
for complete pathologic evaluation of both the 
lesion and its relationship to the surrounding epi-
dermis and subcutis. Preserving the specimen 
with formalin fixation is adequate, even if spe-
cialized IHC and/or molecular testing are needed 
to evaluate the lesion, allowing for the routine 
handling of pediatric skin biopsies in the clinic 
[60, 61]. Fluorescence in situ hybridization 
(FISH), comparative genomic hybridization 
(CGH), and gene expression analyses are now 
increasingly being used as additional tests in the 
diagnostic process [27, 46, 47, 62, 63].

The initial histopathologic evaluation of the 
biopsy specimen includes commercially available 
IHC stains. Proliferation is assessed using mitotic 
count, augmented when necessary with phospho-
histone H3 and/or the proliferation marker Ki-67 
[64, 65]. The progressive loss of HMB-45 stain-
ing with increasing dermal depth demonstrates 
melanocytic maturation, characteristic of benign 
lesions, but is  often lost in melanoma [66]. 
Melanoma, in comparison to benign lesions, is 
more likely to have increased mitotic activity, 
high-grade atypia, inflammation and mitotic fig-
ures deeper in the dermis, histologic asymmetry, 
and ulceration [27, 59]. However, there still 
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remains significant inter-observer variation in 
diagnosis with histological evaluation alone.

More recent studies have evaluated gene 
expression and CGH as methods of distinguish-
ing malignant lesions from those without meta-
static potential. Spitzoid lesions are the most 
common atypical lesions of uncertain potential. 
Atypical spitzoid tumors or melanoma may dem-
onstrate a loss of p16 expression by homozygous 
deletion of p16/CDKN2A, but benign Spitz nevi 
rarely express p16 loss [67–69]. Loss of BAP1 
expression has been shown in spitzoid-appearing 
benign and malignant melanocytic proliferations 
[70]. Recently, tyrosine kinase fusions involving 
ALK, ROS-1, NTRK-1, BRAF, or RET have 
been found in up to 40% of lesions with spitzoid 
histology. However, these have not yet been 
shown to be indicative of the metastatic potential 
of these lesions [62]. Isolated HRAS mutations 
and chromosome 11p gain have been identified in 
benign spitzoid lesions but not in melanoma (see 
Fig. 13.2a) [46, 71]. Increase in the copy number 
of RREB1 (chromosome 6p25), MYB (6q23), and 
CCND1 (11q13) is associated with lesions with 
metastatic potential, i.e., melanoma (see 
Fig. 13.2b) [46]. More recently, microRNA stud-
ies have shown potential to distinguish melanoma 
from benign lesions [72, 73]. A commercially 
available gene expression signature (myPath™, 
Myriad Diagnostics) has been shown to have 
good sensitivity and specificity on histologically 
unequivocal lesions, but its performance has only 
been evaluated in one study comparing results of 
FISH and myPath score in atypical lesions [74]. 
In this study, FISH was more frequently in agree-
ment with the histologic diagnosis than myPath 
(70% vs. 64%).

 Pathologic Classification

 Spectrum of Melanocytic Neoplasia

The spectrum of melanocytic neoplasms in chil-
dren ranges among congenital and acquired 
benign lesions, dysplastic nevi, blue nevi, Spitz 
nevi, pigmented epithelioid melanocytomas, and 
progress on to melanoma. There are many lesions 

along this spectrum that do not fit neatly into one 
diagnostic category, variably termed as borderline 
tumors, melanocytic tumors of uncertain malig-
nant potential (MELTUMPS), spitzoid tumors of 
uncertain malignant potential (STUMP), and 
atypical Spitz tumors. Although observational, 
retrospective, and prospective studies have sought 
to evaluate the natural history of these atypical 
neoplasms [21, 24, 71, 75–81] considerable ambi-
guity persists and even among expert dermatopa-
thologists diagnostic disagreement occurs [59]. 
We will refer to these lesions as “atypical melano-
cytic neoplasms” in this chapter.

Atypical spitzoid neoplasms are the most 
common atypical melanocytic neoplasms in the 
pediatric population, and distinguishing the 
benign ones from those with metastatic potential 
is challenging. “Spitzoid” refers to lesions with 
some, but not all, of the features of a typical 
(benign) Spitz nevus. Histologically, benign 
Spitz nevi tend to have uniform hyperplasia in the 
epidermis, maturation in the dermis, eosinophilic 
cytoplasm, low mitotic activity (less than 2 mm2), 
and pale eosinophilic “Kamino bodies.” Often, 
even benign lesions will have some variations. 
Thus, differentiating between atypical lesions 
with metastatic potential and those that are 
unequivocally benign is difficult.

Recent studies have used CGH, FISH, and 
more recently gene expression profiling to charac-
terize the metastatic potential of atypical melano-
cytic neoplasms. These techniques are utilized 
when several (but not all) elements of either mela-
noma or a benign nevus are present in a case [82].

CGH evaluates gains and losses of segments 
of chromosomes across the 23 chromosome pairs 
(46 chromosomes). Melanomas are more likely 
than benign lesions to have multiple gains or 
losses in chromosomes. Karyotype alterations in 
chromosomes 1q, 6p, 6q, 7p, 8p, 8q, 9p, 10p, 
11q, and 17q were found in melanoma and absent 
in Spitz nevi [46]. Bastian et  al. reported that 
96% of melanomas in their series had chromo-
somal gains or losses, while only 13% of atypical 
melanocytic neoplasms had abnormalities. In 
contrast to most benign nevi, which have normal 
karyotypes, and melanoma, which rarely exhibits 
an HRAS mutation, 15% of Spitz nevi and 70% of 
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atypical Spitz neoplasms had an increase in the 
copy number of 11p at the HRAS locus [83]. 
Evaluation of a database of ambiguous melano-
cytic neoplasms revealed a chromosome 3p21 
loss in 6.7% of cases, while loss of BAP1 was 
associated with atypical spitzoid melanocytic 
tumors [84].

Multiple studies have now identified kinase 
fusions involving ALK, ROS-1, NTRK-1, BRAF, 
and RET in up to 51% of atypical spitzoid mela-
nocytic tumors [62, 76, 85]. The identification of 

a fusion protein in a lesion may confer different 
metastatic potential and clinical evolution 
depending on the specific fusion. ALK mutations 
were more likely to be found in amelanotic 
lesions, with NTRK-1 mutations associated with 
lesions found to have Kamino bodies and small, 
arranged nests. Mutations in the BRAF gene were 
more likely to be associated with high-grade 
atypia, sheets of dysplastic cells, copy number 
gains, and a predominance of epithelioid cells 
[86–88]. Lesions with BRAF mutations were 
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more likely to be diagnosed as, or develop into, a 
melanoma. However, the presence of a fusion 
protein has not yet been definitively shown to be 
associated with an adverse outcome or recur-
rence [89].

FISH utilizes nucleic acid probes that bind to 
portions of chromosomes to detect the presence 
or absence of known sequences. The first- 
generation FISH testing utilized probes targeting 
chromosomes 6p25 (the locus of gene RREB1), 
6q23 (MYB), Cep6 (the centromere of chromo-
some 6), and 11q13 (CCND1). The results were 
promising, with a sensitivity of 86.7%, and a 
specificity of 95.4% in the diagnosis of mela-
noma compared to benign nevi. The main con-
cern raised was the identification of false-positive 
test results in tetraploid cases [90]. The next- 
generation FISH test targeted 6p25, 11q13, 9p21 
(CDKN2A), and 8q24 (cMYC), and it reportedly 
has greater accuracy with histologically unequiv-
ocal melanocytic neoplasms. Nonetheless, in 
diagnostically challenging spitzoid melanocytic 
neoplasms, the sensitivity is less than 70%. 
However, it may be helpful as an adjunct study to 
assist in diagnosis. Gerami et al. reported that in 
their series of 64 patients with atypical Spitz 
tumors analyzed by FISH, 9 of the 11 patients 
who developed advanced disease or died had 
deletion of 9p21, which results in loss of 
p16/CDKN2A [77]. A later study of patients with 
fusion proteins revealed a recurrence in only 
those with 9p21 loss [89].

There are further studies investigating the role 
of epigenetics and hypermethylation as biomark-
ers of melanoma. In a study of patients with mel-
anoma arising from CMN compared to 
proliferative nodules, there was reduced expres-
sion of H3K27me3 in melanomas but not in the 
(benign) proliferative nodules [91]. Increased 
telomerase activity, associated with mutations of 
the TERT promoter, was found in 12 of 15 mela-
nomas and 2 of 26 atypical spitzoid tumors [92]. 
Another study of 54 patients with atypical spit-
zoid melanocytic neoplasms found TERT pro-
moter mutations in the 4 patients who developed 
disseminated disease, but not in the 52 who 
remained free of disease [93]. Among adoles-
cents and young adults, TERT promoter methyla-

tion with or without a TERT promoter mutation 
was associated with worse recurrence-free sur-
vival [94]. MicroRNA analysis of spitzoid lesions 
revealed a decrease in miR-155-5p in melanoma, 
with an increase in miR-451a, miR-1283, miR- 
34a- 5p, miR-21-5p, and miR-1260a in benign 
lesions [47].

Taken together, each of these new tests could 
serve as additional diagnostic studies. 
Furthermore, there may be other clues in an atyp-
ical melanocytic lesion that may reveal its meta-
static potential, in particular the involvement of 
regional draining lymph nodes. However, this, 
too, is contentious. A study of 541 patients with 
atypical spitzoid lesions noted 303 patients who 
underwent sentinel lymph node biopsy. Of these, 
119 (39%) were found to have positive sentinel 
lymph nodes, with 97 subsequently undergoing a 
completion lymph node dissection. This study 
reported a median follow-up of 59 months, show-
ing that 99% of patients with a positive sentinel 
lymph node were still alive. While this study sug-
gests that atypical spitzoid lesions may have a 
higher rate of lymph node involvement than mel-
anomas, the involvement of sentinel lymph nodes 
in atypical spitzoid neoplasms may not have the 
same negative prognosis as in patients with 
unequivocal melanoma [95].

Of unequivocal melanomas, the most com-
mon histologic subtype of melanoma in children 
is the superficial spreading subtype, which com-
prises from 9 to 62% of cases, depending on the 
study. Nodular melanomas are more commonly 
seen in prepubertal cases and comprise between 
12 and 34% of cases. The incidence of spitzoid 
melanomas is thought to between 2 and 17% of 
pediatric melanomas (see Table  13.2), but this 
may be over- or underreported, as many studies 
did not report Spitz type as a distinct category.

 Categorization of Pediatric 
Melanocytic Neoplasia

In addition to the diagnostic challenge of atypical 
melanocytic neoplasms, the lack of a standard 
terminology creates confusion between patholo-
gists and clinicians regarding the exact nature of 
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a lesion. A recent study noted that the “Spitz” ter-
minology was used by 90% of surveyed patholo-
gists, but treatment recommendations varied 
widely [96, 97]. The lack of standardization 
makes it difficult for clinicians to adequately 
communicate the nature of the lesion, the risk for 
metastasis and death, as well as the treatment 
options to patients and their families. To create an 
objective scale, we adopted a system to classify 
melanocytic lesions from a spectrum of unequiv-
ocally benign to unequivocally malignant. This 
system is derived from the original 5-point 
“BiRAD” system for categorizing the results of 
mammography, and is similar to a proposal for 
categorizing dysplastic nevi [98, 99]. We have 
implemented this system in our practice and find 
it useful in our conversations between pathologist 
and clinician and the patient/family. It also allows 
us to better convey evolution of the diagnostic 
process to patients, wherein an initial uncertain 
diagnosis can be clarified as additional patho-
logic analyses are performed or new clinical fea-
tures emerge [100, 101].

 Category 1: Benign
The lesions in this category have histologic fea-
tures characteristic of an unequivocally benign 
lesion, and include Spitz nevi, pigmented spindle 
cell nevi of Reed, blue nevi, deep-penetrating 

nevi, CMN, proliferative nodule in congenital 
nevi, benign melanocytic nevi, dysplastic mela-
nocytic nevi, and speckled lentiginous nevi. No 
additional evaluation is necessary beyond com-
plete excision, as appropriate [102].

 Category 2: Atypical Melanocytic 
Neoplasm, Favor Benign
The atypical melanocytic neoplasms in this cate-
gory have most, but not all, of the features of one 
of the unequivocally benign lesions noted above. 
There are a few nontypical features seen, such as 
focal areas of proliferation/mitoses, focal 
increases in cellularity, or focal cellular atypia. 
Alternatively, we use this category when an 
incomplete biopsy precludes full evaluation, and 
a benign diagnosis cannot be rendered with cer-
tainty. Thus, these lesions should all be 
 completely excised to assess the areas of the 
lesion not sampled with the initial biopsy. After 
complete excision, no further evaluation or man-
agement is necessary for category 2 lesions.

 Category 3: Atypical Melanocytic 
Neoplasm, Not Amenable to Further 
Classification
The lesions in this category have atypical 
 features indicating possible metastatic potential, 
but no features allowing the pathologist to 

Table 13.2 Histologic subtypes of pediatric melanoma based on single-institution series

Superficial 
spreading (%)

Nodular 
(%) Acral lentiginous Spitzoid

Other/unclassified/
NOS (%)

Paradela et al. [44] 
(n = 128)

48 34 4% Not reported 
separately

14

Livestro et al. [43] 
(n = 73)

62 12 1% Not reported 
separately

25

Aldrink et al. [41] 
(n = 136)

49 21 4% 2% 24

Han et al. [56] 
(n = 62)

47 23 0% 4% 26

Cordoro et al. [57] 
(n = 60)

9 30 0% 13% 48

Brecht et al. [114] 
(n = 443)

51 15 2% Not reported 
separately

32

Dean et al. [5] 
(n = 78)

38 12 Not reported 
separately

Not reported 
separately

50

Freemyer et al. [108] 
(n = 185)

35 29 2% 17% 17

Total (n = 1165) 46 21 2% 4% 28
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 definitively classify the lesion as likely malignant 
or likely benign. These have been given names 
like spitzoid tumors of uncertain malignant 
potential (STUMP), spitzoid atypical melano-
cytic proliferation of uncertain significance 
(SAMPUS), and melanocytic tumor of uncertain 
malignant potential (MELTUMP). This category 
also includes other melanocytic lesions for which 
the potential for recurrence or metastasis is 
unknown, such as the pigmented epithelioid 
melanocytoma, atypical cellular blue nevi, and 
BAP1-deleted melanocytic neoplasms.

CGH, FISH, and microRNA analysis can be 
helpful in further assessing the benign or malig-
nant nature of these lesions. An atypical spitzoid 
lesion in category 3 by histopathologic criteria 
with a single chromosomal aberration in chromo-
some 11p might be appropriately recategorized 
as an atypical Spitz nevus, favor benign (category 
2). An identical-appearing lesion with multiple 
FISH and chromosomal abnormalities in a high 
percentage of cells would be considered concern-
ing for melanoma. This lesion would be more 
accurately reported as an atypical spitzoid lesion, 
favoring a spitzoid melanoma (category 4).

Category 3 lesions should always be com-
pletely excised. The re-excision specimen should 
be carefully examined for hints of any residual 
neoplasm that could allow for a more definitive 
diagnosis to be made. Furthermore, for patients 
with lesions in this category, sentinel node biopsy 
may be offered, with the understanding that the 
finding of lesional cells in the sentinel node may, 
or may not, allow for a reclassification as 
unequivocally malignant (see below).

 Category 4: Atypical Melanocytic 
Neoplasm, Favor Malignant
The lesions in category 4 have a significant num-
ber of atypical features worrisome for malig-
nancy, but they lack sufficient features to allow 
for the definite diagnosis of melanoma. These are 
lesions that have at least some potential to metas-
tasize or recur, with numerous reports of category 
4-type lesions leading to recurrence, metastatic 
disease, or death (and hence ultimate reclassifica-
tion into category 5). While there are areas of 
overlap with this category and category 3, there 

are enough features to warrant more concern. 
Such features include Spitz-like neoplasms with 
high dermal cellularity, deep dermal or subcuta-
neous extension, high mitotic rate in the deep 
dermis, asymmetry and/or necrosis, or atypical 
cellular blue neoplasms that are large, with necro-
sis and/or increased mitoses >2/mm2, with clini-
cal features of ulceration and/or bleeding [58, 
103, 104].

Category 4 lesions should always be excised 
to negative margins, and we generally  recom-
mend they be treated as an unequivocal mela-
noma of similar depth. At our institution, we 
would perform a sentinel lymph node biopsy for 
lesions 1 mm or thicker in Breslow’s depth. CGH 
and FISH are often helpful and may provide suf-
ficient evidence for the pathologist to render an 
outright malignant diagnosis (category 5). In 
contrast to category 3 lesions, lesional cells in the 
sentinel node, particularly in the parenchyma or 
growing in an expansile method, should be con-
sidered to represent evidence that the lesion is 
indeed malignant.

 Category 5: Melanoma
Category 5 lesions express classic histopatho-
logic features of an unequivocal melanoma. The 
number of melanomas in the pediatric population 
that exhibit spitzoid characteristics adds to the 
difficulty in rendering a diagnosis of unequivocal 
melanoma. However, when the classic features 
are present, a dermatopathologist should not hes-
itate to render this diagnosis simply because of 
the young age of the patient.

 Further Evaluation 
and Reclassification of Atypical 
Melanocytic Neoplasms

Treatment decisions made on the initial biopsy 
specimen, particularly when based on a partial 
sampling of the lesion, are subject to change as 
subsequent information becomes available. 
Physicians, patients, and families must recognize 
the uncertainty involved with the diagnosis of 
pediatric melanocytic lesions. As additional stud-
ies are performed during the course of workup 
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and diagnosis, a lesion that initially could not be 
categorized unequivocally as either benign or 
malignant on initial biopsy may be reclassified 
into a different diagnostic category. All lesions in 
category 2, 3, or 4 should be completely excised 
to negative margins. The re-excision pathology 
should be evaluated by an experienced dermato-
pathologist. Further investigation with CGH, 
FISH, and expression profiling as well as sentinel 
node biopsy (for category 3 and 4 lesions) should 
be considered in diagnostically challenging 
cases; this may lead to a definitive diagnosis. 
Finally, long-term clinical follow-up can result in 
reclassification of a benign or an atypical lesion 
to malignant based on disease progression or 
metastasis.

 Diagnostic and Treatment 
Paradigms for Pediatric Melanoma 
and Atypical Melanocytic 
Neoplasms

 Preoperative Staging Workup

For patients diagnosed with unequivocal mela-
noma at initial biopsy, the next step in evaluation 
is a thorough physical examination. Of impor-
tance are determining the presence of any resid-
ual pigmented lesion at the primary site and 
examination of the regional lymph nodes. If the 
regional lymph nodes are enlarged or hard to 
examine, ultrasonography can be helpful. Often, 
an ultrasound-guided fine-needle aspiration can 
be performed in order to establish a diagnosis of 
stage III melanoma prior to resection.

Due to the risks of ionizing radiation in prepu-
bertal children and adolescents [105, 106], CT and 
PET/CT scans should generally be used preopera-
tively only for the following indications: patients 
with clinically positive lymph nodes in whom a 
biopsy establishes stage III melanoma, and those 
with clinical signs and symptoms of metastasis. 
Newer protocols such as PET/MRI reduce expo-
sure to ionizing radiation and may be preferable 
for evaluation, if available [107]. Patients with 
atypical lesions (categories 2, 3, or 4) should 
undergo a thorough evaluation of the regional 

lymph nodes, including ultrasonography, if neces-
sary. Otherwise, preoperative radiologic imaging 
is not indicated for patients with these lesions. No 
routine laboratory tests are needed in pediatric 
patients with atypical or malignant lesions aside 
from those required for pre-surgical evaluation.

Given the rarity of pediatric melanoma and the 
multidisciplinary approach required for treat-
ment, patients should routinely be referred to a 
specialized center. Freemeyer et  al. compared 
patients treated at an NCI-designated compre-
hensive cancer center with patients treated at a 
non-designated center. There was a significant 
disease-free and overall survival benefit, particu-
lar for stage III and stage IV patients, when they 
underwent their initial surgical evaluation at an 
NCI-designated comprehensive cancer center 
[108].

 Wide Excision

The primary treatment for localized cutaneous 
melanomas and for all atypical melanocytic 
lesions is surgical removal. A complete excision is 
recommended for all categories of atypical mela-
nocytic neoplasms. For category 4 or 5 lesions 
(suspected or diagnosed melanoma), wide exci-
sion is indicated, even if the initial biopsy had 
negative margins. Due to the previous exclusion 
of children from randomized trials evaluating 
margin width, there is no standard margin of exci-
sion for pediatric melanoma. When compared to 
melanomas of the same thickness in adults, pedi-
atric melanoma appears to have a lower risk of 
local recurrence [43, 109]. For children younger 
than 14, we use a 1  cm margin for melanomas 
regardless of thickness and in all primary sites. 
We have not seen any local recurrences with this 
protocol [56, 110]. For older children, we employ 
the standard adult guidelines for margins of exci-
sion: 1 cm for lesions ≤1 mm in thickness at all 
anatomical sites and for tumors 1–2 mm in thick-
ness in  locations where a wider margin would 
require a skin graft or result in severe deformity, 
and for tumors on the head and neck or distal 
extremities; we perform 2  cm margins for most 
thicker lesions. For category 2 and 3 lesions, we 
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utilize a maximum of a 1 cm margin, regardless of 
location. The goal of surgery is to achieve a final 
negative pathologic margin. In the rare cases 
where residual neoplasm is present at the excision 
margin, further re-excision is indicated. If re-exci-
sion of a category 2 or 3 lesion with less than a 
1 cm margin uncovers a category 4 or 5 lesion, 
further excision is generally recommended.

 Indications for Sentinel Lymph Node 
Biopsy

The role of sentinel lymph node biopsy in pediat-
ric melanoma and atypical melanocytic neo-
plasms remains controversial. Sentinel lymph 
node biopsy is a well-tolerated procedure that 
enables accurate surgical staging, which can 
guide further treatment decisions. The majority 
of pediatric melanoma patients have node- 
negative disease and an excellent prognosis [11, 
44, 54, 78, 111–114]. Such patients are at low 
risk for recurrence and can be followed with rou-
tine clinical and dermatologic surveillance. The 
significance of a negative sentinel node biopsy in 
reassuring to the patient and family should not be 
undervalued. In some cases, however, the senti-
nel lymph node or nodes contain cells identical to 
the primary tumor. In fact, the incidence of posi-
tive sentinel lymph nodes in atypical melanocytic 
neoplasms appears to be as great as, or greater 
than, that seen with pediatric melanoma [95]. For 
both atypical melanocytic neoplasms and pediat-
ric melanoma, the incidence is higher than in 
adults with melanomas of similar thickness. 
However, the prognosis of sentinel node-positive 
pediatric patients is significantly better than for 
adults [43].

 Indications for Sentinel Node Biopsy 
in Pediatric Melanoma
The argument for sentinel lymph node biopsy as 
a prognostic tool for pediatric melanoma is based 
on numerous studies that revealed that recurrence 
and death are more likely in patients with positive 
sentinel lymph nodes [1, 11, 114–116]. The risk 
of late side effects of removing one or two lymph 
nodes from a nodal basin is relatively low [117]. 

Over 20% of pediatric patients with clinically 
negative lymph nodes and a primary melanoma 
≥1  mm in thickness are found to have positive 
sentinel lymph nodes. The indications for nodal 
evaluation in the pediatric population are similar 
to those for adults. In our practice, we utilize sen-
tinel lymph node biopsies in pediatric patients 
with melanomas ≥1  mm in thickness in the 
absence of contraindications. We are selective for 
older children with lesions >0.75  mm in 
Breslow’s thickness with ulceration and/or a 
mitotic rate ≥1/mm2, as in adults [118]. Because 
very young children rarely present with melano-
mas less than 1 mm in depth, our knowledge of 
the value of a sentinel lymph node biopsy is lim-
ited in this population, but we would consider it 
on a case-by-case basis.

 Indications for Sentinel Node Biopsy 
in Pediatric Atypical Melanocytic 
Neoplasms
Recent articles have argued for a limited role for 
sentinel lymph node biopsy in the absence of a 
definite diagnosis of melanoma, as the prognostic 
significance of a positive sentinel lymph node is 
unclear [65, 95, 119]. It is clear that lesional cells 
from benign nevi, like cellular blue nevi and 
Spitz nevi, can be found in regional lymph nodes, 
and therefore it is difficult to distinguish meta-
static melanoma from benign nevus cells. Even 
patients with category 1 (unequivocally benign) 
nevi can have nodal nevi, collections of benign 
nodal melanocytes. The melanocytic deposits in 
benign Spitz nevi are similar in appearance to the 
primary lesion, most commonly subcapsular, and 
are small in size [120]. In contrast, the nodal 
melanocytes arising from category 4 atypical 
melanocytic neoplasms and melanoma are more 
likely to be present in the parenchyma of the 
lymph node. The presence of expansile tumor 
deposits, necrosis, nodal effacement, sheets of 
malignant cells rather than nest of melanocytes, 
and involvement of multiple lymph nodes would 
favor metastasis from a primary lesion that is 
melanoma. Many cases of atypical melanocytic 
neoplasms with nodal involvement have features 
that are between the characteristics of benign 
nodal melanocytes and unequivocal involvement 
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with melanoma. However, clinical studies have 
shown few, or even no, recurrences for atypical 
melanocytic neoplasms with positive sentinel 
nodes. There are a few small series of atypical 
melanocytic neoplasms managed with excision 
alone, showing no evidence of recurrent disease 
[1, 71, 75, 121]. A systemic review of 541 patients 
with atypical spitzoid lesions revealed that 39% 
of patients had nodal involvement, and at almost 
5 years of follow-up 99% of patients with posi-
tive lymph nodes were alive without disease [95].

In contrast, we have seen multiple cases where 
patients initially diagnosed with pediatric atypi-
cal neoplasms developed recurrent melanoma 
and have even died, often many years after their 
initial diagnosis. Even in “unequivocal” pediatric 
melanoma, many of the recurrences and deaths 
from disease occur more than 5 years after initial 
diagnosis [56, 112, 118]. Thus, studies with short 
or incomplete follow-up must be carefully viewed 
with this in mind.

The most convincing case in favor of sentinel 
lymph node biopsy for pediatric atypical neo-
plasms is the uncertainty associated with the diag-
nosis. The variation in diagnoses, even among 
experienced dermatopathologists, is well noted. 
Cases of documented fatal outcomes were origi-
nally deemed as atypical or benign, when exam-
ined by experienced dermatopathologists in a 
blinded fashion [59, 122]. An atypical diagnosis 
from the initial biopsy may not accurately reflect 
the malignant nature of the lesion. Although the 
consequence of atypical cells in the sentinel node 
is not always clear, the presence of expansile nod-
ules of tumor cells may expose a malignancy that 
otherwise would have been overlooked. The find-
ing of negative sentinel nodes can reassure the 
patient and family that despite the uncertainty the 
patient has been treated appropriately if the diag-
nosis is indeed melanoma.

 Surgical Management of the Sentinel 
Node-Positive Nodal Basin

The main aspects of managing of the pediatric 
melanoma patient with a positive sentinel lymph 
node are largely drawn from the adult literature. 

The standard of care is completion lymphadenec-
tomy (radical lymph node dissection) after the 
diagnosis of a positive sentinel node biopsy [123]. 
In adults, involved non-sentinel nodes are found 
in only 15–20% of lymphadenectomy patients 
[124–126]. In the pediatric population, there is 
limited data on the rates of non-sentinel node 
involvement, with one study even suggesting that 
it may be lower than in adults, while another sug-
gests that it is higher than in adults [111, 127].

The rates of lymphedema are lower for pediat-
ric patients undergoing radical lymphadenec-
tomy compared to adults. In our experience, the 
sensory neuropathy and numbness seen in the 
adult population after lymphadenectomy are 
rarely of lasting clinical significance in children. 
However, the infection risk of a radical lymph 
node dissection can be a problem, especially for 
younger patients who are more at risk for lifelong 
consequences. Conversely, teenagers and young 
adults may be noncompliant with the close fol-
low- up recommended for node-positive patients 
not undergoing completion lymphadenectomy. 
Thus, we recommend a completion lymphade-
nectomy on a case-by-case basis. For each 
patient, we consider the extent of tumor involve-
ment in the sentinel nodes, the number of sentinel 
nodes involved, the location of the positive senti-
nel node, the age of the child, the findings on the 
preoperative lymphoscintigraphy and the ability 
of the patient to be compliant with follow-up. For 
example, a young child may benefit greatly from 
even a few years of delay in performing a lymph-
adenectomy, which can decrease both the acute 
and late risks. Thus, in this case, we may defer a 
completion lymphadenectomy for a time in the 
future. Adolescents and older patients must be 
evaluated to ensure that they will be compliant 
with the follow-up schedule, which can last for 
years as they leave for college, employment, etc. 
Removing the regional nodes in a timely fashion 
(after a positive sentinel node biopsy) may be a 
preferred approach if long-term follow-up cannot 
be assured.

All patients with positive sentinel lymph 
nodes for whom completion lymph node dissec-
tion is deferred should undergo ultrasound sur-
veillance of the involved nodal basin at least two 
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to three times per year. This should continue over 
a period of 3–5 years, followed by a decreased 
frequency of every 6–12  months. They are 
advised to return promptly to clinic if they 
develop any signs or symptoms of a recurrence.

 Surgical Management 
of the Clinically Node-Positive Nodal 
Basin

Sentinel node biopsy can identify occult nodal 
metastasis and, in some cases, the management 
of patients with positive sentinel nodes can 
involve observation. However, the pediatric 
patient with clinically detected lymph node 
metastases should routinely undergo a radical 
lymphadenectomy of the involved nodal basin, 
unless there is evidence of distant metastatic dis-
ease. The same surgical principles used in adults 
to determine the extent of dissection are also uti-
lized in children. As in adults, the role of pelvic 
(“deep”) node dissection in patients with inguinal 
node-positive disease is inadequately defined. If 
the iliac or obturator nodes are deemed suspi-
cious for metastatic disease by pre-surgical radio-
graphic evaluation, the indication for 
lymphadenectomy is clear. However, deep 
lymphadenectomy should be considered for 
patients with numerous, large involved inguinal 
nodes, even in the absence of radiologic evidence 
of pelvic lymph node involvement. In adults, 
studies suggest that including the external iliac 
and obturator nodes with an inguinofemoral node 
dissection does not increase long-term morbidity 
[128, 129]. Our own experience in our practice in 
adults and children also supports this approach.

 Adjuvant Systemic Therapy

Systemic adjuvant therapy is commonly used in 
the adult population with high-risk disease. Due 
to the exclusion of children from most previous 
melanoma trials, as well as the relative rarity of 
pediatric melanoma, there is limited information 
regarding adjuvant systemic treatment in the 
pediatric melanoma population.

 Interferon α-2b
The best studied agent in pediatric melanoma is 
interferon α-2b, which is approved for use in the 
adjuvant treatment of adult node-positive mela-
noma [130]. Three single-institution studies have 
retrospectively evaluated the feasibility of using 
high-dose interferon α-2b in stage III resected pedi-
atric melanoma [131–133]. Pediatric patients toler-
ated the treatment well and needed fewer dose 
adjustments than adult patients. In one study of five 
stage III patients, two patients required dose modi-
fication in the induction phase, while two patients 
required dose modification in the maintenance 
phase due to abnormal liver function tests [133]. A 
prospective study of 15 patients with sentinel node-
positive melanoma underwent treatment with high-
dose interferon, with 8 initially diagnosed with 
atypical melanocytic neoplasms and subsequently 
reclassified as melanoma. All patients enrolled in 
the study were able to complete the initial induc-
tion phase, and only one patient was unable to 
complete the maintenance phase due to toxicity. 
Two of 15 patients developed recurrent disease 
during treatment. One underwent complete resec-
tion and one died of metastatic melanoma. A third 
patient developed metastases after treatment and 
succumbed to disease [132].

Because subcutaneous injection of interferon 
α-2b three times a week is inconvenient, particu-
larly in children, the pegylated interferon α-2b 
(peg-interferon) form may be a better option for 
children. It can be administered once a week [134–
136] and has a more favorable pharmacokinetic 
profile that is suitable for maintenance therapy 
[137]. A recent study of a hybrid interferon and 
peg-interferon regimen in children and adoles-
cents with resected high-risk melanoma confirmed 
that it was well tolerated. Of 23 patients on the 
trial, all patients completed induction therapy, 18 
patients completed all prescribed therapy, and only 
3 patients discontinued treatment due to toxicity. 
The quality-of-life scores showed an improvement 
after the intravenous component of the treatment 
(induction) was delivered [138]. Our preference in 
children with stage III melanoma, particularly 
before puberty, has been to utilize this hybrid 
approach with adjuvant interferon α-2b given IV 
for 1 month, followed by maintenance peg-inter-
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feron weekly for 12 months. However, the devel-
opment of newer adjuvant therapy regimens in 
adults has the potential to make all forms of inter-
feron adjuvant therapy obsolete.

 Alternative Adjuvant Regimen 
and Therapeutic Agents Under 
Evaluation
The side effects and duration of treatment for high-
dose interferon have led to the investigation of alter-
nate dosing regimens. SWOG S0008, an intergroup 
phase III randomized control trial, compared high-
dose interferon for 1 year to biochemotherapy given 
for only 9  weeks (dacarbazine, cisplatin, vinblas-
tine, interleukin-2, interferon, and granulocyte-
stimulating factor given every 21  days for three 
cycles). While the study primarily included adult 
patients, children aged 10 and older were eligible 
for enrollment. For all patients enrolled, there was a 
statistically significant improvement in median 
recurrence- free survival (4 years for patients receiv-
ing biochemotherapy vs. 1.9  years for high-dose 
interferon) and 5-year recurrence-free survival 
(48% vs. 39%). Overall survival, however, was not 
different between the two study arms [139]. Age-
specific results were not reported, but this study 
offers one alternative for postpubertal children 
unable to commit to a year of adjuvant therapy.

In recent years, there has been an explosion of 
new agents shown to improve survival in adults 
with metastatic melanoma, and older regimens 
like biochemotherapy and even interferon  have 
almost entirely been abandoned. New options for 
treating unresectable metastatic melanoma may 
be beneficial in the adjuvant setting in children as 
they have proven  to be  in adults. Ipilimumab, a 
human monoclonal antibody to cytotoxic T-cell 
lymphocyte antigen 4, has been investigated in the 
adjuvant setting for stage III melanoma and found 
to have a significant 5-year recurrence-free sur-
vival benefit of 40.8 vs. 30.3% when compared to 
observation alone. There was an improvement in 
5-year metastasis-free survival and overall sur-
vival, despite 53.3% of patients discontinuing 
treatment due to toxicity. However, there were a 
high number of grade 3 and 4 toxicities with ipili-
mumab, and 1.1% of patients in the ipilimumab 
arm died of immune-related adverse events [140]. 
The optimum dosing is currently being investi-

gated. E1609 (NCT01274338) compares high-
dose interferon to two doses of ipilimumab, the 
high-dose initial investigated in the adjuvant set-
ting, and a lower dose consistent with that 
approved for use in metastatic disease, and 
includes children aged 15 and older. This will 
likely provide the first opportunity to evaluate 
these newer agents in the adjuvant therapy of mel-
anoma in any portion of the pediatric population.

The use of anti-PD1 antibody therapy has par-
ticular promise in the adjuvant setting, given its 
lower toxicity and greater efficacy compared to 
ipilimumab [141]. Preliminary results of a ran-
domized trial in adult patients with stage III mela-
noma show that the anti-PD1 antibody, nivolumab, 
is less toxic and improves relapse- free survival 
compared to high-dose ipilimumab [142]. There 
is no information yet available about the impact of 
anti-PD1 adjuvant therapy on overall survival, 
and no anti-PD1 agent has yet been directly com-
pared to adjuvant interferon, although a clinical 
trial (S1404, NCT02506) has completed accrual. 
Most recently, randomized trials have shown the 
potential for targeted therapy with BRAF and 
MEK inhibitors (specifically dabrafenib and tra-
metinib) as adjuvant [143] and neoadjuvant (pre-
operative) therapy [144] for adults with stage III 
melanoma harboring a BRAF V600 mutation. 
Pediatric oncologists are gaining experience with 
these drugs in a variety of childhood malignancies 
[145], and the field of adolescent and young adult 
oncology has created new collaborations between 
medical oncologists and pediatric oncologists. 
Hence it is likely that these promising findings 
will be applied to selected younger patients with 
stage III pediatric melanoma. While ideally clini-
cal trials will be conducted in the pediatric popu-
lation, the promising adult data makes it likely 
that reports will emerge with BRAF/MEK inhibi-
tor cohorts being reported from larger volume 
centers.

 Metastatic Disease

 Systemic Therapy
Pediatric patients with metastatic melanoma 
should strongly consider enrollment in a clinical 
trial, as there is little knowledge about this 
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patient population in terms of efficacy and safety 
profile. Multiple trials in the adult stage IV mela-
noma population have shown an increase in sur-
vival with BRAF inhibitors (such as 
vemurafenib and dabrafenib), anti-PD1 antibod-
ies (such as pembrolizumab and nivolumab), and 
the anti-CTLA antibody ipilimumab. Knowledge 
of the BRAF mutational status is an important 
component on making treatment decisions for 
stage IV melanoma. BRAF mutations are more 
common in adolescent and young adults with 
conventional melanoma than the prepubertal 
cohort and the older adult melanoma population 
[146]. There are multiple case reports of vemu-
rafenib and other BRAF inhibitors being used in 
children for various malignancies (brain, thy-
roid, etc.) with known BRAF mutations with 
good response.

Melanomas in young children, especially 
those arising in congenital nevi, predominantly 
lack BRAF mutations, and hence cannot be 
treated with BRAF inhibitors [147]. A recent 
study evaluated the use of the MEK inhibitor tra-
metinib for four pediatric patients with NRAS 
mutated melanoma of the central nervous system 
(congenital nevus syndrome/neurocutaneous 
melanocytosis). There was a transient improve-
ment that lasted 1–9  months, but eventual pro-
gression and death in all these patients [37].

A Phase I trial of ipilimumab was conducted 
for pediatric patients with advanced solid tumors. 
Of 33 patients, 12 patients had melanoma. Dose- 
limiting toxicities were noted at 5 and 10 mg/kg. 
While there were no tumor responses observed, 
patients who developed immune-related toxici-
ties after receiving ipilimumab had an improved 
duration in overall survival [148]. Ipilimumab is 
currently the only FDA-approved agent for treat-
ing pediatric melanoma [149].

Other commercially available agents include 
pembrolizumab, nivolumab, dabrafenib, and 
cobimetinib. There is little published data regard-
ing the safety and efficacy of any of these agents 
in children under the age of 16. Recently, there 
was a case report involving a patient with con-
genital melanoma with widespread metastatic 
disease treated with nivolumab. The patient 
remains alive with stable disease after 1 year of 
therapy, which was well tolerated [150].

 Palliative Radiation
In the pediatric melanoma population, radiation 
therapy is reserved for the treatment of unresect-
able disease or the palliation of metastatic disease, 
particularly brain lesions. Newer radiation tech-
niques such as intensity-modulated radiation ther-
apy (IMRT), proton beam radiation, image 
guidance, and stereotactic radiation have yielded 
more conformal treatments and increased sparing 
of normal tissue. Case reports and retrospective 
studies of stereotactic and fractionated radiation in 
the pediatric population suggest that modern tech-
niques can be used safely in the pediatric popula-
tion [151, 152]. We suggest that radiation be used 
selectively as an effective method of palliation.

 Follow-Up

There are no specific follow-up recommenda-
tions available for pediatric melanoma patients. 
The National Comprehensive Cancer Center 
Guidelines for melanoma are typically followed. 
However, recurrences can occur more than 5 
years after diagnosis due to the long natural his-
tory of pediatric melanoma [56]. Moreover, early 
detection of recurrence may allow for surgical 
intervention and/or a more favorable treatment 
outcome. These patients are also at risk of devel-
oping another (second primary) melanoma. 
Seventeen percent of pediatric melanoma patients 
in one series  had another melanoma diagnosed 
within 10  years after initial diagnosis and 24% 
within 20 years after diagnosis [112]. Therefore, 
even beyond 5 years, these patients should con-
tinue to undergo annual examinations.

 Prognosis of Pediatric Melanoma 
Based on Stage of Disease

Stage of disease is the major factor in determining the 
overall survival in pediatric melanoma, just as in 
adults, with localized disease having a more favorable 
prognosis. The prognosis is likely better for pediatric 
melanoma patients diagnosed prior to puberty versus 
in adolescence, and for both groups, better than adults 
of a similar stage [40, 53, 109]. However, age is not 
included in current staging systems.
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 Stages I–II: Localized Disease

Early-stage, localized pediatric melanoma por-
tends an excellent prognosis, with multiple series 
reporting from 90 to 100% overall survival over 
10 years for stage I disease, 79 to 100% for stage 
II disease with a disease-free survival of more 
than 70%, and 77.4% overall survival at 20 years 
[11, 40, 112]. Ulceration, increase in tumor thick-
ness, and Clark level and nodular subtype are 
associated with a higher local recurrence and 
metastasis rate and a decreased overall survival, 
as in adult melanoma [114].

 Stage III: Regional Metastatic Disease

Metastatic disease to regional lymph nodes is asso-
ciated with decreased disease-free and overall sur-
vival in comparison to early-stage disease. A recent 
National Cancer Data Base analysis attempted to 
determine prognosis in prepubertal vs. postpubertal 
patients. In patients 10 years or younger, the prog-
nosis was equivalent regardless of lymph node 
involvement, but a positive lymph node was a neg-
ative prognostic factor in adolescents. While the 
study is subject to retrospective bias and potential 
inclusion of atypical neoplasms, it is consistent 
with prior data suggesting that prepubertal patients 
have a more favorable prognosis than adolescents 
and both do better than adults with similar staged 
disease [109]. The overall survival for stage III 
patients at 10 years was 70–77% [11, 40, 153].

 Stage IV: Distant Metastatic Disease

As in adults, distant metastasis in the pediatric 
population portends a poor prognosis, with 40% 
overall survival at 5 years and 0% at 10 years, as 
reported in a large registry series [11].

 Prognosis of Atypical Melanocytic 
Neoplasms

Atypical melanocytic neoplasms are diverse in 
terms of histology, molecular makeup, and per-

haps prognosis. The vast majority of patients 
with atypical melanocytic neoplasms have an 
excellent prognosis, yet deaths from melanoma 
have occurred in children whose initial lesion 
could not, even in retrospect, be definitely char-
acterized as malignant. Recurrent or metastatic 
disease is more common in atypical melanocytic 
neoplasms with ulceration, diameter >1  cm, 
extension into the subcutaneous tissue, and 
higher numbers of mitoses. Atypical lesions in 
postpubertal children are associated with 
increased risk of metastasis compared to younger 
children, just as with unequivocal melanoma 
[80]. Recent studies suggest that lesions with 
9p21 deletions and TERT promoter mutations 
have increased potential for recurrence and 
metastasis [77, 89, 92, 93]. The prognostic sig-
nificance of sentinel lymph node biopsy is con-
troversial (see Section “Indications for Sentinel 
Node Biopsy in Pediatric Atypical Melanocytic 
Neoplasms” above).

 Future Directions and Challenges

Knowledge of pediatric melanoma, its natural 
history and epidemiology, is limited by the rarity 
of the disease, incomplete data about the cases 
that do occur, and variations in diagnosis and 
diagnostic terminology. Most studies are from 
single-institution series with comparatively small 
patient numbers, although there has been one 
large registry study published [11]. The plethora 
of malignant, atypical, and benign nevi continues 
to be challenging to distinguish, but recent stud-
ies further characterizing lesions with metastatic 
potential are encouraging. Discovering mutations 
in melanoma and having available agents to tar-
get these mutations provide children who other-
wise would have had limited available treatments 
with potential options. However, for pediatric 
patients with unresectable or metastatic disease, 
access to clinical trials testing the latest therapeu-
tic agents is limited. This limits our understand-
ing of the safety profile of these medications as 
well as their efficacy in children. With greater 
national and international collaboration between 
institutions, prospective evaluation, clinical 
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trials, and discovery of tumor markers to assess 
metastatic potential as well as response to treat-
ment, we will be able to further elucidate the 
appropriate management and to develop age- 
specific guidelines for pediatric melanoma.
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Melanoma in Pregnancy

Joanna L. Walker, Annie Wang, 
George Kroumpouzos, and Martin A. Weinstock

 Melanocytic Nevi in Pregnancy

Melanocytic nevi should be monitored during 
pregnancy, and a biopsy performed for signifi-
cant change or features of malignant melanoma 
(MM) [1]. Historically, change in BMN pigmen-
tation during pregnancy was once considered to 
be a normal hormonally driven phenomenon. 
This hypothesis was derived from other 
pregnancy- induced pigmentary disorders, such 
as melasma and linea nigra, whereby sex hor-
mone signaling increases pigment production. 
However, no correlation between sex hormone 

signaling and pigmentation has been proven with 
BMN in pregnancy.

Melanocytic nevus enlargement and/or dark-
ening can occur during pregnancy, but the rate of 
malignant transformation of BMN is not increased 
according to histologic and clinical data [2]. 
While the natural course of BMN is not altered by 
pregnancy, dysplastic nevi (DN) in patients with 
dysplastic nevus syndrome (DNS) may have an 
increased risk for malignant change [3].

Evidence for pregnancy’s effect on DN comes 
from Ellis et al., examining 17 females with DNS 
where nevi were photographed and prospectively 
followed. The rate of change in nevi increased 
3.9-fold in pregnancy compared to the nonpreg-
nant state, with the risk of change in DN found to 
be 1.6 times higher [3]. One patient in the study 
developed MM during pregnancy [3]. Altered 
estrogen receptor (ER) expression in changing 
DN is a plausible mechanism for elevated rate of 
change during pregnancy. ERβ expression is 
higher in DN compared with BMN and expres-
sion correlates with the grade of atypia [2]. The 
ERβ receptor is upregulated in BMN, but not DN 
during pregnancy, and it appears to have protec-
tive antitumoral effects [2]. Interpretation of this 
data is difficult as ER signaling is complex, the 
effects of endogenous estrogen binding to ERβ on 
DN are unknown, and the newly identified G pro-
tein-coupled ER (GPER) has not been studied in 
DN. Further studies are needed to clarify the sig-
nificance of ER expression in melanocytic lesions 
and the natural course of DN in pregnancy.
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Mild histologic changes in melanocytic nevi 
may occur in pregnancy. A histopathologic 
review reported a slight increase in atypical his-
tologic features in nevi of pregnant patients, com-
pared with those of non-pregnant controls. The 
atypical findings were not of a sufficient degree 
to result in diagnostic confusion in distinguishing 
between benign nevus and MM [4]. Interestingly, 
the histologic features were no different com-
pared with male controls [4]. A smaller histologic 
study by Chan et  al. documented more mitotic 
figures and higher mitotic rates in nevi from preg-
nant patients compared with non-pregnant con-
trols, supporting a theory of higher “activation” 
of cells during pregnancy. They also described a 
distinctive morphologic pattern of clustered epi-
thelioid melanocytes in the superficial dermis 
that was more common in BMN from pregnant 
cases (81% vs. 27% of controls) [5] (Fig. 14.1).

Studies evaluating clinical and dermoscopic 
changes in nevi during pregnancy report either no 
change [6] or changes in size, pigment network, 
and/or vascular structures that return to normal 
within approximately 12 months postpartum [7–
9]. Physical stretching of the skin, increased vas-
cularity, and behavioral modifications such as 
reduced exposure to sunlight are postulated to 
contribute to pregnancy-associated changes in 
nevi [9]. BMN on the breasts and abdomen are 
more likely to change as tissue expands in these 
regions [7, 10, 11]. Growth in diameter is less 
common on areas such as the back, occurring in 
0–9.5% of BMN between the first and third tri-
mester [12, 13].

Pregnancy-associated dermoscopic changes 
include lightening or darkening of pigment, 
reduced thickness and prominence of pigment 
network, peripheral pigment globules, and 
increased vascularity (increased dotted or comma-
shaped vascular structures) [6–9, 11, 12]. A der-
moscopic scoring system for BMN change during 
pregnancy has documented minimal, but statisti-
cally significant, change occurring in ~10–19% of 
nevi [7, 8, 12] (Table 14.1.).

Traditional dermoscopic criteria for dyspla-
sia such as asymmetry, irregular pigment net-
work, and blue-white veil should not be 
attributed to physiologic gestational changes 
[9]. Clinically suspicious lesions should always 
warrant a biopsy to obtain a pathologic diagno-
sis, performed in the same manner as a non-
pregnant patient. Excision of a dysplastic nevus 
with severe cytologic atypia may be safely 
postponed until postpartum. However, there 
may be certain circumstances whereby an 
immediate re-excision may be considered [14] 
(Fig. 14.2).

Fig. 14.1 Nevus on the left breast that enlarged, became 
lighter, and more raised during pregnancy. Pathology 
showed moderate melanocytic atypia with expansile dermal 
nest and elevated Ki67 expression (5%) on dermal melano-
cytes. No atypia or signs of proliferation were present on the 
residual lesion that was excised 9 months post-partum

Table 14.1. Pregnancy-associated dermoscopic changes 
in melanocytic nevi

Lightened or darkened pigment
Reduced pigment network prominence
Peripheral pigment globules
Increased vascular structures

J. L. Walker et al.
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 MM in Pregnancy

 Introduction

MM is the most common malignancy in preg-
nancy, accounting for 24–33% of all malignan-
cies diagnosed during pregnancy in Swedish, 
Norwegian, and Australian population studies 
[15–18]. One-third of MMs affecting women 
occur during childbearing age [15, 16] and 
3.3–11.8% of cases in this group are associated 
with pregnancy [18, 19]. Approximately 8% of 
all MM diagnoses occur during pregnancy 
[20]. PAMM incidence is rising due to the 
increasing incidence of MM in younger 
females and trends in the delay in childbearing 
[18, 21–23]. The incidence of PAMM in 
Australia increased from 37.1 to 51.84 per 
100,000 maternities between 1994 and 2008, 

with maternal age accounting for the differ-
ence in cases [24].

The conventional definition of pregnancy- 
associated cancer is a diagnosis occurring during 
pregnancy through 1-year postpartum. While the 
definition of PAMM in the literature varies from 
inclusion of pregnancy only and/or 1–5  years 
postpartum, the definition of PAMM here 
includes the diagnosis during pregnancy and up 
to 1 year after delivery.

 Pathophysiology
Pregnancy-induced changes in the immune 
milieu, hormone levels, metabolic activity, lym-
phangiogenesis, and fetal cell microchimerism 
underlie theories for altered tumor and host 
behavior in PAMM. Evidence of poorer outcome 
in pregnant mice with MM stimulates efforts to 

Pregnancy-associated
Melanocytic Nevi

Close clinical monitoring during partum and postpartum
periods for individuals with elevated risk of MM (i.e.

personal history of MM, family history of MM, personal
history of dysplastic nevi)

Reassuring/Normal
Features

Clinical and dermoscopic analysis of
changing, new or clinically atypical nevi

Benign Nevus

Biopsy and Pathologic
Analysis

Continue
clinical

monitoring

Concerning dermoscopic or clinical features, or
documented change

Patient and obstetric provider screen for
new/changing/atypical nevi during routine

obstetric evaluations

Re-excision in
some settings, i.e.

severe atypia

No intervention, 
monitor clinically

Malignant Melanoma

Proceed with MM
management

Fig. 14.2 Pregnancy-associated MM
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identify potential pathogenic mechanisms [25]. 
The interplay of various pregnancy-specific 
changes is complex, with some factors having a 
seemingly protective role against MM and others 
associated with increased risk (Table 14.2).

The immune milieu in pregnancy shifts toward 
a T-helper cell 2 (Th2)-dominant phenotype with 
increased cellular tolerance and relative immuno-
suppression. Cancer cells and fetal trophoblast 
cells survive through biologic mechanisms that 
promote “immune escape” via natural killer and 
regulatory T cells [26]. Human leukocyte antigen 
(HLA)-G expression suppresses immune surveil-
lance via dampened response against tumor anti-
gens and sustains immune tolerance by inducing 
CD4+ lymphocyte differentiation into regulatory T 
cells (Tregs). Tregs and trophoblast expression of 
HLA-G prevent maternal rejection of the semi- 
allogeneic fetus. In a similar manner, cancer cells 
alter the local immune response through these 
pathways to allow tumor progression [27]. In fact, 
increased Treg cells correlate with a worse out-
come in metastatic MM [28]. It is unknown whether 
the trophoblast alteration in Tregs affects surveil-
lance and response to MM and evidence of sup-
pressed immune response to PAMM is lacking. In 
fact, increased peri-tumoral lymphocytic infiltrates 
are seen in PAMM compared with non- PAMM 
tumors [29]. The prognostic implications of the 
inflammatory reaction in this setting are unknown.

The effects of sex hormones on the develop-
ment and outcome of MM are varied and poorly 
understood. Female gender and multiparity are 
associated with improved MM survival and MM 

outcomes in some studies [24, 29–31]. An 
Australian population-based study reported a 
40% decreased risk of PAMM in females with at 
least three prior pregnancies compared with nul-
liparous females [24]. However, the association 
between parity and decreased MM risk has been 
shown for both male and female genders, sug-
gesting environmental over hormonal or biologic 
factors [32].

MM cells have estrogen receptors [33, 34] but 
it is unclear whether it is a “hormone-responsive” 
tumor. Some theorize that elevated estrogen lev-
els have a detrimental effect on MM outcome, but 
recent data suggests that estrogen signaling on 
tumor cells is more complex than initially 
thought, and possibly could even have favorable 
effects. Additionally, treatment of metastatic MM 
with the antiestrogen drug, tamoxifen, does not 
seem to affect outcome [35, 36].

Estrogen receptors are expressed differently in 
PAMM. There is higher expression of G protein- 
coupled estrogen receptor (GPER) in PAMM 
compared with non-PAMM (78% vs. 28%) and 
in most of these cases ERβ is co-expressed [34]. 
GPER and ERβ co-expression correlates with 
favorable pathologic prognostic features such as 
lower Breslow’s depth, fewer mitoses, increased 
peri-tumoral lymphocytic infiltrates, and a 
decreased risk of metastasis [34]. Loss of ERβ 
expression promotes tumorigenesis [34, 37].

Pregnancy is well known to represent a state 
of increased metabolic activity, with some stud-
ies showing an increased mitotic activity in 
tumors associated with pregnancy [5]. However, 
several studies analyzing mitotic rate and immu-
nohistochemical markers for PAMM tumors do 
not show increased tumor proliferation rates [29, 
38]. Pregnancy-associated plasma protein-A 
(PAPPA) is a metalloproteinase that influences 
insulin growth factor and tumor transition from 
the epidermis to the mesenchyme. The serum lev-
els of PAPPA are increased in pregnancy, sug-
gesting that increased levels can correlate with 
increased MM cell migration and worse survival, 
particularly for advanced-stage MM [39].

The most compelling data on pregnancy’s role 
in the pathogenesis of MM relates to recent data 
on the increased lymphangiogenesis and fetal 

Table 14.2 Potential factors in pathophysiology and out-
come in PAMMa

Protective Increased peri-tumoral 
inflammation

Unclear/mixed 
effect on outcome

Female hormone levels
Estrogen receptor expression on 
tumor cells
Fetal cell microchimerism

Unfavorable Increased lymphangiogenesis
Reduced cellular immunity/
increased tumor tolerance
Increased metabolic activity

aFurther research is needed to clarify the role of these fac-
tors in PAMM

J. L. Walker et al.
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microchimeric cells. Pregnant mice with MM 
were shown to have larger tumors, increased 
metastases, and poorer survival as well as 
increased lymphatic vessels compared with non-
pregnant controls [25, 40, 44]. Increased lym-
phatic vessel size and lymphatic intra-tumoral 
area were also documented in MMs from human 
pregnant individuals, with no increase in blood 
vessel angiogenesis [25, 40]. Prior studies 
increased MM tumor lymphangiogenesis with an 
increased risk for lymph node invasion and a 
higher hazards ratio of 5.5 of finding a sentinel 
lymph node with metastatic disease [41, 42]. 
While the mouse model showing increased lym-
phangiogenesis is more representative of 
advanced MM, the potential correlation between 
poorer outcomes associated with pregnancy 
requires further exploration.

A study evaluating fetal cell microchimerism 
(FCM) provided a potential mechanism for MM 
tumor lymphatic formation unique to pregnancy. 
FCM is the phenomenon whereby fetal cells enter 
the maternal circulation, persist, and act as pro-
genitor cells that may differentiate into other cell 
lines, particularly in the setting of damaged tissue. 
The role of FCM in cancer is quite complex and in 
many studies they appear to have a protective 
effect for the mother [43]. In the case of MM, 
such cells are found in the majority of tumors in 
pregnant mice and humans, often expressing 
endothelial cell markers. In fact, they were found 

to cluster in the form of vessels in some instances, 
leading the authors to hypothesize that fetal-
derived lymphatic progenitor cells acquired dur-
ing gestation lead to increased MM-associated 
lymphatics [44]. Further studies are required to 
explore these concepts further and evaluate poten-
tial clinical impact for these findings.

 Outcomes and Prognosis

 Maternal Risks
There is insufficient evidence to determine if 
pregnancy affects MM prognosis and an overall 
consensus is lacking. Historically, the prevailing 
view was that PAMM portended worse outcomes 
based on several case series in the 1950s–1990s 
[45–48]. Subsequently, some controlled studies 
have disproven this belief, while others continue 
to show poorer outcomes in this population. 
Variability in the definition of PAMM compli-
cates the interpretation of results, as studies 
include MM cases ranging from diagnosis 1 year 
prior to pregnancy, and during pregnancy only, to 
inclusion of diagnosis 2 or more years following 
pregnancy. Further analysis of several studies has 
shown a wide variation in applied statistical 
methods, as well as a lack of other confounding 
factors such as staging, tumor thickness, and ana-
tomic location. Table 14.3 summarizes research 
findings on PAMM’s influence on prognosis.

Table 14.3 Studies on prognosis of melanoma arising in pregnancya

First author, 
publication year

Study design and country: pregnant cases 
(stage) Findings

Pregnancy has no effect on prognosis
Jones et al. 
2017 [20]

Prospective hospital-based cohort No difference in stage, recurrence, disease-free 
interval, melanoma-specific survival, or overall 
survival

United States
156 cases (stages 0–III)
Complete dataset, controlled analyses

Johansson 
et al. 2014 [57] 
(extension of 
Lens et al. 
2004 [55])

Retrospective population- based cohort No difference in MSS or OS between cases and 
controls (HR 1.05 CI 0.81–1.36)Sweden

1019 cases (include pregnancy and 2 years 
postpartum; 247 during pregnancy) staging 
data available in 59%, mostly early stage

Sub-analysis with non-significant ↓ mortality in 
pregnant cases (HR 0.79, CI 0.44–1.41)

O’Meara et al. 
2005 [56]

Retrospective population- based cohort No difference in stage, tumor thickness, or 
prognosis (HR for death 0.79, p = .57)United States

412 cases; MM diagnosed during or within 
1 year of pregnancy (all stages, but survival 
analysis limited to localized disease)

(continued)
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First author, 
publication year

Study design and country: pregnant cases 
(stage) Findings

Daryanani 
et al. 2003 [60]

Retrospective clinic-based cohort Pregnancy does not affect survival
The Netherlands Non-significant ↑ tumor thickness in pregnancy
46 cases (stage I/II)

Travers et al. 
1995 [61]

Retrospective clinic-based cohort Trend toward better survival in pregnant MM pts 
(p = .08)United States
↑ thickness in tumors in PAMM45 cases in pregnancy or 1 year postpartum 

(stage “clinically localized”)
MacKie et al. 
1991b [92]

Retrospective clinic-based cohort No effect on DFI or survival after correcting for 
tumor thicknessUnited Kingdom

92 cases (stage I/II MM)
Wong et al. 
1989 [62]

Retrospective clinic-based cohort No differences in tumor location, histologic 
features, and 5-year survival between groupsUnited States

66 cases (stage I MM)
Adverse effect of pregnancy on prognosis
Kyrgidis et al. 
2017 [49]

Meta-analysis ↑ Risk of mortality (HR 1.17 CI 1.03–1.33), ↓ 
OSPooled data from 14 studies
↓ DFS (HR 1.50 CI 1.19–1.90)

Byrom et al. 
2015 [51]

Meta-analysis ↑ Risk of melanoma death (HR 1.56 CI 
1.23–1.99)Pooled data from 4 studies (Lens, Mackie, 

Stensheim, Moller) Addition of Tellez study increases HR to 1.64 
(53)
Repeat analysis with exclusion of Moller and 
other adjustments show HR non-significantly 
elevated [52]

Tellez et al. 
2015 [63]

Retrospective hospital-based cohort 5.1 ↑ odds of death (p = .03), 6.7 ↑ odds of 
metastasis (p = .01), 9.2 ↑ odds of local 
recurrence (p = .01)
Discrepancies in staging, criticism for methods 
[65, 66]

United States
41 cases (all stages, mostly stage I/II) during 
or within 1 year of preg (19 during preg)

Moller et al. 
2013 [58]

Retrospective population- based cohort ↑ risk of death (HR 1.92 CI 1.42–3.01)
Study designUnited Kingdom

306 cases (all stages) diagnosis during 1 year 
postpartum only (no cases during 
pregnancy); stage available for 72%

examined the effect of recent childbirth on 
outcome, did not examine MM during pregnancy

Stensheim 
et al.2008 [16]

Retrospective population- based cohort ↑ risk of cause- specific death (HR 1.52, CI 
1.01–2.31); no longer significant when adjusted 
for tumor location. No difference in survival

Norway
160 cases (stage not stated; Breslow’s depth 
available for 55%)

Slingluff et al. 
1989 [48] 
(extension of 
Reintgen et al. 
1985 [70])

Retrospective clinic-based cohort Thicker MMs (p = .05), ↑ metastatic disease 
(p = .008) but no difference in OS between 
groups (Slingluff)

United States
100 cases (all stages, but 98% with stage I/II)

↓ DFI in pts compared to controls (p = .04); no 
difference in OS (Reintgen)

Trapeznikov 
et al. 1989 [64]

Russia ↓ 10-year survival in pts compared to controls 
(p < .05)102 cases (all stages)

HR hazard ratio, DFI disease-free interval, DFS disease- free survival, MSS melanoma-specific survival, OS overall 
survival, MM malignant melanoma, pts patients, preg pregnancy, ↑ increased, and ↓ decreased
Table is substantially modified from Tierney E, Krounpouzos G, Rogers G. Skin Tumors. In: Kroumpouzos G, editor. 
Text Atlas of Obstretric Dermatology. Philadelphia: Lippincott Williams & Wilkins Publishers. 2013; 141–151
aTable includes only studies of ≥40 patients
b143 completed pregnancy before MM; 85 diagnosed/treated before pregnancy; 68 diagnosed between pregnancies

Table 14.3 (continued)
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Recent meta-analyses suggest increased mor-
tality for PAMM, but the results are controver-
sial based on differences in inclusion criteria, 
methods of statistical analyses, and poor quality 
of evidence in included studies such as retro-
spective case–control study design, incomplete 
data that lacks confounding factors, and incon-
sistent definition and analysis of outcomes [49–
54]. Mortality is increased by 17% and recurrence 
by 50% in PAMM according to a meta-analysis 
by Kyrgidis et al. Sensitivity analyses addressed 
the heterogeneity in case definition, study 
design, and ability to control for stage and tumor 
depth, and the effect of PAMM on mortality 
remained. However, the overall grade for the 
quality of evidence was too low to have confi-
dence in the estimate according to the author’s 
analysis [49].

A meta-analysis by Byrom et  al. showed a 
56% increase in the mortality risk for PAMM and 
a hazards ratio of 1.64 [51, 53]. The study design 
and analysis were criticized for selection bias and 
improperly utilized statistical methods that 
included the pooling of the hazard ratio out-
comes. In addition, the study with the greatest 
weight in the analysis included cases during post-
partum only, evaluating the effect of recent child-
birth on MM outcome as opposed to the other 
studies evaluating MM during pregnancy. When 
the results are recalculated according to alterna-
tive definitions and inclusion criteria, the adverse 
survival outcome is no longer found to be statisti-
cally significant [52, 54].

Population-based cohort studies are the 
highest level of evidence available for PAMM. 
Most of the available evidence shows no wors-
ened  survival for PAMM, but some results are 
conflicting and pertinent confounding factors, 
such as staging data, are missing in some of the 
larger studies [55–58]. In addition to the 
 population-based cohort studies with largely neg-
ative results, several single-institution cohort and 
case–control studies on localized PAMM fail to 
show that pregnancy has any adverse influence on 
outcomes [20, 38, 59–62]. Conversely, others 
demonstrate poorer survival and outcomes for 
PAMM [63, 64], but again the utilized methods 
and statistical analyses have been questioned [65, 

66]. Increased gravity at diagnosis was associated 
with worse survival in early-stage PAMM in one 
study [20]. This finding was not noted in stage III 
disease, and overall pregnancy did not portend 
worse outcome or survival in that study [20].

The effect of pregnancy on stage III and IV 
malignant melanoma is unclear, as controlled 
studies lack adequate numbers of advanced MMs 
in pregnancy. Two retrospective case series sum-
marize outcomes for a total of 52 stage III and IV 
PAMMs, but interpretation is difficult without a 
comparison group [67, 68]. Theoretically, several 
behavioral and biologic mechanisms negatively 
affect late-stage PAMM outcomes. With the 
advent of effective systemic therapies that lack 
safety data in pregnancy, there is the risk for sub-
standard and delayed care in late-stage PAMM 
[48, 56]. Additionally, the mechanisms of 
increased lymphangiogenesis during pregnancy 
are more likely to be impactful with invasive 
tumors.

Delay in diagnosis during pregnancy can 
cause an increase in postpartum MM diagnoses, 
i.e., a “rebound effect” in incidence, later stage 
disease, and poorer outcome [15, 17]. Diagnostic 
delay likely explains the increased tumor thick-
ness of PAMM compared with controls in some 
studies [24, 48, 61, 69, 70] and accounts for some 
trends showing decreased survival in 
PAMM. Alternatively, increased tumor depth in 
PAMM could be interpreted as more aggressive 
disease associated with pregnancy, but the major-
ity of studies do not find pregnancy as an adverse 
prognostic factor in MM when tumor depth and 
stage are controlled. In fact, PAMM cases were 
actually diagnosed at an earlier stage in a study 
involving patients under close surveillance in a 
pigmented lesion clinic [38].

Several adverse maternal effects have been 
reported for pregnancy-associated cancers 
including increased hospitalizations, cesarean 
section delivery, sepsis, thromboembolic events, 
and severe maternal morbidity [17]. However, 
studies with separate analyses for PAMM indi-
cate that the incidence of thromboembolic events 
is not increased [71], and the risk of hospitaliza-
tion is lower in MM compared with that of other 
pregnancy-associated cancers [72]. Potential 
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PAMM complications and maternal risks include 
those relevant to MM treatment, late-stage dis-
ease, and emotional stress.

 Fetal Risks
While the majority of research focuses on mater-
nal health risks for PAMM, few studies analyze 
potential adverse fetal effects. The risk for cesar-
ean delivery and planned preterm birth are ele-
vated in pregnancy-associated cancers and 
PAMM [17]. Prematurity is the most common 
fetal adverse outcome associated with PAMM, 
typically iatrogenic, and much more common in 
advanced-stage MM (occurring in 56% of stage 
III/IV cases) [67, 68]. Whether MM diagnosis 
during pregnancy affects infant birth weight is 
unclear. PAMM was associated with large-for- 
gestational age (LGA) newborns in one study 
[17] and lower mean birth weight in another [73], 
and two population studies showed no influence 
on birth weight [56, 74].

Adverse fetal effects are more likely to occur 
from the diagnostic and therapeutic interven-
tions, particularly in stage III and IV MM.  A 
recent report included cases treated with surgery, 
lymph node biopsy (11 cases), lymph node dis-
sections (10 cases), radiation (3 cases), and che-
motherapy (1 case) during pregnancy,  showing 
uneventful adverse newborn outcomes [68]. In a 
retrospective review of 22 stage III and IV PAMM 
cases at a single institution, there were no neona-
tal deformities or severe fetal complications 
noted, except for one spontaneous abortion 
occurring after a lymph node dissection in the 
first trimester [67].

The fetal risk is most clearly defined for 
advanced-stage MM when there is a substantial 
risk for placental and fetal metastasis; fortu-
nately, this is a rare occurrence. MM is the most 
common type of pregnancy-related cancer that 
also metastasizes to the placenta and fetus. Forty 
to 58% of all metastatic cancers to the fetus are 
due to MM [75–77]. One review highlighted that 
in all cases of fetal metastasis, microscopic evi-
dence of metastatic MM was found in all placen-
tas, and all mothers had visceral metastases 
(stage IV) [75]. In a separate study, 87 cases of 
maternal MM were reviewed, of which 17% (15 

of 87 patients) had placental involvement, but 
only 40% of those (6 of the 15 patients) were 
found to have fetal metastasis [77]. On average, 
cases of metastatic MM presented in the fetus 
around 4.5  months post-partum  (range: 0 to 
20 months). The most common sites of metasta-
sis were the liver and subcutaneous tissues [77].

 Management

There are no NCCN guidelines for MM in preg-
nancy. The current standard of care is to manage 
melanocytic lesions in pregnant females just as 
one would in nonpregnant females. Once a histo-
pathologic confirmation of MM is made, staging 
and prognostication, including evaluation of 
maternal and fetal risks from diagnostic proce-
dures, surgery and systemic chemotherapy, tar-
geted therapy, and immunotherapy, should be 
performed. When imaging is required for stag-
ing, modalities using ionizing radiation should be 
avoided whenever possible. Magnetic resonance 
imaging (MRI) is a diagnostic tool to be used 
when other nonionizing diagnostic procedures 
such as ultrasound are deemed inadequate. MRI 
is safe for both mother and fetus in the second 
and third trimesters, but its use in the first trimes-
ter is typically reserved for clinically imperative 
cases [78] (Fig. 14.3).

 Treatment

The surgical management of MM is the same for 
pregnant women as it is for nonpregnant women. 
Biopsies of suspicious lesions should not be 
delayed. Local anesthesia, with the minimum 
necessary amount of lidocaine 1% (pregnancy 
category B), for shave, punch, or excisional 
biopsy, ensures prompt diagnosis and carries 
minimal risks to mother and fetus. Subsequent 
re-excision of MM lesions with appropriate wide 
margins based on tumor Breslow’s depth is rec-
ommended for all localized MM and should not 
be postponed.

In thicker lesions (>0.8 mm Breslow’s thick-
ness) and tumor stage ≥T1b, the sentinel lymph 
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node biopsy (SLNB) is a powerful prognostic test 
[77], which is useful for staging but has no impact 
on MM survival. There is no evidence-based 
guidance regarding the role and timing of SLNB 
in pregnancy, and therefore SLNB should be dis-
cussed on an individual basis, ideally within the 
confines of a comprehensive cancer center that 
specializes in the multidisciplinary management 
of melanoma. Radiopharmaceuticals with a short 
half-life, such as preoperative  intradermal tech-
netium-99  m- sulfur colloid, deliver <5  mGy of 
radiation and have not been associated with any 
maternal or fetal adverse effects [79]. The use of 
radiocolloid alone for SLNB, without blue dye, is 
recommended to prevent potential complications, 
such as anaphylactic reactions [14, 80]. Some 
authors suggest postponing SLNB until after 
delivery for pregnant patients with a perceived 
low risk for nodal involvement (stage T1b to 
T2b) [81]. For patients without advance disease, 
premature delivery should be avoided [68].

For stage III/IV disease, the benefits versus 
potential maternal and fetal risks of staging and 
treatment should be weighed [82]. Indications for 
complete lymph node or  therapeutic lymph node 
dissection in regional metastatic MM (stage III) 
are the same as for a nonpregnant patient. If 
advanced-stage MM is diagnosed in the first tri-
mester, termination of pregnancy may be offered. 
However, there is no specific guideline for this 
since it is unknown if pregnancy affects the out-
come of MM in the mother [82], and the risk for 
fetal metastasis is very low.

The need for imaging and systemic therapies 
that pose fetal risk must also be considered. For 
the patients needing systemic therapy or radia-
tion, premature induction of delivery at 34 weeks 
prior to the initiation of therapy can be consid-
ered [83]. However, this decision will depend on 
several factors, including the specific therapy’s 
risk for fetal harm compared with the dangers of 
delayed treatment of MM.

Pregnancy-associated MM

T1a T1b or T2 T3 or T4

>34 weeks’
gestation

Benefits versus potential maternal and
fetal risks and timing of interventions

should be weighed

Wide local excision
&

Consider SLNB*

*the sentinel lymph node biopsy (SLNB) remains the most powerful prognostic factor for
melanoma.39 There is no evidence-based guidance regarding the role of SLNB in pregnancy.  SLNB in
pregnancy has not been proven to be beneficial for survival from melanoma, and therefore, SLNB
should be discussed on an individual basis, ideally in an expert multidisciplinary setting

Consider
postponing SLNB

until after
delivery

If low risk
for nodal

involvement
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gestation
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offering
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pregnancy
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May consider premature
induction of labor between

34-38 weeks gestation
prior to systemic

targeted/immunotherapy,
surgery or radiation

Wide local
excision

under local
anesthesia 

If high risk
for nodal

involvement

Consider SLNB

Fetal and placental
examination for
metastasis  if

delivered

Positive

MRI±PET;
Discuss options (i.e. surgery,

systemic
targeted/immunotherapy,

radiation

<34 weeks’
gestation

Wide local excision,
SLNB*, MRI±PET;

Discuss options
(i.e. surgery,

targeted/immunot
herapy, radiation)

Fig. 14.3 Pregnancy-associated melanocytic nevi
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There is scarce safety data for adjuvant and 
newer targeted or immunomodulatory therapy 
(such as interferon-α, BRAF inhibitors, MEK 
inhibitors, anti-CTLA-4 monoclonal antibodies, 
or PD1 inhibitors) during pregnancy. One report 
of vemurafenib use in pregnancy resulted in pre-
mature cesarean delivery for fetal distress but, 
fortunately, did not result in any fetal malforma-
tions [84]. Ipilimumab, an anti-CTLA-4 anti-
body, is known to cross the placenta and has 
been associated with urogenital tract malforma-
tions, miscarriages, stillbirths, premature births, 
and neonatal death in monkeys [85]. The anti-
PD1 antibodies (nivolumab and pembroli-
zumab) have resulted in fetal loss, but no 
increase in birth defects in animal studies [86]. 
There is no safety data in human pregnancy; 
therefore, the use of such medications should be 
restricted to experienced practitioners after 
extensive discussion and evaluation of the 
potential risks and benefits on a case-by-case 
basis [87].

 Fetal Metastasis

Since melanoma may metastasize to the placenta 
and the fetus [75–77], gross and microscopic 
evaluation of the placenta postpartum is recom-
mended. This is performed with immunohisto-
chemical staining for MM antigens in all stage IV 
metastatic melanoma patients [77]. In neonates 
without metastases at birth, careful evaluation 
and monitoring for the next 24 months are rec-
ommended, including periodic evaluation at 
wellness checks with full body examination of 
the skin. Baseline chest X-ray and liver enzymes, 
including lactate dehydrogenase, every 6 months, 
are also advocated by some experts [77].

 Counseling

Preconception counseling for women with a his-
tory of MM and a desire to conceive can be a dif-
ficult discussion for healthcare providers. There 
are no evidence-based guidelines regarding preg-
nancy after a diagnosis of MM [87]. Discussion 

points include patient prognosis and maternal/
fetal risks should recurrence occur during preg-
nancy. If chemotherapy or immunotherapy were 
used, their potential effects on fertility should be 
acknowledged. Overall, fertility and pregnancy 
rates are decreased in cancer survivors.

However, MM may be an exception, as post- 
cancer pregnancy rates do not appear to be 
adversely affected in women with a prior MM 
[88]. Additionally, fetal adverse outcomes such 
as congenital abnormalities, stillbirth, low birth 
weight, and preterm birth are not increased for 
gestations occurring after a diagnosis of MM [73, 
74]. There is no evidence to suggest that a post- 
cancer pregnancy worsens outcomes or progno-
sis in females with treated MM [16, 30, 89, 90]. 
Several reviews have failed to show an increase 
in MM recurrence, or a decrease in survival, 
associated with pregnancy after a diagnosis of 
MM.  This data is predominantly derived from 
patients with stage I/II MM and a detrimental 
effect for those with a higher stage MM diagnosis 
cannot be ruled out [89–91].

Tumor thickness remains the single most 
important predictor of recurrence. MacKie et al. 
documented a <10% 5-year MM recurrence rate 
in tumors <1.5 mm thickness, as compared with a 
30% 5-year mortality risk for tumors 1.5–3.5 mm 
in Breslow’s depth [92]. Tumors thicker than 
3.5  mm had >50% mortality [92]. The same 
authors also showed that 83% of recurrence in 
stage II occurred within 2  years of the initial 
treatment [92]. Based on this data, the authors 
proposed waiting 2  years after surgery before 
becoming pregnant.

Schwartz et al. supported the 2-year wait for 
thinner MMs, and also recommended waiting 
3–5 years for thicker lesions [14]. In a retrospec-
tive review of 22 cases of stage III and IV PAMM, 
the median time between primary melanoma and 
regional or distant disease occurring during preg-
nancy was 16 months, with a range of 0–10 years 
[67]. In general, however, a waiting period prior 
to becoming pregnant is not shown to alter out-
comes. Recommendations should be made on a 
case-by-case basis after weighing the risks and 
benefits of recurrence risk with the age of the 
patient and eagerness to conceive.
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It is worth noting that there is no evidence that 
oral contraceptives or hormone replacement ther-
apies have any role in the natural history of 
MM.  The decision to use either of the above 
should be based on a thorough evaluation of 
health and familial risk factors beyond that of a 
MM history [93–96].

 Conclusions

Controversy remains regarding the effect of 
pregnancy on MM outcomes, especially for 
stage III and IV, but it is clear that early diag-
nosis and treatment are imperative to improve 
outcomes. This requires countering former 
assumptions regarding the normalcy of 
changing pigmented lesions during preg-
nancy, with prompt biopsy of changing or 
worrisome lesions. Future studies are neces-
sary to clarify the role of pregnancy in MM 
prognostication. In general, treatment for 
PAMM should be according to standard 
guidelines, but in some cases consideration 
for fetal and maternal health may individual-
ize the timing and course of staging and 
therapy.
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Mucosal Melanoma

Lauge Hjorth Mikkelsen and Steffen Heegaard

 Introduction

Malignant melanoma in mucosal membranes is 
an aggressive and extremely rare disease compris-
ing approximately 0.03% of all cancers and 1.3% 
of all melanomas (Table  15.1) [1, 2]. In recent 
years, cutaneous melanoma has been studied in 
detail, but due to its rarity, mucosal melanoma is 
poorly described in the literature [2–6]. The pres-
ent literature often relies on retrospective investi-
gations and the level of evidence is generally low. 
The epidemiology, etiology, pathogenesis, and 
prognostic factors remain largely unknown, with 
no established consensus on appropriate guide-
lines for either diagnosis or treatment [3–6].

Mucosal melanomas can occur in all mucosal 
membranes in the body, including the conjunctiva 
[3]. Apart from conjunctival melanoma, most 
mucosal melanomas appear in occult locations, 
and symptoms arise in an advanced stage of dis-
ease where lymph node involvement or distant 
metastases are often present [3–5]. Distant metas-
tasis frequently occurs in the lungs, liver, and bones 
[3, 5]. The treatment of choice is surgery, but unfor-
tunately long-term survival is still quite difficult to 
achieve [3, 4]. Furthermore, the clinical diagnosis 

is often delayed due to the fact that many mucosal 
melanomas are amelanotic and pathologists seem 
to be relatively unaware of the diagnosis at these 
uncommon locations [3, 4]. All of these factors 
make mucosal melanoma management exceed-
ingly challenging, and novel treatment modalities 
along with detailed clinical and pathological guide-
lines are needed in order to improve the prognosis 
and long-term outcome [2–7]. In this chapter, we 
describe mucosal melanomas as a specific disease 
entity with special focus on etiology and manage-
ment. Although a large part of the vulva is consid-
ered modified skin and not true mucosa, vulvar 
melanoma is also discussed in this chapter.

 Epidemiology and Demographics

Conjunctival melanomas along with sinonasal 
melanomas represent the most frequently occur-
ring mucosal melanomas, each having an inci-
dence of approximately 0.5 per million/year [3, 
8–10]. A recent study reported an incidence for 
sinonasal melanoma of 0.9 per million/year in the 
Danish population [11]. Anorectal melanomas 
have an incidence of approximately 0.4 per mil-
lion/year, while melanoma in the oral cavity and 
in the vagina has an annual incidence of 0.2 per 
million/year [3, 7, 9, 12]. Melanoma is the sec-
ond most common malignant vulvar disease after 
squamous cell carcinoma, and it appears in 
approximately 0.2/100,000/year [7]. Smaller 
series and case studies have reported melanoma 
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in numerous other mucosal membranes, but clear 
incidence rates of these sites are not available [3]. 
While the incidence of cutaneous melanomas is 
rapidly increasing, the incidence of mucosal mel-
anomas has been considered stable [3, 5, 13, 14]. 
However, while the incidence of conjunctival 
melanoma in the Danish population was found to 
be stable in the period from 1943 to 1997 [15], 
recent studies from Finland, Sweden, and 
Denmark have reported an increasing frequency 
in these countries [14, 16, 17].

Additionally, the incidence of sinonasal mela-
noma in the Swedish population has also been 
found to be increasing in the period from 1960 to 
2000 [13]. Furthermore, a recent study has shown 
the incidence of anorectal melanoma to be 
increasing in the American population [18]. 
Overall, slightly more women seem to be 
affected, with the main reason due to women suf-
fering from anorectal melanoma (M:F  =  1:2). 
This is compounded by the relatively high inci-
dence of melanoma in the female genital tract 

and vulva [3, 18–24]. Mucosal melanoma is 
mainly a disease of the elderly, and most patients 
are diagnosed after their sixth decade of life, 
regardless of the affected organ system [3–5, 14]. 
A general racial predisposition does not appear to 
exist [9, 25, 26]. However, conjunctival mela-
noma and vulvar melanoma occur almost exclu-
sively in Caucasians, and sinonasal melanoma is 
also more frequent in Caucasians compared to 
Blacks [8, 27, 28]. Sinonasal melanoma and 
especially oral melanoma seem to occur more 
frequently in Asian populations compared to 
Caucasians [26]. Oral melanoma has been found 
to represent up to 8% of all melanomas in 
Japanese people [2].

 Etiology and Pathogenesis

Malignant melanomas are tumors caused by a 
malignant transformation of melanocytes derived 
from neural crest cells [3, 5, 29]. Melanocytes 

Table 15.1 Mucosal melanoma of various organ systems

Location Incidence Gender ratio (M:F) Median age (years) Prognosis (5-year survival)
Conjunctiva 0.5 per million/year 1:1 58 86.3%
Respiratory tract
Sinonasal 0.5 per million/year 1:1 75 30%
Larynx 60 cases reported 4:1 60 <10%
Lung 30 cases reported 1:1 54 <25%
Gastrointestinal
Oral cavity 0.2 per million/year 2:1 65 12.5%
Esophagus 337 cases reported 2:1 65 37%
Stomach 20 cases reported 1:1 65 0%
Small intestine 18 cases reported 1:1 56 0%
Colon 12 cases reported 1:1 60 21%
Anorectal 0.4 per million/year 1:2 68 20%
Gall bladder 31 cases reported 1:1 50 n/a
Biliary tract 9 cases reported 8:1 45 0.33%
Urological
Urinary bladder 18 cases reported 1:1 62 <10%
Urethra 160 cases reported 1:2 73 <10%
Genital tract
Penis 100 cases reported Only male 75 22.5%
Vulvaa 2 per million/year Only female 68 30%
Vagina 0.2 per million/year Only female 60 17.4%
Cervix 80 cases reported Only female 55 7.8%

n/a not available [with kind permission from Acta Pathologica, Microbiologica et Immunologica Scandinavica 
(Mikkelsen et al. APMIS, 2016)]
aThe vulva is generally considered modified skin
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travel along and together with peripheral nerves 
and other neural crest-derived cells from the neu-
ral crest to their definitive destinations in numer-
ous microenvironments, as well as the mucosal 
membranes [29]. Melanocytes have been found 
in most mucosal membranes, but their function in 
these locations remains unknown [30]. Mucosal 
melanomas share the neural crest origin with 
melanotic schwannomas and other pigmented 
neural crest-derived tumors [29]. Melanomas 
may potentially share more biological features 
with other neural crest-derived tumors. Mucosal 
melanomas most frequently arise de novo from a 
single melanocyte located within a mucosal 
membrane where a preexisting melanotic lesion 
is not present [8, 30].

Additionally, melanoma may arise in any pre-
existing melanocytic lesion [30]. Mucosal mela-
nomas have been reported in preexisting benign 
melanosis (melanotic macule) of the esophagus, 
nasal cavity, vulva, vagina, and rectum [30–32]. 
Regarding anorectal and colon melanomas, the 
clinician must keep in mind that melanosis coli is 
not a melanocytic lesion. Mucosal melanocytic 
nevi have been identified in various mucosal 
membranes, namely in the oral mucosa; however, 
there is no evidence of increased risk of malig-
nant transformation in these lesions [30, 33]. An 
exception is conjunctival melanomas that may 
potentially arise in a conjunctival nevus in 2–40% 
of the cases [17, 34, 35]. Vulvar melanomas may 
be divided into those emerging from the follicu-
lar skin and those emerging from the glabrous 
skin (a broad transition zone consisting of modi-
fied skin without hair follicles separating true 
hairy skin on the labia majora and the true muco-
sal epithelium in the vagina). Interestingly, a 
Swedish study showed that melanomas of the 
glabrous skin were almost exclusively de novo 
melanomas, while melanomas of the hairy skin 
often developed within a preexisting nevus [36].

In the literature, pure mucosal melanoma in 
situ is a very rarely reported condition [30]. This 
may be due to authors reporting the lesion under 
different names, such as atypical lentigo, atypical 
pigmented macules, precancerous melanoma, 
and atypical melanotic hyperplasia [30]. Another 
plausible explanation may be that these lesions 

never cause symptoms prior to malignant trans-
formation. Due to the lack of symptoms, most 
are found accidentally by the dentist or a gyne-
cologist during routine clinical examination. 
Histologically, mucosal melanoma in situ is 
defined as an intraepithelial proliferation of 
cytologically atypical melanocytes [37]. These 
lesions may be found in several organ systems 
and the prognosis is favorable after complete 
surgical removal [38]. A German study found a 
melanoma in situ component in two-thirds of all 
cases of sinonasal melanomas [37]. Mucosal 
melanoma in situ needs further investigation and 
classification in a universal mucosal melanoma 
staging manual.

In Caucasian populations, 42–75% of con-
junctival melanomas seem to arise in a premalig-
nant lesion, a so-called primary acquired 
melanosis (PAM), which may be considered a 
melanoma in situ [8, 17, 39]. PAM is mostly con-
sidered a clinical diagnosis and is described as a 
unilateral, flat, brown lesion with patches of pig-
mentation confined to the conjunctiva with or 
without involvement of the eyelid skin or cornea 
[8, 39]. Histopathologically, PAM is character-
ized by a neoplastic proliferation of the conjunc-
tival melanocytes and by using specific 
histological criteria. It can be subdivided into 
PAM with atypia (PAM+) and without atypia 
(PAM−). PAM+ has a high risk of progression to 
melanoma, especially when vertical invasion of 
the epithelium by the conjunctival melanocytes is 
observed. Pagetoid spread and epithelioid cytol-
ogy are also features pointing towards progres-
sion of a PAM+ lesion to becoming a melanoma 
[8, 10, 39, 40]. There is much debate in regard to 
the grading of PAM because the term “melano-
sis” has been associated with both benign and 
premalignant lesions. For this reason, a grading 
system of premalignant lesions using the more 
appropriate terms “conjunctival melanocytic 
intraepithelial neoplasia” (C-MIN) and “hyper-
melanosis” has been proposed [41].

While sun exposure is a known risk factor for 
the development of a cutaneous melanoma, no 
clear risk factors have been identified for muco-
sal melanomas [3, 5]. Exposure to tobacco and 
formaldehyde has been proposed to play a role in 
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sinonasal and oral melanoma, but clear evidence 
is lacking [42, 43]. The presence of BRAF muta-
tions along with a UV light signature consisting 
of multiple cytosine-to-thymine (C  >  T) transi-
tions in sun-exposed conjunctival melanoma sug-
gests a role of sun exposure in the pathogenesis 
of these tumors, but further investigations are 
needed [44].

 Molecular Biology and Genetic 
Features

In recent years, the genetics and molecular fea-
tures of cutaneous melanoma have been exten-
sively studied with various next-generation 
sequencing techniques [45]. However, the 
genomic landscape of mucosal melanomas 
remains sparsely elucidated. The discovery and 
application of molecularly based targeted thera-
pies have revolutionized the treatment of mela-
noma, and this makes the identification of specific 
molecular targets even more important today and 
for the future.

 Whole-Genome Sequencing

Furney et al. performed whole-genome sequenc-
ing and exome sequencing on ten mucosal mela-
nomas from various locations outside of the eye 
[46]. This study showed that mucosal melanomas 
carry a relatively low mutational burden. The 
mucosal melanoma samples harbored an average 
of 8.193 somatic, single-nucleotide variants 
(SNVs) [46], while sun-exposed cutaneous mela-
nomas have been found to harbor an average of 
84.495 SNVs (i.e., a factor of 10) [47]. The study 
also revealed a high rate of copy number and 
structural variants in mucosal melanoma [46, 
48]. Other studies have shown that mucosal mel-
anomas have specific patterns of chromosomal 
aberrations differing from cutaneous melanomas 
[49, 50]. Overall, these findings suggest mucosal 
melanomas as a distinct entity driven by distinct 
molecular pathways [48].

 MAPK Pathway: BRAF, NRAS, and KIT

The Ras-Raf-MEK-ERK (or MAPK) pathway is 
over-activated in most melanomas (Fig.  15.1) 
[51]. In cutaneous melanoma, activation of this 
pathway mainly occurs through mutations lead-
ing to activation of the BRAF, NRAS, or KIT 
genes [51]. BRAF mutations are found in about 
50% of cutaneous melanoma [45]. Similarly, 
conjunctival melanomas have about the same 
overall percentage of 50%, resembling the fre-
quency found in cutaneous melanoma [10, 52, 
53]. BRAF mutations have been identified as 
early events in conjunctival melanoma develop-
ment, and these mutations are highly associated 
with sun exposure [10]. The conjunctiva is the 
only mucosal membrane exposed to the sun, and 
most BRAF mutated conjunctival melanomas are 
confined to the sun-exposed bulbar conjunctiva 
[10]. This suggests that conjunctival melanomas 
can be induced by both sun exposure and other 
factors.

Apart from the conjunctiva, BRAF mutations 
only occur in 10–17% of mucosal melanomas [3, 
48, 54]. While frequent in cutaneous melanoma, 
NRAS mutations only seem to be present in 
5–14% of mucosal melanomas [48, 49, 54]. An 
exception is a Swedish study that found NRAS 
mutations in 43% of vaginal melanomas, sug-
gesting a different NRAS mutation rate among 
various locations [55].

While both BRAF and NRAS mutations are 
rare in mucosal melanoma, the MAPK pathway 
seems to be frequently activated by mutations in 
the KIT gene. This gene codes for an upstream 
tyrosine kinase (c-KIT or CD117) ultimately 
activating the MAPK pathway [48, 51]. Beadling 
et  al. found KIT mutations in 15% of mucosal 
melanomas [56]. Swedish studies have identified 
KIT mutations in 4% (nasal cavity), 9% (anorec-
tal), and 35% (vulva) of mucosal melanomas, 
suggesting considerable variation between tumor 
sites [54, 55]. Curtin et al. found KIT mutations 
and copy number increase in 39% of 102 primary 
mucosal melanomas of various locations [57]. 
Santi et al. screened 31 anorectal melanomas and 
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Fig. 15.1 Genetic alterations involved in the develop-
ment of mucosal melanoma. Mucosal melanoma may 
develop due to four different mechanisms: activation of 
the MAPK pathway or the PI3K-Akt pathway, or muta-
tions in the CDKN2A or CDK4 genes. The MAPK path-
way may be activated at several levels by mutations in 
numerous genes, including the KIT, BRAF, NRAS, and 
GNAQ/GNA11 genes. Activation of this pathway results in 

proliferation of the tumor cell. The PI3K-Akt pathway 
may be activated by mutations in the NRAS or the PTEN 
genes resulting in enhanced survival of the tumor cell. 
Mutations in the CDK4 or CDKN2A genes may activate 
intranuclear pathways allowing the cell to progress into 
the cell cycle G1/S phase resulting in proliferation. GF 
growth factor, GPCR G protein-coupled receptor, RTK 
receptor tyrosine kinase, P phosphorylation
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found KIT mutations in 35.5% [58]. Although 
there is some variation in the frequency reported 
by different authors, KIT is generally considered 
more important in mucosal melanoma compared 
to NRAS and BRAF.

 Other Genetic Features

The PI3K-AKT and CDKN2A pathways have 
been shown to promote melanomagenesis, and it 
seems that these pathways are important in the 
development of mucosal melanoma (Fig.  15.1) 
[48]. Curtin et  al. found a significantly altered 
expression of PTEN (a tumor suppressor that acts 
as an upstream inhibitor of the PI3K-AKT path-
way) in mucosal melanomas compared to other 
melanoma subtypes [49]. A recent study reported 
the loss of PTEN in 50% of sinonasal melanomas 
[59]. Total loss of the CDKN2A locus and ampli-
fications of the CDK4 gene have also been found 
to be more common in mucosal melanomas com-
pared to other melanoma subtypes [49]. Hsieh 
et al. found amplification and overexpression of 
cyclin D1 in 61% of cyclin D1-positive oral mel-
anomas [60]. These findings suggest that the 
PI3K-AKT and CDKN2A pathways are impor-
tant in the development of mucosal melanoma, in 
particular due to the relatively low frequency of 
identified mutations in genes affecting the MAPK 
pathway.

Uveal melanomas harbor aberrations of the 
GNAQ or the GNA11 genes, but these mutations 
have never been identified in conjunctival mela-
noma [3]. On the other hand, NRAS and BRAF 
mutations are extremely rare in uveal melanoma 
[3]. GNAQ/GNA11 mutations are generally not 
considered to occur in mucosal melanoma, but 
surprisingly a newer study found GNAQ/GNA11 
mutations in 9.5% (27/284) of mucosal melano-
mas in Chinese patients [61]. In this study, 
GNAQ/GNA11 mutations were associated with a 
poor prognosis [61]. Targeted treatment for 
GNAQ/GNA11 is currently not available [48].

Recent studies have identified TERT promoter 
region mutations in conjunctival melanoma and 
sinonasal melanomas; however, the role of these 
aberrations remains unclear [27, 62].

 MiRNA Expression

Apart from studies utilizing human melanoma 
cell lines, the number of studies investigating 
miRNA in mucosal melanomas is very limited 
[63]. The largest study identified 25 differentially 
expressed miRNAs in 37 conjunctival melano-
mas. In this study, 24 miRNAs were upregulated 
and 1 was downregulated. Several of the identi-
fied miRNAs have previously been found in cuta-
neous melanoma. The study concluded that there 
was no difference in the expression of these 25 
miRNAs compared to sinonasal melanoma [63]. 
Additional research is essential in order to iden-
tify potential prognostic miRNAs or therapeutic 
target miRNAs.

 Diagnosis

Primary mucosal melanomas are rare condi-
tions, and metastases to the mucosa from other 
melanomas always have to be excluded [3–5]. 
Therefore, a detailed clinical history should be 
obtained focusing on prior cutaneous, ocular, or 
mucosal melanomas [3]. A clinical full-body 
examination of the skin with the use of dermos-
copy along with a full ophthalmological exami-
nation including ophthalmoscopy should always 
be performed in case of a suspected or con-
firmed mucosal melanoma [3]. The main differ-
ential diagnosis of a pigmented mucosal 
melanoma is a melanosis or a metastasis from a 
cutaneous melanoma. Macroscopically, mela-
nomas appear as a flat, macular, or elevated 
lesion [3, 5]. The tumor may be polypoid, ulcer-
ated, brown to black colored, and/or adherent to 
underlying tissue [3, 5]. Sinonasal melanomas 
often present as a polypoid, fleshy, or friable 
mass [2]. Amelanotic melanomas are frequent in 
all mucosal locations and may look like most 
other tumors without any specific tumor charac-
teristics [3]. Most amelanotic vulvar melanomas 
emerge from glabrous skin [36]. The final diag-
nosis is made by histopathology [3, 5]. Uveal 
melanoma with extraocular extension should 
always be excluded in cases of a conjunctival 
melanoma [8, 39, 64].
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 Symptomatology

In general, symptoms of mucosal melanoma pres-
ent at an advanced tumor stage [3–5]. The symp-
toms are mostly unspecific and relate to the 
affected organ system. The hallmark of conjuncti-
val melanomas is the presence of a nodular, ele-
vated tumor of the conjunctiva and only about 
60% is pigmented brown or black [8, 14]. Patients 
with sinonasal melanoma often present with uni-
lateral nasal obstruction, epistaxis, and a mass 
tumor [65]. In advanced stages, sinonasal mela-
noma may cause proptosis, diplopia, pain, and 
facial deformities [9]. Oral melanomas are often 
asymptomatic [20]. Laryngeal melanomas mainly 
present with hoarseness due to impingement upon 
the recurrent laryngeal nerve in some cases [2]. 
Esophageal melanomas may present with dyspha-
gia and pain, and lower gastrointestinal melano-
mas may present with bleeding, anemia, bowel 
obstruction, weight loss, or pain [66, 67]. 
Urogenital melanomas may present with hematu-
ria, bleeding, discharge, and dysuria [7, 68].

 Location

Mucosal melanomas are found in all mucosal 
membranes, with a tendency for them to appear 
close to transition zones between the skin and 
mucosal membranes (Table  15.1) [3]. Studies 
also show that more melanocytes are found in 
mucosal membranes closer to the skin (e.g., the 
oral cavity or rectum) compared to more internal 
locations, such as the ileum [5]. This may be due 
to the relatively low number of tight junctions in 
mucosal membranes compared to the skin, allow-
ing skin melanocytes to travel horizontally from 
the skin part of the transition zones into the 
mucosal membrane. Distant metastases from 
mucosal melanoma are mainly seen in the lung, 
liver, and non-regional lymph nodes [69]. Most 
conjunctival melanomas are confined to the sun- 
exposed limbal zone of the bulbar conjunctiva [8, 
14, 34]. Melanomas of the palpebral conjunctiva 
and caruncle are rare (Fig. 15.2) [8, 14, 34].

Approximately 50% of mucosal melanomas 
of the head and neck are located in the sinonasal 

cavity, while about 40% confined to the oral cav-
ity [2–4]. The majority of sinonasal melanomas 
are located in the anterior part of the inferior tur-
binates, followed by the septum and the middle 
turbinates [11, 70]. Melanoma in the paranasal 
sinuses is rare, with the maxillary sinus being the 
most commonly affected [11, 70]. Oral melano-
mas often involve the gingiva and the hard palate, 
while lesions in the buccal and lip mucosa are 
very rare [2, 11]. The remaining ~10% of head/
neck melanomas are extremely rare and confined 
to the pharynx, supraglottic larynx, true vocal 
cords, and lungs [2, 3].

Distal gastrointestinal melanomas represent 
another large group of mucosal melanomas. The 
transitional zone is the area surrounding the 
 dentate line that separates the anal skin from the 
rectal mucosal. It is important to distinguish 
between melanomas originating from the rectal 

a

b

Fig. 15.2 Conjunctival melanoma. (a) Clinical photo-
graph showing a conjunctival melanoma involving the 
upper palpebral conjunctiva. Melanomas at this location 
are non-UV-exposure induced and may share pathogenic 
features with mucosal melanomas confined to other sun- 
shielded mucosal membranes. (b) Micrograph of the same 
conjunctival melanoma. The tumor cells invade the stroma 
and abundant melanin is present (H&E, bar = 50 μm)
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mucosa (about 40%) and those originating from 
the abundant melanocytes in the proximal anal 
canal (about one-third), since the latter have a skin 
origin and are not classified as pure mucosal mel-
anomas [4]. Other gastrointestinal melanomas are 
mainly found in the middle or lower esophagus, 
ileum, ascending colon, and neck of the gall blad-
der. Most vaginal melanomas are located in the 
anterior wall within the lower third of the vagina 
[7]. In about 85% of vulvar melanoma, the tumor 
originates in the labia minora, clitoris, or inner 
(glabrous, non-hairy) part of the labia majora [7]. 
Urethral melanoma is often located in the distal 
part of the urethra [7]. Bladder melanoma can be 
found in all parts of the bladder [7]. Penile mela-
noma is often found on the glans [3].

 Radiology and Imaging

Radiological examination is important for accu-
rate tumor staging, surgical planning, and sur-
veillance of patients [69, 71]. The Danish 
Melanoma Group recommends the use of a com-
puted tomography (CT) scan along with mag-
netic resonance imaging (MRI) in order to 
characterize the extent of sinonasal melanomas 
[72]. The National Comprehensive Cancer 
Network (NCCN) recommends chest imaging in 
cases of a biopsy-confirmed mucosal melanoma 
[73]. A positron emission tomography/computer 
tomography (PET/CT) fusion scan is recom-
mended to detect potential clinically unsuspected 
metastatic disease [72, 73]. Apart from mucosal 
melanomas in the head and neck region, CT and 
PET/CT are of relatively limited value in the 
evaluation of local disease [71]. The MRI fea-
tures of mucosal melanoma depend on the mela-
nin content and the presence or absence of 
hemorrhage [74]. Melanotic melanomas can be 
separated from other tumors because they reveal 
a distinct MRI signal pattern comprised of a 
hyperintense signal on T1-weighted scans and a 
hypointense signal on T2-weighted scans [74]. 
Mucosal melanomas are often seen as a homog-
enous enhancement pattern on MRI [74]. A com-
bined [18F]fluorodeoxyglucose-PET/CT scan has 

been shown to be superior to a conventional CT 
scan in detecting lymph node metastasis and dis-
tant metastases in anorectal melanoma [24]. 
Although the role of this scan is well established 
in cutaneous melanoma management, its utility 
still needs further validation in large-scale trials 
regarding mucosal melanoma [71].

 Biopsy

Incisional biopsies are associated with an unfavor-
able prognosis in conjunctival melanoma and 
should be avoided [14, 40]. There have not been 
any studies evaluating the role of incisional biop-
sies in mucosal melanomas outside the conjunc-
tiva, with a standard tissue biopsy, such as a punch 
or shave biopsy, currently recommended in order to 
establish the definitive diagnosis [3, 33]. In muco-
sal melanoma, the diagnosis must be established on 
the basis of a full-thickness biopsy of the lesion 
[75]. In vulvar melanoma, excisional biopsies are 
the preferred method of tissue diagnosis [75].

 Histopathology 
and Immunohistochemistry

Histopathological examination is recommended in 
all mucosal melanomas in order to confirm the 
diagnosis and stage of the tumor [3, 72]. The his-
tological features of mucosal melanoma are simi-
lar to those found in cutaneous melanomas, with 
tumors showing a range from epithelioid to 
spindle- shaped tumor cells, including mixed types 
(Fig.  15.3). Amelanotic mucosal melanomas are 
frequently found and have been reported in up to 
45% of cases [43]. The melanoma cells may grow 
in a sheetlike fashion or in nests [3, 8, 37, 39]. 
Approximately 75% of conjunctival melanomas 
are associated with a preexisting PAM with atypia, 
and 20% are associated with a nevus or PAM with-
out atypia [8, 39]. Invasion of tumor cells from the 
epithelium into the substantia  propria is the hall-
mark of any mucosal melanoma [39].

Pathologic analysis of suspected lesions 
includes immunohistochemical staining for 
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S-100, HMB-45, tyrosinase, and Melan-A/
Mart-1 [3, 37, 64]. Melan-A with red chromogen 
may be quite useful in order to separate tumor 
cells from pigment. A proliferative tumor cell 
index, such as Ki-67, is highly recommended 
within the final pathology report. Furthermore, 
the mutational status regarding BRAF and KIT 
genes should be evaluated in order to identify 
those patients who may be a candidate for select 
targeted therapy [76].

 Staging

There is currently no universal system for the 
staging of mucosal melanomas [3]. Clark’s level 
is not applicable due to the diverging anatomy 
and absence of histological landmarks in muco-
sal membranes compared to skin. The 8th Edition 
of the American Joint Committee on Cancer 
(AJCC) tumor-node-metastasis (TNM) classifi-
cation system suggests a staging system regard-
ing upper respiratory tract melanomas [77]. This 
classification starts with T3 primary tumors, 
ignoring smaller T1 and T2 tumors. The AJCC 

manual suggests both a clinical and pathological 
staging system for conjunctival melanoma [77]. 
Apart from the AJCC classification, other sys-
tems for head/neck melanoma have been pro-
posed by various authors [65, 78–80].

Tumor thickness seems to be an important 
prognostic factor in most kinds of melanoma [3, 
80, 81]. Ballantyne et al. have suggested a simple 
three-step staging system that includes stage 1 
(localized disease), stage 2 (lymph node involve-
ment), and stage 3 diseases (distant metastases) 
[79]. Prasad et al. proposed a classification sys-
tem based upon histological evaluation of tumor 
invasion that is divided into three distinct tissue 
compartments, inclusive of melanoma in situ 
[78]. This system appears to be useful in predict-
ing poor survival for patients with localized, 
lymph node-negative, and early-stage head/neck 
melanoma [78]. Another staging system for head/
neck melanomas has been proposed by Thompson 
et al. based on the TNM system. In this system, 
the presence of distant metastases was the most 
important factor in predicting patient survival 
[65]. However, the AJCC classification has been 
shown to be beneficial in staging sinonasal mela-
noma [82]. Oral melanomas may be staged 
according to the AJCC or according to a simple 
TNM staging system that is combined with a 
microstaging system of stage 2 tumors, as pro-
posed by Meleti et al. [83].

It has been suggested that the most appropri-
ate staging for anorectal melanoma should allow 
for some variations of the TNM classification 
system; however, no true consensus has been 
agreed upon [24, 84]. The staging for vaginal 
melanoma primarily utilizes the current AJCC 
staging system for cutaneous melanoma [85]. 
Due to the lack of surface keratin and granular 
layers of the vaginal mucosal membrane, 
Breslow’s thickness should be properly measured 
from the mucosal surface to the deepest level of 
invasion within the mucosal membranes [85]. 
Vulvar melanomas may be staged using the AJCC 
staging system for cutaneous melanoma [85]. A 
universal staging algorithm is needed in order to 
have an accurate method of comparison between 
tumors of different mucosal origin.

Fig. 15.3 High-power micrograph of a melanoma in the 
small intestine. Pleomorphic epithelioid tumor cells are 
seen with large polymorphic nuclei. Mitotic figures are 
observed (H&E, bar = 50 μm)
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 Treatment and Prognosis

The current recommended management of muco-
sal melanoma is generally based upon physician 
experience and small cohort studies of treatment, 
with some difficulty in developing evidence- 
based treatment guidelines. Although definitive, 
and often radical, resection has long been the ini-
tial treatment of choice, less invasive and morbid 
procedures have been examined in recent years 
[6, 22]. There does not appear to be a major dif-
ference in survival or clinical outcome between 
those patients treated with radical surgery and 
less invasive procedures [3]. A thorough discus-
sion about all possible treatment options with 
patients and family members is very important, 
with mutual decision-making based upon the 
risks and benefits of each treatment modality. 
The quality of life and associated morbidities of a 
radical surgery should be discussed in detail 
before definitive surgery is recommended. The 
role of lymph node biopsies and/or elective node 
dissection remains unclear. It is highly advisable 
to include mucosal melanoma patients in any 
possible clinical trials utilizing novel, nonopera-
tive therapies, especially those with an advanced 
tumor stage where surgery may result in signifi-
cant morbidity and/or disfigurement.

 Surgery

 Conjunctival Melanoma
Ophthalmologists treat all three melanoma sub-
types: uveal melanoma, conjunctival melanoma, 
and cutaneous melanoma on the eyelids [86]. 
Conjunctival melanomas represent only 5% of 
these tumors, and the majority are confined to the 
sun-exposed bulbar conjunctiva [8, 15]. The 
treatment of choice is complete surgical resection 
(en bloc) using a no-touch technique with a 
3–5 mm surgical margin [17, 34, 87]. To avoid 
local recurrences, at least one additional treat-
ment modality has to be applied: local brachy-
therapy, cryotherapy, or local chemotherapy 
(mitomycin C, interferon alfa-2b, or 
5- fluorouracil) [14, 17, 27, 34]. In a large Danish 
study, patients treated with surgery alone without 

adjuvant therapy showed an increased risk of 
both locoregional and distant metastases, with 
increased risks of melanoma-related and all- 
cause mortality [14]. Poor prognostic factors 
include extrabulbar location, increased tumor 
thickness, nodular appearance, and de novo ori-
gin [8, 14, 35]. Local recurrence is very common 
and is also a poor prognostic sign. Lymphatic 
spread to regional lymph nodes, as well as to dis-
tant sites, such as skin, adrenal glands, brain, and 
lungs, has been reported [8, 17, 34]. The 
melanoma- related 10-year mortality rate is 
approximately 30% [8, 14, 15, 17, 88]. Sentinel 
lymph node biopsy has been suggested as a safe 
and feasible procedure in evaluating conjunctival 
melanoma [89, 90]. However, there is a need for 
large-scale studies investigating the relationship 
between a positive sentinel node and ultimate 
clinical outcome [90].

 Mucosal Melanoma of the Sinonasal 
and Oral Cavity
Melanomas of the mucosal membranes in the 
head/neck region constitute about 50% of all 
mucosal melanomas located outside the conjunc-
tiva [2–4]. Surgery remains the gold standard in 
head/neck mucosal melanoma [2, 3, 72, 73]. The 
NCCN and the Danish Melanoma Group have 
produced detailed guidelines regarding head/
neck melanoma management [3, 73]. The NCCN 
treatment guidelines suggest wide surgical resec-
tion followed by adjuvant radiotherapy as the 
treatment of choice regarding AJCC stage T3 and 
T4aN0 tumors [73]. In addition, the guidelines 
also suggest some form of neck dissection in 
cases of a positive lymph node (T3–T4aN1 
tumors) [73]. Primary radiotherapy or systemic 
chemotherapy is recommended for treatment of 
T4b and T4c tumors [73]. Mutilating procedures 
are discouraged, and, even with complete resec-
tion, recurrence rates of up to 50% are observed. 
Therefore, some authors advocate considering 
aggressive adjuvant therapy, regardless of margin 
status [26, 70].

According to the NCCN guidelines, mela-
noma of the oral cavity should be managed with 
wide surgical resection for T3 and T4a tumors 
[73]. It is suggested that more advanced tumor 
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stages be managed with primary radiotherapy or 
systemic chemotherapy [73]. The Danish 
Melanoma Group recommends primary surgery 
for all head/neck melanomas, concluding that 
adjuvant radiotherapy or systemic chemotherapy 
may be beneficial for local control [72]. However, 
the use of adjuvant therapy has not been associ-
ated with improved survival compared to treat-
ment with surgery alone [11, 43]. An en bloc 
resection should be attempted whenever feasible, 
with intraoperative frozen section analysis per-
formed for margins whenever possible [33, 73].

Approximately 80% of sinonasal melanomas 
present as a localized disease, with only a few 
cases identified as having lymph node or distant 
metastases at the time of diagnosis [2]. However, 
up to 50% of patients will present with distant 
metastases during the course of their disease [2]. 
A Danish study found recurrence in 72% of 
patients, regardless of treatment [11]. The 3-year 
overall survival rate for sinonasal melanoma is 
about 45%, with a 5-year survival rate of ~30% 
[11, 26, 91]. The 5-year survival rate of oral mela-
noma is ~15% [3, 33]. Histologically, confirmed 
negative resection margins seem to be a positive 
predictor for survival in head and neck melano-
mas, but unfortunately this can be technically dif-
ficult to achieve due to the complex anatomical 
structures [11, 26, 43, 91]. Advanced age, multi-
ple tumor sites, presence of necrosis, and amela-
notic tumor histology have all been shown to 
negatively impact long-term survival [26, 37, 43].

In recent years, surgeons have favored the use 
of endoscopic resection in order to reduce post-
surgical morbidity [3]. A recent study found a 
significantly better survival rate in patients who 
underwent an endoscopically assisted surgery 
compared to patients who only received open 
surgery [92]. Endoscopic resection has not been 
associated with an increased risk of death com-
pared with more radical surgical procedures, 
such as craniofacial resection [91]. In general, 
elective lymph node dissection is not routinely 
performed or recommended in mucosal mela-
noma of the head and neck [73]. However, due to 
a high frequency of lymph node spread in oral 
melanoma, lymph node dissection may be per-
formed [11].

 Mucosal Melanoma of the Anus 
and Rectum
Approximately 25% of these tumors seem to be 
without evidence of pigmentation, deemed 
amelanotic [93]. Due to the fact that a high per-
centage of cutaneous melanoma patients will 
present with gastrointestinal metastases on 
autopsy, all patients with gastrointestinal mela-
nomas should be carefully examined for meta-
static disease from a regressed cutaneous 
melanoma [24, 67]. Aside from the above-men-
tioned radiological imaging modalities, this 
includes upper endoscopy, colonoscopy, and 
video endoscopy of the small bowel in order to 
exclude metastatic disease. Surgery remains the 
treatment of choice, but unfortunately no guide-
lines regarding optimal surgical management 
exist [3, 24]. Historically, anorectal melanoma 
has been treated with an abdominoperineal 
resection, but in recent years the less invasive 
transanal excision has been favored [22]. The 
choice of surgical intervention is still controver-
sial and agreement on a gold standard of treat-
ment has not been firmly established. Large, 
retrospective epidemiological studies have not 
shown a significant difference in overall sur-
vival when comparing the different surgical 
approaches [22, 24].

Due to the associated postoperative morbidity, 
transanal excision with free margins should be 
favored, with more radical procedures such as 
abdominoperineal resection reserved for those 
patients where less invasive procedures are not 
feasible [22]. Histologically free surgical mar-
gins seem to correlate with improvements in 
overall survival [22, 94]. Patients without free 
margins on transanal excision may be reoperated 
on, either with a second attempt at transanal exci-
sion or with salvage/delayed abdominoperineal 
resection [22]. Wide local excision has not been 
shown to alter the median survival time [94]. 
Patients with perirectal lymph node metastases 
identified on PET/CT may benefit from curative 
abdominoperineal resection [24]. The prognosis 
is particularly poor, with a mean survival time of 
about 20 months, for both anal and rectum mela-
noma, regardless of the type of surgical interven-
tion chosen [67].
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The overall 5-year survival rate is <20% for 
rectal melanomas and only 10% when lymph 
node metastases are present [22]. Some studies 
suggest a longer median survival (27  months) 
regarding rectal melanomas [93]. The overall 
prognosis for anal melanomas (10% 5-year sur-
vival) seems to be lower than for rectal melano-
mas [93]. Recurrence is quite frequent and occurs 
in about 60% of anal and 70% of rectal melano-
mas [22, 67, 93]. Presence of distant metastases 
has a particularly poor prognosis with no long- 
term survivors beyond 5  years [22]. Negative 
lymph node status at the time of surgery seems to 
improve the prognosis, suggesting a role of 
lymph node resection in the management [22, 
67]. However, large-scale studies will be needed 
in order to guide the development of meaningful 
treatment protocols. Cases of laparoscopic 
abdominoperineal resection have been reported, 
with larger studies needed to further evaluate this 
technique as a valid operative approach [95].

 Melanoma of the Vulva
Most vulvar melanomas are actual cutaneous 
melanomas, mainly located in non-sun-exposed 
areas. For many years, the standard treatment of 
vulvar melanoma was a radical vulvectomy, 
regardless of tumor size, location, thickness, or 
level of invasion [7]. However, the overall sur-
vival does not seem to improve with radical sur-
gery compared to wide local excision and 
hemi- or partial vulvectomy [7]. It is advisable to 
excise a vulvar melanoma with a Breslow’s thick-
ness of <2.0 mm with clinical margins of at least 
1 cm. Vulvar melanoma with a thickness >2.0 mm 
should be excised with a 2  cm margin of sur-
rounding skin [28].

The role of lymph node dissection in vulvar 
melanoma remains controversial [96]. Sentinel 
lymph node mapping of the inguinal nodal basins 
by an experienced surgeon is technically feasible, 
and is currently recommended in the management 
of vulvar melanoma [28]. Lymphadenectomy 
may be considered in select patients where pal-
pable or clinically suspicious regional adenopathy 
is identified [28]. Poor prognostic factors are the 
presence of ulceration, macroscopic amelanosis, 
advanced age, Breslow’s thickness >2.0 mm, and 

advanced AJCC stage [96, 97]. In recent years, 
the 5-year overall survival of vulvar melanoma 
has improved to about 80% for early- stage tumors 
[85, 96]. However, recurrence rates are close to 
60%, and the 5-year survival rate for more 
advanced tumor stages remaining at about 30% 
[28, 96].

 Mucosal Melanoma of the Vagina
The optimal surgical approach for vaginal mela-
noma has not been firmly established. It is evi-
dent that patients treated surgically have a better 
prognosis than those treated without surgery 
[98]. Vaginal melanoma has historically been sur-
gically managed with forms of “radical” surgery, 
such as a pelvic exenteration. Unfortunately, 
“radical” surgery in this case is poorly defined, 
covering a variety of surgical procedures that 
range from local excision with total hysterec-
tomy, subtotal vaginectomy, vaginectomy with-
out vulvectomy and total vulvectomy, etc. [99]. 
Radical surgery has not been proven to increase 
the long-term prognosis compared to more con-
servative procedures, and in recent years the 
treatment of choice has been wide local excision 
of the primary mucosal melanoma with surgical 
margin of 1–2 cm [100, 101]. Authors suggest at 
least a 1  cm margin regarding tumors with a 
Breslow’s depth of <2 mm, and a 2 cm margin for 
melanomas that are >2  mm in thickness [98]. 
Furthermore, radical procedures are often associ-
ated with an increased morbidity and a decreased 
quality of life due to the complexity of the opera-
tion and close anatomical relationship to the sur-
rounding structures.

Recently, a Japanese group attempted to carry 
out a systematic review of radical procedures for 
the treatment of vaginal melanoma, examining 
whether radical surgery improves the short-term 
survival and locoregional control [99]. This study 
introduced a scoring system to classify the grade 
of radicality in various procedures and concluded 
that vaginal melanoma patients may benefit from 
more radical procedures [99]. However, total pel-
vic exenteration does not seem to significantly 
increase the overall survival [98]. Larger studies 
on the effect of radical vs. non-radical procedures 
are thus necessary.  Systemic recurrence contin-
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ues to be a major problem, as high as 80% in 
some studies (80%), metastasizing to the liver 
and lungs in many instances [98, 100]. Many will 
present with disseminated disease at the time of 
initial diagnosis, with a poor 5-year survival rate 
of ~20% [7, 98]. The role for sentinel lymph node 
biopsy or elective lymphadenectomy is unclear 
and possibly considered with each patient, taking 
into account the associated risks and morbidity 
associated with complete [28, 98].

 Mucosal Melanoma of Other Rare Sites
Due to the very small number of cases of mucosal 
melanoma confined to other locations than the 
above mentioned, it is difficult to define the role 
of different treatment regimens in these tumors. 
Radical surgery is the treatment of choice regard-
ing melanomas of the larynx, lung, stomach, 
small and large intestines, biliary tract, uterine 
cervix, urethra, penis, and urinary bladder [3, 7, 
19, 23, 67, 68, 100, 102–106]. However, the 
prognosis for these rare tumor sites remains 
extremely poor (see Table 15.1). Most mucosal 
melanomas may spread to regional lymph nodes 
at an early stage, but the prognostic role of these 
metastases remains unknown [102].

 Radiotherapy

In general, mucosal melanomas are not consid-
ered to be radiosensitive; thus the role and utility 
of radiotherapy remain unclear [3, 26, 33, 107]. 
Definitive radiotherapy of head/neck mucosal 
melanoma has not been shown to significantly 
benefit patients with respect to local control or 
overall survival [26, 43, 92, 107]. This may be 
due to the fact that most patients treated primarily 
with radiation suffer from an advanced, inopera-
ble tumor stage or that the patient may not be a 
surgical candidate [26, 107]. A systematic review 
of head/neck melanoma management concluded 
that local control rates ranged from 0 to 61% and 
that overall 5-year survival rates were as low as 
13–18% [26].

Authors have reported total radiation dosages 
exceeding 50  Gy, with no clear association 
between total dose and overall survival observed 

[26, 107]. The NCCN treatment guidelines for 
advanced head/neck melanoma management rec-
ommend radiotherapy for gross disease using a 
conventional fractionation scheme (2 Gy per frac-
tion to a total postoperative dose of 60–66  Gy, 
possibly up to 70 Gy) [73]. Few studies have com-
pared the effect of conventional fractionation with 
that of hypofractionation, and the results have 
been inconclusive [26]. Primary radiotherapy 
may be attempted for advanced-stage cervical 
melanoma primarily for palliation of symptoms 
[100, 108]. Overall, primary radiotherapy should 
be considered an option in cases of non-operable 
mucosal melanoma due to significant tumor 
spread or medical inoperability [7, 26, 107]. It has 
not been possible to identify an optimal fraction-
ation scheme, with the radiotherapy regimen 
determined by a radiation oncologist on a patient-
per-patient basis [7, 26, 107]. The ability to toler-
ate the radiation dosage, proximity of the tumor to 
surrounding critical structures, and overall perfor-
mance status must be taken into account in all 
treatment decisions [107].

Adjuvant radiotherapy has been associated 
with improved local control in mucosal melano-
mas. However, it does not seem to affect overall 
survival or the development of distant metastases, 
regardless of primary tumor location [11, 26, 92, 
98, 109, 110]. Some authors suggest that adjuvant 
radiotherapy is only indicated in head/neck mela-
noma with negative surgical margins, nodal 
metastases, and critical structure involvement 
(i.e., the dura) [91]. Most authors suggest the use 
of a total dosage exceeding 50 Gy in the adjuvant 
setting for head/neck melanoma [26]. The role of 
radiation therapy in anorectal melanoma remains 
controversial and relatively unknown. Some 
authors suggest local excision in combination 
with hypofractionated radiotherapy as a sphinc-
ter-sparing alternative to abdominoperineal resec-
tion [109]. Adjuvant radiotherapy in combination 
with surgery may be beneficial compared to sur-
gery alone in the treatment of anorectal melanoma 
[24]. A large systematic review of genital mela-
noma suggests that the use of adjuvant radiother-
apy in advanced tumor stages may be beneficial in 
obtaining locoregional control [24]. Conjunctival 
melanoma may be treated effectively using a 
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ruthenium106- plaque. The plaque may be used as 
an adjuvant therapy after surgery [111]. Adjuvant 
local brachytherapy using a vaginal cesium137-
cylinder has also been proposed in vaginal mela-
noma [7, 101].

 Novel Radiotherapy

The role of particle radiotherapy has not yet been 
firmly established in mucosal melanoma. Due to 
the poor and inconclusive results of photon radio-
therapy regarding survival, particle beam radio-
therapy may be a favorable treatment modality of 
mucosal melanoma in the future. High-dose pro-
ton beam therapy has shown some initial promis-
ing results in the treatment of head/neck melanoma 
[112]. A proton beam has the unique physical fea-
ture called the Bragg peak, which allows the beam 
to deposit maximum energy in the tissue at a des-
ignated depth [112]. In a Japanese study, 20 
patients followed a hypofractionated treatment 
schedule of 3.5 Gy relative biological effective-
ness (RBE) per fraction, administered daily with a 
total dose of 70 Gy RBE (20 fractions) [112]. In 
this study, the overall 5-year survival time was 
54% and equal to that of surgery [112]. Zenda 
et al. allocated 32 sinonasal melanoma patients to 
a hypofractionated scheme administering a total 
60  Gy equivalents (GyE) in 15 fractions with a 
dose fraction of 4 Gy [113]. The 3-year survival in 
this study was 46% and comparable to conven-
tional photon radiotherapy [113].

Fast neutron radiotherapy is a high linear 
energy transfer (LET) radiation that has shown to 
be effective in radioresistant malignancies by 
generating significant tumor cell death compared 
to a low LET [26]. Furthermore, the total dose is 
particularly lower than using photon radiother-
apy [26]. Liao et al. reviewed 14 patients treated 
with fast neutron radiotherapy and found 
increased locoregional control with a 5-year local 
control rate of 66% [114]. However, the overall 
survival was not significantly different, with 
patients dying due to early distant metastases 
[114]. Two patients developed serious osteora-
dionecrosis as an adverse effect [114].

Carbon-ion radiotherapy has both the biologi-
cal advantage of the high LET from the neutron 

beam and the same physical properties, and as 
with proton beam therapy includes the Bragg 
peak [26]. A Japanese study including 72 head/
neck melanoma patients found a 5-year overall 
locoregional control rate of 84%, with a 5-year 
survival rate of 39% [115]. Naganawa et  al. 
treated 19 oral mucosal melanoma patients with 
carbon-ion therapy and found a 5-year local con-
trol rate of almost 90% along with an overall sur-
vival of 57%, suggesting that carbon-ion 
radiotherapy is an effective treatment for oral 
malignant melanoma [116]. A study investigating 
carbon-ion radiotherapy of gynecological mela-
noma found a local control rate of 50% and an 
overall survival equal to surgery, with acceptable 
adverse effects that were deemed tolerable [117]. 
These findings suggest that carbon-ion therapy 
could be a favorable therapy regarding local con-
trol in head/neck mucosal melanoma.

Robotic stereotactic body radiotherapy using 
the CyberKnife® has shown promising results in 
the treatment of head and neck cancers regarding 
local control and toxicity [26]. The advantages of 
the CyberKnife® are the ability to deliver high 
doses of energy to the tumors and sparing of the 
adjacent unaffected peripheral tissues and/or 
organs [26]. Ozyigit et  al. reported on four 
patients with mucosal melanoma treated with the 
CyberKnife®, two for definitive treatment and 
two in the adjuvant setting [118]. Three patients 
demonstrated complete remission and one patient 
had a partial remission [118].

 Chemotherapy

In general, standard chemotherapy and biother-
apy have not been shown to be effective in muco-
sal melanoma. Regimens including various 
combinations of cisplatin, vinblastine, temozolo-
mide, dacarbazine, interferon-α, or interleukins 
have been proposed [5–7, 75]. Dacarbazine in 
combination with interferon-α and interleukin-2 
has shown some benefit in head/neck melanoma 
[9]. Lian et  al. found some effect of a regimen 
combining temozolomide and cisplatin in the 
postoperative treatment of resected mucosal mel-
anoma [119]. However, the results of these thera-
pies are not so promising regarding mucosal 
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melanoma, with a considerable risk of develop-
ing serious toxic effects [6, 75, 100]. The role of 
chemotherapy used as preoperative or adjuvant 
therapy remains unclear because of the lack of 
consistency in the literature. The patient groups 
are extremely heterogeneous and the regimens 
are rarely explained in detail [24].

 Targeted Therapy

As previously mentioned, a large fraction of 
mucosal melanomas seems to harbor amplifica-
tions of the KIT gene. The KIT inhibitor, ima-
tinib, has been shown to be effective in the 
treatment of cutaneous melanoma [6, 120]. It 
also appears that such patients with KIT amplifi-
cations may benefit from imatinib [6, 121]. 
Patients harboring aberrations in exon 11 (L576P) 
or exon 13 (K642E) show better response rates 
compared to patients having KIT amplifications 
or alterations in other regions [4, 6, 28, 120]. It is 
advisable to rule out NRAS mutation before initi-
ating KIT inhibitor treatment, because an under-
lying NRAS mutation may activate the MAPK 
pathway downstream of the KIT mutation [76].

The BRAF inhibitors, dabrafenib and vemu-
rafenib, have revolutionized the treatment of met-
astatic cutaneous melanoma [6]. Many authors 
suggest BRAF inhibition as a promising advance 
in the treatment of mucosal melanoma. However, 
the rate of BRAF mutations in mucosal mela-
noma is relatively low, limiting this as a potent 
treatment option for mucosal melanoma [2, 120]. 
We recommend screening for BRAF mutation, 
and, if the mutation is present, similar treatment 
regimens utilized for cutaneous melanoma may 
be applicable. It is notable that most melanomas 
will develop resistance to single-agent BRAF 
inhibition, and a combination with a MEK inhibi-
tor has been shown to increase both disease-free 
and overall survival [122–124].

 Immunotherapy

Treatment with ipilimumab, a monoclonal anti-
body that blocks the cytotoxic T-lymphocyte 
antigen-4 (CTLA-4) receptor, has been shown to 

impact the overall survival in the treatment of 
advanced cutaneous melanoma [6, 120]. No ran-
domized trials exist at present for the treatment of 
mucosal melanoma, but smaller case studies 
demonstrate a benefit of this agent in treating 
mucosal melanoma [4, 6]. One such study 
showed a 12% response rate along with an over-
all survival time of 4.3–6.4 months [125].

Another novel treatment option is identifica-
tion of an antibody that blocks the programmed 
death-1 (PD-1) receptor on activated T cells, 
which ultimately leads to an enhanced ability of 
the T cells to eradicate tumor cells. Two PD-1 
antibodies, nivolumab and pembrolizumab, have 
been approved for the first-line treatment of met-
astatic melanoma [126–128]. Response rates of 
up to 32% have been identified in mucosal mela-
noma, which are comparable to those found in 
cutaneous melanoma [129]. Thus, it is clear that 
checkpoint inhibition therapy has become a 
promising treatment option in mucosal mela-
noma, with further studies planned for the future. 
A large, pooled analysis of data for anti-PD-1 
therapy in combination with ipilimumab in 
mucosal melanoma has shown that this combina-
tion has a synergistic efficacy when compared to 
each given alone. However, combination therapy 
was associated with high rates of grade 3 or 4 
adverse effects [127]. Given the fast development 
of novel agents, these must be studied in large, 
multicenter studies of mucosal melanoma.
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Uveal Melanoma

Ronald W. Milam Jr. and Anthony B. Daniels

 Introduction

The three main types of primary ocular mela-
noma are eyelid, conjunctival, and uveal mela-
noma, each fundamentally different from each 
other. Eyelid and conjunctival melanomas are 
external to the eye itself, while uveal melanoma 
refers strictly to intraocular melanomas. Eyelid 
melanomas can be considered essentially identi-
cal to cutaneous melanoma, as they both possess 
the same pathogenesis, genetic alterations, risk 
factors, and general principles of metastasis and 
treatment. The reader is referred to other sections 
of this book for further detailed discussion on 
cutaneous melanoma. The conjunctiva is the thin, 
clear external mucous membrane that covers the 
front of the eye, extending from the peripheral 
edge of the cornea (the corneal limbus) over the 
anterior sclera (termed the bulbar conjunctiva). It 
then loops back onto the posterior surface of the 
eyelids (termed the palpebral conjunctiva) 

(Fig.  16.1). While not identical to cutaneous 
 melanoma, it is important to recognize that 
 conjunctival melanoma has several features remi-
niscent of its cutaneous counterpart.

It is important to note that, when referring to 
“ocular melanoma,” some sources will group 
together both conjunctival and uveal melanomas 
[1]. Occasionally, even periocular cutaneous mel-
anoma is included when some sources discuss 
“eye melanomas.” However, uveal (intraocular) 
melanoma is unique from both conjunctival and 
cutaneous melanoma in its clinical and molecular 
features as well as its risk factors, genetics, 
pathogenesis, metastatic behavior, and treatment 
[2–7]. Therefore, it is important to think of uveal 
melanoma as a separate entity from the other two 
[8]. This chapter focuses predominantly on pri-
mary uveal melanoma, which is 7.5–17.5 times 
more common than conjunctival melanoma [5, 
9–12]. A brief discussion of conjunctival mela-
noma is found at the end of this chapter.

Basic Ocular Definitions (Fig. 16.1)

• Uvea: The pigmented layer of the eye, often 
referred to as the uveal tract. It is composed of 
three intraocular structures (choroid, ciliary 
body, and iris) that are morphologically and 
functionally distinct but contiguous with one 
another. Uveal melanoma arises from melano-
cytes within these three structures.

• Choroid: The pigmented vascular layer of the 
eye that lies between the retina and the sclera. 
It is the most posterior portion of the uvea.
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• Ciliary body: The pigmented vascular struc-
ture of the eye that connects the iris to the 
 choroid. It consists of ciliary muscles (which 
alter the shape of the lens to allow the eye to 
focus on near objects) and ciliary processes 
(which produces the aqueous humor). It is the 
middle portion of the uvea.

• Iris: The thin circular pigmented structure that 
lies between the cornea and the lens. It has a 
dynamic aperture in the center that is known 
as the pupil. Eye color is defined by the color 
of one’s iris. It is the most anterior portion of 
the uvea.

• Aqueous humor: The clear fluid produced by 
the ciliary body, which is composed primarily 
of water. It contains oxygen and nutrients that 
nourish the anterior structures of the eye, 
including the cornea.

 Epidemiology

Uveal melanoma is the most common primary 
intraocular malignancy in adults [13] and is 
comprised of melanomas involving the choroid, 
ciliary body, and iris (Figs. 16.1, 16.2, and 16.3). 
Uveal melanoma represents 3–5% of all melano-
mas in the body, and the uvea is the second most 
common location, after the skin, from which pri-
mary melanomas arise [5, 14]. It is estimated 
that there are approximately 1,500–2,000 new 
cases of uveal melanoma diagnosed in the 
United States each year [5, 8], with the choroid 
accounting for 81–90% of these cases. 
Melanomas of the ciliary body are the second 
most common location for uveal melanomas and 
they comprise 5–8% of cases, while iris melano-
mas are the least common, representing only 
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Fig. 16.1 Visual glossary of ocular anatomy. (a) External 
view with ocular surface and adnexal structures. (b) 
Sagittal cross section of the eye displaying intraocular 
anatomy. (c) Simplified cross section of the eye highlight-

ing the normal uveal tract (on the right) and highlighting 
the location of the three locations of uveal melanoma (iris, 
ciliary body, and choroid) on the left
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3–5% of cases [9, 14, 15]. Infrequently, more 
than one site of the uveal tract may be involved, 
such as uveal melanomas that are large enough 
to involve both the iris and ciliary body (termed 
“iridociliary melanoma”) or both the ciliary 
body and the choroid (termed “ciliochoroidal 
melanoma”).

The annual incidence of uveal melanoma in 
the United States and Europe is 5–8 cases per 
million per year. Unlike cutaneous melanoma, 
where the incidence has been on the rise, the 
worldwide incidence of uveal melanoma has 
remained stable over the past several decades [5, 
9, 10, 16]. Previously, a geographical trend in 
incidence change was identified, with the inci-
dence of uveal melanoma observed to increase 
significantly with an increase in latitude of birth 
(4.91-fold increase from 20–22 degrees latitude 
to 47–48 degrees latitude) [17]. However, a fur-
ther meta-analysis has shown that latitude of 
birth is not an independent risk factor for devel-
opment of uveal melanoma. Rather, this trend 
reflects the genetic predisposition for uveal mel-
anoma of populations living in these higher lati-
tudes, with a higher incidence in countries 
having larger Scandinavian or Caucasian popu-
lations (higher latitude countries) and a lower 
incidence in East Asia and Africa (lower latitude 
countries) where there is a lower proportion of 
Scandinavian or Caucasian populations [5, 10, 
18, 19].

Uveal melanoma primarily afflicts older 
Caucasian adults, with a peak age at diagnosis 
of 70–79 years, with men and women being 
equally affected [5]. However, uveal melanoma 
can occur over a wide age range, with diagno-
ses being reported anywhere from 6 to 100 
years of age [14, 20, 21]. Caucasians represent 
97.8% of cases in the United States, with a 
Caucasian-to-African- American ratio of 196:1 
[5]. Population studies estimate the annual 
incidence of uveal melanoma, based on ethnic-
ity, to be 4351 for Caucasian-non-Hispanics, 
1154 for Hispanics, 875 for Asians, and 316 for 
Africans [22].

a

b

Fig. 16.2 Iris melanoma. (a) Anterior segment photo-
graphs of a small iris melanoma. (b) Ultrasound biomi-
croscopy (UBM) of the lesion seen in (a)

Fig. 16.3 Medium-sized amelanotic melanoma involv-
ing the macula and abutting the optic nerve 
(juxtapapillary)
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 Risk Factors for Developing Uveal 
Melanoma

Several studies and meta-analyses have identified 
a variety of risk factors that put certain individu-
als at a higher risk for developing uveal mela-
noma. These risk factors include presence of 
light-colored irides, fair skin, cutaneous freckles, 
increased number of common cutaneous nevi, 
atypical cutaneous nevi, propensity to sunburn/
inability to tan, iris nevi, ocular melanocytosis, 
dysplastic nevus syndrome, inactivating BAP1 
gene mutation, and welding as an occupation [18, 
23–27]. In comparison, similar risk factors have 
been shown to be important in the development 
of cutaneous melanoma, including blonde or red 
hair, fair skin color, light eye color, skin freck-
ling, presence of cutaneous nevi, and sensitivity 
to sunlight [28]. It has been shown that ultraviolet 
(UV) light/sunlight exposure is the most signifi-
cant modifiable risk factor for cutaneous mela-
noma [29–31]. However, the effect of sunlight on 
the development of uveal melanoma has not been 
thoroughly identified as a major risk factor.

There is conflicting data from numerous studies 
which have investigated the role of UV/sunlight 
exposure in the development of uveal melanoma. 
For example, melanoma is more likely to arise 
within the posterior pole of the eye, where sunlight 
exposure is thought to be greatest. However, the 
preponderance of evidence suggests that UV light 
damage is not causative in the pathogenesis of pos-
terior uveal (choroidal and ciliary body) melanoma 
[27, 32–34]. This is supported by the fact that the 
types of deoxyribonucleic acid (DNA) damage 
typically seen with UV light, such as C-to-T transi-
tions, are not as commonly observed with uveal 
melanomas [35–39]. Similarly, genes mutated in 
cutaneous melanomas arising in sun-exposed or 
chronically sun- damaged skin, such as BRAF and 
NRAS, are not mutated in uveal melanoma (see 
Genetics section below) [40–42].

 Genetics and Pathogenesis of Uveal 
Melanoma

Uveal melanoma harbors a relatively limited 
number of conserved genetic mutations, which 
are responsible for its oncogenesis and progres-

sion to metastatic disease [36–38, 43, 44]. This is 
in contrast to many other solid tumors, including 
cutaneous melanoma, which carry a much wider 
variety of pathogenic and passenger mutations. 
Chromosomal anomalies associated with uveal 
melanoma consist primarily of derangements in 
chromosomes 1, 3, 6, and 8 [45–50]. Further dis-
cussion of these chromosomal alterations and 
their implications for patient prognosis is given 
in detail later in this chapter. This section reviews 
the major genes and epigenetic modifications 
involved in the pathogenesis of uveal melanoma.

It is important to mention that the specific genetic 
variants underlying the development of uveal mela-
noma differ completely from those observed with 
cutaneous melanoma. The most commonly 
observed high-risk susceptibility genes associated 
with cutaneous melanoma include CDKN2A, 
CDK4, MITF, and MC1R [51]. Furthermore, cuta-
neous melanoma is typically driven by mitogen-
activated protein kinase (MAPK) activating 
mutations in BRAF (40–50% of cases) and NRAS 
(10–25% of cases) or by loss-of-function mutations 
in the NF1 gene (14% of cases) [52].

In contrast, uveal melanoma contains a more 
limited number of conserved mutations found 
almost exclusively in the GNAQ, GNA11, SF3B1, 
EIF1AX, and BAP1 genes. Mutations in GNAQ 
and GNA11 occur early and are found in approxi-
mately 83–91% of all primary uveal melanomas 
and are always mutually exclusive to one another 
[38, 43]. Mutations in SF3B1, EIF1AX, and 
BAP1 are present, in addition to the early GNAQ/
GNA11 mutations. As with GNAQ/GNA11, muta-
tions in SF3B1, EIF1AX, and BAP1 are all also 
mutually exclusive from each other [37, 43, 53].

Uveal melanomas arise from uveal melano-
cytes. The timing of the major genetic mutational 
events that lead to melanocytic malignant trans-
formation is largely predictable. Progression 
from uveal melanocyte to nevus is characterized 
by specific mutations in either GNAQ or GNA11, 
followed by a mutation in either SF3B1 or 
EIF1AX. In turn, this causes a transformation 
from nevus to a “low-metastatic-risk” uveal mel-
anoma. Alternatively, after the initial GNAQ/
GNA11 mutation, a uveal nevus may transform 
into a “high-metastatic-risk” uveal melanoma by 
acquiring a subsequent independent pathogenic 
derangement in the BAP1 gene (Fig. 16.4).
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 GNAQ and GNA11 Gene Mutations

GNAQ/11 each encodes for G protein-related 
alpha subunits of a larger cellular protein complex. 
Mutations in these genes are somatically acquired 
and almost exclusively occur within the GTPase 
catalytic domain at codon 209 in exon 5 [36, 38, 
43]. Inactivating mutations at this site prevent 
hydrolysis of GTP, subsequently locking the 
mutated protein in its activated configuration and 
resulting in constitutive activation of many down-
stream pathways such as MEK/ERK. This causes 
YAP hypo-phosphorylation and nuclear localiza-
tion, resulting in transcriptional activation of 
numerous cell cycle genes [36, 37, 54, 55]. 
Mutations in GNAQ/11 lead to precursor uveal 
nevi, but alone are not sufficient to lead to mela-
noma. GNAQ/11 mutations have been observed in 
nevi and melanomas at all stages of malignant pro-
gression, independent of other well-known onco-
genic mutations. As such, GNAQ/11 mutations 
represent the earliest genetic event in the patho-
genesis from uveal melanocyte to melanoma [56].

 BAP1 Gene Mutations

BRCA-1-associated protein-1 (BAP1) is located 
on chromosome 3p21. BAP1 functions as a 

tumor-suppressor gene, and therefore requires 
functional loss of both copies of the gene in order 
to cause malignant transformation of a cell (i.e., a 
single functional copy of BAP1 is adequate to 
maintain normal cellular function). The BAP1 
protein is linked to many critical intracellular 
processes required for maintaining normal cellu-
lar function. Although its exact role in the onco-
genesis of uveal melanoma remains unclear, it is 
certain that maintaining at least one functional 
copy of BAP1 is critical for normal cellular 
growth, chromatin regulation, and DNA damage 
repair. Furthermore, it has been shown that reduc-
tion in BAP1 activity can result in regression of 
cellular differentiation of uveal melanoma cells, 
which is likely the underlying oncogenic driving 
force in cells with BAP1 mutations [57].

There are two ways in which uveal melano-
cytes may develop total functional loss of BAP1 
(i.e., functional loss of both copies of BAP1). 
First, patients may carry a single mutant BAP1 
gene and then acquire a subsequent loss of the 
other, wild-type, BAP1 gene via an inactivating 
mutation or total chromosome 3p21 loss, result-
ing in complete loss of cellular BAP1 function. 
Second, a uveal melanocyte may exhibit loss of 
BAP1 heterozygosity by one parent cell, incor-
rectly contributing two mutant BAP1 genes to a 
daughter cell during mitosis, creating isodisomy 
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Fig. 16.4 Genetic pathway of uveal melanoma. The first 
step in the genetic development of a uveal melanoma 
starts with a uveal melanocyte acquiring a mutation in 
either GNAQ or GNA11, creating a uveal nevus. During 
melanomagenesis, the nevus then progresses along on one 
of the two mutually exclusive pathways. Some tumors 
will develop chromosome 3 loss (monosomy 3) with loss 
of BAP1, leading to a melanoma with high metastatic risk 

and Class 2 gene expression profile (GEP). Alternatively, 
tumors may instead acquire a mutation in either SF3B1 or 
EIF1AX, leading to a melanoma with low metastatic risk 
and Class 1 GEP.  After the initial genetic bifurcation, 
tumors may then acquire subsequent genetic derange-
ments in chromosomes 1, 6, and 8, which are themselves 
independent modifiers of metastatic risk and patient mor-
tality. Adapted with permission of Wiley
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(also known as uniparental disomy). By this 
mechanism, a melanocyte may acquire two cop-
ies of inactivated BAP1 genes, and therefore 
exhibit complete loss of BAP1 function [58]. 
Both genetic mutations and histone deacetylase 
enzymes have been shown to play a role in the 
inactivation of BAP1, with inactivating mutations 
observed in up to 84% of uveal melanomas that 
metastasize [59]. Genetic prognostication and 
metastatic disease are discussed later in this 
chapter.

 SF3B1 Gene Mutations

The splicing factor 3B subunit 1 (SF3B1) gene 
encodes for a subunit of the splicing factor com-
ponent of a larger intracellular spliceosome com-
plex. This complex functions to splice precursor 
messenger ribonucleic acid (mRNA) into mature 
transcription products. The wild-type SF3B1 
gene product anchors the precursor mRNA onto 
the spliceosome complex, facilitating correct 
mRNA splicing. Mutations of the SF3B1 gene 
can result in critical mRNA splicing errors that 
may result in downstream protein product dys-
function, cell cycle derangements, and ultimately 
melanomagenesis [60–62].

 EIF1AX Gene Mutations

The eukaryotic translation initiation factor 1A, 
X-linked (EIF1AX) gene encodes for a protein 
involved in the translation of other intracellular 
proteins. Its exact mechanism of oncogenesis in 
uveal melanoma is not well understood at pres-
ent. Mutations in the EIF1AX gene have been 
reported in up to 24% of primary uveal melano-
mas [63, 64].

 Rb, p53, and PTEN Gene Mutations

In uveal melanomas, mutations in the retinoblas-
toma (Rb), phosphatase and tensin homolog 
(PTEN), and p53 tumor-suppressor genes are 
exceedingly rare. However, most uveal melano-

mas exhibit some degree of inhibition of the Rb 
and p53 pathways, even in the presence of wild- 
type Rb and p53 genes. This apparent loss of Rb 
and p53 activity is due to the overexpression of 
cyclin D1 and MDM2, respectively. Reduced Rb 
and p53 activity allows for disinhibited progres-
sion through the cell cycle and further malignant 
transformation [65–67].

The loss of PTEN activity has also been 
reported in a subset of uveal melanomas and is 
thought to result in increased downstream activ-
ity of PI3K/AKT signaling, which in turn acti-
vates many other downstream targets that lead to 
cellular proliferation [68]. In one study, up to 
11% of uveal melanomas were found to have 
mutations in PTEN. Furthermore, there are other 
small studies suggesting that reduced patient sur-
vival may be associated with uveal melanomas 
containing PTEN mutations [68–73].

 Epigenetics in Uveal Melanoma

Epigenetics is the study of mitotically inherited 
cellular influences that alter genetic function, but 
are not caused by direct DNA nucleotide altera-
tions. Over the past two decades, it has become 
more apparent that these epigenetic factors play 
an important role in the modification of chroma-
tin, resulting in dynamic alterations in the 
 expression of DNA.  It is now known that epi-
genetics plays an important role in the develop-
ment of numerous pathologies and cancers, with 
several epigenetic mechanisms centrally involved 
in the malignant transformation and progression 
of melanoma.

The most notable epigenetic factors include 
DNA methylation and alterations of histones 
through acetylation or methylation. Collectively, 
this has been termed the “epigenome,” and a “his-
tone code” has been theorized. The histone code 
can be modified significantly by major regulators 
of transcription, such as polycomb group (PcG) 
proteins and histone-modifying enzymes (HMEs) 
such as histone acetyltransferases (HATs) or his-
tone deacetylases (HDACs) [74].

Recently, Herlihy and colleagues showed that 
reduced expression levels of HMEs and PcG 
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 proteins were associated with uveal melanoma 
harboring monosomy 3, with the gene expression 
profile (GEP) Class 2 [75], both of which are char-
acteristics associated with increased metastatic 
risk. Currently, the role of epigenetics in the patho-
genesis and treatment of uveal melanoma is still in 
its infancy. However, there have been some small 
studies elucidating potential future directions for 
utilizing epigenetic modification in the treatment 
of uveal melanoma [75, 76].

 Summary of Genetic Pathogenesis 
of Uveal Melanoma

In summary, it is well known that the genetic 
pathway for uveal melanoma bifurcates at an 
early stage in its pathogenesis. The initial genetic 
alteration involves an early mutation in either 
GNAQ or GNA11. Mutations in GNAQ/11 result 
in the development of a uveal nevus, but a muta-
tion in either of these genes alone is not fully suf-
ficient for a uveal melanocyte to complete 
malignant transformation [36, 43, 53, 77]. After 
this initial mutation in either GNAQ or GNA11, 
the cell acquires another separate pathogenic 
mutation in either SF3B1 or EIF1AX (leading to 
melanoma with a lower metastatic risk) or BAP1 
(leading to melanoma with a high metastatic risk). 
Each of these mutations is mutually exclusive to 
the others [63], and this bifurcation results in two 
mutually exclusive and genetically distinct uveal 
melanoma subtypes (Fig. 16.4) [36, 45, 78].

 Evaluation and Diagnosis 
of Primary Uveal Melanoma

Uveal melanoma arises from uveal melanocytes, 
and may either develop from a long-standing 
choroidal nevus or arise de novo, without pro-
gressing from a precursor nevus. However, there 
is no data documenting the proportion of melano-
mas that arise from nevus vs. de novo. In fact, the 
overwhelming majority of published literature 
only reports rates of growth and transformation 
of uveal nevi into melanomas, with only two case 
reports documenting truly de novo choroidal 

melanomagenesis [79, 80]. Additionally, it is rea-
sonable to assume that some larger reports of 
nevi progression may actually include melanoma 
variants that arose de novo but were initially mis-
classified. Consequently, it is difficult to establish 
an accurate incidence of malignant transforma-
tion from nevus vs. incidence of de novo melano-
magenesis. Given the lack of documentation of 
uveal melanomas arising de novo, experts believe 
that the overwhelming majority of melanomas 
evolve along a continuum between benign uveal 
nevus and melanoma, analogous to cutaneous 
nevi and melanoma [81, 82].

 Diagnosis of Primary Uveal 
Melanoma

The diagnosis of uveal melanoma is determined 
by the clinical judgment of the evaluating oph-
thalmologist, and is based on patient presentation 
with a detailed physical examination using bio-
microscopy and ophthalmoscopy. Adjuvant diag-
nostic imaging techniques may be used as well to 
look for the presence of high-risk features, sug-
gesting uveal melanoma over a benign nevus. 
Studies have shown that the rarity of uveal mela-
noma may play a role in the correct diagnosis 
(i.e., differentiating a melanoma from a nevus) 
being missed by comprehensive ophthalmolo-
gists who may only observe this disease a few 
times during their career. In fact, it is estimated 
that a comprehensive ophthalmologist practicing 
in the United States will see one new case of 
uveal melanoma per decade of practice [20, 83]. 
Consequently, given uveal melanoma’s high rate 
of metastasis and mortality [84–87], along with 
its evolution along a continuum from benign to 
malignant, careful ophthalmologic examination 
by a trained and experienced clinician remains 
critical.

 Differential Diagnosis of Uveal 
Melanomas

There are numerous other benign and malignant 
neoplasms of the retina, the outer lying retina 
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 pigment epithelium (RPE) and choroid, all of 
which can mimic the appearance of ciliary body 
or choroidal melanoma on physical exam. The 
differential diagnosis of a solitary, pigmented 
lesion includes uveal melanoma, choroidal nevus, 
melanocytoma, congenital hypertrophy of the 
RPE (CHRPE), hemorrhage in the subretinal or 
suprachoroidal space, and metastatic cutaneous 
melanoma. The differential diagnosis of a soli-
tary amelanotic lesion includes amelanotic uveal 
melanoma, choroidal hemangioma, metastatic 
choroidal tumors, solitary choroidal granuloma 
(from sarcoidosis or tuberculosis), posterior scle-
ritis, and prominent vortex ampulla [88]. The dif-
ferential diagnosis of pigmented melanocytic iris 
lesions includes iris nevus, iris melanoma, pri-
mary iris cyst, essential iris atrophy, iris foreign 
body, peripheral anterior synechiae, iris metasta-
sis, leiomyoma, melanocytoma, and other rare 
entities [89].

 Delays in Early Diagnosis of Primary 
Uveal Melanoma

Despite the high mortality rate associated with 
metastatic disease, studies have not conclusively 
shown that early diagnosis and treatment of pri-
mary uveal melanoma have an impact upon 
improving a patient’s survival. However, there 
are numerous studies demonstrating that early 
diagnosis prevents disease-related morbidity by 
reducing the rate of enucleation (removal of the 
entire eye) and increasing the rate of eye-sparing 
treatment with radiotherapy. Enucleation rates 
for delayed diagnoses are 44–52%, compared to 
the 17–29% for cases without diagnostic delays 
[20, 87, 90]. Several reports show that diagnostic 
delays result from an initial misdiagnosis in 
23–42% of cases. Diagnostic delays are associ-
ated with a significant delay in the onset of treat-
ment, with an average time to treatment of 6.6 
months for cases with diagnostic delays com-
pared to 4.2 weeks for cases without delays [20, 
90]. Cited reasons include tumors located in 
areas difficult to observe on exam (such as in the 
anterior choroid or ciliary body), the presence of 

media opacities (such as cataracts) that may 
obstruct the view, and the presence of other ocu-
lar pathologies that may incorrectly explain 
visual symptoms which are actually caused by 
the melanoma [83, 90].

 Patient Presentation

Large, prospective studies have shown that 
69–72% of patients with uveal melanoma present 
symptomatically. The most common presenting 
symptom is blurry vision, occurring in 37.8% of 
symptomatic patients, followed by photopsias 
(flashes of lights) in 8.6%, floaters in 7.0%, visual 
field loss in 6.1%, visible tumor in 3.1%, and pain 
in 2.4%. Larger tumors are more likely to present 
with some of these symptoms due to secondary 
effects from the tumor, such as associated serous 
retinal detachment which may cause reduced 
vision, visual field deficits, and photopsias [20, 
90]. On the other hand, 28–31% of patients pres-
ent completely asymptomatic and are diagnosed 
on routine ophthalmic screening exams. Rarely, a 
long-standing blind eye or an eye with a very 
dense cataract may harbor an occult uveal mela-
noma. Therefore, eye care providers must rou-
tinely and thoroughly evaluate eyes with a poor 
view to the posterior pole (e.g., due to dense cata-
racts, diseased corneas, or phthisis bulbi) with 
ocular ultrasonography, in order to monitor for the 
development of an occult tumor [91].

 Clinical Features of Ciliary Body 
and Choroidal Melanomas

Melanomas of the ciliary body and choroid typi-
cally present as a solitary, elevated, pigmented, or 
amelanotic lesion. Ciliary body and choroidal 
melanomas are typically dome shaped (Figs. 16.2 
and 16.5) with 60% of choroidal melanomas 
being located within 3 mm of the optic disc or 
fovea. There may be clumps of overlying orange 
pigment, due to collection of lipofuscin associ-
ated with the melanoma (Fig.  16.6). In some 
cases, serous fluid may leak from the tumor and 
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collect underneath the retina, causing an associ-
ated serous retinal detachment or subretinal hem-
orrhage (Fig. 16.6).

Large ciliary body and choroidal melanomas 
are often easy for the trained ophthalmologist to 
diagnose on physical exam, based on the presence 
of high-risk clinical features that distinguish them 
from smaller benign nevi. However, the distinc-
tion between small- and medium-sized nevi ver-
sus melanomas can be difficult, with adjuvant 
imaging modalities quite useful as an aid in mak-
ing the correct diagnosis. Such imaging modali-
ties include fundus photography, ophthalmic 
ultrasonography, ultrasound biomicroscopy 
(UBM), optical coherence tomography (OCT), 
fundus autofluorescence (FAF), fluorescein angi-
ography (FA), indocyanine green (ICG), and 
magnetic resonance imaging (MRI).

 Anterior Segment and Fundus 
Photography

Anterior segment and fundus photography 
employ the use of a specialized camera attached 
to a biomicroscope with a light source. This cam-
era is used to capture high-resolution photo-
graphs of the anterior segment (iris, cornea, 
conjunctiva, and sclera) and fundus (the back of 
the inside of the eye) (Figs. 16.2, 16.3, 16.6, and 
16.8). Fundus photography is mainly used for 
monitoring and documenting any change in the 
pigmentation and borders uveal nevi, melano-
mas, and other suspicious lesions requiring mon-
itoring for growth. Fundus photography allows 
for lesions to be documented and compared over 
time. Any documented change or growth of a 
nevus may represent malignant transformation, 
necessitating treatment.

 Ophthalmic Ultrasonography

Ophthalmic ultrasonography (USG) is the single 
most valuable diagnostic tool available to the 
experienced clinician to aid in diagnosis, moni-
toring, and documenting growth for uveal mela-
noma. Serial USG measurements are used to 
monitor for any change in tumor dimensions over 
time, with an increasing basal diameter or apical 
height highly suggestive of malignant transfor-
mation and growth [8, 92, 93]. Additionally, USG 
is indispensable for accurately evaluating lesions 
through retinal detachments and dense media 
opacities that would otherwise obstruct the exam-
iner’s direct view of the lesion in question. 
Clinicians utilize both B-scan and A-scan USG to 
accurately evaluate lesions suspicious for the 
diagnosis of melanoma (Figs. 16.5 and 16.7).

Traditional USG B-scans use a 10 MHz trans-
ducer that provides a resolution of 300–400 μm, 
and is used to reliably define the tumor extent, 
shape, and dimensional measurements. Typical 
features of choroidal and ciliary body melanomas 
on B-scan USG include a dome or mushroom 
shape, apical height >3 mm, choroidal excavation, 
acoustic hollowness, and posterior shadowing 

a

b

Fig. 16.5 Choroidal melanoma ultrasonography. (a) 
B-scan ultrasonography of choroidal melanoma, demon-
strating the characteristic dome shape, and acoustic hol-
lowness. (b) The corresponding A-scan ultrasonography 
of the same melanoma, displaying low-medium internal 
reflectivity (yellow asterisk) with vascular spikes
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(Figs. 16.5 and 16.7) [94]. Mushroom shape on 
USG (Fig. 16.7) is nearly pathognomonic for cho-
roidal melanoma [95], which occurs as a result of 
melanoma extension through Bruch’s membrane 
(the innermost layer separating the choroid from 
the retina). Another concerning feature on USG is 
the presence of an apical height >3 mm, as these 
lesions are very likely to be melanoma [8, 93]. In 
addition to B-scan USG, there are characteristic 
features on A-scan that are highly suggestive of 
the diagnosis of uveal melanoma. The classic 
acoustic features of uveal melanoma seen on 

A-scan USG include homogenous, low-to-
medium internal reflectivity, solid consistency 
with no “after movement,” and echographic signs 
of vascularity, such as fast vertical flickering 
A-scan spikes (Fig. 16.5) [96].

 Ultrasound Biomicroscopy

Ultrasound biomicroscopy (UBM) is a separate 
ultrasonography technique that is used primarily 
to evaluate the anterior segment of the eye, 

*

a b

c d

Fig. 16.6 (a) Color fundus photography of a choroidal 
melanoma with several high-risk features, including the 
presence of orange pigment (arrow) and juxtapapillary 
location abutting the optic nerve head. (b) Fundus auto-
fluorescence of the choroidal melanoma displayed in (a), 
demonstrating hyper-autofluorescence (arrow) corre-
sponding to the orange pigment seen on the fundus photo-

graph. (c) Another fundus autofluorescence of a different 
choroidal melanoma, also displaying some hyper- 
autofluorescence of orange pigment and subtle subretinal 
fluid. (d) Spectral domain optical coherence tomography 
(OCT) of the choroidal melanoma displayed in (c). This 
OCT highlights the presence of subretinal fluid (asterisk)
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including the iris, ciliary body, anterior chamber, 
and cornea. Compared to conventional ophthal-
mic A-scan and B-scan ultrasonography, UBM 
uses a higher frequency transducer (35–100 MHz) 
to capture anterior segment images with a higher 
resolution approaching 20–60  μm [97]. While 
standard B-scan ultrasonography of the eye is 
useful for evaluation of posterior choroidal mela-
nomas, UBM’s higher resolution is better for 
imaging smaller uveal melanomas of the ciliary 
body and iris. UBM improves on the axial and 
lateral resolution of conventional B-scan imaging 
by a factor of ten, and its imaging penetrates up 
to 4 mm, which is sufficient to image most ciliary 
body and iris melanomas [98]. Due to its superior 

resolution and penetration over USG, UBM dem-
onstrates superior accuracy in acquiring dimen-
sional measurements and localization of uveal 
melanomas involving the ciliary body and periph-
eral iris (Fig. 16.2) [99].

 Fundus Autofluorescence

Fundus autofluorescence (FAF) is a noninvasive 
retinal imaging modality that provides a density 
map of lipofuscin, the predominant fluorophore 
in the retinal pigment epithelium (RPE). 
Fluorophores are naturally occurring molecules 
that absorb light of a particular wavelength, and 

a b c

d

*
*

Fig. 16.7 Radioactive brachytherapy plaque placement. 
(a) Traction sutures have been placed around the superior 
and inferior rectus muscles and the eye has been rotated. 
The lateral rectus muscle has been disinserted to allow 
better access to the underlying tumor. A light is shined 
into the eye in this photo, transilluminating the melanoma 
on the surface of the overlying sclera. (b) This transillu-
mination shadow is then marked to delineate the borders 

of the tumor. The radioactive plaque is sewn to the sclera 
to cover the previously marked tumor borders. (c) The 
gold plaque shell can be seen on the left side of the eye. 
(d) Intraoperative ultrasound showing a mushroom-
shaped choroidal melanoma (yellow asterisk) and the 
correctly placed brachytherapy plaque (green asterisk) 
with acoustic shadowing posterior (green bracket) to the 
plaque
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then emit (autofluoresce) light of a distinctly sep-
arate wavelength. Classically, FAF utilizes blue 
light to excite the lipofuscin, and then collects the 
subsequent fluorescent emissions to form a 
brightness map that reflects the distribution of 
lipofuscin located in the RPE.  The RPE is the 
pigmented, outermost layer of cells that lines the 
retina, serving multiple functions to support and 
nourish the retina photoreceptors. In clinical 
practice, FAF is used as a reliable noninvasive 
method to estimate the viability of the RPE [100].

For choroidal melanomas, FAF is used to 
assess the health of the overlying RPE, which 
may demonstrate characteristics that differentiate 
choroidal nevus from melanoma [101]. FAF fea-
tures associated with choroidal nevus include 
overlying hypo-autofluorescence (56% of cases), 
homogenous hyper-autofluorescence (25% of 
cases), or iso-autofluorescence (19% of cases). 
Hypo-autofluorescence on FAF is a sign that is 
suggestive of chronic RPE atrophy associated 
with the underlying lesion. Signs of chronicity 
are more likely to represent a benign nevus over 
melanoma. Such chronic changes indicate that a 
particular lesion has been present for an extended 
time period that is long enough for these changes 
to manifest. Therefore, chronic changes are indi-
rect signs of slow or minimal growth, which is 
the major characteristic of a nevus.

Contrasting FAF of nevi, choroidal melano-
mas are more likely to demonstrate distinct 
hyper-autofluorescence that corresponds directly 
to intrinsic lipofuscin deposition (seen as orange 
pigmentary deposits on physical exam) 
(Fig. 16.6). While the absence of this FAF feature 
does not rule out the diagnosis of melanoma, its 
presence suggests malignancy. Thus, the diag-
nostic utility of FAF in uveal melanoma is most 
beneficial for potentially highlighting subtle lipo-
fuscin aggregates (orange pigmentation) of uveal 
melanomas that may be missed on the clinical 
exam alone [101–103]. Some researchers have 
demonstrated quantification of FAF images using 
imaging software to quantify the amount of auto-
fluorescence and differentiate between clinically 
benign and malignant choroidal melanocytic 
lesions [104].

 Optical Coherence Tomography

Optical coherence tomography (OCT) is both a 
noncontact and noninvasive ophthalmic imaging 
technique commonly used in ophthalmology. It is 
utilized to quickly and accurately visualize 
in vivo cross-sectional images of ocular tissues in 
a wide variety of diseases. Modern OCTs are 
capable of producing high-definition images with 
a resolution of up to 5 μm. This technique uses 
the interference patterns of laser light that is 
shined onto, and reflected from, the ocular tissue 
to create high-definition cross-sectional images 
of the cornea, iris, ciliary body, retina, and cho-
roid. OCT is not regularly employed as a diag-
nostic tool for uveal melanomas, as it has shown 
limited use for evaluating lesions >3 mm in thick-
ness or lesions with heavy pigmentation [105, 
106]. However, when utilized, OCT is primarily 
used to confirm the presence of subtle subretinal 
fluid associated with uveal melanoma and which 
may be missed on clinical exam alone (Fig. 16.6). 
Other less common roles of OCT for uveal mela-
noma include obtaining dimensional measure-
ments of small tumors and differentiating 
congenital hypertrophy of the retina pigment epi-
thelium (CHRPE) from choroidal melanoma.

 Fluorescein Angiography

Fluorescein angiography (FA)  is a relatively 
more invasive chorioretinal vascular imaging 
technique that involves injecting a fluorescent dye 
into the patient’s bloodstream. While the dye cir-
culates through the retinal and choroidal vascula-
ture in the back of the eye, serial fundus images 
are captured. FA is not routinely used to evaluate 
or monitor uveal nevi/melanomas, as it has lim-
ited ability to distinguish between the two and 
there is no pathognomonic FA characteristic for 
either of these lesions. However, it is important to 
note that FA can demonstrate a “dual- circulation” 
pattern in up to 61% of choroidal melanomas, 
which is a sign of secondary choroidal vascular-
ization in tumors that have broken through 
Bruch’s membrane beneath the RPE [107].
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 Indocyanine Green Angiography

Indocyanine green angiography (ICGA) is an 
ophthalmic imaging technique that is used to 
evaluate the choroidal vasculature, but has a lim-
ited role for evaluating uveal melanomas. ICGA 
is similar to FA, in that it involves the injection of 
a dye into the patient’s bloodstream, with subse-
quent serial imaging of the ocular fundus while 
the dye circulates through the choroidal blood 
vessels. However, ICGA is better for imaging the 
choroid, utilizing near-infrared light, which pen-
etrates the RPE to activate the indocyanine green 
dye in the choroidal vessels. These features allow 
for ICGA to evaluate the integrity of the choroi-
dal vascular system.

While ICGA may demonstrate hypocyanes-
cence of uveal melanomas, this finding is not reli-
ably characteristic and its role in the diagnosis, 
evaluation, and monitoring of uveal melanoma 
remains rare and limited. ICGA may be most 
useful in distinguishing choroidal melanoma 
from choroidal hemangiomas if this distinction is 
not apparent to the clinician on physical exam, as 
the choroidal vessel patterns differ between these 
two entities [108]. There are previous studies 
suggesting that ICGA may be capable of detect-
ing prognostically significant microvasculature 
patterns (such as closed vascular loops that are 
only seen on histopathological biopsy evalua-
tions) [109, 110]. However, these studies have 
not been validated and this imaging modality 
continues to have limited utility in the evaluation 
of uveal melanoma.

 Computed Tomography 
and Magnetic Resonance Imaging

Computed tomography (CT) and magnetic reso-
nance imaging (MRI) are rarely used for the eval-
uation of primary uveal melanomas. Uveal 
melanomas may be seen as hyperdense on CT 
imaging and may demonstrate mild-to-moderate 
enhancement with contrast dye. With MRI, they 
appear hyper-intense on T1-weighted images and 
hypo-intense on T2-weighted images [88]. While 

large melanomas can be seen on both imaging 
modalities, with MRI able to demonstrate extra-
scleral extension in rare cases of larger tumors 
[111], the role of CT and MRI for primary uveal 
melanomas remains limited. The principal role of 
CT and MRI in uveal melanoma is for monitor-
ing the development of systemic metastatic 
spread of the disease, rather than for imaging the 
primary tumor itself. In usual practice, CT and 
MRI of the orbit are only used when treatments 
such as stereotactic radiosurgery are being 
planned (see treatment section below), or if optic 
nerve invasion is suspected.

 Monitoring Uveal Melanoma  
Over Time

Imaging modalities are not only useful for aiding 
in the correct diagnosis on initial evaluation, but 
also invaluable for serially following suspicious 
lesions that may not have the typical features of 
melanoma. Of the previously mentioned modali-
ties, B-scan ultrasonography and fundus photog-
raphy are the most useful and most regularly 
utilized methods for monitoring growth and 
change in appearance over time. Any documenta-
tion of rapid growth would be indicative of 
malignancy and therefore indicate urgent treat-
ment. The appearance of new subretinal fluid is 
likewise worrisome for malignant 
transformation.

 Clinical Features of Iris Melanomas

Iris melanomas may be well circumscribed (90%) 
(Fig.  16.2) or diffuse (10%) and are much less 
common than ciliary body or choroidal mela-
noma. Due to their anterior and more visible 
location in the front of the eye, iris melanomas 
are diagnosed an average of 10–20 years earlier 
than their ciliary body and choroidal counterparts 
[88, 112]. In most cases, iris melanomas are 
noticed due to a change in iris color (iris hetero-
chromia) or pupil distortions (corectopia). Iris 
melanomas are most commonly located in the 
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inferior quadrant of the iris (45% of cases) and 
may be associated with pupillary border abnor-
malities, secondary glaucoma, ectropion uveae 
(posterior iris pulled forward through the pupil-
lary margin), hyphema (bleeding in the anterior 
chamber), and extraocular extension [88, 112–
114]. Evaluation of iris melanoma includes exam 
with the slit lamp, gonioscopy (evaluation of the 
anterior chamber angle and trabecular mesh-
work), photos, and UBM. Occasionally, anterior 
segment OCT can be helpful, but in general UBM 
is superior to OCT in assessing iris melanomas. 
This is because UBM penetrates deeper into the 
tumor, allowing better characterization of the 
posterior border of the iris tumor and therefore 
more accurate measurements compared to 
OCT [115].

 Lesion Characteristics Associated 
with High Risk for Malignancy, 
Growth, and Metastasis

In addition to differentiating uveal melanocytic 
lesions (nevi and melanomas) from other entities 
on the differential diagnosis, the ophthalmologist 
is often called upon to determine if a uveal mela-
nocytic lesion is benign (nevus) or malignant 
(melanoma). At the extremes, when lesions are 
either very small or very large, the diagnosis of 
nevus or melanoma (respectively) is straightfor-
ward. However, it can be difficult to differentiate 
a small melanoma from a large or an atypical 
nevus. In this indeterminate range, there are cer-
tain ophthalmoscopic and imaging features that 
are associated with subsequent growth, serving 
as indicators that a particular lesion represents a 
small melanoma rather than a nevus.

Analogous to the ABCDEs of cutaneous mel-
anoma, ophthalmologists look for specific clini-
cal features that portend a higher risk of 
malignancy and active growth. These high-risk 
clinical features are remembered by the mne-
monic, “To Find Small Ocular Melanomas 
Using Helpful Hints” (TFSOMUHH) [92, 116–
118]. These features are used to distinguish 
benign uveal nevi from small melanomas and 
include

• T—Tumor Thickness >2 mm
• F—Subretinal Fluid
• S—Symptoms
• O—Orange pigment
• M—Margin of tumor within 3 mm of the optic 

disc
• UH—Ultrasound Hollowness
• H—Absence of Halo

Although not included in the mnemonic, the 
absence of yellow drusen deposits (a sign of 
chronicity) is also a risk factor for growth.

The median hazards ratio for lesions with 1–2 
of the above features is 3; for 3–4 features is 5; 
for 5–6 features is 9; and for all 7 features is 21 
[92, 116–118]. It is important to note that the 
presence of three or more of the above features 
conveys a >50% risk of active growth (i.e., 
melanoma).

Small uveal melanomas are defined as 3 mm 
or less in diameter, with this cutoff chosen based 
upon calculations of tumor doubling time and the 
associated likelihood of metastatic conversion. 
Despite the classification as “small,” these tumors 
still portend a very real risk for metastasis and 
mortality for the patient. For example, it has been 
theorized that the average size of uveal mela-
noma at the time of metastasis is 3 mm in basal 
diameter and 1.5 mm in thickness (a small mela-
noma) [119, 120]. Furthermore, it is estimated 
that micrometastatic seeds have already devel-
oped approximately 5 years prior to the initial 
diagnosis or treatment of the primary melanoma 
[119]. On the other hand, small nevi have a <1% 
chance for malignant transformation and pose 
minimal risk for vision loss or death [121]. Thus, 
it is imperative for the ophthalmologist to scruti-
nize each choroidal nevus for the presence of any 
high-risk features that may suggest a diagnosis of 
uveal melanoma over nevus [81].

Clinical features that are more consistent with 
a benign choroidal nevus include the presence of 
drusen (yellow subretinal deposits of lipids and 
proteins), RPE changes, and presence of a hypo- 
pigmented halo surrounding the lesion (Fig. 16.8). 
These features represent secondary signs of chro-
nicity. When drusen, a halo, or RPE changes are 
associated with a melanocytic lesion less than 

R. W. Milam Jr. and A. B. Daniels



287

3 mm in thickness, it can generally be assumed 
that the lesion has been present for years without 
significant growth, strongly supporting a diagno-
sis of benign nevus. However, nevus malignant 
transformation is still possible in the future. 
Therefore, these lesions must be monitored over 
time for any changes in appearance, presence of 
any TFSOMUHH features, or any documented 
growth in dimensions [92, 116–118].

It is important to remember that the sine qua 
non of uveal melanoma malignant transforma-
tion is increasing basal diameter or apical height 
observed over serial measurements. It is recom-
mended, and considered the standard of practice, 
to follow patients with uveal nevi regularly, typi-
cally reexamining small nevi every 6 months ini-
tially, followed annually afterwards if the lesion 
remains stable. Monitoring must be performed 
by a qualified eye care provider for life [31]. The 
authors have treated patients who experienced 
obvious evidence of tumor growth and malig-
nant transformation of uveal melanocytic lesions 
that had previously been stable over the course 
of >26 years of observation (including photo-
graphic evidence of stability going back several 
decades). Thus, it must be impressed upon 
patients the importance of continued monitoring 
even of those lesions that have been stable for a 
long time.

 Clinical and Histopathologic 
Characteristics Associated 
with an Increased Risk of Metastasis

Uveal melanoma location, size, histopathology, 
and genetics have all been shown to impact risk 
for metastasis and patient survival [87]. Tumor 
location and size are readily evaluated in the out-
patient clinical setting with tumor histopathology 
and genetic evaluation both requiring surgical 
biopsy in the operating room. In this section, we 
discuss how tumor size, location, and histopa-
thology relate to patient prognosis. The genetics 
of uveal melanoma and how it relates to progno-
sis will be discussed later in this chapter.

 Tumor Location

Ciliary body involvement of uveal melanoma is a 
clinical feature associated with a poorer progno-
sis when compared to iris or choroidal location. 
Relative to iris and choroid locations, ciliary 
body involvement has been associated with 
accelerated growth and an increased risk for 
development of metastasis within the first 3 years 
after diagnosis. However, the risk for metastasis 
after 3 years diminishes to that equal of tumors 
without ciliary body involvement [49, 122–124]. 

a b

Fig. 16.8 Benign choroidal nevi. (a) Benign nevus with 
overlying yellow drusen and lack of other high-risk malig-
nant features. (b) Benign choroidal nevus of the superior 

macula with a reassuring halo, suggesting a diagnosis of 
nevus rather than melanoma
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It is thought that contraction of the ciliary body 
muscles leads to increased mechanical progres-
sion of tumor cells through the adjacent ciliary 
blood vessels. However, anterior tumors (i.e., 
tumors involving the ciliary body) typically are 
not discovered until they are large enough to 
become symptomatic. It is plausible that ciliary 
body location may be a surrogate for late disease 
presentation, explaining the observed increased 
metastatic risk [87, 123].

On the other hand, iris melanomas have a 
much lower rate of metastasis when compared to 
their choroidal and ciliary body counterparts 
[124]. As previously discussed, these tumors are 
often easily visible to the naked eye, and are 
picked up early both by physicians and by 
patients themselves. Thus, this earlier detection 
may be at least partly responsible for the lower 
rate of metastasis [124].

 Tumor Size

When ophthalmologists discuss uveal melano-
mas, they describe them in terms of relative sizes, 
such as small, medium, and large. As defined by 
the Collaborative Ocular Melanoma Study 
(COMS) [118, 125–128], these sizes are stan-
dardized, and convey increasingly higher risk for 
metastasis and mortality with increasing size.

• Small uveal melanomas: <3  mm height, 
<10 mm diameter

• Medium uveal melanomas: 3–8  mm height, 
<16 mm diameter

• Large uveal melanomas: >8  mm height or 
>15 mm diameter

Increasing basal diameter and thickness are 
risk factors associated with increased metastasis 
and mortality, even after treatment with enucle-
ation [129, 130]. As tumor thickness increases, so 
does the 3-, 5-, and 10-year mortality rate [93]. 
Since this is true even among eyes that underwent 
enucleation, this observation obviates the ques-
tion as to whether metastasis occurred in the set-
ting of unsuccessful local therapy, given that 
enucleation always achieves local tumor control 

(except in cases of extraocular extension of tumor 
at presentation).

 High-Metastatic-Risk Histopathologic 
Features of Uveal Melanoma

There are three main histopathologic features 
associated with a poorer prognosis for patients 
with uveal melanoma: higher proportion of epi-
thelioid cells, higher mitotic activity, and pres-
ence of closed vascular loops. Uveal melanomas 
arise from uveal melanocytes and are comprised 
of two major cell types, spindle-shaped cells and 
epithelioid cells (or a mixture of both spindle and 
epithelioid cells). On histopathologic evaluation, 
an increasing proportion of epithelioid-type cells 
is associated with a progressively worse progno-
sis [124]. This proportion is calculated by count-
ing the number of epithelioid cells per high-power 
field [87], with the 10-year mortality of 5× higher 
in patients with >0.5 epithelioid cells per high- 
power field [123].

High mitotic activity is another histopatho-
logical feature associated with higher rates of 
metastasis and mortality for patients with uveal 
melanoma. Mitotic activity is measured by the 
number of mitotic cells seen per high-power 
field. In a study of 217 uveal melanomas, McLean 
and colleagues found that mitotic activity was a 
prognostic feature that is independent of tumor 
size. McLean’s group also found that the 6-year 
mortality rate was 3.6-fold higher with uveal 
melanoma demonstrating high mitotic activity 
compared to those with low activity [131].

The third major high-risk histopathologic fea-
ture of uveal melanoma is the presence of closed 
vascular loops. These loops represent the intrin-
sic dual-vascular circulation of uveal melanomas. 
The presence of these closed vascular loops has 
been shown to correlate with a markedly reduced 
overall patient survival from 90 to 50%, even 
after treatment [109].

It is important to note that all three of the pre-
ceding findings can only be readily discerned if 
the eye is enucleated, whereas the vast majority 
of eyes are treated with globe-conserving 
therapies.
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 Fine-Needle Aspiration Biopsy 
of Uveal Melanoma

Uveal melanoma biopsies are performed using 
fine-needle aspiration (FNA), as excisional 
biopsy is often not possible without blinding the 
patient or removing the eye completely. While 
endoresection has been reported either as pri-
mary therapy or in conjunction with radiotherapy, 
it is not currently standard-of-care treatment for 
posterior (ciliary body or choroidal) uveal mela-
noma. It should be stressed that FNA biopsies 
require a skilled and experienced vitreoretinal or 
ocular oncology specialist in collaboration with 
an experienced cytopathologist. The major role 
of FNA biopsy of uveal melanomas is for prog-
nostication, and is rarely required for the purpose 
of making the correct diagnosis.

As previously discussed, the diagnosis of 
uveal melanoma is ultimately a clinical one, 
based upon the physical examination and clini-
cal judgment of as-experienced ophthalmolo-
gist. In fact, the COMS reported a >99% 
diagnostic accuracy for patients who had the 
typical high- risk features of uveal melanoma 
[118, 132, 133]. Furthermore, FNA biopsy is of 
limited utility in differentiating melanoma from 
a nevus, as even melanoma cells can have 
benign-appearing nuclear morphology [134, 
135]. Even in the hands of very experienced 
ocular cytopathologists, FNA biopsies may not 
be able to unequivocally differentiate benign 
nevus from melanoma [135, 136]. However, 
there may be rare situations in which the diag-
nosis is uncertain and diagnostic biopsies may 
be helpful, such as with amelanotic lesions 
without typical melanoma features, within eyes 
that have media opacity (such as vitreous 
 hemorrhage) or in differentiating between a pri-
mary choroidal melanoma versus a metastasis 
[134, 136, 137]. Studies have shown that diag-
nostic biopsy with FNA can be safely used to 
assist in the diagnosis of iris melanoma in small 
suspicious melanocytic lesions. In 100 consecu-
tive biopsies with FNA, Shields et  al. demon-
strated that an adequate sample could be 
obtained with minimal complications in 99% of 
cases [138].

Biopsy with FNA plays a much more signifi-
cant role in prognostication. While FNA is rarely 
performed for diagnostic purposes, it is very 
commonly performed to obtain genetic material 
to aid with patient metastatic stratification and 
prognosis. Prognostic biopsies are useful for 
assessing high-risk genetic features and obtain-
ing a specific gene expression profile (GEP) on 
uveal melanoma [139–141]. Uveal melanoma 
genetics and its relation to tumor behavior and 
prognosis are discussed in further detail later in 
this chapter.

 Staging of Uveal Melanomas

During the evaluation of uveal melanoma, the 
ophthalmologist may use clinical features to 
stage the tumor and provide prognostic data for 
patients. However, molecular analysis of the 
tumor has largely surpassed and replaced the 
prognostication based upon clinical features 
alone. In general, staging is performed using the 
COMS staging criteria, which divides tumors 
into small, medium, and large categories (see 
previous section on Clinical and Histopathology 
Characteristics Associated with Metastatic Uveal 
Melanoma). Additionally, as with cutaneous mel-
anomas, the American Joint Commission on 
Cancer (AJCC) has specific staging criteria for 
uveal melanoma as well [142].

 AJCC Staging of Uveal Melanomas

The AJCC uses clinical (rather than genetic) 
characteristics to classify ciliary body and cho-
roidal melanomas on a T1 through T4 grading 
scale, based on tumor basal diameter, thickness, 
involvement of ciliary body, and degree of extra-
ocular extension [142–145]. For iris melanoma, 
the AJCC staging includes specific criteria based 
on tumor size, location, clock hours of iris 
involvement, extension into the ciliary body or 
choroid, features of secondary glaucoma, and 
extraocular extension [142, 145]. Shields et  al. 
conducted a retrospective review of 7731 patients 
with posterior uveal melanoma and found that 
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patients had a twofold increase in risk for both 
metastasis and death with each increase in AJCC 
classification from T1 through T4 [143]. While 
the AJCC system has been shown to be predic-
tive, the COMS classification system is more 
widely used.

 Systemic Evaluation

The overall long-term metastatic rate for primary 
uveal melanoma is ~50%, with a 15-year mortal-
ity rate that is similar at about 50% [85, 86, 146]. 
Thus, the systemic evaluation of uveal melanoma 
is directed primarily at detecting metastatic dis-
ease. Unlike cutaneous melanoma, metastatic 
spread of uveal melanoma is hematogenous, 
involving the liver in more than 90% of cases, 
with the second most common site of metastasis 
being the lungs [5, 16, 125–127, 130, 147]. 
Central nervous system (CNS) metastasis from 
uveal melanoma is extraordinarily rare, to the 
point that the brain is not even included in stan-
dard staging imaging. Systemic evaluation for 
metastatic disease includes measuring serum 
transaminases (AST, ALT, and GGT) to evaluate 
for hepatocyte structural compromise that may 
result from liver metastases, as well as liver ultra-
sonography, CT, or MRI [148]. Chest plain-film 
radiographs (CXR) have a poor sensitivity and 
are rarely able to demonstrate lung metastases 
without liver involvement seen first [148].

Monitoring for metastatic spread is highly 
individualized and based on a patient’s metastatic 
risk. Patients with GEP Class 1B or Class 2 uveal 
melanomas (i.e., tumors with relatively higher 
metastatic risk) are generally monitored every 6 
months with multiphasic contrasted CT of the 
abdomen, with or without CT imaging of the 
chest. Patients with GEP Class 1A tumors are 
typically monitored less frequently with CT 
imaging, or are monitored at the same 6-month 
interval but without radiation-based imaging 
modalities (such as with liver ultrasonography).

This is primarily due to the desire to balance 
the benefit of surveillance imaging with the risk 
of additional repeat radiation exposure in the set-
ting of lower risk GEP Class 1A uveal melano-

mas [87]. There is some data on the use of serum 
monoclonal antibody screening with melanoma- 
associated antigen (MAA). However, there are no 
studies that definitively support the clinical utility 
of serum MAA in detecting subclinical metasta-
ses [149].

 Treatment of Primary Uveal 
Melanoma

Historically, all uveal melanomas were treated by 
removing the entire eye (a procedure called enu-
cleation). Enucleation was performed in order to 
remove the tumor in toto in an attempt to prevent 
metastatic spread and death. This traditional 
treatment paradigm was challenged in the 1970s 
by Zimmerman et al., who theorized that surgical 
enucleation may actually worsen prognosis by 
physically promoting liberation of tumor cells 
and hematogenous dissemination during the act 
of enucleating the eye. Thus, the “Zimmerman 
hypothesis” was born, emphasizing the concern 
that traditional enucleation may increase rates of 
metastasis [150, 151].

Inspired by Zimmerman’s provocative chal-
lenge to the traditional standard of treatment, the 
multicenter COMS investigational group was 
formed, and ultimately disproved Zimmerman’s 
theory [125, 130, 147, 152]. Furthermore, the 
COMS showed that enucleation of the eye had no 
benefit over conservative eye-preserving radio-
therapy in relation to metastatic rate and mortal-
ity for small- and medium-sized melanomas. In 
fact, radiotherapy maintained the same metastatic 
and mortality rate as enucleation for these tumors 
while adding the benefit of significantly reduced 
morbidity and preservation of vision over enucle-
ation [118, 125–128, 130, 147].

As a result of the COMS, the treatment para-
digm has shifted from enucleation to preserva-
tion of both the eye and maintained vision 
through the use of focal radiotherapy whenever 
possible. Today, radioactive plaque brachyther-
apy is the most commonly used treatment for 
COMS small- and medium-size tumors. 
Enucleation is now reserved for COMS large- 
size tumors not amenable to radiotherapy, where 
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radiotherapy would lead to excessive ocular and 
adnexal morbidity and significant vision loss. 
Furthermore, enucleation is also reserved as a 
secondary treatment for tumors that recur follow-
ing initial treatment with radiotherapy, or for eyes 
that have become blind and painful from neovas-
cular glaucoma or other complications after 
radiotherapy [2, 4, 5, 87].

 Treatment of Ciliary Body 
and Choroidal Melanomas

 Radioactive Plaque Brachytherapy
Radioactive plaque brachytherapy remains the 
most commonly used treatment for ciliary body 
and choroidal melanomas <10 mm in apical height 
[2, 4, 5]. The prefix “brachy” is derived from the 
Greek word meaning “short range.” Therefore, the 
moniker “brachytherapy” refers to the short dis-
tance between the source of radiation and the tar-
get treatment tissue. Brachytherapy for uveal 
melanoma consists of placing radioactive isotopes 
(most commonly iodine-125 (125I), ruthenium-106 
(106Ru), and palladium-103 (103Pd)) [4, 153] that 
release ionizing X-ray radiation that is then 
absorbed by the nearby tissues, breaking DNA 
bonds and leading to tumor cell death. Presently, 
in the United States, the most common radioactive 
brachytherapy plaques for uveal melanoma use 
125I, while 106Ru is popular in Europe [154].

Radioactive plaque brachytherapy is per-
formed in the operating room with the patient 
under general anesthesia (Fig. 16.7). An incision 
is created in the conjunctiva (called a peritomy) 
that overlies the ciliary body or choroidal mela-
noma. The eye is then rotated and a light is shined 
into the eye through the pupil. This creates trans-
illumination of the sclera from the light inside the 
eye, with the tumor casting a shadow on the 
sclera. This shadow is then marked on the scleral 
surface, delineating the borders of the tumor. In 
some small or lightly pigmented tumors, the bor-
ders may be better delineated using binocular 
indirect ophthalmoscopy with scleral indentation 
and marking by the surgeon.

Once the tumor’s base is outlined on the scleral 
surface, a clear-centered plaque is centered over 

the marked borders, to ensure that the actual 
radioactive plaque will fit appropriately and ade-
quately. This plaque has the same dimensions and 
the same eyelet positions as the radioactive 
plaque, and appropriate eyelet locations are 
marked on the scleral surface. Sutures are pre-
placed at these eyelet markings. A nonradioactive 
“dummy” plaque is then temporarily sutured into 
position using these pre-placed eyelet sutures. 
Intraoperative ultrasonography can be used to 
ensure that the plaque is centered and completely 
covers the intended treatment area of the tumor. 
The dummy plaque is then removed and replaced 
by the radioactive plaque and intraoperative ultra-
sonography is again used to ensure appropriate 
plaque placement with adequate tumor coverage 
(Fig. 16.7).

The use of intraoperative ultrasonography has 
been shown to improve plaque placement rates 
and to reduce treatment failure rates from geo-
graphic miss to near 0% [4, 155]. Furthermore, 
the use of a nonradioactive “dummy” plaque for 
the initial tumor localization reduces the overall 
radiation exposure to the surgeon, as any adjust-
ments to plaque location can be made with the 
nonradioactive “dummy” plaque [156]. Most 
radioactive brachytherapy plaques are designed 
to emit focal low levels of radiation at a rate of 
0.6–1.2 Gy/h over a period of 5–7 days [153]. A 
team-based approach is key for the successful 
treatment and dose planning for the patient. The 
most appropriate dose rate should be based on the 
detailed evaluation and collaboration of both the 
ocular oncologist and radiation oncologist [157]. 
Plaque brachytherapy is best suited for the treat-
ment of COMS small- to medium-sized melano-
mas, but can lead to scleral melt and necrosis 
when used for thicker tumors. This is because of 
the higher radiation dose exposed to the scleral 
bed of larger melanomas. Other radiation modali-
ties should be considered for larger tumors [3, 4].

The advantage of treating with plaque brachy-
therapy is that the plaques can be made in a vari-
ety of shapes and sizes to fit varying tumors and 
tumor locations, such as notched plaques used for 
tumors adjacent to the optic nerve. The therapeu-
tic advantage of plaque brachytherapy is that the 
radiation dose distribution follows an inverse 
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square law with the radiation dose dropping off 
exponentially with increasing distance from the 
plaque. This means that ocular and adnexal struc-
tures farther away from the melanoma will 
receive exponentially less radiation than the tar-
get melanoma. Another therapeutic advantage is 
that the gold plaque shell shields the orbit and 
adjacent ocular tissue from unwanted exposure to 
radiation [4, 158].

 Charged Particle Therapy
Particle beam radiation therapy (PBT) is an effec-
tive treatment option for primary uveal melano-
mas, and is sometimes referred to as external 
beam particle therapy (EBPT). Both protons and 
charged helium ions have been used in the treat-
ment for uveal melanoma, with proton beam 
being the most widely studied and widely used 
charged particle [159–165]. The biologic effect of 
protons and helium ions does not significantly dif-
fer from that of the X-rays emitted with radioac-
tive brachytherapy. Similar to brachytherapy, 
charged particles interact with the planetary elec-
trons of target tissues, causing electron excitation 
and ionization of atoms within the tumor. 
Additionally, protons interact with atomic nuclei, 
dislodging other heavy particles that then go on to 
incite additional therapeutic damage to adjacent 
tumor cells. The ultimate target is tumor DNA 
molecules, leading to DNA damage and strand 
break, followed by mitotic crisis and apoptosis.

Proton beam radiotherapy is more useful than 
traditional external beam radiotherapy for uveal 
melanomas, requiring more precise localization 
of radiation to the target area. This is especially 
true with tumors located adjacent to critical struc-
tures that require sparing of radiation. Proton 
beam therapy takes advantage of a phenomenon 
known as the Bragg peak effect, which allows for 
high-radiation dose deposition within the tar-
geted melanoma, followed by abruptly diminish-
ing dosages directly behind the tumor, limiting 
unwanted radiation to posterior tissues such as 
the brain. Therefore, PBT is a useful alternative 
to brachytherapy for treating tumors that would 
otherwise be difficult to treat with plaques, such 
as melanomas abutting or surrounding the optic 
nerve [154, 158, 166].

Prior to irradiation with charged particles, the 
patient is taken to the operating room where the 
globe is transilluminated and the tumor borders 
are marked on the scleral surface. Next, non- 
ferromagnetic tantalum clips are sewn to the 
sclera over the surface markings, delineating the 
borders of the base of the tumor. This serves to 
outline the base of the tumor and localize the tar-
get treatment zone. Next, the patient is taken to 
the cyclotron (the source of the charged particles) 
and the beam is aimed at the patient’s eye in line 
with the tumor. For most uveal melanomas, the 
patient is typically given 50–70 cobalt gray equiv-
alents (CGE) divided into five fractions [4, 167].

The major limitation of charged particle ther-
apy with proton beam is the cost associated with 
creating centers with cyclotrons capable of deliv-
ering this treatment. As a result, these treatment 
centers are rare and the patient cost for this ther-
apy can be prohibitive. Proton therapy has not 
been widely adopted because of these reasons 
and because there is a lack of evidence to demon-
strate an advantage of PBT over more cost- 
effective treatments such as plaque brachytherapy 
for uveal melanoma [4].

 External Beam Radiotherapy
External beam radiotherapy (EBRT) refers to the 
use of an external source to create photons of ion-
izing X-rays or gamma rays that are then focused 
and directed at the target tissue. The external 
source for EBRT is most often a linear accelera-
tor. For the treatment of uveal melanoma, the 
main form of EBRT in use today is stereotactic 
radiosurgery (SRS), which is a technique that 
most often refers to high-precision, gamma- 
based or X-ray-based photon therapy. SRS occurs 
with the patient inside a CT scanner and utilizes 
3-dimensional tumor localization, with radiation 
beams cross-firing from multiple directions pre-
cisely onto the targeted tumor. The high degree of 
precision allows for the delivery of very high 
doses of radiation to the tumor with minimal col-
lateral damage to noninvolved adjacent ocular 
tissues.

Traditionally, EBRT is performed by first 
immobilizing (paralyzing) the treatment eye with 
retrobulbar anesthesia. Sometimes the eye is  
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further immobilized by placing horizontal rectus 
muscle stay sutures to firmly position the eye in a 
specific orientation. Alternatively, a fixation point 
target can be provided, with patients instructed to 
maintain fixation on this target, thus “immobiliz-
ing” their own eye. A stereotactic frame is then 
applied to the patient’s head and MRI or CT imag-
ing is utilized with the head frame to precisely 
localize the tumor within the eye. The head frame 
also serves to immobilize the patient’s head.

While the patient’s head and eye are ade-
quately immobilized, radiation is then precisely 
delivered to the tumor, either as a single dose or 
with fractionation. SRS is useful for patients with 
large melanomas who do not want enucleation, 
although it has been used for small- medium- 
sized melanomas as well [168]. It can also be 
useful for posterior uveal melanoma or melano-
mas that are adjacent to the optic nerve, similar to 
the advantage of charged particle irradiation. 
Thus, SRS may be capable of treating certain 
tumors for which brachytherapy treatment may 
not be possible, or in which brachytherapy may 
give too large a dose to the scleral bed [4]. Studies 
have shown that gamma-based SRS does not 
compromise survival when compared to enucle-
ation [169]. However, there is no proven survival 
benefit to any one radiotherapy technique over 
the others [170–173].

 Transpupillary Thermotherapy
Transpupillary thermotherapy (TTT) is a nonin-
vasive treatment modality that utilizes infrared 
diode laser light at a wavelength of 810  nm, 
shined through a dilated pupil onto the choroidal 
melanoma. As the laser light is absorbed by the 
pigmented tumor cells, the temperature of the 
tumor increases to 45–60°F, causing thermal 
obliteration of the tumor’s vascular supply and 
subsequent tumor necrosis [174]. TTT is limited 
to the treatment of only COMS small-sized cho-
roidal melanomas, as TTT only penetrates to a 
maximum depth of 4 mm [174]. TTT is most effi-
cacious when used with heavily pigmented small 
tumors, as the absorption of the diode laser 
increases with increasing pigmentation. 
Conversely, TTT is not a good choice for treat-
ment of medium- to large-sized tumors or amela-

notic tumors. However, for small heavily 
pigmented choroidal tumors, TTT has the benefit 
of causing immediate tumor necrosis with less 
damage to surrounding normal ocular tissues 
compared to methods of radiotherapy [174]. 
However, TTT alone has fallen out of favor as a 
primary treatment for uveal melanoma. The 
majority of the time, TTT is used as an adjuvant 
to consolidate treatment at the tumor edges fol-
lowing radiotherapy.

 Treatment of Primary Iris Melanomas

Small (<3 mm basal diameter) iris melanocytic 
lesions suspicious for nevus vs. melanoma in an 
otherwise asymptomatic patient can be moni-
tored for growth with periodic slit lamp exams 
and photography. However, once there is docu-
mented growth, these lesions are presumed to be 
melanoma and require urgent treatment with 
either radioactive plaque brachytherapy or 
PBT.  Surgical excision may be utilized in very 
select cases. Enucleation is rarely used for iris 
melanomas and is reserved for special cases of 
large diffuse iris melanomas in eyes with poor 
vision potential or in cases with recurrence of 
melanoma [33, 88].

 Radiotherapy for Iris Melanomas
Radioactive plaque brachytherapy and PBT are 
the current preferred treatment modalities for iris 
melanomas. These modalities provide the great-
est relative benefit over surgical excision in 
tumors with extensive tumor seeding and in non- 
resectable iris tumors. Both plaque brachyther-
apy and PBT have been shown to achieve local 
control in 92% of cases [175–177]. For a detailed 
discussion on plaque brachytherapy and PBT see 
the section above on the treatment of ciliary body 
and choroidal melanomas.

 Surgical Excision of Iris Melanomas
While surgical excision of choroidal melanomas 
is generally not possible without blinding or enu-
cleating the eye, there is a limited role for the 
excision of melanomas localized to the iris. For 
these tumors, surgical excision involves removal 
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of the entire tumor by removing the part of the 
iris (partial iridectomy) housing the tumor. If the 
iris melanoma also involves the anterior chamber 
angle, then the surgeon must remove a portion of 
the trabecular meshwork as well (iridotrabecu-
lectomy). For iris melanomas with ciliary body 
extension, a portion of the iris and ciliary body 
must be removed at the time of tumor excision 
(iridocyclectomy) [88, 112]. Because these are 
large and invasive procedures that sometimes are 
associated with high ocular morbidity, radiother-
apy has now become the primary treatment 
modality in most cases.

 Control Rates for Treatment 
of Primary Uveal Melanoma

 Radioactive Plaque Brachytherapy

Local control rates for radioactive plaque brachy-
therapy are excellent, with rates that approach 
90–95% [160, 178, 179]. The Mayo Clinic has 
published data on its control rates and complica-
tion rates with the use of 125I plaque brachyther-
apy, demonstrating a favorable recurrence rate of 
8% and a posttreatment enucleation rate of 8%. It 
also demonstrated that 22% of patients main-
tained a visual acuity of better than 20/40 after 
brachytherapy [180].

 Charged Particle Therapy

Proton beam therapy has shown similarly favor-
able results as brachytherapy, with recurrence 
rates of 2–4% and secondary enucleation rates of 
7–11%. Additionally, up to 44% of patients 
treated with PBT have been shown to maintain 
visual acuity of better than 20/40 [159, 164, 172, 
181–183]. The Curie Institute-Orsay Proton 
Therapy Center has published its data from more 
than 20 years of experience treating uveal mela-
nomas with PBT. It has shown a 5-year survival 
rate of 99%, a 5-year metastatic-free survival rate 
of 81%, and a 5-year overall survival rate of 79% 
[159]. There are other smaller studies that have 
demonstrated similar results, confirming that 

PBT does not compromise patient survival when 
compared to enucleation [184, 185].

 External Beam Radiotherapy

Study results for the control rates of EBRT have 
also been similar to those of brachytherapy and 
PBT. EBRT has demonstrated a 5-year uveal mel-
anoma control rate of 94% and a secondary enu-
cleation rate of 2.4–14%, with 14–33% of patients 
maintaining a visual acuity of better than 20/200 
[168, 171, 186–188]. Other smaller studies have 
corroborated these results [169, 189–191].

 Transpupillary Thermotherapy

Recurrence of choroidal melanoma after treat-
ment with TTT ranges from 9 to 12%, with a 
direct correlation between tumor recurrence and 
number of high-risk features present (i.e., fea-
tures predictive of tumor growth—TFSOMUHH) 
[174, 192]. Therefore, TTT is less preferable for 
tumors having multiple high-risk characteristics 
of the TFSOMUHH. TTT is best used as an adju-
vant treatment to enhance local control after 
plaque brachytherapy. There is no difference in 
visual acuity outcomes with adjuvant TTT com-
pared to brachytherapy alone [193].

 Side Effects and Complications 
of Treatment

 Radiotherapy and Charged Particle 
Therapy

The acute side effects of all radiotherapy modali-
ties, including radioactive plaque brachytherapy, 
charged particle therapy, and various forms of 
EBRT, result in acute local intraocular inflamma-
tion and irritation of the conjunctiva and sclera. 
Acute inflammation is short-lived and less con-
cerning than the long-term side effects. The most 
significant side effects from radiation therapy are 
typically delayed and increase over time after 
treatment. The most common delayed side effects 
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include radiation-induced retinopathy, choroidop-
athy, optic neuropathy, retinal neovascularization, 
intraretinal microangiopathy, chorioretinal atro-
phy, vitreous hemorrhage, cataract formation, iris 
neovascularization, and neovascular glaucoma, 
and symptomatic dry eyes (keratoconjunctivitis 
sicca). Less common side effects of radiotherapy 
include retinal detachment and scleral melt [165, 
178, 179, 194, 195]. Development of secondary 
malignancy after treatment with radiotherapy is 
extremely rare with all these modalities. This is 
due to the sparing of unnecessary radiation expo-
sure to the surrounding healthy ocular and adnexal 
tissues. The most common cause of vision loss 
after radiotherapy for uveal melanoma is radiation 
retinopathy and optic neuropathy, which both pro-
gressively worsen over time after treatment. The 
most common side effect necessitating enucle-
ation after radiotherapy is neovascular glaucoma 
[154, 159].

 Transpupillary Thermotherapy

Although it is the least invasive treatment modal-
ity, TTT is not without its own unique side effects 
and complications. The most common side 
effects of TTT include development of vitreoreti-
nal traction (44% of cases), branch retinal vein 
occlusion (26–41% of cases), branch retinal 
artery occlusion (12% of cases), cystoid macular 
edema (9–23% of cases), epiretinal membrane 
(23% of cases), and vitreous hemorrhage (10% of 
cases). Other rare long-term complications 
include retinal neovascularization, chorioretinal 
scarring, retinal detachment, optic nerve atrophy, 
optic disc edema, and cataract formation [174, 
192]. In addition, since TTT destroys the overly-
ing retina, treatment of macular or juxtapapillary 
tumors can lead to immediate vision loss.

 Prognostic Characteristics 
and Genetic Testing

Because metastatic disease carries a very high 
risk of mortality for patients with primary uveal 
melanoma [130], there has been a significant 

amount of effort directed towards elucidating the 
clinicopathologic features that are most closely 
associated with the overall risk of metastasis. As 
previously discussed, clinicopathologic charac-
teristics were traditionally used to classify uveal 
melanomas into high- and low-risk categories for 
development of metastatic disease and death. 
However, chromosomal analysis and genetic test-
ing have proven to be much more reliable 
 prognostic tools and are the mainstay of prognos-
tic classification at the present time.

 Chromosomal Abnormalities

Uveal melanoma is associated with several 
genetic and epigenetic derangements that are 
tightly linked to the risk for metastasis and 
patient mortality. Chromosomal anomalies that 
provide prognostic value for patients with uveal 
melanoma include derangements of chromo-
somes 1, 3, 6, and 8 [45–47]. A gain in chromo-
some 6p is associated with a relatively good 
prognosis compared to other chromosomal 
derangements. The chromosomal anomalies 
shown to be strongly linked to poorer prognosis 
(increased mortality from uveal melanoma) 
include loss of chromosome 3, loss of chromo-
some 1p, and gain of chromosome 8q. Complete 
or partial loss of chromosome 3 is the most sig-
nificant prognostic alteration in uveal melanoma, 
with monosomy 3 being highly associated with a 
significantly increased risk for metastatic dis-
ease and decreased patient survival [45, 47, 139, 
140, 196, 197].

The presence of chromosome 3 loss or 8q gain 
each correlates with high-risk clinicopathologic 
features, including increasing tumor basal diam-
eter, ciliary body involvement, presence of epi-
thelioid cell type, high mitotic index, and closed 
vascular loops [198]. The presence of either chro-
mosome 1p loss or 8q gain in combination with 
loss of chromosome 3 has an additive effect on 
the risk of metastasis and death. Specifically, a 
large study by Damato et  al. demonstrated that 
the 10-year disease-specific mortality for uveal 
melanomas was 0% for melanomas without 
 chromosome 3 loss, 55% for melanomas having 
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chromosome 3 loss without 8q gain, and 71% for 
melanomas with concurrent chromosome 3 loss 
and 8q gain [198].

These chromosomal derangements were ini-
tially discovered using standard karyotyping 
methods [47] and have been validated by other 
genetic studies, including gene expression profil-
ing (GEP) and multiplex ligation-dependent 
probe amplification (MLPA), among others. GEP 
and MLPA are quick and inexpensive commer-
cially available tests that have become the gold 
standard of prognostication for uveal melanoma, 
used to reliably and accurately stratify patients 
into groups of low and high risk for metastasis 
and death [45, 140, 198].

 Gene Expression Profiling

Gene expression profiling (GEP) is a technique 
that allows for the measurement of the activity 
of thousands of genes at once, allowing the cli-
nician to discern the global transcriptome of the 
sample tissue. GEP can be used for rapid detec-
tion of the up- or downregulation of select 
genes. It can be performed even on a very tiny 
amount of tumor tissue obtained via FNA biop-
sies. Once the tumor sample is obtained, mRNA 
is then converted to cDNA and subsequently 
hybridized to gene chips. Microarray analysis is 
then performed using these gene chips to quan-
tify the relative upregulation or downregulation 
of specific genes. For uveal melanomas, tissue 
samples are typically obtained by FNA biopsy 
at the time of radioactive brachytherapy plaque 
placement or immediately after enucleation of 
the eye [44].

GEP for uveal melanoma was first introduced 
by Harbour et  al. in 2004 and has since been 
shown to accurately and reliably classify uveal 
melanomas into two distinct classes (Class 1 and 
Class 2) with tremendous prognostic utility in 
accurately predicting metastatic risk and patient 
mortality [139, 199]. The current technique for 
GEP of uveal melanoma has evolved into a 
15-gene PCR-based assay that reliably segre-
gates tumors into relatively good and poor prog-

nostic classes. The present GEP assay quantifies 
the expression patterns of 12 class-discriminating 
genes and 3 control genes. This assay has been 
validated in a large multicenter prospective clini-
cal trial, correctly classifying uveal melanomas 
in 97.2% of cases [199]. GEP testing is presently 
commercially available, providing the treating 
physician with accurate prognostic information 
regarding the patient’s risk for metastasis and 
mortality [63, 140].

GEP Class 1 tumors have a low metastatic 
risk and are associated with gains in chromo-
some 6p and 8q. These tumor cells closely 
resemble normal uveal melanocytes or low-
grade uveal melanomas and are further subdi-
vided into GEP Class 1A and Class 1B, with 
Class 1A carrying a 0–2% 5-year metastatic risk 
and Class 2B carrying a 21% 5-year risk for 
metastasis. GEP Class 2B tumors also carry an 
additional increased risk of developing late 
metastases [63, 78, 139, 200].

GEP Class 2 uveal melanomas resemble prim-
itive stem cells and represent higher grade uveal 
melanomas. They have more aneuploidy and are 
most often associated with the loss of chromo-
some 3, chromosome 1p, and chromosome 8p. 
These tumors are strongly associated with inacti-
vating mutations of BAP1, located on chromo-
some 3p21. GEP Class 2 melanomas are 
considered to be very-high-risk tumors, carrying 
a 72% 5-year risk for metastasis [63, 200].

A limitation of GEP is the potential for limited 
classification accuracy in small uveal melanomas, 
which may have genetic heterogeneity within the 
tumor itself. Augsburger et al. demonstrated a dis-
cordance of GEP classification in 11.3% of tumors 
when biopsy sampling was performed at different 
sites within a single tumor. They also showed a 
correlation between tumor height and degree of 
GEP discordance. Thicker tumors tended to show 
less discordance, compared to a higher level of 
intratumoral heterogeneity in thinner tumors. This 
study demonstrated the risk of prognostic mis-
classification if GEP is performed on a single-site 
FNA biopsy. Augsburger et al. suggested consid-
ering GEP testing on two separate biopsy sites to 
reduce this risk [201].
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 Preferentially Expressed Antigen 
in Melanoma

To further increase the prognostic accuracy of 
GEP, a genome-wide analysis was performed, to 
identify other biomarkers that were altered in 
patients with uveal melanoma. In this effort, 
Field et al. discovered that mRNA expression of 
the cancer-testis antigen, preferentially expressed 
antigen in melanoma (PRAME), was a biomarker 
for metastasis of uveal melanoma, independent 
of either GEP Class 1 or GEP Class 2 profiles 
[202]. The mechanism by which PRAME expres-
sion relates to uveal melanoma progression to 
metastatic disease is not fully understood. 
PRAME testing for uveal melanoma is commer-
cially available in conjunction with standard GEP 
testing.

 Multiplex Ligation-Dependent Probe 
Amplification

Multiplex ligation-dependent probe amplifica-
tion (MLPA) was first described in 2002 by 
Schouten et al. as a novel technique with the abil-
ity to detect relative quantities of up to 40 differ-
ent DNA sequences within a single test [203]. 
With this technique, uveal melanoma DNA is 
obtained from FNA biopsy, denatured, and then 
mixed with DNA probes that target specific select 
genes on chromosomes 1p, 3, 6, and 8. The 
probes then hybridize to the target DNA sequence, 
and are amplified using PCR. Lastly, the ampli-
fied selected sequences are separated and identi-
fied by electrophoresis. The separated products 
are then quantified to determine the relative 
expression of each gene product [203, 204].

In 2007, Coupland and colleagues at the 
Liverpool Ocular Oncology Centre created a 
novel technique for assessing known chromo-
somal derangements in uveal melanomas. 
Coupland’s group replaced traditional FISH test-
ing for uveal melanoma with an MLPA reaction 
that targeted 38 loci across chromosomes 1p, 3, 
6, and 8 [45, 204]. Using this novel technique, 
their group was able to show that MLPA can 

detect gain or loss of a much larger number of 
multiple chromosome segments (as many as 50 
targets) in one single reaction, and with higher 
resolution than traditional FISH [203, 204]. 
Unlike GEP, which is marketed as a stand-alone 
assay for uveal melanoma prognostication, 
MLPA is intended to be used in conjunction with 
other uveal melanoma clinical and clinicopatho-
logic features to provide prognostic utility. In this 
way, MLPA has been shown to provide similar 
prognostic accuracy as GEP. MLPA is also pres-
ently commercially available [198].

 Use of Clinicopathologic Features 
with Genetic Tests

As previously mentioned, clinicopathologic fea-
tures alone were traditionally used to stratify 
patients into high and low risk for metastatic dis-
ease and disease-related death. Recently, how-
ever, modern genetic and molecular testing 
techniques (such as GEP and MLPA) have proven 
to be far superior to clinicopathologic features 
alone in predicting metastasis and mortality [45, 
140, 198, 202, 204, 205]. Still, there is data sup-
porting the role of clinicopathologic features in 
conjunction with MLPA to improve prognostic 
accuracy and reliability, and therefore there is a 
nomogram for predicting metastasis which 
includes both MLPA and clinical tumor charac-
teristics. In addition, there is recent evidence to 
suggest that there may be utility in combining 
tumor characteristics such as largest basal diam-
eter with GEP results to improve prognostic 
accuracy [141, 198].

 Uveal Melanoma Metastases

Unlike metastatic spread of melanomas of the 
skin, conjunctiva, and eyelids, which is primarily 
lymphatic, metastatic spread of primary uveal 
melanoma is hematogenous with a strong predi-
lection for the liver. Once metastatic disease 
develops, it is uniformly fatal, with a 1-year sur-
vival rate of 13% and a 5-year survival rate 
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approaching 0% (mean survival is ~6 months) 
[16, 206–209]. The most common sites for 
metastasis are the liver (91%), lung (26%), bone 
(18%), skin (12%), and lymph nodes (11%). 
Uveal melanoma does not metastasize to the 
brain, except for the rare, late-stage presentation 
of direct extension of the primary to the brain via 
the optic nerve, or perhaps in very rare patients 
with widespread metastatic disease [86, 126]. 
Thus, the presence of brain melanoma metastases 
from an unknown primary source should not rou-
tinely necessitate a dilated ophthalmologic exam-
ination to rule out uveal melanoma. Furthermore, 
patients with a history of primary uveal mela-
noma who later develop brain melanoma metas-
tases should be evaluated for a second primary 
melanoma outside the eye that might be the ori-
gin of the brain metastasis.

As previously discussed, the overall long-term 
rate of metastasis for primary uveal melanoma is 
~50%, and results in a 15-year mortality rate that 
approaches 40–50% [85, 86, 146]. Despite sig-
nificant advances in the treatment of primary 
uveal melanoma with good local tumor control 
rates, the 5-year survival rate remains 72–84% 
[5, 206, 208, 210]. This observed reduced 5-year 
survival is largely the result of the high rate of 
metastasis, even despite successful treatment of 
the primary. For example, although rates of local 
ocular tumor control exceed 90% with radiother-
apy, approximately half of these treated patients 
will develop metastases extending out to decades 
following the initial diagnosis [16, 208, 211]. 
This trend is observed even in patients who 
receive early treatment with enucleation (com-
plete removal of the eye and tumor) and is pre-
sumably due to the presence of previously 
disseminated micrometastatic disease at the time 
of treatment for the primary intraocular tumor 
[87, 212].

Uveal melanoma is a disease that affects pri-
marily older aged individuals who, because of 
their advanced age, likely have other numerous 
systemic comorbidities (such as pulmonary and 
cardiovascular disease) that also carry their own 
mortality risk for this age group. However, 20 
years after treatment of primary uveal melanoma, 
even in this advanced-age cohort, the number one 

cause of death is related to uveal melanoma meta-
static disease [213]. This evidence, along with the 
observation of metastatic disease decades after 
enucleation, suggests that micrometastatic seeds 
spread to the liver early in the life of the primary 
tumor and then lie dormant for decades before 
overt active metastatic disease develops [120, 212, 
214]. In fact, these dormant micrometastases have 
been directly observed in the livers of patients with 
a history of uveal melanoma and who have died of 
an unrelated event [212, 215]. Survival after diag-
nosis of metastatic disease is generally 2–9 months 
[143]. Even though the majority of metastases 
develop within the first 5 years after initial diagno-
sis, metastatic disease remains the most common 
overall cause of death in uveal melanoma patients 
for up to 20 years after the initial diagnosis has 
been made [127, 213].

 Treatment of Metastatic Uveal 
Melanoma

Presently, there is no good data to demonstrate 
any significant benefit from adjuvant chemother-
apy, immunotherapy, radiotherapy, or surgical 
therapy in reducing the rate of development of 
metastatic disease [3, 216–221]. Treatment of 
metastatic disease has been explored with numer-
ous and diverse treatment modalities, including 
systemic chemotherapy, immunotherapy, hepatic 
arterial chemotherapy, hepatic artery chemoem-
bolization, regional immunotherapy, and surgical 
metastasectomy. To date, results of these treat-
ment modalities have shown only modest meta-
static tumor response and limited survival benefit 
[3, 126, 145, 209, 216–220, 222–231].

Given that the majority of patients with meta-
static disease present with diffuse liver involve-
ment, surgical resection is generally not a viable 
treatment. Surgical resection may be considered 
only in very select cases where patients present 
with only a few, localized, and easily accessible 
hepatic lesions. Survival results from focal resec-
tion still remain modest at best [3]. It is important 
to note that although MEK, BRAF, and KIT 
inhibitors have been transformative for the treat-
ment of cutaneous melanoma, these treatments 
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do not appear to be nearly as effective for the 
treatment of either primary or metastatic uveal 
melanoma [36, 37, 43, 53, 232]. Similarly, while 
immunotherapy appears transformative for the 
field of metastatic cutaneous melanoma, most 
metastatic uveal melanomas do not appear to 
respond to these treatments [221, 233–240].

 Surveillance for Development 
of Metastatic Disease

Although radiographically or clinically apparent 
metastases are only found in 3% of patients with 
uveal melanoma at the time of diagnosis [241, 
242], everyone agrees that all patients with a new 
diagnosis of uveal melanoma should undergo 
systemic staging with imaging [243–245]. This 
generally consists of CT, MRI, or PET-CT imag-
ing of the chest and abdomen. Due to the very 
low incidence of CNS metastases from uveal 
melanoma, the CNS is generally not imaged 
[241, 243–245]. Beyond this, there is controversy 
surrounding the role and utility of subsequent 
surveillance imaging for metastases. While 
everyone agrees that the risk of developing sub-
sequent metastases is high, there is a difference 
of opinions regarding the utility of potentially 
identifying metastases earlier through surveil-
lance imaging when there are no effective treat-
ments for those metastases.

While there is evidence that surveillance 
imaging leads to prolonged survival following 
the identification of metastases, this is felt to 
largely represent lead-time bias, while actual 
patient survival is not extended [246]. In general, 
most ocular oncologists do recommend systemic 
surveillance imaging for metastases, because 
there are many clinical trials into which patients 
without end-stage disease could enroll, and 
because a certain small fraction of patients will 
respond to one or another class of currently avail-
able treatments. This surveillance imaging gener-
ally consists of CT or MRI imaging of the liver, 
with or without CT imaging of the chest [243, 
244, 247]. Abdominal ultrasound, in experienced 
hands, has been shown to be an effective screen-
ing modality for the liver, in nonobese patients, 

and has the benefit of avoiding additional radia-
tion exposure to the patient [248]. Any additional 
benefit of liver function tests in patients undergo-
ing an imaging-based screening regimen is 
unclear [148]. As treatments for metastatic uveal 
melanoma improve, the importance of surveil-
lance imaging will increase.

 Association with Systemic Disease

Uveal melanoma is largely an isolated and inde-
pendent disease for the overwhelming majority 
of patients. In contrast to cutaneous melanoma, 
uveal melanoma presents with a positive family 
history of uveal melanoma only 1.6% of the time 
[249–251]. However, there are a few other nota-
ble diseases and syndromes that are known to be 
associated with an increased risk for uveal mela-
noma. These include BAP1 cancer syndrome, 
dysplastic nevus syndrome, xeroderma pigmen-
tosum, and oculodermal melanocytosis (Nevus of 
Ota) [250, 252–254]. The BAP1 cancer syndrome 
is associated with an increased risk for develop-
ment of numerous malignancies, including uveal 
melanoma, cutaneous melanoma, cutaneous 
basal cell carcinoma, malignant mesothelioma, 
clear cell renal cell cancer, abnormal skin lesions 
termed “melanocytic BAP1-mutated atypical 
intradermal tumors” (MBAITs), breast cancer, 
cholangiocarcinoma, non-small-cell lung adeno-
carcinoma, meningioma, and neuroendocrine 
carcinoma [253].

Thus, a patient with cutaneous melanoma 
without any of these other BAP1-associated 
malignancies is unlikely to have any significant 
difference from the general population regard-
ing the risk for developing uveal melanoma. 
Therefore, ophthalmic uveal melanoma screen-
ing examinations are not typically warranted 
for patients with simple, isolated cutaneous 
melanoma in the absence of a cancer syndrome. 
Even patients with a family history of cutane-
ous melanoma do not have an increased risk for 
uveal melanoma unless the cutaneous melanoma 
is associated with a cancer predisposition syn-
drome like BAP1 cancer syndrome, dysplastic 
nevus syndrome, or xeroderma pigmentosum 
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[250, 253–255]. Alternatively, patients with 
uveal melanoma have an 11% increased risk for 
developing other secondary malignancies such 
as renal cell carcinoma or cutaneous melanoma. 
This increased risk is thought to be attributable to 
germline BAP1 mutations [256].

 Conjunctival Melanoma

The conjunctiva is the thin, clear mucous mem-
brane that is external to the eye and covers the 
front portions of the sclera, extending from the 
peripheral edge of the cornea to the eyelid fornix 
and then looping back onto the posterior surface 
of the eyelids (Fig. 16.1). Conjunctival melano-
mas may arise from a conjunctival nevus, pri-
mary acquired melanosis (PAM) of the 
conjunctiva, or de novo [257]. Conjunctival mel-
anomas are rare and have an incidence of 0.2–0.5 
per million Caucasians [12]. In fact, uveal mela-
noma is 7.5 to 17.5 times more common than 
conjunctival melanoma [5, 9–12]. However, con-
junctival melanoma represents 52–53% of all 
malignant conjunctival tumors [258, 259].

As previously mentioned, it is important to 
understand that conjunctival melanoma is not intra-
ocular, and is therefore quite different from uveal 
melanoma. In fact, conjunctival melanoma has 
many more characteristics and features in common 
with cutaneous melanoma, including genetics, sun 
exposure as a risk factor, treatment approach, and 
propensity for lymphatic spread [6, 13, 28, 260–
263]. For example, like cutaneous melanoma, the 
incidence of conjunctival melanoma in the United 
States has doubled over the past 50 years from 0.27 
to 0.54 per million. Like cutaneous melanoma, this 
rise is thought to be attributable to increasing UV 
light exposure [11, 12]. Staging for cutaneous mel-
anoma is via the TNM staging criteria similar to 
cutaneous melanoma [142].

 Treatment of Conjunctival 
Melanomas

While treatment for primary uveal melanoma is 
primarily with radiotherapy, conjunctival mela-
noma is largely a surgical disease, much like its 

cutaneous counterpart [2–6]. In the past, con-
junctival melanomas were treated with extreme 
measures, such as exenteration (complete 
removal of the eyeball along with the surround-
ing orbital fat, extraocular muscles, nerves, and 
eyelids), because these tumors were thought to be 
extremely invasive [264]. However, in 1996, 
Norregaard et al. demonstrated that there was no 
significant difference in tumor recurrence or 
patient survival between aggressive exenteration 
and conservative surgical excision [261]. The 
results from Norregaard’s study dramatically 
changed the treatment paradigm and conservative 
treatment is now the mainstay for most conjunc-
tival melanomas [260].

Today, techniques for limited (but complete) 
excision of the visible tumor with a wide local 
margin have been widely published. Adjuvant 
topical chemotherapy with mitomycin C eye 
drops is commonly used. Excisional biopsy of 
the melanoma is performed in the operating 
room with wide surgical margins, employing a 
no- touch technique, in which the tumor itself is 
never touched with the surgical instruments, to 
prevent spread to uninvolved tissues. Alcohol 
may be used to assist in removing any corneal 
epithelium that may be involved. Next, a double- 
freeze- thaw cryotherapy technique is applied to 
the edges of the limbus and conjunctiva that 
were excised. Recurrence is then monitored with 
serial examinations and photography, and peri-
odic surveillance map biopsies of the conjunc-
tiva may be performed if there is concern for 
recurrence [260, 265].

 Recurrence Rates for Conjunctival 
Melanoma

Despite optimal surgical treatment with accept-
able negative surgical margins and negative 
repeat map biopsies, the prognosis is highly vari-
able and somewhat unpredictable, with signifi-
cant rates of recurrence and metastases [266]. 
Recent published recurrence rates are 26% at 5 
years, 51% at 10 years, and 65% at 15 years. 
Metastases are seen in up to 26% of patients at 10 
years after treatment. Similar to cutaneous mela-
noma, the most frequent sites of metastasis for 
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conjunctival melanoma are the regional lymph 
nodes, with subsequent progression to the brain, 
liver, and lung. Death from metastatic conjuncti-
val melanoma has been reported to be 13% at 8 
years after the initial diagnosis [267].

 Areas of Future Study

Over the past several decades, our understanding 
of the genetics, pathophysiology, risk factors, and 
prognostic features of uveal melanoma has 
greatly improved. We understand how uveal mel-
anomas develop from a melanocyte to a benign 
nevus to a malignant melanoma. Our treatment 
paradigm has shifted from complete removal of 
the eye (enucleation) to eye- and vision-sparing 
treatment with radiotherapy [4]. However, despite 
excellent local treatment control rates, our ability 
to prevent or treat metastases is very poor. Once 
metastases develop, there are currently no good 
treatment options and patient mortality is nearly 
100% at 5 years [207–209].

Furthermore, with the development of genetic 
prognostication for uveal melanoma, we are now 
equipped to accurately predict which patients will 
develop metastatic disease. We also understand 
that micrometastatic spread to the liver happens 
very early in the primary disease state, with long 
periods of micrometastatic dormancy. However, 
we do not understand how these undetectable 
micrometastases stay dormant, nor why they ulti-
mately may reactivate, causing overt metastatic 
disease. Further studies are needed to fully eluci-
date the pathophysiology of this process and to 
develop therapies to prevent this reactivation or 
treat the metastatic tumors once they form.

A potential novel treatment modality on the 
horizon may utilize epigenetic regulation of 
genes to treat both primary and metastatic uveal 
melanoma. The term epigenetics refers to mitoti-
cally inherited factors that alter genetic expres-
sion but are not caused by direct changes in the 
primary DNA sequence [268]. Over the past two 
decades, it has been shown that epigenetics plays 
an important role in a multitude of diseases and 
cancers. Epigenetic mechanisms are responsible 
for producing dynamic modifications of chroma-
tin structure, resulting in relatively more or less 

compaction of DNA.  Ultimately, epigenetic 
mechanisms produce fluent alterations in gene 
expression. Relatively recently, the mechanisms 
underlying a number of epigenetic alterations 
have been elucidated, including DNA  methylation 
and histone modification through acetylation or 
methylation. As a result of these discoveries, the 
terms “epigenome” and “histone code” have been 
coined [269].

Recent studies have demonstrated strong evi-
dence that aberrant histone modifications play a 
critical role in the oncogenesis of several malig-
nancies, and prognostic outcomes have been 
associated with changes in the global cellular 
patterns of histone modifications in these malig-
nancies [270–273]. It has been shown that the 
histone code can be altered by modifications to 
major regulators of transcription, such as the 
polycomb group (PcG) of proteins and histone- 
modifying enzymes (HMEs) such as histone 
acetyltransferases (HATs) or histone deacety-
lases (HDACs) [74, 274].

In 2015, Herlihy et al. showed that monosomy 
3 and GEP Class 2 uveal melanomas are associ-
ated with reduced expression levels of several 
HMEs and PcG proteins [75]. Furthermore, 
Landreville et al. have shown that histone deacet-
ylase (HDAC) inhibitors can reverse uveal mela-
noma cellular morphology into a more 
differentiated state and inhibit growth of these 
malignant cells in  vivo [75, 76]. Future treat-
ments for primary and metastatic uveal mela-
noma may therefore focus on harnessing the 
epigenetic regulation of the aberrant genes asso-
ciated with this disease. Although initial results 
are intriguing, more studies are needed to better 
explore and validate these strategies as potential 
future treatment options.
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 A Brief History of the Surgical 
Treatment for Melanoma

The first reported case of a patient described as 
having melanoma appears within the medical 
writings of Hippocrates around 460 B.C. Several 
mummies have been recently discovered from 
this era, and paleopathologists have noted the 
presence of diffuse metastases in the bones of the 
skull and extremities, many with rounded mela-
notic masses in the skin [1]. John Hunter, of  

St George’s Hospital in London, England, was the 
first physician who successfully surgically 
removed a recurrent melanoma of the lower jaw 
in 1787. The specimen is still preserved as 
Hunter’s specimen #219 at the Hunterian Museum 
of the Royal College of Surgeons in London [2]. 
It was Renee Laennec, more famous for his inven-
tion of the stethoscope, who first described mela-
noma as the “cancer noire,” or the black cancer, 
later coining the term “melanosis” in 1812 [3].

In 1820, William Norris described the first 
case of melanoma in the English literature. When 
he incised through the original tumor, he said, “I 
found the texture to be heterogeneous; it was of 
a reddish and whitish brown tint throughout, not 
very unlike the internal structure of a nutmeg” 
[4]. Norris later published the first comprehensive 
study of melanoma, titled “eight cases of mela-
nosis with pathological and therapeutic remarks” 
[5]. This manuscript is the first observational 
analysis of a group of patients with melanoma, 
accurately describing many of the epidemiologi-
cal, clinical, and pathological features of patients 
with melanoma, of which many of his observa-
tions remain true to the present day. In 1837, 
Isaac Parish, a 26-year-old surgeon, published 
the first case of melanoma in North America, and 
after a treatment of purgatives, leeches, and poul-
tice of ground elm, his patient quickly fell victim 
to her disease [6].

Samuel Cooper, a British surgeon, recognized 
in 1840, that metastatic melanomas were untreat-
able and he stated, “the only chance for benefit 
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depends upon the early removal of the disease…” 
[7], an observation that has held true until recent 
times. In 1858, Oliver Pemberton published his 
observations on a collection of 60 cases of cuta-
neous and ocular melanoma, by far the largest 
series of patients with melanoma to date, noting 
the postmortem findings in 33 cases [8]. He was 
also one of the first surgeons to note the futility of 
many treatments for advanced disease and was a 
strong advocate of surgical management of mela-
noma with wide excision of the primary and 
extensive resection and removal of the draining 
lymph node basins.

The concept of the surgical management of 
melanoma was not uniformly accepted, shunned 
by many in favor of traditional local therapies 
with salves and other medicinal treatments passed 
down from previous generations. However, exci-
sion of the primary lesion with wide margins was 
slowly gaining favor with a small group of sur-
geons. In 1892, the London surgeon Herbert 
Snow advocated that melanoma be treated by 
excision and he noted that: “it is essential to 
remove, whenever possible, those lymph glands 
which first receive the infective protoplasm” [9]. 
In 1903, Frederick Eve described a case series of 
45 patients with melanoma treated at the London 
Hospital, remarking that 80% of the melanoma 
cases had originated from pigmented moles on 
the skin [10]. He strongly expressed his views on 
the surgical management of melanoma, stating in 
his lecture, “The treatment of melanoma can be 
given in a few words, free excision or amputa-
tion, in accordance with the position and extent 
of disease…The removal of the nearest chain of 
lymphatic glands, whether palpably involved or 
not, should never be omitted; for it may be taken 
as a matter of certainty that in the great majority 
of cases they are infected.”

In 1905, the Scottish physician William 
Handley analyzed the lymphatic spread of a mel-
anoma originating from a woman’s leg [11]. In 
1907, he gave the Hunterian Lecture entitled 
“Melanotic growths in relation to their operative 
treatment,” in which he strongly supports the 
views of Frederick Eve, advocating wide exci-
sion of the primary melanoma in combination 
with elective regional lymph node dissection or 

possibly amputation in selected cases [11]. In this 
manuscript, he accurately notes that the “perme-
ation of the lymphatics is the principle agent in 
this local centrifugal spread” of melanoma, rec-
ommending a circular incision of about one inch 
from the edge of the tumor, and another two 
inches into the subcutaneous fat. This article is of 
great historical significance, as the recommenda-
tions of Handley became the basis for the surgi-
cal management of melanoma for the next 
50 years.

Until the 1960s, invasive melanoma was con-
sidered a high-risk disease that required an exten-
sive local excision for all tumors. In 1969, 
Wallace H.  Clark, Jr., a pathologist at the 
Massachusetts General Hospital, described a 
classification system of melanoma based on the 
extent of tumor invasion relative to the anatomic 
layers of the skin and related the depth of pene-
tration to overall patient survival [12]. In 1970, 
Alexander Breslow added a second method of 
measurement, based upon the true vertical thick-
ness of the tumor, measured in millimeters [13]. 
This system was found to be a more accurate and 
reproducible method of measurement, providing 
an excellent correlation with overall 5-year sur-
vival. Comparison of the two systems and other 
histologic parameters revealed that the tumor 
thickness, measured in millimeters, was a better 
predictor of metastasis and overall survival com-
pared to the Clark’s level of tumor invasion [14].

In 1978, the pioneering surgeon Donald 
Morton published the first report of the use of 
cutaneous lymphoscintigraphy to determine the 
direction of regional lymphatic drainage in 32 
patients with primary malignant melanoma of the 
trunk [15]. In 1990, at the Society of Surgical 
Oncology meeting, Morton introduced the use of 
lymphatic mapping to determine the sentinel 
lymph node and described the technique of 
obtaining a sentinel-node biopsy which created a 
minimally invasive way to stage the tumor status 
of all nodes in the regional basin [16]. His paper 
on intraoperative lymphatic mapping for early 
stage melanoma was initially rejected by several 
journals until its publication in the Archives of 
Surgery in 1992 [17]. He later developed and 
published the first landmark trial on  sentinel- node 
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biopsy versus nodal observation in melanoma, 
the MSLT I trial [18].

It is important to recognize the important con-
tributions of past physicians and surgeons, learn-
ing from their experiences in the clinical 
management of patients with melanoma. It is 
clear that we must continue down the pathways 
of our predecessors and strive to improve the 
quality of surgical care for all melanoma patients. 
Though the basic tenets for the surgical manage-
ment of primary melanoma and regional nodes 
have been forged from previous trials, many 
questions still remain as to the optimal manage-
ment of patients with later stage disease. As new 
research continues to surface, physicians, sur-
geons, and researchers alike continue to develop 
novel treatment strategies for those patients with 
advanced disease, many of which do not require 
the scalpel.

 Obtaining the Diagnosis

It is imperative that the diagnosis of cutaneous 
melanoma be made as early as possible, as this 
directly correlates with long-term outcome. For 
decades, physicians have utilized the clinical 
examination of the skin as the primary screening 
modality for detecting melanoma. Yet, the ability 
of the clinician to accurately identify those lesions 
that are melanoma is highly variable in most 
cases, making the correct diagnosis in only about 
65% of all cases [19–24]. The accuracy rate of 
detection can be improved by 10–20% with the 
addition of other imaging tools, such as epilumi-
nescence microscopy and sequential full body 
photography [25, 26]. However, no matter what 
observational threshold is being followed, many 
lesions that are deemed suspicious for melanoma 
will ultimately undergo a biopsy to obtain a defin-
itive diagnosis. Obtaining a tissue sample by 
means of whatever method of biopsy, followed by 
histological examination of the tissue is still con-
sidered the “gold standard” for accurately making 
the diagnosis of primary cutaneous melanoma.

The majority of clinical management guide-
lines recommend that a pigmented lesion or mole 
that is deemed suspicious undergo an excisional 

biopsy as the preferred method of biopsy, obtain-
ing a margin of normal skin of 1–2 mm [19–21]. 
The depth of the biopsy should encompass the 
subcutaneous fat, with complete removal of the 
lesion for a complete and unencumbered histo-
logic examination that will include an accurate 
Breslow’s depth of invasion and other prognostic 
features [27–29]. The definitive surgical proce-
dure of the primary melanoma should be deferred 
until the final histologic diagnosis has been made, 
even for suspected thinner melanomas such as 
melanoma-in-situ [30–32]. It is imperative for 
the clinician to be cognizant of cosmetically sen-
sitive areas when performing a biopsy, as this 
will dictate the type of biopsy performed and the 
necessity for possibly specialty surgical consulta-
tion. Definitive excision of such areas must be 
deferred until the final diagnosis has been com-
pleted, as often the pathological diagnosis yields 
a benign result that does not require any further 
surgical intervention [33, 34].

If a punch biopsy is performed, one should 
obtain the sample from the thickest portion of the 
lesion, avoiding areas of crusting, ulceration, or 
necrosis that may grossly underestimate the over-
all thickness of the tumor. Although the preferred 
method of biopsy is the excisional biopsy, others 
will perform a deep shave, or saucerization, of a 
lesion suspected of being melanoma. This is usu-
ally done with either a scalpel or a single-edged 
razor blade held in a semi-curved position [19]. A 
saucerization is essentially a modified shave 
biopsy that samples the deeper dermis, and is 
achieved by pinching the skin around the lesion 
while curving the razor blade [35].

One potential drawback of either method is 
that there remains the possibility of transecting 
the base of the lesion, thus resulting in a deep 
margin that is involved with melanoma. This is 
problematic in that the true Breslow’s thickness 
is not known, creating a diagnostic dilemma for 
the surgeon in terms of the decision-making for 
the appropriate surgical margins and whether the 
draining lymph node basin needs to be evaluated. 
A second consideration is that biopsy site from a 
shave biopsy heals by secondary intention, 
 resulting in an inferior cosmetic outcome 
 compared to other techniques.
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The main benefit of a punch biopsy is that the 
specimen can be accurately measured for true 
depth of invasion. The defect is closed primarily 
with 1 or 2 interrupted sutures that results in a 
superior cosmetic outcome compared to a shave 
biopsy that heals by secondary intention. The pri-
mary limitation of the punch biopsy is that for 
larger lesions (>6  mm), the largest available 
punch biopsy will be unable to adequately 
remove the entire lesion, thereby inadequately 
sampling the adjacent normal skin and histologic 
architecture. The architectural pattern of the 
entire specimen, in combination with other cyto-
logical features, is of particular importance when 
diagnosing melanoma [36].

Additionally, there are several other important 
features that require special attention in order to 
obtain an accurate diagnosis of melanoma, such 
as the presence of asymmetry, the lack of circum-
scription, and the presence (or absence) of scat-
tered atypical melanocytes throughout the 
epidermis and adnexal epithelium. Such features 
may not be present if a small punch biopsy is per-
formed and the type of biopsy must be taken into 
account by the dermatopathologist [35]. In cases 
of inadequate sampling, it may be necessary to 
completely remove the lesion with an excisional 
biopsy in order to confirm the diagnosis of a sus-
pected melanoma.

Once a diagnosis of melanoma had been 
obtained, staging is essential for prognosis and 
effective treatment. In 2016, the 8th edition of the 
American Joint Committee on Cancer (AJCC) 
staging system for cutaneous melanoma was 
revised and updated, based on the primary tumor 
(T), regional lymph node involvement (N), and 
distant metastatic spread (M) [37].

 Surgical Margins of Excision

The surgical management of cutaneous mela-
noma must always begin with the proper identifi-
cation and treatment of the primary lesion. With 
early diagnosis, over 90% of all early stage pri-
mary melanomas can be cured by surgical exci-
sion alone [38, 39]. The majority of thin primary 
lesions can be locally excised and closed primar-

ily, generally accomplished with a fusiform exci-
sion. Thus, it is important to recognize that 
achieving negative surgical margins with the 
appropriate margins of excision will result in the 
lowest possible local recurrence rates.

The standard operative approach in the past 
usually included a 3–5 cm margin of normal skin 
measured from the outer edge of the melanoma in 
all directions, with most patients requiring a 
split-thickness skin graft to cover the resulting 
defect. This extensive surgical procedure resulted 
in a prolonged hospital stay and associated peri-
operative complications such as wound infection 
and skin graft necrosis. Fortunately, as the extent 
of surgical resection and margins was questioned, 
several prospective, randomized trials have been 
performed to address this issue. The first trial that 
this question, the Intergroup Melanoma Trial, 
focused on the efficacy of 2-cm vs. 4-cm margins 
for primary melanomas between 1 and 4 mm in 
Breslow’s thickness [40]. The results of this trial 
clearly showed an insignificant difference 
between the local recurrence rate between the 
two groups, 0.8% in the group who received 
2-cm margins and 1.7% for those who had 
received 4-cm excision margins. Of importance, 
only 11% of the patients in the 2-cm excision 
group (compared to 46% in the 4-cm excision 
group) required a skin graft.

In this trial’s 10-year follow-up, no significant 
differences in the local recurrence rate, disease- 
free or overall survival was seen [41]. This trial 
clearly demonstrated that a 2-cm margin of exci-
sion is both safe and effective compared to a 
4-cm margin for primary melanomas between 1 
and 4 mm, with a significant decrease in the need 
for skin grafting. In a recent prospective, multi-
center randomized trial of 936 patients by the 
Swedish Melanoma Study group, patients were 
randomly allocated to receive either a 2-cm 
resection margin or a 4-cm resection margin. The 
5-year overall survival of both groups was 65% 
(p  =  0.64) and no significant difference was 
found, further clarifying that 2-cm resection mar-
gins is sufficient [42]. There have been two other 
trials that have examined 2-cm vs. 5-cm margins 
for intermediate thickness primary melanomas 
<2 mm in Breslow’s thickness, with both studies 
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showing no difference in local recurrence rates or 
overall survival [43, 44].

Several randomized trials have established 
that the overall thickness of the primary mela-
noma dramatically influences the likelihood of a 
local recurrence [45]. The World Health 
Organization (WHO) Melanoma Group study 
was a prospective, randomized trial comparing 
patients with primary melanomas ≤2  mm in 
Breslow’s thickness to either 1-cm versus 3-cm 
surgical margins [46]. There were no local recur-
rences seen among patients with primary mela-
nomas <1  mm, regardless of what margin was 
taken. There were four local recurrences seen in 
patients with primary melanomas between 1 and 
2  mm, all occurring within the group that had 
received 1-cm margins. However, there were no 
statistically significant differences noted in either 
group in terms of disease-free and overall sur-
vival. This trial has been updated with 15-year 
follow-up, and again there were no differences 
noted in disease-free or overall survival [47]. 
This study provides a clear demonstration that a 
surgical excision margin of 1 cm is safe and pro-
vides excellent local control for melanomas 
<1 mm in Breslow’s thickness.

For primary melanomas with a tumor thick-
ness between 1 and 2 mm, current NCCN guide-
lines suggest that the margin of excision can be 
between 1 and 2 cm depending on the anatomic 
circumstances. If possible, a 2 cm margin of exci-
sion should be performed whenever feasible; 
however, a 1  cm margin is acceptable if place-
ment of a skin graft or an excessively high amount 
of skin tension will result from taking a larger 
2 cm margin. In a review of 576 patients with a 
melanoma between a 1 and 2 mm in thickness, a 
comparison between 1  cm vs. 2  cm margins 
showed no significant difference in overall sur-
vival at 8.3 years of follow-up, but the 1 cm mar-
gin group did have a local recurrence of 3.6% 
compared to 0.9% in the 2  cm group [48]. In 
2016, Doepker et  al. published a retrospective 
study that compared the use of a 1- or 2-cm resec-
tion margin for 965 patients with a 1–2 mm mela-
noma and reported that using a margin of 1 cm 
did not increase the risk of local recurrence or 
disease-specific survival, but the 5-year overall 

survival for a 1-cm margin was 61.9% vs. 71.2% 
for a 2-cm margin (p = 0.004) [49]. Further data 
is needed in order to elucidate whether there is a 
survival benefit for a 2-cm surgical margin vs. a 
1-cm margin.

Thomas et  al. prospectively examined the 
excision margins in a defined “high-risk group” 
of patients with primary melanoma, considered 
>2 mm in Breslow’s thickness in this study [50]. 
All patients were randomized to either 1-cm or 
3-cm margins of excision and they found that a 
1-cm margin of excision for melanomas of at 
least 2 mm in Breslow’s thickness was associated 
with a significantly greater risk of combined 
(local and regional) recurrence when compared 
to a 3-cm margin. It is important to note that this 
high-risk group included all primary lesions 
>2 mm in thickness (median tumor thickness was 
3 mm), and therefore the results and conclusions 
of this trial cannot be directly applied to those 
patients with only thick (>4 mm) primary lesions. 
Regardless, this is an important trial because it is 
the first time that a randomized trial examining 
surgical margins of excision has demonstrated a 
significant increase in combined locoregional 
recurrence with a narrower 1-cm margin. 
However, there was no statistically significant 
difference noted in the death rate from melanoma 
associated with a narrow (1 cm or less) margin of 
excision for thicker melanomas.

The appropriate surgical margins for a thick 
primary melanoma (>4  mm) have also been 
addressed in both retrospective and prospective 
analyses. The first study was a multi-institutional 
retrospective review of surgical margins and 
associated prognostic factors in 278 patients with 
a thick primary melanoma [51]. This study 
revealed no significant difference in the local 
recurrence rate, disease-free or overall survival if 
margins larger than 2 cm were taken. There does 
not appear to be any clear advantage (or disad-
vantage) to removing the deep muscular fascia as 
part of the definitive excision of the primary mel-
anoma. Several studies have addressed this issue 
and it does not appear that there is any significant 
difference in recurrence rates, locally or distant, 
when the fascia was either left in place or removed 
as part of the definitive surgery [52, 53].
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 Truncal and Extremity Melanoma

The surgical management of truncal and extrem-
ity melanoma is fairly straightforward, with the 
basic tenets of surgical therapy to remove the pri-
mary melanoma with the appropriate surgical 
margins. However, certain situations and ana-
tomic locations may alter the surgeon’s approach 
to management, such as melanomas located 
along the forearm, leg and digits. In particular, a 
melanoma >2 mm in Breslow’s thickness on the 
forearm will require a 2 cm circumferential exci-
sional margin with a resultant defect of at least 
4 × 4 cm. Due to the anatomic limitations of skin 
mobility in such areas, it is often necessary to uti-
lize a split-thickness skin graft (STSG) for ade-
quate coverage, often taken from the anterolateral 
aspect of the thigh. Other possible donor sites 
may include a full-thickness skin graft from the 
lower quadrant of the abdomen with primary clo-
sure of this defect, thereby sparing the patient the 
increased pain and discomfort associated with a 
STSG from the thigh.

The majority of primary melanomas located 
on the back can be treated with the appropriate 
excision margin followed by skin edge approxi-
mation and primary closure. The skin on the back 
is generally thicker with more laxity compared to 
other areas of the body, with the resulting defect 
successfully closed primarily without the need of 
skin grafting. In order to minimize the amount of 
tension along the mid-portion of the defect, atten-
tion should be given to the orientation of the sur-
gical excision related to the optimal lines of skin 
tension in order to minimize the need for exten-
sive undermining of the surrounding skin edges. 
Occasionally, the surgeon may encounter an 
undue amount of skin tension and this situation is 
best treated with the placement of a STSG or pos-
sibly one of several plastic reconstructive options 
such as a rotational, advancement or rhomboid 
skin flap.

 Head and Neck Melanoma

The use of SLNB for head and neck melanomas 
has been recently reviewed in depth and it has 
been shown to be a safe and valuable tool for expe-

rienced surgeons in order to achieve valuable stag-
ing information to help guide treatment [54]. 
Special attention should be paid to the patient with 
a primary melanoma of the head and neck due to 
the added anatomic complexity posed within this 
region. Although the established guidelines are 
generally followed whenever possible, a mela-
noma arising within aesthetic areas of the face will 
often require a compromise in such margins. 
Every attempt is made at obtaining the appropriate 
surgical margin and concomitantly achieving the 
best cosmetic outcome with the lowest possible 
chance of local recurrence. It is imperative that a 
thorough discussion of the planned excision be 
made with the patient, outlining the operative plan 
and any associated reconstruction being per-
formed. The risks, benefits, and expected cosmetic 
outcomes should be carefully discussed with the 
patient, specifically addressing unrealistic expec-
tations of any surgical procedure.

The surgical treatment of the primary tumor of 
the head and neck includes planning the com-
plete excision of the primary melanoma as well 
as the reconstructive procedures simultaneously 
[55]. Some surgeons prefer to stage the excision, 
waiting for the final pathology prior to perform-
ing a definitive reconstruction of the residual 
defect. In any case, the surgeon should be cogni-
zant of the unique anatomy of the face, consider-
ing the relaxed skin tension lines and functional 
aesthetic. Special consideration should be given 
to primary melanoma excisions that involve over-
lying lymph node-bearing areas, such as the 
parotid gland and neck. A preauricular vertical 
incision followed by the development of an ante-
rior cervicofacial flap is able to adequately expose 
the parotid gland or periauricular and upper neck 
lymph nodes. In the neck, an upper-neck trans-
verse incision or a mid-neck posterior vertical 
incision provides optimal exposure to the appro-
priate cervical lymph node basin.

The method of reconstruction of the primary 
melanoma excision site depends upon several fac-
tors such as the location and size of the defect, the 
functional and aesthetic requirements, and the 
overall medical condition of the patient. There are 
numerous possible reconstructive options such as 
the utility of a STSG, local vascularized and 
regional tissue flaps as well as myocutaneous 
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flaps. The most common surgical excision of a pri-
mary scalp melanoma involves the removal of the 
appropriate skin margins and underlying subcuta-
neous fat down to the galea. The underlying peri-
osteum is well vascularized and provides a good 
base for the proper healing of a STSG. For smaller 
and even intermediate size scalp excisions, local 
rotational may be suitable in lieu of skin grafting. 
In rare cases, extensive surgical excision of the pri-
mary melanoma with a large residual defect may 
require a free flap for adequate wound closure, 
usually from sites such as the anteriolateral thigh, 
latissimus or radial forearm muscle.

Small excisions of the cheek can usually be 
closed within the exaggerated “smile lines” on 
the face. For larger defects involving the medial 
portion of the cheek, an inferiorly based cervico-
facial rotation advancement flap may provide the 
optimal aesthetic result. For upper lip defects that 
are lateral to, and above, the vermillion border, 
we commonly utilize a cheek advancement flap 
for optimal cosmetic results. Defects along the 
medial, central upper lip, and philtrum are best 
treated by an Abbé lip switch flap for lower lip 
defects, local rotation flaps are often utilized, 
bearing in mind that if the defect is a result of a 
complete excision of the lip, muscle, and mucosa, 
then one of several lip advancement techniques 
can be employed. The Karapandzic flap, a rota-
tional, musculomucosal circumoral flap, is an 
excellent reconstructive choice for lip excisions 
that have removed between one-third and two- 
thirds of the lower lip. It allows for muscular con-
tinuity and maintains oral competence. Defects 
that affect the oral commissures are best served 
with a local rotational flap, such as the Estlander 
lateral lip-switch flap. If the entire lower lip must 
be excised, utilization of a radial forearm free 
flap with palmaris longus sling may be necessary 
as part of the reconstructive process.

 Subungual Melanoma

Subungual melanoma is a type of malignant skin 
melanoma most commonly diagnosed as an acral 
lentiginous subtype on histology. This subgroup 
is more prevalent in darker-skinned individuals, 
occurring mainly on the palms, soles, and subun-

gual regions. For this reason, such melanomas are 
often found at a more advanced stage. A subungal 
melanoma will typically present as a linear brown 
or black discoloration of the nail known as mela-
nonychia. While melanonychia can be caused by 
other benign causes, the presence of color varie-
gation, size, ulceration, and extension beyond the 
nail plate warrant a full-thickness biopsy.

The current standard of care for the surgical 
treatment of a subungal melanoma remains 
amputation of the digit one joint space proximal 
to the subungal melanoma. The appropriate sur-
gical margins should still be measured intraoper-
atively, with special attention to any evidence of 
proximal spread beyond the nail bed. Despite the 
gold standard of digit amputation (with or with-
out a concomitant SLNB), recent literature has 
suggested that a less aggressive approach may be 
as beneficial [56–59].

 Current Surgical Guidelines 
and Recommendations

The evolution and collection of data from well- 
designed clinical trials has allowed us to develop 
a set of surgical guidelines that are safe, well tol-
erated, and associated with acceptable locore-
gional recurrence rates. Strategies that rely on 
lesser margins of excision, including approaches 
that rely solely on the pathologist’s report of a 
tumor-free biopsy site margin, offer little savings 
of morbidity yet risk higher rates of local recur-
rence. Even patients with thin melanomas 
(≤1 mm in thickness) deserve an appropriate sur-
gical margin, as recurrence does occur even in 
this group and is often a harbinger of very poor 
prognosis and outcome.

 National Comprehensive Cancer 
Network (NCCN) Treatment 
Guidelines

The National Comprehensive Cancer Network 
(NCCN) was started in 1995 with the goal of 
developing a comprehensive set of diagnostic, 
treatment, and supportive care guidelines for all 
cancer patients [60]. The NCCN guidelines have 
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become an essential tool to provide comprehen-
sive, evidence-based care of cancer patients. With 
the rapid increase in knowledge of melanoma 
driver pathways and immunobiology, a record 
number of new treatments have been approved in 
the last few years. These treatment guidelines are 
constantly updated as new data and information 
from clinical trials is published, resulting in an 
effective tool for treatment of cancer patients 
based upon expert opinion of evidence-based 
medicine [60].

For a melanoma in-situ [stage 0], we recom-
mend a 5-mm margin of excision. For a primary 
melanoma that is ≤0.75 mm in Breslow’s thick-
ness, the recommendations are to perform a wide 
local excision with a 1-cm margin. For a stage IA 
melanoma between 0.76 and 1.0 mm in Breslow’s 
thickness, a further discussion is had as to the 
risks and benefits of concomitant SLNB.  For a 
stage IB or II melanoma that is greater than 1 mm 
in Breslow’s thickness, a wide local excision with 
1–2 cm margins should be performed, with con-
comitant SLNB. For truncal or proximal extrem-
ity melanoma with a Breslow’s thickness >2 mm, 
wide local excision with 2-cm margins should be 
performed (Table  17.1). In the head and neck 
region, distal extremities, or other cosmetically 
sensitive areas, a surgical excision margin of at 
least 1 cm should be attempted for a primary mel-
anoma with Breslow’s thickness >1  mm. If a 
stage III melanoma is encountered, complete 
nodal dissection should follow positive SLNB. If 
nodes are clinically positive, FNA or an alternate 
form of node biopsy should be obtained prior to 
excision of the primary tumor. If there is suspi-

cion for clinical, satellite, or in-transit metastasis, 
biopsy should also be obtained prior to excision 
of the primary melanoma. Complete surgical 
excision should still be considered in stage IV 
disease if the patient is a favorable candidate. For 
unresectable disease, consideration should be 
given to a clinical trial or to palliative care in cer-
tain situations.
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Mohs Surgery for Melanoma 
In Situ

Joy Kunishige and John Zitelli

 Background and Epidemiology

Melanoma in situ (MIS) is a proliferation of 
malignant melanocytes within the epidermis, 
without invasion into the dermis. Typically, pig-
mented macules display the features of mela-
noma such as variegated color, asymmetry, and 
irregular border. However, presentation can be 
varied with some presenting similar to normal 
freckles or nevi, but distinguished by growth or 
change. The histologic features include a pre-
dominance of individual melanocytes over nests, 
confluent growth along the epidermis, and paget-
oid spread of individual melanocytes into upper 
layers of the epidermis.

There are four subtypes of MIS: lentigo 
maligna, superficial spreading, acral lentiginous, 
and mucosal. Perhaps 75% of MIS can be further 
classified as lentigo maligna subtype, which has a 
confusing history. In 1890, it was described as 
“Hutchinson’s melanotic freckle” [1]. Its slow 
growth led to the hypothesis that it was infectious 
in etiology. In 1912, Dubreuilh characterized the 
lesion as precancerous [2]. Some postulated there 
were two types of lentigo maligna, one that was 

benign photodamage and one that was malignant 
[3]. It is still misconstrued by some as a prema-
lignant lesion [4].

Today, lentigo maligna is well established as a 
subtype of MIS on sun-exposed skin. As such, it 
occurs in older patients, with peak onset in the 
seventh and eighth decades of life. Histologically, 
it contains atypical melanocytes along the basal 
layer of the epidermis in solitary units or small 
nests and solar elastosis (abnormal elastin accu-
mulation from excessive sun exposure). 
Extension of cytologic atypia down follicles and 
other adnexal structures is common. Though 
characterized by slow growth, sometimes taking 
years to diagnose, it is a malignant tumor.

Amelanotic extension is frequently described 
as an expected feature of lentigo maligna, but it is 
present in all MIS and invasive melanoma. At 
least 62% of melanomas contain an area of amel-
anotic or subclinical extension [5]. Amelanotic 
extension can be foreshadowed by the loss of 
freckling, but it is more commonly invisible to 
the eye. Due to the inability to visualize the bor-
der or margin of an MIS or melanoma, standard 
excision must be performed with an additional 
safety margin of normal-appearing skin. 
Discussion of excision guidelines follows.

Aside from subclinical extension, the pres-
ence of occult invasive components must be con-
sidered. Numerous studies have found that 
5–67% of biopsy-proven MIS are later upgraded 
to invasive melanoma [3, 6–15]. The frequency 
with which MIS is upgraded depends upon the 
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size of the lesion and how thoroughly one exam-
ines the specimen. Of note, the invasive area may 
be 5–10  mm away from the clinically evident 
lesion [16].

The single-most powerful risk factor for the 
development of a MIS and melanoma is long- 
term cumulative UV radiation. Risk factors 
include fair skin, history of sunburns, tanning bed 
use, atypical nevi, family history, and immune 
suppression. Smoking does not appear to be a 
risk factor [17].

MIS represents 40% of all melanomas diag-
nosed in the United States and the incidence is 
rising [18]. Some debate exists as to whether this 
is due to a true increase versus overdiagnosis. In 
part, it reflects more biopsies and better histo-
logic criteria such that diagnosis occurs earlier 
and more accurately. However, studies conclude 
that increased screening and biopsy alone cannot 
account for the dramatic increase in incidence 
[19, 20]. Over 60,000 people in the United States 
are diagnosed with MIS each year.

 Treatment

Given the initial belief that MIS, or at least len-
tigo maligna, was a premalignant process, plus 
the frequency with which it occurs, it is not sur-
prising that many treatments have been attempted. 
Radiation is second-line treatment for patients 
who are not surgical candidates. It is associated 
with a 7% recurrence rate and delayed recur-
rences occurring around 4  years [21]. Topical 
imiquimod is an inferior option associated with 
clinical response, but with hidden histologic per-
sistence in at least 25% [22]. Development of 
invasive disease with satellite metastases has also 
been reported [23].

MIS is a malignant skin cancer, with an asso-
ciated risk for becoming a primary, invasive mel-
anoma. Once invasive, it has the same prognosis 
as other melanomas. It is important to remove the 
entire lesion for three reasons. First, many MIS 
are actually invasive. Second, if it is not invasive 
now, it can be in the future. Twenty-three percent 
of MIS recur as an invasive melanoma, with a 
mean Breslow’s depth of 0.9  mm [24]. Third, 

treatment of recurrent lesions is more difficult. 
Recurrent tumors can track stealthily along scars 
and be multifocal, lowering cure rates.

The goal of excision is to remove the entire 
primary lesion. Because it is not possible to visu-
alize the edge of a melanoma with the naked eye, 
a safety margin must be excised. Guidelines for 
surgical margins refer to additional tissue that 
should be excised beyond the visible tumor edge. 
The guidelines only apply in instances where one 
is using visual inspection to determine the tumor 
edge, and they do not apply if instead one uses a 
microscope to determine the tumor boundary. It 
is important to understand that the guidelines are 
recommendations for the clinical surgical margin 
measured on the patient during excision, and do 
not refer to histologic margins that may later 
appear on pathology reports.

Excision guidelines have changed over the 
past decade to reflect the current best evidence. In 
1992, a consensus conference recommended 
5 mm excision margins for MIS [25]. This was 
based on expert opinion at the time, not on high- 
level studies. Since then, multiple studies have 
shown that a 5 mm excision margin is inadequate 
(Table 18.1). A margin of 5 mm will only clear 
23–86% of all MIS lesions [3, 8, 9, 12, 26, 27, 
29–38].

To determine the surgical margin required 
to completely excise 97% of MIS, Kunishige 
et al. prospectively collected data on the treat-
ment of 1,120 MIS lesions. In order to obtain a 
97% clearance rate, a 9 mm margin of excision 
was required [26]. A closer look at this patient 
population suggested that some lesions on the 
head and neck actually required a 1.2 cm mar-
gin (Author’s Unpublished Data). Others have 
also reported that a 1–1.5 cm margin is neces-
sary [8, 12, 27, 32, 35]. The surgical margin 
necessary for MIS mirroring that of invasive 
melanoma makes sense for two reasons: First, 
studies have not found a correlation between 
Breslow’s depth and the amount of subclinical 
extension. Second, up to 67% of MIS are actu-
ally invasive [3, 6–15].

Clinicians who treat MIS inherently under-
stand that 5  mm margins are not adequate. 
However, because of the dogma that lentigo 
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maligna subtype has wide extensions, many 
question the need for a wider resection margin 
for other subtypes of MIS. A comparison of 1506 
lentigo malignas to 849 other subtypes of MIS 
found no difference in margin requirements 
based upon subtype. Both LM and other MIS on 
the trunk and extremities achieved a 97% clear-
ance with 1 cm margins. Both LM and other MIS 
on the head and neck achieved 97% clearance 
with 1.2  cm margins (Author’s Unpublished 
Data).

Indeed, 1 or 1.2 cm margins are not always 
doable or desirable. In these cases, Mohs sur-
gery should be considered. The Mohs technique 
is described below, noting that any technique 
that enables visualization of the entire periph-
eral margin can be used, such as staged excision 
or “slow Mohs,” and the square technique. The 
more one sees, the more one can be confident 
the margin is clear, and thus reduce recurrence 
rates. In contrast, wide local excision specimens 
are processed by “breadloaf” technique 
(Fig. 18.1). The excised ellipse is cut vertically 
from skin to adipose. A few cross sections are 
viewed under the microscope. In total, less than 
1% of the peripheral margin is examined [39]. 
Thus, residual MIS is unlikely to be detected 

and is often missed [40]. If there is 5  mm 
between each vertical cross section, then there 
will be a <  20% chance of finding residual 
tumor. This explains the exasperating tendency 
of MIS to recur, even when the final pathology 
report declares “clear” margins: recurrence rate 
for standard excision of MIS with a 5-mm mar-
gin is 8–20% [11, 41, 42].

Mohs surgery for melanoma is safe, effective, 
and validated (Table 18.2) [3, 7–9, 26–30, 32–34, 
37, 40, 43–48, 50–52]. It consistently boasts low 
recurrence rates that approach zero. It is also 
associated with improved cure rates for tumors 
that are recurrent or located on the head and neck 
[27, 28, 32, 36, 37, 51].

 Procedure

 Mohs Technique

The biopsy scar and any residual pigment, plus 
3  mm of normal-appearing skin, is excised 
down to the superficial adipose tissue. This 
debulking specimen is evaluated by routine 
breadloaf processing (vertical sections) to 
determine if there is an upgrade in Breslow’s 

Table 18.1 Melanoma in situ clearance rate with 5 or 6 mm is low

Study No. of MIS lesions Follow-up time (month)
Clearance rate with 5- or 
6-mm margins

Biernet et al. [29] 76 33 0%
Clayton et al. [30] 81 22 23%
Albertini et al. [31] 42 Unknown 24% if 5 mm

41% if 6 mm
Moyer et al. [32] 232 101 41%
Agarwal- Antal et al. [33] 92 48 42%
Zalla et al. [12] 46 16 50%
Felton et al. [27] 343 29 65%
Malhotra et al. [50] 109 32 69%
deVries et al. [34] 100 60 ~69%
Huilgol et al. [8] 125 38 70%
Hilari et al. [35] 62 Unknown 73.5% if primary

30.8% if recurrent
Bricca et al. [36] 331 58 84%
Bub et al. [9] 55 57 85%
Kunishige et al. [26] 1120 56 86%
Cohen [3] 45 58 Unknown
Bene et al. [37] 167 63 Unknown
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thickness. This can be done via permanent sec-
tions or frozen sections. Immediately after 
debulking, an additional 3 mm margin is taken 
laterally and excised as a single piece down to 

the deep adipose for frozen-section examina-
tion by Mohs technique. The peripheral tissue 
is cut into 1–2 cm strips, then stained with vari-
ous colors to facilitate orientation and 

a

b

Missed subclinical
extension on surface

Missed deep tumor

Subclinical
extension

Subclinical
extension is identified
when 100% of margin
examined 

a

a b

c d

b

d

c

Debulking sent for
paraffin processing

Base margin Peripheral margin

Fig. 18.1 Breadloaf technique enables visualization of 
less than 1% of the peripheral and deep margin, which is 
indicated in blue (a). Mohs micrographic surgery employs 

beveled excision and relaxing techniques to flatten the 
specimen, so that 100% of the peripheral and deep margin 
can be examined in one plane (b)
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 localization. Frozen sections with and without 
MART-1 immunostain are reviewed (Fig. 18.2). 
Any remaining tumor is marked on a map rep-
resenting the surgical wound. Additional 3 mm 
margins are excised in exact areas where resid-
ual tumor is noted.

Positive margins are defined as those contain-
ing at least one of the following: (1) nests of at 
least 3 atypical melanocytes, (2) melanocytes 
above the dermoepidermal junction, and (3) non-
uniform crowding of cells along the basement 
membrane. Other histologic findings raising sus-
picion include: (1) extension of atypical, crowded 
melanocytes far down adnexal structures, (2) 
nonuniform distribution of pigment, (3) exces-
sive number of melanophages, and (4) brisk 
inflammatory response. Increased melanocyte 
density and mild to moderate confluence alone 
are typical of melanocytic hyperplasia in sun- 
damaged skin, and should not be interpreted as 
melanoma [54, 55]. Using these criteria, the 

interpretation of frozen sections is comparable to 
that of paraffin sections [56].

Some Mohs centers utilize additional or alter-
nate immunostains. MITF is a nuclear stain and 
therefore will only stain melanocytes, whereas 
MART-1 stains an antigen found on the surface 
of melanocytes that can sometimes be found in 
keratinocytes and pseudonests. Though MITF is 
more specific, the nuclear stain creates faint and 
tiny dots. MART-1 is sensitive and brightly posi-
tive. The rapid 1-hour protocol makes it the most 
practical and efficient method for Mohs surgeons 
to judge the presence or absence of melanoma at 
the margin [54, 57].

The evaluation of melanoma by frozen section 
requires meticulous lab processing. The immu-
nostain must be applied exactly and without con-
tact with agents that can bind the immunostain 
and render it useless. Most importantly, the sec-
tions of tissue must be very thin. Thicker sections 
result in viewing a stack of cells, which results in 

Table 18.2 Low recurrence rates associated with Mohs technique

Study # of MIS Procedure Follow-up (month) Recurrence
Bienert et al. [29] 76 Mohs 33 0%
Agarwal-Antal et al. [33] 92 Mohs 48 0%
Johnson et al. [40] 35 SE Unknown 0%
Jejurikar et al. [43] 42 SE 31 0%
Mahoney et al. [7] 11 SE 4.7 0%
Moller et al. [44] 49 SE 14 0%
Kunishige et al. [26] 2335 Mohs 56 0.3%
Felton et al. [27] 343 Mohs 29 0.3%
Etzkorn et al. [28] 436 Mohs 34 0.5%
Anderson et al. [45] 150 SE <60 0.7%
Clayton et al. [30] 77 Mohs 22 1%
Bosbous et al. [46] 49 SE 26 1.7%
Bene et al. [37] 116 Mohs 63 1.8%
Nasrati et al. [47] 277 Mohs 103 1.8%
Hou et al. [48] 407 Mohs 95 1.9%
Huilgol et al. [8] 125 Modified SE 38 2%
Moyer et al. [32] 834 SE 10 2%
Cohen et al. [3] 26 Mohs and SE 58 2.2%
Hill et al. [49] 38 Modified SE 25 2.6%
Bub et al. [9] 55 Modified SE 57 3.6%
Malhotra et al. [50] 109 Modified SE 32 3.7%
deVries et al. [34] 100 SE 60 4%
Walling et al. [51] 50 Modified SE 95 6%
Lee et al. [52] 31 Modified SE 42 9.6%
Total 5863 Mohs or SE 45 (mean) 2% (mean)

SE staged excision, Modified SE vertical sections were used and entire margin not examined
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increased stain and false positives. Tangential 
sections will also cause false positives, because 
the diagonal stack of melanocytes in the basal 

layer looks like pagetoid spread. When thin sec-
tions with crisp staining cannot be obtained, 
specimens can be sent out for formalin-fixed 

a b

c d

1

23

4

5

12 o’clock
(superior on

patient)

5

Red ink

Blue ink

Black ink

Fig. 18.2 Mohs technique for melanoma. First, the visi-
ble tumor is excised and examined with vertical sections 
(breadloaf technique) to confirm Breslow’s thickness (a). 
Next, a peripheral and deep margin of normal-appearing 
skin is excised down to deep adipose (b). The peripheral 

margin is separated into thin strips to enable en face exam-
ination. All sections are inked and mapped (c). Frozen 
sections with and without MART-1 immunostain are 
reviewed (d). Any residual tumor at the margin is mapped 
then excised
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 permanent sections. Staged excision (slow Mohs) 
and the square technique are two procedures that 
utilize permanent sections to visualize the entire 
peripheral margin.

 Staged Excision and Square 
Procedure

Often called “slow Mohs,” staged excision mim-
ics the procedure above, except all tissue is sent 
out for formalin-fixed permanent processing 
instead of frozen sections. After excising the cen-
tral tumor to deep adipose, the first perimeter of 
tissue is taken. A map is drawn and sent out with 
the tissue. The resulting wound is dressed with 
petrolatum ointment and a bandage, and the 
patient returns in 2–3 days. If additional tissue is 
needed, this is excised and the patient returns in 
another 2–3 days. This continues until a tumor- 
free plane is reached. Then, the patient returns for 
reconstruction of the defect.

A variant of staged excision is the “square 
procedure.” Here, the desired surgical margin is 
outlined with geometric angled corners of the 
lines, such as a square or rectangle. Geometric 
configuration may facilitate tissue processing. A 
double-bladed hair transplant scalpel is used to 
remove a 2–4 mm wide strip of tissue around the 
tumor. This circumferential band is sent out for 
permanent section margin evaluation. Additional 
stages are performed as necessary. Once a tumor- 
free peripheral plane has been reached, the 
remaining central “island” of tissue is excised to 
deep adipose and sent out. With melanoma in 
situ, it is reasonable to assume the deep margin 
will be clear and to repair the wound. Of course, 
if the deep margin proves to contain invasive 
tumor transected at the base, then additional exci-
sion will be necessary [43].

With either of these procedures, the surgeon 
and pathologist must work together to ensure the 
entire peripheral margin is evaluated. The circum-
ference of the excision should be embedded en 
face. Modified staged excision refers to the use of 
vertical, radial, or breadloaf sections to examine 
part, or all, of the peripheral margin. This will 
result in higher recurrence rates (Table 18.2).

 Clinical Scenarios

Patient referred for lentigo maligna on the right 
nasal sidewall. This was excised with 6  mm 
margin. The peripheral and deep margins were 
examined by standard Mohs technique. No 
additional stages were needed. The final defect 
measured 2 cm and was able to be repaired with 
a local flap (Fig. 18.3). Note that margins nar-
rower than 6  mm may be attempted, with the 
understanding that there will be a higher prob-
ability that additional stages will be needed. 
The authors routinely use narrower margins of 
2 or 3 mm when working near the eye or nasal 
tip, or when it would allow for simpler recon-
struction options.

Patient presented with multiply recurrent MIS 
on the left cheek. The areas of tumor were delin-
eated via the Mohs procedure, with sparing of 
some scarred tissue on the lower lid. The wound 
was repaired with linear repair and graft 
(Fig. 18.4).

Patient referred for recurrent desmoplastic 
melanoma arising in an old forehead flap, with 
the desire to avoid total rhinectomy. He presented 
with an 8 mm nodule with surrounding indura-
tion. The tumor was excised using Mohs tech-
nique in four stages. This resulted in a 
hemi-rhinectomy. The patient returned to his 
country with plans to pursue reconstruction after 
one year. If delayed repair is desired to enable 
monitoring for recurrence, then a skin graft can 
be applied to prevent wound contraction 
(Fig. 18.5). Patients may be referred to specialists 
for reconstruction, or rarely, for additional exci-
sion should the tumor invade the skull or nerve 
foramina.

 Controversies and Future Areas 
of Research

There is no question that complete histologic 
margin control results in higher cure rates. 
Looking is better than not looking. However, 
controversy exists on how to look. Some feel per-
manent sections are superior to frozen sections 
for melanoma interpretation. Indeed, frozen sec-

18 Mohs Surgery for Melanoma In Situ



330

a

c

b

Fig. 18.3 Mohs technique simultaneously offers guaranteed clear margins (a, b) and tissue conservation enabling 
repair with local flap (c)
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tions for melanoma are technically difficult. 
Without an experienced technician and reliably 
thin sections, the stain will always appear 
 positive, and overcalling will occur. More stages 
will seem required and large defects will result. 
The fact that most melanomas can be excised 
with one stage, in combination with recurrence 
rates of 0–2%, prove that frozen section analysis 
is a valid technique.

One study comparing interpretation of fro-
zen section to that of permanent sections found 
no difference [56]. Another study suggested 
frozen sections with immunostains may actu-
ally be superior to permanent sections:  staged 
excision with permanent sections resulted in a 
wider margin of resection compared to that of 
Mohs surgery. The average margin excised was 
9.3 mm compared to 6.8 mm for Mohs surgery 
[26, 32]. This raises the possibility that it is 
more difficult to distinguish actinic-induced 
melanocyte proliferation from true malignancy 
on permanent sections than on frozen sections 
with MART-1 immunostain. In summary, true 
Mohs surgery with 100% margin examination, 
excision and histologic evaluation performed 
by the same individual, and use of immunos-
tains will yield the lowest recurrence of any 
method (Table  18.2). However, if thin frozen 
sections with immunostain cannot reliably be 
achieved, then staged excision with en face pro-
cessing and permanent sections are a good 
alternative.

Randomized data may never be available to 
support Mohs for invasive melanoma. A study 
by Mayo et al. reported that Mohs surgery and 
wide local excision had similar recurrence rates 
[48]. However, the two treatment arms were not 
randomized. Larger and recurrent lesions, as 
well as those on the head and neck, were referred 
for Mohs surgery [48]. A truly randomized 
study is unlikely, because it is frequently impos-
sible to excise the full 1 cm needed on the head 
and neck.

Accordingly, the six prospective, randomized, 
controlled trials behind the guidelines for mela-
noma excision excluded MIS and virtually 

a

b

c

Fig. 18.4 Multiply recurrent melanoma excised with Mohs 
technique (a, b), then linear repair and graft (c). Checking 
100% of the peripheral and deep margin enables the surgeon 
to excise less tissue than with wide local excision
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excluded the head and neck location. Only 16 of 
4231 randomized melanomas were on the head 
and neck [58–63]. Non-randomized studies of 
head and neck MIS and melanoma suggest that a 
1 cm is inadequate for some lesions, clearing as 
few as 50% [27, 32, 64]. More telling, guideline 
margins were unable to be executed on 33% of 
head and neck melanomas [61].

An area of huge impact would be to increase 
the specificity of melanoma diagnosis. The sepa-
ration of biologically important MIS from 
severely atypical photodamage has plagued der-
matopathologists for decades, and the answer 
may lie in gene expression. Gene expression pro-
filing tests already look at a battery of genes 
within excised melanoma tissue and accurately 
predict recurrence [65]. And, fluorescence in situ 
hybridization (FISH) analysis is frequently used 
to distinguish between benign Spitz nevi and 
malignant melanoma [66].

Another area of controversy in melanoma 
management is sentinel lymph node biopsy. The 
discussion of this is not relevant to a chapter on 
melanoma in situ. However, there are instances 
where a MIS is excised, and more thorough 
examination of the excised tissue results in an 
upgrade of Breslow’s thickness whereby consid-
eration of sentinel lymph node biopsy is war-
ranted. In these cases, sentinel lymph node biopsy 

can still be performed after repair [67]. However, 
if this remains a concern of the multidisciplinary 
team, then frozen sections can be used on the 
debulking specimen to evaluate for the true 
Breslow’s thickness. An upgrade in thickness 
would then be determined prior to starting repair, 
with final repair delayed until after sentinel 
lymph node biopsy [28].

Finally, the cost of Mohs surgery versus 
wide local excision is a valid concern. The 
cost of Mohs surgery (which includes cost of 
slide preparation and examination) is actually 
less than the cost of wide local excision plus 
permanent section evaluation. In a study of 
406 tumors that cleared, on average, in 1.6 
stages, Mohs surgery cost $805 per tumor 
compared to $1026 for standard excision with 
permanent margins [68]. Repair costs are also 
reduced, because Mohs typically results in 
smaller wounds that do not need repair or can 
be closed in a linear fashion. The cost of exci-
sion with positive margins and recurrent 
tumors should also be considered. Knowing 
that the margin is truly negative before 
embarking on a complicated reconstruction is 
invaluable.
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a b
Fig. 18.5 Multiply 
recurrent desmoplastic 
melanoma excised, then 
patient referred to Plastic 
Surgery for repair (a, b). 
This can be done immedi-
ately post-operatively or 
1–2 weeks later. If delayed 
repair is desired to enable 
monitoring for recurrence, 
then a skin graft can be 
applied to prevent wound 
contraction. Repair can be 
done with confidence that 
the margin is clear 
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Surgical Management of Head 
and Neck Melanoma

Joseph Zenga, Kevin Emerick, and Shaun Desai

 Introduction

Cutaneous malignancy represents the most com-
mon group of cancers in the United States, with 
an estimated incidence as high as four million 
cases per year and an economic burden that 
exceeds $3 billion annually [1]. Basal cell carci-
noma constitutes the majority of these cases, with 
cutaneous squamous cell carcinoma comprising 
~15%, while melanoma and other uncommon 
skin malignancies comprise about 5% [2]. 
Although melanoma accounts for only a small 
fraction of diagnosed skin cancer, it represents 
the vast majority of skin cancer-related mortality, 
with an estimated 9,730 deaths in 2017. The 
social and economic weight of melanoma mortal-
ity is vast, as well, with years of potential life lost 
and billions lost in productivity. On average in 
the United States, melanoma mortality shortens 
life expectancy by over 20  years and over 
$400,000 is lost in foregone earnings [3].

Importantly, much of the work done in under-
standing melanoma treatment and outcomes, par-
ticularly large randomized trials, includes mainly 
trunk and extremity disease. The head and neck, 
however, presents specific anatomic constraints, 
unique reconstructive challenges, and variable 
lymphatic drainage. Therefore, pooled data must 
be interpreted with caution, due to the context of 
potential differences in clinical behavior and 
draining lymphatics between the trunk, extremi-
ties, and head and neck. This chapter examines 
the current evidence behind standard treatment 
recommendations and their applicability to the 
specific management of head and neck cutaneous 
melanoma. The risk factors, prognosis, and treat-
ment of mucosal melanoma and specific nonmel-
anoma head and neck skin cancers are highlighted 
as well [4].

 Head and Neck Cutaneous 
Melanoma

 Primary Site

 Margins
There have been six, randomized, controlled tri-
als that have compared narrow (1 or 2  cm) to 
wide (3–5 cm) margins for cutaneous melanoma 
[5–10]. These studies included patients with 
varying melanoma Breslow’s thickness (<2 mm 
[6–8], >2 mm [5, 10], or a range from 1 to 4-mm 
[9]), and none found a difference in local control 

J. Zenga, M.D. · K. Emerick, M.D. 
Department of Otolaryngology—Head and Neck 
Surgery, Massachusetts Eye and Ear Infirmary, 
Harvard Medical School, Boston, MA, USA
e-mail: joseph_zenga@meei.harvard.edu;  
kevin_emerick@meei.harvard.edu 

S. Desai, M.D. (*) 
Division of Facial Plastic and Reconstructive Surgery, 
Department of Otolaryngology—Head and Neck 
Surgery, Johns Hopkins University School of 
Medicine, Bethesda, MD, USA
e-mail: sdesai27@jhmi.edu

19

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-78310-9_19&domain=pdf
mailto:joseph_zenga@meei.harvard.edu
mailto:kevin_emerick@meei.harvard.edu
mailto:kevin_emerick@meei.harvard.edu
mailto:sdesai27@jhmi.edu


338

between those undergoing narrow (1–2 cm) ver-
sus wide (3–5 cm) margin resections. One study, 
however, reported an increased locoregional 
recurrence in patients with 1-cm versus 3-cm 
margins, primarily due to a higher nodal relapse, 
which translated into a decreased melanoma- 
specific survival in the narrow margin group [11].

It should be noted that <1% of patients 
included in these trials were found to have a pri-
mary melanoma of the head or neck, with the 
majority of patients having a trunk or extremity 
melanoma. The reasons for this are primarily 
related to the anatomic constraints of the face, 
where removing a primary lesion with wider 
margins is impractical and cosmetically deform-
ing. Extensive resection of aesthetic facial struc-
tures such as the eyelid, nasal, or lip skin is 
avoided, due to the lack of compelling data sug-
gesting any survival benefit for a wider resection 
beyond 2-cm.

How, then, can the results of these randomized 
trials be applied to the management of head and 
neck melanoma? There has not been a random-
ized trial that has directly compared 1-cm to 
2-cm margins, with both margins considered rea-
sonable for a primary melanoma of the head and 
neck. Currently, the MelmarT Melanoma trial is 
underway in Australia, in order to address the 
question of 1- versus 2-cm margins in patients 
with a Breslow’s thickness of >1  mm [12]. 
Furthermore, conclusions from meta-analyses 
vary on the adequacy of 1-cm margins [13–16]. 
Given the heterogeneity and limitations of avail-
able data, current NCCN guidelines recommend 
a 1-cm margin for lesions <1 mm in Breslow’s 
depth, 1–2-cm margins for a primary melanoma 
1–2-mm thick, and 2-cm margins for those 
greater than 2 mm [17].

When critical aesthetic features limit the abil-
ity to achieve guideline margins, recurrence and 
survival outcomes are mixed. Recently, several 
large series have shown that even for thin mela-
nomas, excision margins of <1 cm may increase 
the risk of local recurrence [18]. Conversely, 
recent retrospective reviews of margin width for 
head and neck melanoma have failed to show dif-
ferences in recurrence or survival for narrower 

excision margins aimed to preserve critical ele-
ments of facial form and function [19, 20]. 
Ultimately, further studies are needed to defini-
tively determine the critical margins specific to 
the head and neck region, and until such trials are 
completed, the NCCN guidelines should be fol-
lowed whenever possible [17]. If a margin has to 
be compromised in one area, such as adjacent to 
the eyelid, the remaining areas should still be 
removed with the recommended margins as out-
lined in the NCCN treatment guidelines.

 Immediate Versus Delayed 
Reconstruction
The accuracy of frozen section analysis in evalu-
ating intraoperative margins for melanoma has 
been historically unreliable, demonstrating high 
false-negative rates [21]. Although emerging 
techniques such as rapid immunostaining may 
provide some promise, permanent section analy-
sis is the mainstay of recommended treatment for 
margin analysis for an invasive primary mela-
noma [17, 22, 23]. Thus, the timing of recon-
struction is determined by the likelihood of 
obtaining a negative margin, combined with 
wound care concerns and complexity of the 
reconstruction. In an effort to limit the size of the 
wound and decreased wound care concerns, some 
groups advocate for the use of a “window” tech-
nique, which is a staged, marginal excision of the 
tumor borders, followed by a delayed central 
excision with reconstruction once the margins are 
deemed negative on final pathology [24]. 
Nonetheless, with this technique, the deep mar-
gin is not assessed until the definitive resection. 
In large series, positive final margins are found in 
up to 12% of patients, further associated with 
adverse prognostic factors such as ulceration, 
T4-staging, and desmoplastic subtype [25–27]. 
Conversely, a recent review of 637 patients with 
head and neck melanoma could not associate any 
tumor or treatment characteristics with positive 
margins [27]. Furthermore, outcomes for patients 
who do recur locally vary considerably in the lit-
erature, with a single randomized trial reporting a 
5-year overall survival of only 9% in patients 
with locally recurrent melanoma [9]. When the 
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recurrence is located within the prior surgical 
scar itself, however, melanoma-specific survival 
after subsequent wide local resection has been 
reported as >90% [28]. These differences may be 
related to the true definition of what represents a 
local recurrence. It is important to distinguish an 
adjacent in-transit metastasis, which predicts a 
high risk of distant metastasis, from a true recur-
rence of the primary tumor within the scar. For 
these reasons, immediate reconstruction of 
defects after resection of a head and neck mela-
noma should be limited to low-risk lesions or clo-
sure techniques that can be more reliably 
re-resected, such as primary closure or skin graft-
ing. Defects requiring complex wound recon-
struction with a local or regional flap associated 
with a critical area, such as the eyelid, are best 
reconstructed in a staged fashion.

 Regional Nodes

 Staging the Clinically Negative Neck

Elective Neck Dissection
Four randomized trials, which included primarily 
trunk and extremity melanoma, have been per-
formed to compare elective lymph node dissec-
tion (ELND) to observation with delayed 
therapeutic lymph node dissection (TLND) if 
gross regional disease developed [29–32]. These 
trials found no significant survival differences 
between groups, with this outcome due, at least 
in part, to several unique features of the disease 
process. Lymphatic drainage basins from cutane-
ous sites, particularly for head and neck mela-
noma, are not uniformly predictable, with 
detailed pathological analysis simply not practi-
cal to perform on a large number of excised nodes 
[33]. ELND may miss the highest echelon, or 
sentinel, draining nodes and pathological analy-
sis may overlook micrometastases when examin-
ing the larger total number of lymph nodes 
identified within a complete neck dissection. 
Based on these considerations, ELND is not con-
sidered as a standard treatment option according 
to current NCCN practice guidelines [17].

Sentinel Node Biopsy
Randomized evidence. Given the lack of clear 
benefit for an immediate ELND, combined with 
the finding that regional nodal involvement is a 
critical prognostic factor, sentinel lymph node 
biopsy (SLNB) was adopted in order to accu-
rately stage the regional nodal basin, without the 
added morbidity associated with a complete 
lymph node dissection. The highest level of evi-
dence for the use of SLNB in the regional staging 
of melanoma came from the Multicenter Selective 
Lymphadenectomy Trial (MSLT-I) [34]. This 
trial randomized patients after wide local exci-
sion to either observation alone or SLNB.  In 
patients with intermediate thickness melanoma 
(1 to 4-mm) 10-year melanoma-specific survival 
was improved in patients with a positive SLNB 
who underwent a complete neck dissection com-
pared with patients who had a regional recur-
rence after nodal observation only (56% vs. 41%) 
[34]. Patients with thick melanoma (>4-mm) did 
not demonstrate a significant improvement 
melanoma- specific survival, but regional staging 
with SLNB in these patients is nonetheless rec-
ommended as it provides valuable prognostic 
information and is important for defining progno-
sis, risk-stratification, and entry into clinical tri-
als [17]. MSLT-I excluded patients with thin 
melanoma (<1-mm) and the decision to offer a 
SLNB in those patients is based largely on retro-
spective evidence [35]. In these cases, the patient 
and clinician must balance the risk of occult 
regional disease with the risks and cost of 
SLNB. Current guidelines recommend SLNB in 
a thin melanoma, 0.75 to 1 mm, with high-risk 
features (ulceration, angiolymphatic invasion, 
Clark’s level 4, or mitosis >1/mm2) [17].

Application to the head and neck. An impor-
tant consideration when interpreting the results 
of randomized data is their applicability to head 
and neck primary sites. MSLT-I did not report 
the number of patients included with head and 
neck melanoma, but only stratified primary site 
by extremity (45%) compared with other sites 
(55%). In multivariable analysis, head and neck 
melanoma was not an independent predictor 
of recurrence or death in patients undergoing 
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SLNB. However, the authors did not report the 
false-negative rate (number of patients who 
recurred after negative SLNB compared with all 
true positives) nor survival difference between 
the observation and SLNB groups for head and 
neck primary sites [34]. Recent non-random-
ized data, however, have demonstrated accu-
racy and reliability for performing a SLNB for 
the head and neck. A large, prospective study 
of 353 patients with head and neck melanoma 
identified a sentinel node in 99.7% of cases and 
reported a false-negative rate of 14.8% [36]. 
This compares favorably to the false-negative 
rate of 20.3% reported in the long-term follow-
up of MSLT-I [34]. Additionally, the safety of 
head and neck SLNB, including preservation of 
the facial nerve in the parotid basin, has been 
demonstrated in multiple reports [37, 38].

Completion Neck Dissection
Randomized evidence. In a recently published 
follow-up trial to MSLT-I, authors of the MSLT-II 
trial randomized patients with a positive SLNB to 
either completion lymph node dissection (CLND) 
or nodal observation with serial imaging by ultra-
sound [39]. Although 3-year disease-free survival 
was higher in patients undergoing CLND (68% 
vs. 63%) based largely on regional control, the 
3-year melanoma-specific survival was the same 
(86% for both groups). This is in contrast to the 
findings of MSLT-I, that demonstrated an 
improvement in melanoma-specific survival for 
patients with a positive SLNB, compared to those 
who were observed and later recurred. This sug-
gesting that the survival benefit is likely limited 
to excision and staging of the sentinel nodes only. 
Further, the rate of lymphedema was significantly 
higher in patients who underwent CLND (24% 
vs. 6%). Taken together, these data suggest that 
although CLND provides prognostic information 
on the status of non-sentinel nodes and may 
increase regional control, it does so at the cost of 
increased morbidity and does not appear to 
improve overall survival.

Application to the head and neck. In MSLT-II, 
only 14% of patients included in the study had a 
head and neck primary site, which may limit the 
broad generalization of the study’s findings to 

this patient population. Interestingly, the hazard 
ratio for melanoma-related death was twice as 
high in patients undergoing nodal observation as 
compared to CLND in patients with head and 
neck melanoma. Although this difference did not 
reach statistical significance, the study was not 
powered to detect survival differences for head 
and neck melanoma specifically. Retrospective 
reports examining the impact of CLND in head 
and neck melanoma have suggested a potential 
survival benefit in some patient subgroups [40]. 
Furthermore, only 11.5% of patients in MLST-II 
had non-sentinel nodal disease, and it remains 
unclear if those patients may benefit from accu-
rate staging of non-sentinel nodes for intensifica-
tion of adjuvant therapy and early entry into 
clinical trials.

 Management of Clinically Positive 
Nodal Disease

Neck Dissection
The available data on the extent of surgical 
removal of lymph nodes from the various head 
and neck regions is limited. The goal of comple-
tion lymphadenectomy is to remove known dis-
ease and all the regional nodes at risk, while 
maintaining acceptable associated morbidity. 
The extent of completion lymphadenectomy for 
primary head and neck melanoma was not spe-
cifically addressed in MLST-II [39]. In a survey 
of 193 surgeons from 25 countries, the recom-
mended extent of CLND after a positive neck 
SLNB was selective in 62%, comprehensive in 
25%, and super-selective in 3% [41].

Despite this controversy, the potential lym-
phatic drainage of head and neck cutaneous 
malignancies is relatively well established. In 
general, a coronal plan drawn through the exter-
nal auditory canals separates primary head and 
neck cutaneous sites that, anterior to this line, 
drain to the anterior nodal basins (level I-V, pre-
auricular, parotid, submental), and posterior to 
this line drain to the posterior nodal basins (levels 
II-V, post-auricular, and subocciptal) [42]. 
Similarly, the extent of neck dissections should 
be tailored to address potential drainage sites. 
Multiple single-institution, retrospective studies 
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have found no difference in regional recurrence 
or survival in patients undergoing selective as 
compared to modified radical or radical neck dis-
section for the treatment of gross regional dis-
ease. Critical neurovascular structures (i.e., 
internal jugular vein and spinal accessory nerve) 
should be preserved whenever possible [43–46].

Nonetheless, the distribution of regional 
metastases in head and neck melanoma is not 
entirely predictable. Some authors have found 
that up to 25% of patients may have metastases 
outside of clinically predicted zones and argue 
for more comprehensive dissection in therapeutic 
cases [33, 47]. Ultimately, the extent of dissec-
tion must balance the likelihood of addressing 
occult regional disease, the unclear impact of 
more comprehensive dissection on survival, and 
the increased risks associated with a more exten-
sive operation.

Parotidectomy
Patients with clinical involvement of the parotid 
may have up to a 40% risk of occult neck disease 
and should undergo a neck dissection in addition 
to a parotidectomy [48]. The extent of neck dis-
section will depend upon the primary site as dis-
cussed above. Involvement of parotid nodes is 
most commonly associated with primary mela-
noma of the face, anterior scalp, and ear [47]. 
Patients with clinical nodal involvement of the 
superficial parotid lobe may also have deep lobe 
metastases in over 10% of cases [49]. Those 
undergoing total parotidectomy in cases of clini-
cal nodal disease in the superficial lobe may have 
decreased parotid bed recurrence as compared 
with superficial parotidectomy alone [50]. 
However, total parotidectomy carries a signifi-
cantly higher risk of facial nerve injury and cos-
metic contour deformity, compared to superficial 
alone, and must be carefully considered and thor-
oughly discussed with the patient when deciding 
upon the extent of parotidectomy.

 Adjuvant Radiotherapy
A large, randomized trial examined the effects of 
adjuvant radiation to the regional nodal basin 
after surgical resection for cutaneous melanoma 
[51]. Trial patients were found to have a high risk 

of regional relapse, which included involvement 
of at least one parotid, two cervical or axillary, or 
three inguinal nodes, cervical nodes >3-cm, or 
the presence of extracapsular nodal extension. 
Although regional recurrence was significantly 
lower in patients undergoing adjuvant radiother-
apy (21% vs. 36%), radiation-related toxicities 
were common, and survival outcomes and 
quality- of-life were similar.

Nonetheless, as the inclusion criteria in this 
trial were specific and only a quarter of patients 
were treated for disease in the head and neck, 
broad application to all parotid and cervical dis-
ease is somewhat limited. Several authors have 
advocated adjuvant radiotherapy in certain sub-
groups, such as those with extracapsular exten-
sion [52, 53]. Although adjuvant radiotherapy to 
the involved regional nodal basin may decrease 
nodal relapse, it does not appear to provide an 
improvement in long-term survival or in the 
quality-of-life.

 Adjuvant Systemic Therapy

Approved Agents
Currently, interferon and ipilimumab are two 
systemic agents that can be utilized for the adju-
vant treatment of stage III, resected melanoma. 
Although both have demonstrated improvements 
in recurrence-free survival in randomized trials, 
as with other large, prospective studies in mela-
noma, they mainly involve trunk and extremity 
disease and the application to specific sites of the 
head and neck remains unclear.

Adjuvant interferon has been the subject of a 
large number of randomized trials with variable 
study designs and inclusion criteria. A recent 
meta-analysis reviewed 17 randomized trials and 
reported a 17% improvement in disease-free sur-
vival and a 9% improvement for overall survival 
with adjuvant interferon in stage II and III dis-
ease [54]. Given the significant heterogeneity 
between trials, however, patient subgroups which 
benefit most from therapy are uncertain.

Adjuvant ipilimumab, a monoclonal anti- 
cytotoxic T-lymphocyte antigen 4 (CTLA-4) 
antibody, was investigated in the EORTC 18071 
clinical trial [55], a randomized trial examining 
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patients with resected stage III disease.  Three- year 
recurrence-free survival was significantly higher 
in the ipilimumab group (47% vs. 35%). Adverse 
events were significant, leading to discontinua-
tion of treatment in over 50% and associated with 
rare, ipilimumab-related fatalities. In a recent 
trial update, however, overall health- related qual-
ity-of-life was found to be similar between ipili-
mumab and placebo groups [56].

Clinical Trials
Several phase III clinical trials are currently 
underway, investigating the effects of novel sys-
temic agents in the adjuvant setting after surgical 
resection. These include immunomodulators, 
checkpoint inhibitors, targeted therapies, and 
melanoma vaccines [57–63]. The currently 
approved agents are being further explored in 
two trials, one comparing two different doses of 
ipilimumab with high-dose interferon for stage 
III-IV disease, with a second study examining 
the effect of adjuvant pegylated interferon in 
patients with ulcerated, early stage tumors [57, 
58]. Programmed death-1 (PD-1) inhibitors are 
being investigated in several trials as well. 
CheckMate 238 compares adjuvant nivolumab 
to ipilimumab in stage III-IV disease [59], while 
Keynote-054 compares adjuvant pembrolizumab 
to a placebo- control in stage III melanoma [60]. 
Several inhibitors targeting the BRAF and MEK, 
signaling components of the mitogen-activated 
protein kinase (MAPK) pathway, are also being 
studied. BRAF-activating mutations are found in 
approximately two-thirds of cutaneous mela-
noma, and MEK is a kinase that is found down-
stream to the BRAF gene in the MAPK pathway. 
There are currently two, phase III trials under-
way targeting this pathway in the adjuvant set-
ting. One evaluates the effects of BRAF-inhibitor 
vemurafenib in stage II-III disease and the other 
investigates therapy with the BRAF-inhibitor 
dabrafenib in combination with the MEK-
inhibitor trametinib in stage III disease [61, 62]. 
Finally, the effects of a melanoma vaccine are 
being studied. CSF470, a mixture of irradiated 
melanoma cells from formulated into a vaccine, 
will be compared to adjuvant interferon in stage 
II-III disease [63].

 Head and Neck Mucosal Melanoma

 Overview

Head and neck mucosal melanoma (HNMM) is 
an aggressive disease with current 5-year survival 
outcomes below 30% [64]. This is reflected by 
AJCC staging for which the earliest disease is 
categorized as T3 and stage III [65]. Almost 
three-quarters of head and neck mucosal mela-
noma is of sinonasal in origin. The oral cavity is 
the second most prevalent location, occurring in 
>15% of cases. The remainder occurs in other 
upper aerodigestive tract subsites and occurs only 
rarely.. Patients with HNMM most commonly 
present in the sixth or seventh decades without a 
clear gender predilection. Mucosal melanoma is 
an uncommon diagnosis, representing less than 
1% of all malignant melanoma, with an incidence 
in the United States of approximately 20–30 
cases per million/year [66, 67]. The etiology and 
risk factors for developing mucosal melanoma 
are uncertain. Unlike cutaneous melanoma, 
pathogenesis is not driven by ultraviolet photo-
damage, and genetic alterations in mucosal and 
cutaneous melanoma are distinctly different [68]. 
In addition, there is not a clear relationship 
between risk factors for other oral malignancies, 
including tobacco and alcohol use, with develop-
ment of head and neck mucosal melanoma. 
Although a direct link is not certain, patients who 
develop oral or sinonasal mucosal melanoma 
may have a long history of mucosal melanosis 
[69, 70].

 Management

Given its rarity, few prospective trials have been 
performed investigating management paradigms 
in mucosal melanoma, and treatment recommen-
dations rely mainly on smaller single-institution, 
retrospective trials. When feasible, surgical 
resection remains the current mainstay of treat-
ment [65]. However, involvement of surgical 
constraints such as skull base or orbital invasion 
may lead to unacceptable morbidity in the face of 
poor overall oncologic prognosis. Although 
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 historically, definitive radiotherapy resulted in 
inferior outcomes to primary surgery-based para-
digms, newer radiotherapy techniques, including 
proton and neutron radiation, have shown prom-
ise in the definitive nonsurgical management of 
mucosal melanoma [71–73]. At this time, how-
ever, these treatment paradigms remain experi-
mental and confined to institutions with 
availability and experience using these tech-
niques, particularly in patients with unresectable 
disease or those unwilling to undergo operative 
management.

 Primary Site
When performing primary surgery, the necessary 
extent of resection and width of surgical margins 
remain unclear. Positive margins have been asso-
ciated with a worse survival in several reports and 
efforts should be made to achieve a negative mar-
gin of resection [74, 75]. Nonetheless, even sur-
gery with microscopically negative margins may 
still result in  local recurrence in over 40% of 
patients. Radical surgery to achieve a wide mar-
gin of resection may not provide significant ben-
efit while increasing morbidity [76]. Multiple 
reports have shown equivalent rates of recurrence 
and survival in patients with sinonasal melanoma 
undergoing endoscopic surgery, as compared to 
open transfacial resection [77, 78].

 Regional Nodes
Optimal management of the neck remains con-
troversial as well. Although neck dissection is the 
most common practice for clinically evident 
regional metastasis, the benefit of elective treat-
ment for the clinically negative lymph node 
regions is uncertain [65]. Patients with sinonasal 
melanoma rarely demonstrate regional metasta-
ses and prophylactic neck dissection does not 
appear warranted [79, 80]. However, those with 
oral mucosal melanoma are at higher risk for 
regional dissemination, with both rates of occult 
disease found in elective neck dissections and for 
regional recurrence in untreated necks >30% in 
some reports [69, 81]. Although the elective 
treatment of the neck in oral mucosal melanoma 
should be considered, its impact on recurrence 
and survival remain unclear [69, 81, 82]. Due to 

the limited data available to provide clear guid-
ance, it is important that these treatment deci-
sions are made in a multidisciplinary setting.

 Adjuvant Radiotherapy
Adjuvant radiotherapy in the postoperative set-
ting may improve locoregional control [83–85]. 
There is no clear consensus on the exact indica-
tions for adjuvant radiotherapy, although most 
authors support its use in patients at high risk of 
recurrence including larger tumors, nodal metas-
tases, close or positive margins, or recurrent dis-
ease [84]. Treatment with postoperative 
radiotherapy appears to be most efficacious when 
given at higher doses [85]. Adjuvant radiation 
therapy does not appear to provide an improve-
ment in overall survival [86]. Distant metastatic 
rates remain high in head and neck mucosal mel-
anoma despite improvements in  locoregional 
control seen with adjuvant radiotherapy [87]. In a 
review from the National Cancer Database of 
almost 700 patients with sinonasal melanoma, 
the 5-year survival was 25% in both patients 
undergoing surgery alone and surgery with adju-
vant radiotherapy [80].

 Systemic Therapy
In general, systemic therapies that are indicated 
for cutaneous melanoma are also recommended 
for mucosal melanoma in current treatment 
guidelines [65]. Recently, a single, randomized 
trial of 189 patients with mucosal melanoma 
underwent complete surgical resection combined 
with adjuvant temolozomide and cisplatin. This 
showed a decrease in locoregional recurrence and 
improvement in overall survival compared to 
either observation alone or adjuvant high-dose 
interferon [88]. For patients with characteristic 
genetic alterations, some targeted therapies have 
shown promise. Although targeted BRAF inhibi-
tors, such as vemurafenib, have been shown to be 
effective in rare cases, unlike cutaneous mela-
noma, >90% of mucosal melanoma is BRAF 
wild-type [68, 89]. Mutations in the c-KIT gene 
have been identified more frequently in mucosal 
melanoma, with systemic c-KIT inhibitors dem-
onstrating efficacy in recent studies [90]. In  
a phase II trial, including 13 patients with 
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 metastatic mucosal melanoma treated with the 
c-KIT inhibitor, imatinib, 2 patients had a dura-
ble response at 1  year, including 1 complete 
response [91]. In addition to targeted inhibitors, 
immunomodulators used in the management of 
cutaneous melanoma have shown promise in 
early clinical trials of mucosal melanoma. Rare, 
long-term durable complete responses have been 
reported with both ipilimumab, and the PD-1 
inhibitor, nivolumab [92, 93].

 Special Considerations  
for Non-melanoma Head and  
Neck Cutaneous Malignancies

 Basal Cell Carcinoma

Basal cell carcinoma (BCC) represents the most 
common type of cancer, with an incidence of 
greater than 3 million cases yearly in the United 
States alone [1]. BCC of the head and neck has a 
greater risk of recurrence than other sites, partic-
ularly in the mask area of the face (nasal, lips, 
periorbital), chin, mandible, and periauricular 
areas. Other high-risk features include recurrent 
tumors, immunosuppression, prior radiotherapy, 
perineural invasion, and an aggressive histopath-
ological subtype including morpheaform and 
basosquamous carcinoma [94]. Unlike mela-
noma, the metastatic potential of BCC is very 
low, with a distant metastatic rate of <0.1%. 
Surgical resection is the most common treatment, 
with Mohs Micrographic Surgery (MMS) a fre-
quently utilized approach for high-risk cases 
[95]. Long-term results were recently reported of 
a randomized trial comparing standard excision 
(SE) to MMS in high-risk BCC of the face, dem-
onstrating a significantly higher 10-year recur-
rence rate for SE [96]. Definitive radiotherapy 
may be used for patients who are not surgical 
candidates; however, in a randomized compari-
son, radiotherapy resulted in higher recurrence 
rates, worse cosmetic outcomes, and more 
treatment- related complications [94, 97, 98].

Adjuvant radiotherapy is recommended for 
patients with extensive perineural invasion and 
those whose margins cannot be surgically cleared 

[99]. For patients with locally advanced or meta-
static BCC not amenable to further surgery or 
radiotherapy, an important class of systemic ther-
apy has recently been developed, targeting the 
Hedgehog signaling pathway. Both vismodegib 
and sonidegib are approved Hedgehog pathway 
inhibitors, which have shown high objective 
response rates with a subset of patients experi-
encing a durable response [100, 101]. A phase II 
clinical trial is underway evaluating the effects of 
a systemic PD-1 inhibitor (REGN2810) in 
patients with unresectable or metastatic BCC that 
is unresponsive to Hedgehog pathway inhibitors 
[102]. These systemic options are particularly 
important in the head and neck, where tumors 
may encroach upon highly sensitive functional or 
cosmetic areas, providing the possibility of a 
neoadjuvant, organ-sparing, approach.

 Squamous Cell Carcinoma

The majority of cutaneous squamous cell carci-
noma (cSCC) has similar risk factors and man-
agement to BCC. However, there is a subset of 
high-risk cSCC that has a higher incidence in the 
head and neck. These tumors are at high-risk of 
local recurrence, regional spread (including clini-
cal perineural spread, lymph nodes, and dermal 
metastasis), as well as distant metastasis. Even 
when the regional basin is clinically negative, 
occult regional metastatic disease may be present 
in over 15% of patients with high-risk cSCC 
[103]. Current treatment guidelines recommend 
consideration of SLNB in high-risk cases, 
although survival benefits are uncertain [104]. 
Clinical nodal involvement is associated with 
significantly worse disease-free and overall sur-
vival and these patients are managed with surgery 
and adjuvant radiotherapy [105, 106]. In cases of 
locally advanced disease not amenable to surgery 
or further radiotherapy, recommendations for 
systemic therapy are guided by evidence for 
mucosal head and neck squamous cell carcinoma, 
including cisplatin and cetuximab-based regi-
mens [107]. Two, phase II clinical trials are  
currently underway investigating the outcomes  
of systemic PD-1 inhibitors (REGN2810 and 

J. Zenga et al.



345

 pembrolizumab) in patients with unresectable or 
metastatic cSCC, with completion of both studies 
estimated for 2019 [108, 109].

 Merkel Cell Carcinoma

Merkel cell carcinoma (MCC) is an aggressive 
malignancy with both high locoregional recur-
rence and distant metastatic potential. It is most 
commonly found on the head and neck, and like 
other skin malignancies, ultraviolet exposure is a 
major risk factor. Unlike other skin cancers, how-
ever, development of MCC has been associated 
with a virus. Present in ~80% of cases, the Merkel 
Cell Polyomavirus (MCV) has been implicated 
in oncogenesis and found to clonally integrate 
into the DNA of MCC samples [110]. The prog-
nostic importance of MCV and the exact patho-
genesis of malignant transformation remain 
uncertain.

Primary surgical resection with 1–2-cm 
margins is the preferred initial treatment, with 
SLNB indicated for all cases in which disease 
is clinically confined to the primary site [111]. 
Although sentinel node status appears to be an 
important prognosticator and possibly associ-
ated with improved survival in some reports, the 
value of SLNB remains somewhat controversial 
given the limitations of the available retrospec-
tive data [112–115]. The role for SLNB may be 
limited because the risk of occult metastasis is so 
high, well over 50%. Therefore, regional lymph 
node treatment is often considered, regardless of 
SLNB status. Adjuvant radiation therapy appears 
to improve both local and regional disease con-
trol as well as overall survival, although the exact 
indications for radiotherapy are limited by lack 
of large prospective trials [116–118]. The role of 
adjuvant systemic therapy in the management of 
MCC remains unclear, although it may impart 
benefit in a subset of high-risk patients, such as 
those with positive surgical margins [116, 119]. 
However, because the risk of distant metastasis 
is so high, there is a continued interest in iden-
tifying systemic treatments. There are several 
ongoing phase II trials investigating innovative 
systemic approaches to advanced and meta-

static MCC including adoptive immunotherapy, 
CTLA-4 inhibitors (ipilimumab), PD-1 inhibi-
tors (nivolumab), PD-L1 inhibitors (avelumab), 
mTOR inhibitors (MLN0128), and an IL-15 
superagonist (ALT-803) [120–123].

 Conclusion
Cutaneous malignancies are the most com-
mon group of cancers worldwide, afflicting 
millions of patients annually. Basal and squa-
mous cell carcinomas remain the most com-
mon. Although the majority of these have an 
excellent prognosis, a subset of high-risk 
tumors is associated with increased recurrence 
and metastases. Head and neck melanoma, 
however, leads the majority of skin cancer-
related deaths and is associated with an enor-
mous social and economic burden. Although 
the management of melanoma has been rigor-
ously studied in multiple prospective, ran-
domized trials and large retrospective reviews, 
the intricacies of treating head and neck mela-
noma have not been fully investigated. Clinical 
decisions often must rely on the extrapolation 
of the clinical data derived from pooled reports 
and retrospective studies that include only a 
small number of head and neck primary mela-
nomas. To fully understand the optimal man-
agement of melanoma, future prospective 
trials need to focus on head and neck disease, 
including appropriate margins, the value of 
completion neck dissection and the added 
benefit of radiotherapy. Trials with novel sys-
temic agents are currently underway in an 
attempt to optimize the adjuvant treatment of 
head and neck melanoma.
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Abbreviations

BCG Bacilli Calmette-Guérin
CTLA-4 Cytotoxic T lymphocyte-associated 

antigen 4
DPCP Diphencyprone
GM-CSF Granuloctye-macrophage colony stim-

ulating factor
HILP Hyperthermic isolated limb perfusion
ILI Isolated limb infusion
NCCN National Comprehensive Cancer 

Network
PD-1 programmed cell death 1
SLNB Sentinel lymph node biopsy

 Introduction

The incidence of melanoma continues to rise, 
with up to 25% of patients ultimately developing 
recurrent disease locally or in regional lymph 
nodes [1, 2]. Locoregional recurrence is defined 
as recurrence locally at the site of the primary 
lesion, regionally in the draining lymph node 
basin, and/or anywhere in between, but excludes 
distant metastatic disease. It can represent a 
true recurrence following adequate excision or 

“persistent” disease due to inadequate excision 
[2]. Locoregional recurrence can also occur as in- 
transit metastases, which is defined as cutaneous 
or subcutaneous recurrence proximal to the pri-
mary lesion site and distal to the regional lymph 
node basin [3]. Historically, local recurrence was 
distinguished from in-transit metastases by the 
distance from the site of the primary lesion. A 
local recurrence is defined as occurring within 
2 cm of the initial lesion and in-transit metastases 
>2  cm from the primary lesion. However, this 
distinction does not appear to have any signifi-
cant bearing upon the overall prognosis [4].

Overall rates of local recurrence range from 2 
to 3%, but the risk of local recurrence has been 
shown to increase as the thickness of the primary 
lesion increases as well as in the setting of ulcer-
ation [2, 5, 6]. Similarly, risk factors for in-transit 
recurrence include increasing depth or mitotic 
rate, ulceration of the primary lesion and a posi-
tive sentinel lymph node biopsy (SLNB) [7–9]. 
As these risk factors tend to overlap, it is no sur-
prise that patients with in-transit disease are also 
at a significant risk of further locoregional and 
distant recurrence [10].

Though the paradigm for the management of 
patients with melanoma is in a state of consid-
erable flux, surgical resection is the mainstay of 
therapy for locoregional recurrence and still offers 
the best chance for long-term cure. For those with 
unresectable disease, there are several additional 
treatment modalities to consider. Regional ther-
apy options include hyperthermic isolated limb 
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perfusion (HILP) or isolated limb infusion (ILI), 
topical therapies, intralesional injection therapies, 
laser ablation, radiation therapy, and systemic 
therapy. Systemic therapy and immunotherapy 
can also be considered in those with unresect-
able, locoregional disease and widely metastatic 
disease.

 Surgical Therapy

 Local and In-Transit Recurrence

Surgical resection carries the best chance of long- 
term survival for local and regional recurrent dis-
ease. This is not a function of the efficacy of 
surgery, but rather the biology of the disease. It is 
possible that future treatment modalities may be 
shown to be as effective as surgical extirpation, but 
at present, surgical resection of recurrent disease 
remains a very effective and rapid treatment 
modality, generally associated with limited com-
plications. For those with biopsy-proven locore-
gional disease, National Comprehensive Cancer 
Network (NCCN) guidelines recommend that 
patients undergo staging with cross-sectional 
imaging to evaluate for distant metastatic disease 
prior to surgical intervention. If the workup reveals 
no evidence of extraregional disease, the surgeon 
should proceed with complete excision with the 
goal to obtain microscopically negative margins, 
as no studies have addressed the potential benefit 
of taking additional margins in this setting [11].

Many authorities advocate consideration for 
SLNB in resectable in-transit disease, even in the 
setting of prior SLNB or lymph node dissection, 
as it may guide further regional therapy and pro-
vide prognostic value [12–14]. Others are more 
cautious in their approach to treatment in the set-
ting of stage IIIB or greater disease, as the prog-
nosis and treatment of these patients is largely 
driven by the recurrence itself.

 Regional Nodal Recurrence

Completion lymphadenectomy offers the best 
potentially curative treatment option for patients 

with recurrent disease confined to the regional 
lymph node basin. Once regional nodal recur-
rence is confirmed on biopsy, patients should 
undergo subsequent workup with radiographic 
imaging to rule out distant disease [11]. Complete 
lymph node dissection is indicated for those 
patients who do not have evidence of systemic 
disease. For recurrent disease within the inguinal 
nodal basin, most authors recommend that 
patients undergo an inguinofemoral, iliac, and 
obturator pelvic lymph node dissection [15]. 
Recurrence within the axilla requires formal dis-
section of nodal levels I, II, and III, while recur-
rence within the cervical lymph node basin 
should prompt a modified radical neck dissection 
of at least levels II, III, IV, and V [16–19]. If dis-
ease in the neck is located in the parotid gland, or 
levels I or VI, then dissection of these regions 
should be included in the definitive operation.

When used in conjunction with complete 
lymph node dissection, adjuvant radiation therapy 
may improve locoregional control and has dem-
onstrated reductions in regional recurrence rates 
following lymphadenectomy in the neck, axilla, 
or groin [20–22]. Importantly, radiation therapy 
has not been shown to improve overall survival, 
despite some observed benefit in regional control. 
However, it is has been shown to increase the fre-
quency of postoperative lymphedema following 
axillary and groin dissections with no impact 
upon disease-free or overall survival [23].

 Palliative Resection

Metastatic disease in melanoma is often wide-
spread, and while curative surgery may be unat-
tainable, palliative surgery may offer an additional 
surgical option for such patients, many of which 
have significant and identifiable symptoms due to 
bulky disease [24, 25]. Palliative resections must 
be accomplished with minimal morbidity, a lim-
ited hospital stay and adequately address a 
 specific symptom. The success of palliative sur-
gery largely rests on the frank and honest preop-
erative discussion of the goals and expectations 
among the patient and their family with the sur-
geon. While palliative surgery does not provide 
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long- term survival benefits in the majority of 
patients undergoing resection, several studies 
demonstrate that, in select patients, surgery can 
be an effective and safe palliative treatment 
option that can provide symptomatic relief in as 
high as 77–100% of patients [18, 26, 27].

 Regional Therapy

 Hyperthermic Isolated  
Limb Perfusion

When a patient is found to have unresectable 
locoregional recurrence or in-transit metastases 
of the extremities, additional therapies should be 
explored. Undoubtedly, in this era of remarkable 
progress with systemic therapeutic options, the 
role of regional therapy is undergoing a dramatic 
change. Despite these changes, regional therapy 
remains a tool in the armamentarium of the clini-
cian managing patients with melanoma and can 
always be considered for patients with unresect-
able disease limited to an extremity.

HILP is a regional therapy that delivers high- 
dose chemotherapy to the affected limb [28]. The 
procedure requires dissection, isolation, and can-
nulation of the major artery and vein of the limb 
followed by application of a proximally placed 
tourniquet to isolate the limb [29]. High concen-
trations of chemotherapy, typically the alkylating 
agent melphalan, are then delivered regionally 
without entering the systemic circulation for 
60–90 min. An oxygenated extracorporeal circuit 
is used to maintain normal oxygenation and acid- 
base balance during infusion [29]. If indicated, 
therapeutic regional lymphadenectomy can be 
performed at the same time as the vessels are 
already exposed for the procedure.

While most systemic toxicities are avoided 
with its use, HILP can be associated with signifi-
cant morbidity. Patients can develop mild skin 
and soft tissue effects to severe vascular compli-
cations, compartment syndrome or limb loss. 
Lymphedema is the most common complication 
following HILP and carries an even higher risk in 
those who undergo concurrent lymph node dis-
section [29–31]. Complete response rates greater 

than 50%, with overall response rates of 80%, 
have been reported. Those with a complete 
response have demonstrated durable long-term 
results and improved overall survival [30, 
32–34].

 Isolated Limb Infusion

ILI was first proposed in the 1990s as a simpler, 
less invasive alternative to HILP [35]. Vascular 
access to the artery and vein is obtained percuta-
neously and under fluoroscopic guidance, 5- or 
6-French arterial and venous catheters are posi-
tioned in the vessels of the limb to be treated 
[33]. A proximal tourniquet is then placed to iso-
late the affected limb from the systemic circula-
tion. An extracorporeal circuit is connected to the 
catheters for circulation of the chemotherapy. 
Unlike HILP, supplemental oxygen is not pro-
vided. ILI is typically performed for 30 min, cre-
ating a hypoxic and acidotic environment in the 
extremity, which increases the efficacy of mel-
phalan [36].

Overall response rates range from 43 to 88%, 
with reported complete response rates of 30–41% 
[30, 33, 36, 37]. ILI is associated with a much 
lower risk of severe limb-threatening complica-
tions and systemic toxicities than HILP and 
offers additional benefits such as shorter opera-
tive time, a minimally invasive approach and the 
ability to easily repeat the procedure for subse-
quent recurrences [30, 33, 38]. Disadvantages of 
ILI, compared to HILP, include its ability to treat 
less overall area of the affected extremity, lower 
clinical response rates and shorter durability of 
response [29]. There are currently no prospective 
comparisons of HILP versus ILI, but a complete 
response to either modality is associated with 
improved overall survival [30, 38, 39].

In 2009, a treatment algorithm for patients 
with recurrent disease to the lower-extremity 
was proposed and provides a guide for select-
ing appropriate regional therapy [38]. For 
patients with unresectable lower-extremity 
recurrence and concurrent pelvic lymph node 
disease, the algorithm advocates for HILP as 
first line therapy to allow for a completion 
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lymphadenectomy at the time of the procedure. 
For those patients with unresectable, in-transit 
metastases localized to an extremity, the algo-
rithm advocates for ILI regional therapy. If a 
patient fails to respond to ILI, HILP can then 
be used as salvage therapy [14].

Repeat HILP and ILI are both safe and effica-
cious options for patients with progressive dis-
ease following regional therapy. In this setting, 
complete response rates of 25–45% have been 
reported, but it is important to note that the risk of 
toxicities does increase [37, 40, 41]. While post- 
therapy surveillance scans have not been proven 
effective at predicting response to regional ther-
apy, they have been shown to detect subclinical 
distant disease or regional nodal disease outside 
the treatment field that was still amenable to 
resection in 47% of patients [42].

 Topical Therapy

While topical therapy is generally considered for 
areas where surgical options are limited (classi-
cally periorbital) and for less invasive disease like 
melanoma in situ, clinicians will consider its use 
in some patients with regional disease. This is a 
particular consideration in those patients with 
cutaneous metastases on the trunk or scalp as 
these areas are not amenable to regional perfu-
sion options. The two most notable topical thera-
pies for in-transit melanoma metastases are 
Diphencyprone (DPCP) and Imiquimod. DPCP 
is a topical immunotherapy agent that is thought 
to upregulate the TH17 lymphocyte pathway [43, 
44]. It is important to note that the United States 
Food and Drug Administration (FDA) has not 
approved any topical therapy for the treatment of 
melanoma or melanoma in situ. The data for use 
of these agents comes from studies performed in 
either Europe or Australia.

Several small series have shown encouraging 
partial and complete response rates for patients 
undergoing weekly topical application of DPCP, 
either alone or in combination with other agents 
[45, 46]. These findings are specific to patients 

with extensive, superficial in-transit melanoma 
metastases that are not amenable to other thera-
pies. Imiquimod is a topically applied immuno-
modulator that works as a toll-like receptor 
agonist [43]. Activation of toll-like receptor 7 
induces cytokine secretion leading to down-
stream activation of effector cells and TH1 lym-
phocytes [47, 48]. Several small series have 
reported regression rates of 50–90% for superfi-
cial lesions when imiquimod is used once or 
twice daily over the course of several months 
[49, 50].

 Intralesional Therapy

Intralesional therapy involves the direct injection 
of a therapeutic agent into the melanoma lesion. 
It is most commonly used for unresectable intra-
dermal and subcutaneous recurrent or in-transit 
lesions. The agents are delivered directly into the 
lesion, allowing for a much higher concentration 
to be used with a smaller risk of systemic toxic-
ity. This approach can also induce a systemic 
immune response against melanoma antigens 
found within the lesion, thereby inducing regres-
sion of other lesions [43, 52].

The first description of intralesional immu-
notherapy was reported by Morton et  al. and 
used bacilli Calmette-Guérin (BCG) [52]. They 
reported regression rates of 90% for intrader-
mal lesions into which BCG was injected, along 
with 17% for regional lesions into which BCG 
was not injected. More recent data has demon-
strated complete regression in 56% of patients 
when BCG is used in combination with imiqui-
mod. This provided a durable response in 33% 
of patients when combined with surgical resec-
tion of solitary resistant lesions [53]. Rose 
Bengal (PV-10) is a chemoablative agent that is 
also used as an intralesional injection and has 
shown to be directly cytotoxic to melanoma 
cells. It also stimulates the immune response, 
as demonstrated by regression rates of 40% in 
regional lesions into which rose Bengal was not 
injected [54].
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Intralesional immunotherapy has also emerged 
as a promising regional therapy. Intralesional 
administration of IL-2 has been explored for in- 
transit metastatic melanoma and offers the ability to 
deliver greater local concentrations than standard 
systemic treatment can safely reach. Small series 
have demonstrated clinical response in 80–90% of 
lesions into which IL-2 had been injected, but 
response rates in untreated regional lesions were 
less impressive than with BCG therapies [51, 55, 
56]. When combined with topical agents such as 
imiquimod, the use of injected IL-2 has demon-
strated significant regression in deeper subcutane-
ous lesions less responsive to imiquimod alone [57]. 
Additional cytokines, including interferon-α and 
interferon-β, have been investigated, but the benefit 
is controversial as the data on survival outcomes has 
been largely inconsistent and treatment is associ-
ated with significant toxicities [58, 59].

Another promising intralesional immunother-
apy is granuloctye-macrophage colony stimulat-
ing factor (GM-CSF), originally used as an 
intralesional immunotherapeutic. More recently, 
the gene coding for GM-CSF has been inserted in 
the genome of a modified Herpes virus and used as 
an intralesional vaccination. The modified virus 
selectively replicates in tumor cells and secretes 
GM-CSF [60, 61] locally while replicating and 
lysing the host cell. Patients exhibiting a response 
to the vaccine have demonstrated increased den-
dritic activity locally and decreased numbers of 
regulatory T cells in lesions into which the virus 
had been injected [61]. They also demonstrated 
increased antigen-specific T cells both locally and 
systemically. Results from Phase I and II trials 
testing the vaccine were encouraging, prompting a 
Phase III clinical study called Oncovex (GM-CSF) 
Pivotal Trial in Melanoma (OPTIM). This trial 
examined 436 patients with Stage IIIB, IIIC, or IV 
melanoma and demonstrated an overall response 
rate of 26.4% for the viral construct versus 5.7% 
for GM-CSF alone [62, 63]. These results gener-
ated considerable enthusiasm and resulted in the 
FDA approval of this agent as the first oncolytic 
virus for use in melanoma patients with injectable 
but unresectable lesions [64].

 Laser Therapy

Laser therapy for multifocal, superficial in-transit 
disease is a minimally morbid, well-tolerated 
treatment for patients with unresectable lesions. 
Phototherapy with a pulsed dye laser is a treat-
ment option for visible, superficial intradermal 
lesions, particularly when lesions are located on 
the head, neck, or trunk, as these sites are not 
amenable to other regional therapies such as limb 
infusion [51]. The laser works by inducing a local 
inflammatory response and directly lysing tumor 
cells. It can be combined with topical agents or 
other modalities in order to achieve local control 
of micrometastatic disease or for palliation [65]. 
Carbon dioxide laser ablation is another thera-
peutic option and may allow treatment of more 
deeply extending lesions, although wound heal-
ing becomes a concern when a larger volume of 
disease is targeted [66].

 Electrochemotherapy

Electrochemotherapy combines high-intensity 
electrical pulses with the intravenous or intrale-
sional delivery of low-dose cytotoxic drugs [67]. 
The electrical pulses disrupt cell membrane integ-
rity and cause a local vasoconstriction, increasing 
the intracellular delivery and local efficacy of the 
chemotherapeutic agent. Overall response rates 
of 50–90% have been demonstrated in several 
published series [67]. Additionally, electroche-
motherapy has been shown to be effective in a 
local control setting for unresectable cutaneous 
lesions and for the palliative treatment of pain-
ful or bleeding lesions. Indications for therapy 
include proximal lesions of the extremities or 
lesions on the head, neck, or trunk, while renal 
failure or allergies to the agents are the primary 
contraindications [43]. Electrochemotherapy 
offers many advantages as it has a minimal side 
effect profile, can be performed under local anes-
thesia, spares surrounding uninvolved tissue, 
and can be used in the setting of prior radiation 
therapy [31].
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 Radiation Therapy

As noted previously, radiation therapy can be 
used as an adjuvant for high-risk nodal disease 
but it can also be used as a palliative option for 
unresectable nodal, satellite or in-transit dis-
ease. The efficacy is greatest in the adjuvant set-
ting for microscopic residual disease, following 
removal of gross disease or following resection 
of in- transit metastases with clear margins [51]. 
There is evidence to suggest that some patients 
with locoregional recurrence who are unable 
to undergo resection or regional chemotherapy 
might achieve improved locoregional control 
and possibly even improved survival with radia-
tion therapy [68, 69]. For recurrent lesions of the 
head and neck, where other treatment modalities 
are unavailable, radiation therapy may be a good 
option, though with growing options in systemic 
and injectable therapy, it has fallen out of favor in 
most circumstances [70].

Due to retrospective and case-series data, 
widespread adoption of hypofractionation, or 
high dose per fraction radiation therapy, has been 
utilized recently [71, 72]. This schedule delivers 
30  Gy in five fractions, as opposed to a more 
standard fractionation of 2 Gy per daily fraction 
in 3 weeks or more [73]. However, a randomized 
trial by Burmeister et al. demonstrated improved 
locoregional control with adjuvant radiation ther-
apy using conventional standard fractionation. 
This has generated renewed interest in this 
approach [21].

 Systemic Therapy (Immunotherapy 
and Targeted Agents)

The treatment of metastatic melanoma changed 
dramatically in 2010, when immunotherapy 
emerged as a promising treatment option for 
advanced disease. Ipilimumab, a human mono-
clonal antibody that inhibits cytotoxic T 
lymphocyte- associated antigen 4 (CTLA-4), was 
evaluated in a phase III clinical trial for unresect-
able stage III and IV melanoma and found to sig-
nificantly improve overall survival compared to 
glycoprotein 100 vaccine alone [74]. Since the 

initial results showing the agent’s efficacy in 
stage IV patients, ipilimumab has also been 
approved for use as adjuvant therapy for patients 
with resected disease [75].

Following the success of CTLA-4 block-
ade, Vemurafenib, a potent inhibitor of mutated 
BRAF, was shown to have an overall survival 
rate of 84% at 6 months in patients with meta-
static melanoma and a BRAF V600E mutation 
[76]. Based on these results, vemurafenib was 
approved for use in metastatic melanoma. The 
rapid change in the landscape of melanoma thera-
peutics continued as two subsequent agents, dab-
rafenib (BRAF inhibitor) and trametinib (MEK 
inhibitor) were approved for unresectable, meta-
static melanoma shortly thereafter. Since these 
early results, immunotherapeutic options have 
expanded rapidly with accelerated research agen-
das driven largely by these successes leading to 
the evaluation and approval of other checkpoint 
inhibitors.

Perhaps one of the most dramatic changes in 
therapeutic options for systemic therapy came in 
2014, when pembrolizumab and nivolumab, both 
highly selective monoclonal antibodies to pro-
grammed cell death 1 (PD-1), were approved by 
the FDA [77]. Both drugs have shown improved 
antitumor activity and an impressive safety pro-
file. A phase III trial demonstrated that pembroli-
zumab significantly prolonged progression-free 
survival (47.3% vs. 26.5%) and 1-year survival 
rate (74.1% vs. 58.2%) compared to ipilimumab 
[78]. Furthermore, because of the complemen-
tary and non-redundant mechanisms of CTLA-4 
and PD-1, combination therapy has been investi-
gated, demonstrating longer progression-free 
survival (11.5 vs. 6.9 vs. 2.9 months) and higher 
overall response rates (57.6 vs. 43.7 vs. 19%) 
when compared to nivolumab or ipilimumab 
alone [79].

Additional novel immunotherapeutics are cur-
rently being investigated and will continue to 
redefine our treatment strategies for advanced, 
unresectable melanoma. However, the impressive 
efficacy of these agents and their relatively mild 
side effect profile have impacted the algorithm 
for patients even with disease limited to a limb 
who previously would have only been considered 

C. R. Farley and K. A. Delman



357

for regional infusional therapy. Moreover, these 
successes have prompted investigation into the 
use of these agents in a neoadjuvant setting. 
Importantly, for the surgeon, having effective 
systemic therapy should prompt consideration of 
a more aggressive approach to therapy, particu-
larly in patients who respond well to systemic 
treatment, but remain with residual disease. 
Undoubtedly, the future of the management of 
patients with locoregional disease will continue 
to evolve, and will likely include a combination 
of multiple therapeutic approaches.

References

 1. Siegel RL, Miller KD, Jemal A.  Cancer statistics, 
2017. CA Cancer J Clin. 2017;67:7–30. https://doi.
org/10.3322/caac.21387.

 2. Karakousis CP, Balch CM, Urist MM, et  al. Local 
recurrence in malignant melanoma: long-term results 
of the multiinstitutional randomized surgical trial. 
Ann Surg Oncol. 1996;3(5):446–52.

 3. Karakousis CP, Choe KJ, Holyoke ED.  Biologic 
behavior and treatment of intransit metastasis of mel-
anoma. Surg Gynecol Obstet. 1980;150(1):29–32.

 4. Singletary SE, Tucker SL, Boddie Jr AW. Multivariate 
analysis of prognostic factors in regional cutaneous 
metastases of extremity melanoma. Cancer. 1988; 
61(7):1437–40.

 5. Francken AB, Accortt NA, Shaw HM, et  al. 
Prognosis and determinants of outcome following 
locoregional or distant recurrence in patients with 
cutaneous melanoma. Ann Surg Oncol. 2008;15(5): 
1476–84.

 6. Balch CM, Soong SJ, Gershenwald JE, et  al. 
Prognostic factors analysis of 17,600 melanoma 
patients: validation of the American Joint Committee 
on Cancer melanoma staging system. J Clin Oncol. 
2001;19(16):3622–34.

 7. Stucky CC, Gray RJ, Dueck AC, et  al. Risk factors 
associated with local and in-transit recurrence of cuta-
neous melanoma. Am J Surg. 2010;200(6):770–4; 
discussion 744–5

 8. Pawlik TM, Ross MI, Johnson MM, et al. Predictors 
and natural history of in-transit melanoma after sen-
tinel lymphadenectomy. Ann Surg Oncol. 2005; 
12(8):587–96.

 9. Kesmodel SB, Karakousis GC, Botbyl JD, et  al. 
Mitotic rate as a predictor of sentinel lymph node 
positivity in patients with thin melanomas. Ann Surg 
Oncol. 2005;12(6):449–58.

 10. Dong XD, Tyler D, Johnson JL, et  al. Analysis of 
prognosis and disease progression after local recur-
rence of melanoma. Cancer. 2000;88(5):1063–71.

 11. Coit DG, Andtbacka R, Bichakjian CK, et  al. 
Melanoma. J Natl Compr Cancer Netw. 2009;7(3): 
250–75.

 12. Yao KA, Hsueh EC, Essner R, et al. Is sentinel lymph 
node mapping indicated for isolated local and in-transit 
recurrent melanoma? Ann Surg. 2003;238(5):743–7.

 13. Coventry BJ, Chatterton B, Whitehead F, et al. Sentinel  
lymph node dissection and lymphatic mapping for 
local subcutaneous recurrence in melanoma treat-
ment: longer-term follow-up results. Ann Surg Oncol. 
2004;11(3 Suppl):203S–7S.

 14. Beasley GM, Tyler DS. Treatment of in-transit mela-
noma: an opportunity to discover critical knowledge. 
Oncology (Williston Park). 2011;25(14):1351–2, 1355

 15. Badgwell B, Xing Y, Gershenwald JE, et  al. Pelvic 
lymph node dissection is beneficial in subsets of patients 
with node-positive melanoma. Ann Surg Oncol.  
2007;14(10):2867–75.

 16. Love TP, Delman KA. Management of regional lymph 
node basins in melanoma. Ochsner J. 2010;10(2): 
99–107.

 17. Davis PG, Serpell JW, Kelly JW, Paul E.  Axillary 
lymph node dissection for malignant melanoma. ANZ 
J Surg. 2011;81(6):462–6.

 18. Shada AL, Walters DM, Tierney SN, Slingluff CL Jr. 
Surgical resection for bulky or recurrent axillary met-
astatic melanoma. J Surg Oncol. 2012;105(1):21–5.

 19. Sawh-Martinez R, Salameh B, Colebunders B, et al. 
Level I sparing radical neck dissections for cutane-
ous melanoma in the lymphoscintigram era. Ann Plast 
Surg. 2012;69(4):422–4.

 20. Khan N, Khan MK, Almasan A, et  al. The evolv-
ing role of radiation therapy in the management of 
malignant melanoma. Int J Radiat Oncol Biol Phys. 
2011;80(3):645–54.

 21. Burmeister BH, Henderson MA, Ainslie J, et  al. 
Adjuvant radiotherapy versus observation alone for 
patients at risk of lymph-node field relapse after 
therapeutic lymphadenectomy for melanoma: a ran-
domised trial. Lancet Oncol. 2012;13(6):589–97.

 22. Agrawal S, Kane JM 3rd, Guadagnolo BA, et al. The 
benefits of adjuvant radiation therapy after therapeutic 
lymphadenectomy for clinically advanced, high-risk, 
lymph node-metastatic melanoma. Cancer. 2009; 
115(24):5836–44.

 23. Guadagnolo BA, Zagars GK. Adjuvant radiation ther-
apy for high-risk nodal metastases from cutaneous 
melanoma. Lancet Oncol. 2009;10(4):409–16.

 24. Wong SL, Coit DG. Role of surgery in patients with 
stage IV melanoma. Curr Opin Oncol. 2004;16(2): 
155–60. Review

 25. Ollila DW. Complete metastasectomy in patients with 
stage IV metastatic melanoma. Lancet Oncol. 2006; 
7(11):919–24. Review

 26. Allen PJ, Coit DG. The surgical management of meta-
static melanoma. Ann Surg Oncol. 2002;9(8):762–70. 
Review

 27. Wornom IL 3rd, Smith JW, Soong SJ, McElvein R, 
Urist MM, Balch CM. Surgery as palliative  treatment 

20 Management of Melanoma Locoregional Recurrence

https://doi.org/10.3322/caac.21387
https://doi.org/10.3322/caac.21387


358

for distant metastases of melanoma. Ann Surg. 
1986;204(2):181–5.

 28. Creech O Jr, Krementz ET, Ryan RF, Winblad JN.   
Chemotherapy of cancer: regional perfusion utiliz-
ing an extracorporeal circuit. Ann Surg. 1958;148(4): 
616–32.

 29. Testori A, Verhoef C, Kroon HM, et  al. Treatment 
of melanoma metastases in a limb by isolated limb 
perfusion and isolated limb infusion. J Surg Oncol. 
2011;104(4):397–404.

 30. Raymond AK, Beasley GM, Broadwater G, et  al. 
Current trends in regional therapy for melanoma: les-
sons learned from 225 regional chemotherapy treat-
ments between 1995 and 2010 at a single institution. J 
Am Coll Surg. 2011;213(2):306–16.

 31. Gimbel MI, Delman KA, Zager JS. Therapy for unre-
sectable recurrent and in-transit extremity melanoma. 
Cancer Control. 2008;15(3):225–32.

 32. Alexander Jr HR, Fraker DL, Bartlett DL, et  al. 
Analysis of factors influencing outcome in patients 
with in-transit malignant melanoma undergoing iso-
lated limb perfusion using modern treatment param-
eters. J Clin Oncol. 2010;28(1):114–8.

 33. Beasley GM, Petersen RP, Yoo J, et al. Isolated limb 
infusion for in-transit malignant melanoma of the 
extremity: a well-tolerated but less effective alterna-
tive to hyperthermic isolated limb perfusion. Ann 
Surg Oncol. 2008;15(8):2195–205.

 34. Rossi CR, Pasquali S, Mocellin S, et  al. Long-term 
results of melphalan-based isolated limb perfusion 
with or without low-dose TNF for in-transit melanoma 
metastases. Ann Surg Oncol. 2010;17(11):3000–7.

 35. Thompson JF, Kam PC, Waugh RC, Harman CR.   
Isolated limb infusion with cytotoxic agents: a simple 
alternative to isolated limb perfusion. Semin Surg 
Oncol. 1998;14(3):238–47.

 36. Kroon HM, Moncrieff M, Kam PC, Thompson JF.   
Outcomes following isolated limb infusion for mela-
noma. A 14-year experience. Ann Surg Oncol. 2008; 
15(11):3003–13.

 37. Wong J, Chen YA, Fisher KJ, Zager JS.  Isolated 
limb infusion in a series of over 100 infusions: a 
single- center experience. Ann Surg Oncol. 2013; 
20(4):1121–7.

 38. Beasley GM, Caudle A, Petersen RP, et al. A multi- 
institutional experience of isolated limb infusion: 
defining response and toxicity in the US. J Am Coll 
Surg. 2009;208(5):706–15; discussion 715–7

 39. Sharma K, Beasley G, Turley R, et  al. Patterns of 
recurrence following complete response to regional 
chemotherapy for in-transit melanoma. Ann Surg 
Oncol. 2012;19(8):2563–71.

 40. Chai CY, Deneve JL, Beasley GM, et  al. A multi- 
institutional experience of repeat regional chemother-
apy for recurrent melanoma of extremities. Ann Surg 
Oncol. 2012;19(5):1637–43.

 41. Kroon HM, Lin DY, Kam PC, Thompson JF. Efficacy 
of repeat isolated limb infusion with melphalan and 
actinomycin D for recurrent melanoma. Cancer. 
2009;115(9):1932–40.

 42. Beasley GM, Parsons C, Broadwater G, et  al. A 
multicenter prospective evaluation of the clinical 
utility of F-18 FDG-PET/CT in patients with AJCC 
stage IIIB or IIIC extremity melanoma. Ann Surg. 
2012;256(2):350–6.

 43. Testori A, Faries MB, Thompson JF, et al. Local and 
intralesional therapy of in-transit melanoma metasta-
ses. J Surg Oncol. 2011;104(4):391–6.

 44. Martiniuk F, Damian DL, Thompson JF, et al. TH17 
is involved in the remarkable regression of metastatic 
malignant melanoma to topical diphencyprone. J 
Drugs Dermatol. 2010;9(11):1368–72.

 45. Damian DL, Thompson JF.  Treatment of extensive 
cutaneous metastatic melanoma with topical diphen-
cyprone. J Am Acad Dermatol. 2007;56(5):869–71.

 46. Damian DL, Shannon KF, Saw RP, Thompson 
JF.  Topical diphencyprone immunotherapy for cuta-
neous metastatic melanoma. Australas J Dermatol. 
2009;50(4):266–71.

 47. Hemmi H, Kaisho T, Takeuchi O, et  al. Small anti- 
viral compounds activate immune cells via the TLR7 
MyD88-dependent signaling pathway. Nat Immunol. 
2002;3(2):196–200.

 48. Wagner TL, Ahonen CL, Couture AM, et  al. 
Modulation of TH1 and TH2 cytokine production 
with the immune response modifiers, R-848 and 
imiquimod. Cell Immunol. 1999;191(1):10–9.

 49. Berman B, Poochareon VN, Villa AM. Novel derma-
tologic uses of the immune response modifier imiqui-
mod 5% cream. Skin Therapy Lett. 2002;7(9):1–6.

 50. Florin V, Desmedt E, Vercambre-Darras S, Mortier L.  
Topical treatment of cutaneous metastases of malig-
nant melanoma using combined imiquimod and 
5- fluorouracil. Investig New Drugs. 2012;30(4): 
1641–5.

 51. Grotz TE, Mansfield AS, Kottschade LA, et  al. 
In-transit melanoma: an individualized approach. 
Oncology (Williston Park). 2011;25(14):1340–8.

 52. Morton D, Eilber FR, Malmgren RA, Wood WC. 
  Immunological factors which influence response to 
immunotherapy in malignant melanoma. Surgery. 
1970;68(1):158–63; discussion 163–4

 53. Kidner TB, Morton DL, Lee DJ, et  al. Combined 
intralesional bacille Calmette-Guérin (BCG) and topi-
cal imiquimod for in-transit melanoma. J Immunother. 
2012;35(9):716–20.

 54. Thompson JF, Hersey P, Wachter E. Chemoablation of 
metastatic melanoma using intralesional rose Bengal. 
Melanoma Res. 2008;18(6):405–11.

 55. Boyd KU, Wehrli BM, Temple CL.  Intra-lesional 
interleukin-2 for the treatment of in-transit melanoma. 
J Surg Oncol. 2011;104(7):711–7.

 56. Radny P, Caroli UM, Bauer J, et al. Phase II trial of intra-
lesional therapy with interleukin-2 in soft-tissue mela-
noma metastases. Br J Cancer. 2003;89(9):1620–6.

 57. Green DS, Bodman-Smith MD, Dalgleish AG, Fischer 
MD. Phase I/II study of topical imiquimod and intra-
lesional interleukin-2  in the treatment of accessible 
metastases in malignant melanoma. Br J Dermatol. 
2007;156(2):337–45.

C. R. Farley and K. A. Delman



359

 58. von Wussow P, Block B, Hartmann F, Deicher H.   
Intralesional interferon-alpha therapy in advanced 
malignant melanoma. Cancer. 1988;61(6):1071–4.

 59. Fujimura T, Okuyama R, Ohtani T, et al. Perilesional 
treatment of metastatic melanoma with interferon- 
beta. Clin Exp Dermatol. 2009;34(7):793–9.

 60. Ridolfi L, Ridolfi R. Preliminary experiences of intral-
esional immunotherapy in cutaneous metastatic mela-
noma. Hepato-Gastroenterology. 2002;49(44):335–9.

 61. Kaufman HL, Kim DW, DeRaffele G, et al. Local and 
distant immunity induced by intralesional vaccination 
with an oncolytic herpes virus encoding GM-CSF in 
patients with stage IIIc and IV melanoma. Ann Surg 
Oncol. 2010;17(3):718–30.

 62. Kaufman HL, Bines SD. OPTIM trial: a phase III trial 
of an oncolytic herpes virus encoding GM-CSF for 
unresectable stage III or IV melanoma. Future Oncol. 
2010;6(6):941–9.

 63. Andtbacka R, Kaufman HL, Collicho F, et  al. 
Talimogene laherparepvec improves durable response 
rate in patients with advanced melanoma. J Clin Oncol.  
2015;33(25):2780–8.

 64. Pol J, Kroemer G, Galluzzi L.  First oncolytic virus 
approved for melanoma immunotherapy. Onco-
immunology. 2015;5(1):e1115641.

 65. Kottschade LA, Weenig RH, Otley CC, et  al. The 
use of pulsed dye laser in the treatment of melanoma 
metastatic to the skin: a Mayo Clinic case series. J Am 
Acad Dermatol. 2010;62(6):e22–5.

 66. Gibson SC, Byrne DS, McKay AJ. Ten-year experi-
ence of carbon dioxide laser ablation as treatment for 
cutaneous recurrence of malignant melanoma. Br J 
Surg. 2004;91(7):893–5.

 67. Testori A, Intelisano A, Verrecchia F, et al. Alternatives 
for the treatment of local advanced disease: elec-
trochemotherapy, limb perfusion, limb infusion, 
intralesional IL2. What is the role? Dermatol Ther. 
2012;25(5):443–51.

 68. Olivier KR, Schild SE, Morris CG, et  al. A higher 
radiotherapy dose is associated with more durable 
palliation and longer survival in patients with meta-
static melanoma. Cancer. 2007;110(8):1791–5.

 69. Barker CA, Lee NY. Radiation therapy for cutaneous 
melanoma. Dermatol Clin. 2012;30(3):525–33.

 70. Seegenschmiedt MH, Keilholz L, Altendorf-Hofmann 
A, et al. Palliative radiotherapy for recurrent and met-
astatic malignant melanoma: prognostic factors for 
tumor response and long-term outcome: a 20-year 
experience. Int J Radiat Oncol Biol Phys. 1999; 
44(3):607–18.

 71. Stevens G, Thompson JF, Firth I, et  al. Locally 
advanced melanoma: results of postoperative hypo-
fractionated radiation therapy. Cancer. 2000;88(1): 
88–94.

 72. Stevens G, McKay MJ.  Dispelling the myths sur-
rounding radiotherapy for treatment of cutaneous 
melanoma. Lancet Oncol. 2006;7(7):575–83.

 73. Rao NG, Yu HH, Trotti A 3rd, Sondak VK. The role of 
radiation therapy in the management of cutaneous mel-
anoma. Surg Oncol Clin N Am. 2011;20(1):115–31.

 74. Hodi FS, O'Day SJ, McDermott DF, et al. Improved 
survival with ipilimumab in patients with metastatic 
melanoma. N Engl J Med. 2010;363:711–23.

 75. Eggermont AM, Chiarion-Sileni V, Grob JJ, et  al. 
Adjuvant ipilimumab versus placebo after complete 
resection of high-risk stage III melanoma (EORTC 
18071): a randomised, double-blind, phase 3 trial. 
Lancet Oncol. 2015;16(5):522–3.

 76. Chapman PB, Hauschild A, Robert C, et al. Improved 
survival with vemurafenib in melanoma with BRAF 
V600E mutation. N Engl J Med. 2011;364:2507–16.

 77. Zhu Z, Liu W, Gotlieb V. The rapidly evolving thera-
pies for advanced melanoma—towards immuno-
therapy, molecular targeted therapy, and beyond. Crit 
Rev Oncol Hematol. 2016;99:91–9. https://doi.org/ 
10.1016/j.critrevonc.2015.12.002.

 78. Robert C, Schachter J, Long GV, Arance A, Grob JJ,  
Mortier L, Daud A, Carlino MS, McNeil C, Lotem M,  
Larkin J, Lorigan P, Neyns B, Blank CU, Hamid O,  
Mateus C, Shapira-Frommer R, Kosh M, Zhou H, 
Ibrahim N, Ebbinghaus S, Ribas A, KEYNOTE-006 
investigators. Pembrolizumab versus ipilimumab  
in advanced melanoma. N Engl J Med. 2015;372(26): 
2521–32. https://doi.org/10.1056/NEJMoa1503093.

 79. Larkin J, Hodi FS, Wolchok JD. Combined nivolumab 
and ipilimumab or monotherapy in untreated mela-
noma. N Engl J Med. 2015;373(13):1270–1. https://
doi.org/10.1056/NEJMc1509660.

20 Management of Melanoma Locoregional Recurrence

https://doi.org/10.1016/j.critrevonc.2015.12.002
https://doi.org/10.1016/j.critrevonc.2015.12.002
https://doi.org/10.1056/NEJMoa1503093
https://doi.org/10.1056/NEJMc1509660
https://doi.org/10.1056/NEJMc1509660


361© Springer International Publishing AG, part of Springer Nature 2018 
A. I. Riker (ed.), Melanoma, https://doi.org/10.1007/978-3-319-78310-9_21

Reconstructive Options for  
Head and Neck Melanoma

Ian R. Wisecarver, Charles L. Dupin, 
and Julian D’Achille

 A Brief Introduction

The risk of developing melanoma is skyrocket-
ing. Some data suggests an increase in incidence 
of 5% per year, faster than any other cancer in the 
United States [1, 2]. For a bit of perspective, the 
risk of developing cutaneous melanoma in 1935 
was 1 person in 1,500, whereas the risk in 2012 
was 1 in 30 [2, 3]. While melanoma accounts for 
a relatively small portion of skin cancers, roughly 
4%, the number of deaths caused by melanoma is 
disproportionately high, 75% [2]. Head and neck 
lesions comprise up to 25% of cutaneous mela-
noma, with 60–90% of these occurring on the 
face [1, 4, 5]. Scalp, lip, and external ear presen-
tations are much less common [5]. Head and 
neck melanomas also have a higher local recur-
rence rate (9–13%) than do melanomas of the 
trunk or extremities [5, 6]. Melanoma of the face 
is two times higher in males and significantly 
more likely to occur in people with lightly col-
ored eyes and a fair complexion [2, 4].

Early detection of head and neck melanoma is 
of the utmost importance and may be the single 
easiest way to improve patient outcomes. In 
1985, the ABCDE method of clinically identify-
ing melanoma was proposed: Asymmetry, irregu-
lar Borders, Color variation within the lesion, 
Diameter ≥6  mm, and Evolution of the lesion 
over time [7]. An experienced clinician using 
three of the ABCDE criteria has a sensitivity of 
66% and a specificity of 81% [8]. However, his-
topathologic analysis remains the gold standard 
and excisional or punch biopsy should be per-
formed on suspicious lesions. Five-year survival 
rates vary drastically with small changes in 
Breslow thickness (BT) and reiterate the benefits 
of early detection: lesions with BT of <1 mm are 
associated with a 5-year survival rate greater than 
94%, while a BT of ≥4 mm carries a 5-year sur-
vival rate of <50% [8].

Because most head and neck melanomas occur 
on the face and ears, even the removal of smaller 
lesions can be quite disfiguring. The potential for 
disfigurement, combined with highly variable and 
complex routes of lymphatic drainage, presents 
reconstructive surgeons with a difficult choice—
how can we balance satisfactory aesthetic and 
functional results with sufficient oncologic resec-
tions? [1]. Unsurprisingly, consensus recommen-
dations for best practice treatment is embroiled in 
controversy—some parties advocate for aggressive 
treatment with large margins and others for more 
conservative treatment to decrease unnecessary 
tissue loss. The current National Comprehensive 
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Cancer Network (NCCN) guidelines for wide 
local excision of melanoma are: 0.5  cm margins 
for melanoma in situ, 1.0  cm margins for BT of 
≤1.0 mm, 1–2 cm margins for BT of 1.01–2.0 mm, 
and 2 cm margins for BT of ≥2.01 mm [6]. To date, 
six randomized controlled trials (RCT) have been 
conducted to evaluate the effectiveness of wide 
(3–5 cm) vs. narrow (1–2 cm) margins in prevent-
ing head and neck melanoma recurrence [9]. No 
significant difference in local recurrence or overall 
survival was found between narrow versus wide 
margins [9]. However, no RCTs have been con-
ducted to directly compare 1  cm vs. 2  cm mar-
gins. More conservative criteria (0.5 cm margins 
for BT <1.0 mm, 0.5–1.0 cm margins for BT of  
1.01–2.0  mm, and 1.0  cm margins for BT of 
>2.0 mm) have been used for resection of mela-
nomatous lesions near critical structures, such as 
the ear or eyelids, and did not result in a statistical 
difference in local recurrence rates [6].

Facial reconstruction is often a daunting 
process. The complex, delicate anatomy of 
this region demands a depth of understanding 
and preoperative planning that is uncommon 
elsewhere on the body. To further complicate 
matters, there is no one method of reconstruc-
tion that is perfectly suited to every geographic 
region of the face. Identical defects of the eyelid 
and lip have different functional and aesthetic 
consequences and may require very different 
approaches to reconstruction. Most defects of 
the head and neck may be addressed via primary 
closure, skin grafting, or local tissue rearrange-
ment. Primary closure may be appropriate for 
smaller defects. Larger defects closed primarily 
may place tension on nearby structures and scars 
may contract over time, distorting the face. Full- 
thickness skin grafts are suited to defects with 
underlying collagenous support and sufficient 
soft tissue to accept a graft. When used inap-
propriately, however, skin grafts have poor long- 
term aesthetic results secondary to contracture or 
color mismatch [10]. Local free-tissue transfer is 
the workhorse of facial reconstruction and can 
be accomplished in single- or multi-staged pro-
cedures. Free-tissue transfer is ideal for larger 

defects as it provides stable coverage for exten-
sive defects but without optimal color match and 
tissue bulk, resulting in acceptable long-term 
aesthetic and functional results [9].

Melanoma of the head and neck is a poten-
tially devastating disease with an increasing inci-
dence in our society. Early detection, adequate 
resection, and proper reconstruction are essential 
to achieve good outcomes for these patients. We 
hope the following chapters will serve as a gen-
eral reference for the indications for and methods 
of reconstruction of head and neck defects sec-
ondary to melanoma extirpation.
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 Reconstruction of the Ear: 
Introduction

The ear is composed of hyaline cartilage and skin. 
It has subunits which include: the scaphae, the 
helix, the antihelix, the concha, the lobule, and the 
tragus (see Fig.  22.1). The skin on the anterior 
surface is thinner and more tightly adherent than 
that on the posterior surface. The ear, as a whole, 
has a robust vascular supply coupled with ample 
lymphatic drainage. This abundant blood supply 
makes the tissue of the ear resistant to necrosis, 
which, in turn, allows surgical manipulation that 
would be difficult elsewhere in the body.

The lymphatic drainage system of the ear is 
extensive, with several potential routes of lym-
phatic spread. In the case of melanoma, the exci-
sion of the primary lesion is often performed with 

a sentinel node harvest, located within the preau-
ricular region, superficial parotid, or the subman-
dibular region. The sentinel nodes may also be 
located within the five nodal levels of the neck or 
in the posterior auricular sulcus.

A primary melanoma is infrequently found 
on the ear. However, when it is encountered on 
the auricle, it carries a less favorable progno-
sis than in most other regions [1]. The National 
Comprehensive Cancer Network (NCCN) stan-
dard melanoma resection guidelines dictate that 
a primary melanoma of the ear should be treated 
according to the same guidelines as melanoma 
found in other locations. Thin melanoma requires 
a 1 cm margin, but a thicker melanoma requires a 
2 cm resection margin.

In accordance with these resection guidelines, 
patients whom undergo resection will normally 
have a resultant defect roughly 2.5–4.5 cm size. 
However, some authors have suggested less 
aggressive margins to conserve precious auricu-
lar tissue. Bricca et al. [2] examined surgical mar-
gins for the head and neck melanomas in 652 
patients, recommending the following surgical 
margins:

 1. 9  mm for MIS and Breslow’s depth of 
1.01 mm.

 2. 12  mm for Breslow’s depth 1.01–2.00  mm, 
2.01–4.00 mm.

 3. At least 12  mm for a Breslow’s depth of 
>4.00 mm.
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These recommendations were based on evalu-
ation of negative margins achieved with MOH 
Micrographic Surgery. Unfortunately, there were 
no cases involving the external ear and thus may 
not apply to this clinical situation.

A large series of melanomas of the external 
ear was reported by Jahn et al. [3]. They reported 
no reduction in survival with reduced margins 
although the risk of local recurrence was higher. 
They recommended against removing auricular 
cartilage unless it made reconstruction simpler. 
Specifically they did not clarify the issue of the 
perichondrium. There are other recommendations 
that minimal excision should include the under-
lying perichondrium, rendering other means of 
reconstruction necessary [4].

There have been other recent, limited studies 
which indicate that the recurrence rate is not 
increased when using more conservative, smaller 
resection margins [5, 6]. The tight adherence of 
the skin on the anterior surface makes it some-
what difficult to remove without exposing, and 
potentially damaging, underlying cartilage and 
perichondrium. This presents a challenge for 
reconstruction because damaged or exposed car-
tilage will not support a skin graft. Additionally, 
both anterior and posterior surfaces may require 
resection if the lesion involves the helical rim. 

Excision of the skin on the posterior surface is 
much easier as the skin is not very adherent to the 
perichondrium.

Skin grafts are a useful and versatile tool for 
reconstructing defects of the external ear. 
However, they are only appropriate if the under-
lying perichondrium, which can support a skin 
graft, is left intact. This is particularly true of the 
posterior surface of the ear where the skin is less 
adherent. On the anterior surface, if the perichon-
drium is preserved (not just the cartilage), full 
thickness skin grafts are appropriate. The simple 
plan to wait a week after excision will usually 
clarify if the perichondrium is present and graft-
able as granulation tissue will rapidly cover the 
perichondrium.

In some portions of the ear, such as the concha, 
the reconstruction can be simplified by removing 
underlying exposed but nonessential cartilage. 
This allows placement of a graft which will ben-
efit from nourishment provided by the opposing 
side of the ear, where the skin and soft tissue are 
intact. This method is particularly useful in the 
concha, where the cartilage can be removed with-
out severely deforming the contour of the ear.

The following algorithm may be helpful when 
evaluating reconstruction methods for a given 
defect of the ear (Fig. 22.2).

Fossae
Triangularis

HelicalRim

Antehelix
Posterior Crus
Anterior Crus

Scaphase

Cauda Helicis

Lobule

Tragus

Concha cavum

Fig. 22.1 External 
anatomy of the ear. Note 
the angle of the anterior 
ear relative to horizontal

C. L. Dupin et al.



365

 Defects of the Anterior Ear with Intact 
Perichondrium

As described above, defects of the anterior ear in 
which intact perichondrium is exposed can be 
closed with Full-Thickness Skin Grafts (FTSG). 
These skin grafts will be supported appropriately 
by the underlying perichondrium and will have 
good overall graft viability. The postauricular 
area often serves as the optimal donor site by pro-
viding a graft with similar texture and color- 
match to the skin of the anterior ear (see 
Fig. 22.3). Following harvest of grafts up to 4 cm 
wide, the donor site can be closed primarily.

 Defects of the Ear with Denuded, 
Nonessential Cartilage: (Concha Bowl)

Defects which do not have intact perichondrium 
covering exposed cartilage will not support a 
skin graft. As such, the exposed cartilage may 
be excised to expose the inner surface of the 
posterior skin. The exposed inner surface of the 
posterior skin provides the requisite blood sup-
ply to allow proper take of a FTSG. Again, the 
post-auricular skin provides optimal texture and 
color- match when choosing a donor site for 
FTSG’s to repair defects of the anterior auricle 
(see Fig. 22.4).

Defects ≥ 4 cm without in tact
perichondrium: temporoparietal
fascia flap and full thickness skin
grafts.

External surface with intact
perichondrium: Full thickness color
matched skin graft (post-auricular or
supraclavicular donor site).

Post-auricular defect with intact
perichondrium: non color matched
full thickness skin graft

Defects of the rim ≤2.5 cm which
include pre- and post-auricular skin
and underlying cartilage: helical
advancement (Antia-Buch
chondrocutaneous advancement flap).

Defects of the concha: excise remaining
conchal cartilage and apply skin graft to
underlying posterior skin.

Lobule: local tissue rearrangemnet
from neck.

Fig. 22.2 Algorithm for reconstructing defects of the ear

22 Reconstruction Options for Ear and Nose Melanoma
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a b
Fig. 22.3 (a) Small 
lesion of the anti-helix 
to be excised and a 
color-match graft place 
on the perichondrium. 
(b) Graft at 1 week with 
excellent vascular 
ingrowth

a

b

c

Fig. 22.4 (a) 2.5 cm, full thickness defect of the poste-
rior ear with intact perichondrium. The perichondrium 
at 1 week has excellent granulation present. This will 

allow appropriate take of an FTSG. (b) Healed ingui-
nal-crease donor site of FTSG. (c) Final appearance at 
4 weeks
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 Defects of the Posterior Surface 
of the Ear

 Defects of the Scapha, Anti-helix 
on the Anterior Surface, ≤2 cm 
in Diameter, with Intact, Essential, 
Denuded Cartilage

In this scenario, resection of the exposed carti-
lage will cause unacceptable deformity. It is pos-
sible to retain the essential cartilage and achieve 
appropriate coverage using an auricular flap, 
which is derived from the pre- or postauricular 
area and is based either superiorly or posteriorly. 
A small window through the auricle can be cre-

ated by excising a small amount of intervening 
cartilage, allowing the flap to be carried through. 
In this manner, a posterior-based flap can provide 
coverage for the anterior auricle.

Unfortunately, this method requires a second 
stage of reconstruction because the flap will have 
to be taken down in a separate procedure. 
However, the post-auricular flap will restore the 
contour of the ear without decreasing its size and 
causing subsequent asymmetry with the other 
ear. It is possible to design a flap 2–3 cm in width 
and still close most of the post-auricular donor 
site defect by primary intention. If the donor site 
cannot be closed primarily, coverage can be 
achieved with skin grafting (see Fig. 22.5).

a

c

b

Fig. 22.5 (a) Lentigo 
maligna melanoma of 
the left ear. This lesion 
was excised with a 
5 mm margin. (b) 
Reconstruction via 
post-auricular skin flap 
carried through a 
window created in the 
antihelix cartilage. (c) 
Final result after flap 
release
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If more tissue is needed for adequate cover-
age, two auricular flaps may be implemented 
simultaneously. One derived from the pre-auricu-
lar sulcus and based inferiorly, and the other 
derived from the post-auricular area and based 
superiorly. The post-auricular flap will need to be 
carried through a window created in the interven-
ing cartilage, as described above, to allow cover-
age of the anterior defect (see Fig. 22.6).

 Defects of the Posterior Ear, 2–4 cm 
in Diameter, with Intact 
Perichondrium

Such defects can be repaired with a FTSG. If the 
defect is completely posterior, postoperative 
patient comfort will take precedence over color- 
matching and a noncolor-matched donor site will 
suffice (see Fig. 22.4).

 Defects of the Helix ≤2.5 cm 
in Diameter with Denuded or Absent 
Cartilage Following Wedge Resection

Wedge resections are often implemented to 
remove lesions of the middle-upper helix that 
require excision of both pre-auricular and post-
auricular skin. The reconstructive technique of 
choice, the Antia-Buch helical advancement flap, 
involves simultaneous V-Y advancement of supe-
rior and inferior helical skin flaps and continues 
to be a reliable method [7, 8].

Incisions following the junction of the anti-
helix and the helix are made along the anterior 
surface of the auricle to create superior and infe-
rior helical flaps, which are composed of carti-
lage and anterior skin. The underlying cartilage is 
then incised with care being taken not to injure 
the opposing post-auricular skin, which serves as 
the blood supply for both helical flaps. The post-
auricular skin can be undermined medially to 
allow further advancement of the superior and 
inferior helical flaps. When the superior and infe-

rior flaps are advanced towards the middle of the 
would-be helix, some “cupping” of the helix may 
develop. Excising a small wedge of scaphal or 
helical cartilage relieves the cupping and allows 
for a more natural helical rim shape. The recon-
structive process may be streamlined by remov-
ing the underlying cartilage and moving the 
remaining superior and inferior helix together. 
The final result of the Antia-Buch procedure is a 
smaller, but adequately shaped, ear (see 
Fig. 22.7).

 Defects of the Lobule

There are a number of procedures for recon-
structing the lobule. The most common method 
for reconstruction of the lobule is the implemen-
tation of locoregional flaps, which provide satis-
factory substitutes for the missing anterior and 
posterior skin. A cartilage graft is not required as 
the lobule is not rigid; however, the flap should be 
made larger than the original lobule to allow for 
initial contracture. If necessary, a revision of the 
flap may be performed to achieve optimal shape.

 Large Defects with Denuded or 
Resected Cartilage

Wide local excision (≥2 cm margins) is the cur-
rently accepted surgical resection margins for a 
melanoma with a Breslow’s thickness >1  mm. 
The resultant defects can be quite large and repair 
via local tissue rearrangement, such as the Antia- 
Buch procedure, is often impractical. If the nec-
essary resection is 4–5  cm, the challenge to 
reconstructing a realistic ear is daunting. If the 
entire ear is removed, the challenge is that much 
greater. The most common pathways for recon-
struction of large defects of the ear are to rebuild 
the ear using locoregional flaps and grafts in tan-
dem, if necessary, with costal cartilage grafts or 
Osseo-integrated implants for definitive coverage 
[9, 10] (see Fig. 22.8).
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Pre-auricular flap.

Pre-auricular flap

Post-auricular flap.

Post-auricular flap

a b

c

e

d

Fig. 22.6 (a) Defect of the anterior ear with denuded car-
tilage—perichondrium is not intact, thus FTSG would not 
have good take. (b) Pre-auricular and post-auricular flaps 

elevated simultaneously. The posterior flap will enter 
through a window created in the cartilage. (c) Post-auricular 
flap. (d) Flaps inset. (e) Final result after release of flaps
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 Defects of the Scapha and Antihelix, 
3–4 cm in Diameter with Denuded 
Cartilage

Reconstructing such a large defect of the sca-
pha and antihelix requires tissue from regional 
donor sites. The most commonly implemented 
locoregional flap is the temporoparietal fascial 
(TPF) flap. The temporoparietal fascia is thin 
and highly vascular. This fascial plain lies 
beneath the temporal subcutaneous fat and the 
underlying deep temporal fascia while cover-
ing the temporalis fascia. In approximately 
85% of the population, the temporoparietal 
fascia derives its blood supply from branches 
of the superficial temporal vessels. TPF flaps 
are thin and pliable, as such, they can be satis-
factorily contoured to cartilaginous defects 
with complex shapes while still  supporting a 
skin graft. Full thickness grafts are preferred 
for final closure because they are less likely to 
contract and subsequently distort the ear (see 
Fig. 22.9).

 Defects of the Helix 4 cm in Diameter
Large defects of the helix reconstructed with 
TPF flaps and full thickness or split thickness 
skin grafts harvested from the scalp experi-
ence the best outcomes [11–18]. The temporo-
parietal flap (TPF), however, must have a rigid 
support framework to provide a realistic post-
reconstruction appearance. If underlying carti-
lage is still present, it may be possible to cover 
it with a TPF flap. If there is no native carti-
lage remaining after resection, there are two 
methods for creating a replacement support. 
The first is a carved cartilage graft, harvested 
from the sixth, seventh, and eighth ribs. This 
method, popularized by Brent, was initially 
employed in microtia [19–23]. When this 
method of support is performed correctly, the 
final result of reconstruction can be highly 
exacting. However, the process of carving the 
cartilage graft, achieving appropriate coverage 
via TPF and FTSG, and stabilizing the ear can 
be challenging. Additionally, harvesting the 
rib can result in some deformity of the chest 
wall.

Anterior incisions at juncture of helix and anti-helix

a

b

c

Fig. 22.7 (a) Composite, wedge resection of a mid-helix 
lesion. The resultant defect was approximately 2 cm. The 
reconstructive method of choice for a defect such as this is 
Antia-Buch helical advancement. (b) Superior and infe-
rior helix flaps, based on the posterior auricular skin, will 
be advanced simultaneously into the defect. Note: A 
wedge of scaphal cartilage has been removed to prevent 
cupping of the reconstructed ear. (c) Final result
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The second method is the use of a prosthetic 
framework, such as Silicone and Medpore® 
materials. Although the use of prosthetic mate-
rial does not create chest wall deformities, they 
are more prone to chronic problems such as 
infection, seroma, and implant extrusion. 

Prosthetics are also more susceptible to trauma 
than autologous frameworks. Excellent results 
have been published in the literature, and it is 
the authors’ opinion that prosthetic frameworks 
are a suitable alternative to rib-harvest 
[22–28].

Carved Rib Cartilage

TP Fascial Flap

Temporal-parietal Fascial Flap and
Carved Costal Cartilage Grafta b

c

d

Fig. 22.8 (a) This patient presented with a defect com-
prising the lower half of his ear. The defect will be recon-
structed using a costal cartilage graft, temporoparietal 
fascia flap, and FTSG. (b) Diagram of the TFP and Costal 

Cartilage Graft reconstruction plan. (c) Early postopera-
tive appearance. Note the residual edema under the full 
thickness graft, it will take months to resolve completely. 
(d) Final appearance at 6 months
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a

Chin

Ear lobule

Temporoparietal Fascia FlapScalpd

b

c

Fig. 22.9 (a) Patient with resection involving ≥40% of 
the posterior ear, including the scapha and helix. (b) 
Costal cartilage (outlined in blue ink) will be harvested to 
provide a cartilaginous framework for helix reconstruc-
tion using TPF flap and FTSG. (c) Costal cartilage graft 
which will be shaped to match the defect template on the 

right. (d) Elevating the TPF flap. (e) Costal cartilage graft 
in place. The TPF flap will be inset over the cartilage graft 
and then covered with a FTSG. (f) TPF flap covered with 
color-matched FTSG harvested from the supraclavicular 
area. (g) Final result

e f g
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 Reconstruction of the Nose: 
Introduction

The nose is a central feature of the face which 
comprises multiple aesthetic subunits. This struc-
tural complexity can prove challenging during 
reconstruction (see Fig. 22.10). Incisions placed 
in subunit borders tend to form less visible scars 
because they will be hidden within plane changes. 
It is also very important to preserve symmetry 
between paired structures because the human eye 
can detect even the slightest asymmetry [29, 30]. 
Many cutaneous malignancies involving the nose 
often require excision of additional underlying 
tissue, including bone, cartilage, and, occasion-
ally, the inner lining of the nose. As a rule, resec-
tion of melanoma and lentigo maligna requires 
excision of the skin and subcutaneous tissue; 
however, special consideration should be given to 
the amount of tissue excised when these lesions 
occur on the nose.

Relative to each aesthetic subunit, nasal skin var-
ies in thickness and degree of adherence to underly-
ing tissue. Skin over the dorsum is thick, loose, and 
non-adherent to an underlying layer of mimetic 
muscle. The dorsum plane is curvilinear and has a 
subtle juncture with the tip. The nasal sidewalls are 
anatomically similar to the dorsum but are flatter, 
more shadowed, and less prominent.

The skin over the nasal tip and columella is thin 
and adherent to the underlying cartilage, which 
makes it difficult to achieve simple closure with-
out subsequent distortion. The nasal tip and colu-
mella have underlying, firm, paired lower lateral 
cartilages which frequently can be seen. The soft 
tissue triangle has no cartilaginous support and the 
thin skin is adherent to underlying vestibular skin.

The skin over the alae is tightly bound to 
underlying fibrocartilage, which, in turn, is adher-
ent to underlying vestibular skin. The rigid skin of 
the sill is adherent to and covers the feet of the 
medial crura of the underlying tip cartilage [29].

Dorsum

Sidewall

Tip

Alae (paired)

Soft tissue triangle

Nasal sill

Columella

Fig. 22.10 Aesthetic 
subunits of the nose—
the green lines indicate 
borders between 
subunits
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 Optimum Repair by Subunit

 Nasal Dorsum

Due to the relatively simple architecture and the 
loose skin, small lesions may be excised and the 
defect closed along minimal skin tension lines 
(MSTL). Defects larger than 10 mm are difficult 
to close satisfactorily without generating excess 
wound tension and creating long “dog-ears.”

The nasal dorsum can be repaired via full 
thickness skin graft (FTSG), provided a donor 
site is available that is appropriately color- 
matched. A FTSG derived from the forehead, 
postauricular area, neck, and supraclavicular area 
produces good, color-matched final results in 
nasal reconstruction (see Fig. 22.11). Specifically, 

the “widow’s peak” area of the forehead has 
excellent color-match and thickness. A FTSG 
from this region can be harvested up to 2 cm in 
width with minimal donor site distortion. 
Although melanoma resection involves excision 
of the skin and subcutaneous tissue above the 
cartilage, there is often adequate residual soft tis-
sue remaining over the cartilage and bone to 
properly support a graft and allow for good graft 
viability [31].

If a defect of the dorsum encroaches on the 
nasal tip, a dorsal nasal flap may be the optimal 
reconstructive approach. The vascular supply to 
this flap is derived from terminal branches of the 
contralateral angular artery. The flap should be 
elevated with underlying soft tissue intact to 
ensure its viability [32] (see Fig. 22.12).

a b

c d

Fig. 22.11 (a) Full thickness excision of the nasal dorsum and sidewall. (b) Full thickness supraclavicular skin graft 
sewn in place. (c) Post-operative appearance at 1 month. (d) Post-operative appearance at 6 months
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a b

c d

Fig. 22.12 (a) Full thickness excision of a lesion involv-
ing the supra-tip dorsum. Blue ink outlines the flap, which 
may easily be advanced to cover the defect. The donor area 

can be closed with V-Y advancement. (b) After elevation 
and inset frontal view. (c) After dorsal nasal flap advance-
ment and inset. (d, e) Post-operative appearance at 3 months
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e

Fig. 22.12 (continued)

 Nasal Sidewall

The nasal sidewalls can also be reconstructed 
with FTSG as long as there is soft tissue cov-
ering underlying bone and cartilage [31]. 
Smaller defects may be closed with local tis-
sue rearrangement, such as the rhomboid flap. 
When viewing the face, under normal circum-
stances, the nasal sidewalls are largely in 
shadow. Thus, scar formation in this subunit is 
somewhat masked, providing a measure of 
forgiveness to the reconstructive surgeon [30]. 
Lesions which are too complex for full thick-
ness grafting may be addressed with local tis-
sue rearrangement, such as the “cocked-hat 
flap” (see Fig. 22.13).

 Nasal Tip

Defects of the tip of the nose, certainly those over 
4 mm, are difficult to close primarily. Additionally, 
the prominence of the nasal tip suggests that scar 

formation be kept to a minimum. If resection of a 
lesion requires excising ≥40% of the nasal tip, a 
better outcome will likely be achieved by remov-
ing the remaining skin and reconstructing the 
entire aesthetic unit [29, 30]. Many techniques 
have been proposed for reconstruction of the 
nasal tip; from the author’s perspective, the most 
efficient and relevant are described below.

 Skin Grafting
Melanoma excision, as a rule, does not expose 
the entire underlying cartilage, a FTSG derived 
from the forehead often provides satisfactory 
results. Forehead skin is a perfect color-match for 
nasal tip skin and its ample dermal thickness 
assures the graft will not appear depressed at 
final result [31]. Forehead FTSGs should be 
removed from the “widow’s peak” area so as not 
to preclude the use of a paramedian forehead flap 
in the future. Grafts larger than 2 cm can be har-
vested but the donor site should be closed with a 
“ying- yang” tissue rearrangement to avoid excess 
tension.

The deep surface of the graft should have a 
trace of underlying fat. The harvested graft must 
then be affixed to the nasal tip. Circumferential 
and quilting sutures, which pass through underly-
ing cartilage, are used to anchor it firmly in place 
[31]. To prevent desiccation, the graft must be 
covered with antibiotic ointment two times a day 
during the first postoperative. These grafts are 
very reliable; however, the reconstructive sur-
geon must counsel all patients not to manipulate 
postoperative graft crusting and to have patience 
with healing process (see Figs. 22.14 and 22.15).

 Bilobed and Rhomboid Flaps
If the underlying soft tissue has been completely 
removed and bare, or the incised cartilage alone 
comprises the wound bed, there is not sufficient 
tissue present to allow for viability of a FTSG. In 
this case, a flap must be used to cover the exposed 
cartilage. The bilobed flap provides well- 
vascularized tissue and has been recommended 
for coverage of exposed, underlying structures 
such as described above [33, 34]. This method of 
local tissue rearrangement relies heavily on suc-
cessful intraoperative design, the efficacy of 
which is critical for achieving satisfactory cover-
age (see Fig. 22.16).
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Unfortunately, there are two significant draw-
backs to using the bilobed flap for closure of 
nasal tip defects. Defects ≥1.5 cm may place ten-
sion on the underlying cartilaginous support, 
resulting in deformity of the tip. The flap also 
creates a significant amount of scarring at the 
donor site, which may be difficult to camouflage. 
Relative to the loose skin of the elderly, this is 
especially true in young patients with taut skin. 
Despite these drawbacks, the bilobed flap is an 

effective tool for the repair of nasal tip defects 
(see Fig. 22.17).

If the defect involves the tip-alae-sidewall area 
(i.e., the soft tissue triangle), where there is no 
native cartilage providing support, the flap may 
undergo contracture and distort the nasal tip and 
nostril rim. A cartilage graft, most commonly har-
vested from the auricle, should be implemented to 
support the bilobed flap and reduce the likelihood 
of long-term contracture [35] (see Fig. 22.18).

a

b

c

Fig. 22.13 (a) Lesion of the nasal sidewall and medial canthal region. (b) Nasal sidewall and medial canthal defect. (c) 
Post-operative appearance at 1 month
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a b

c

d

Fig. 22.14 (a) Lentigo maligna of the right nasal tip. (b) Closure of widow’s peak donor site with ying-yang local tis-
sue rearrangement. (c) FTSG at 1 week, secured with quilting sutures. (d) Final result at 6 months

Another flap that is well suited to the repair of 
partial nasal tip defects is the rhomboid flap. This 
form of local tissue rearrangement is especially 
adept at closing defects of the sidewall and tip 
junction. This flap, much like the bilobed flap, 

must be carefully designed such that the tension 
generated by closure does not distort the donor 
area. However, we have not found the rhomboid 
flap suitable for repair of isolated nasal tip defects 
(see Fig. 23.3 in Chap. 23).
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Healed graft

Fig. 22.15 Another 
patient who underwent 
FTSG, harvested from 
the forehead, for repair 
of a nasal tip defect. 
Pictured at 2 months 
post-op

Defect

1 RADIUS

Brown Triangle excised

A B

B
ARC, length equal A-B

First lobe is same size as defect

Incisions in red

The Bilobe Flap Design

Second “lobe” is as wide as can be
closed primarily

Fig. 22.16 The Bilobe Flap Design
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a b

Fig. 22.17 (a) Nasal tip defect and bilobed flap design (blue ink). Note that the donor site is parallel to the long axis 
of the nose. (b) Post-operative appearance at 6 months after repair with bilobed flap

a b

c d

Fig. 22.18 (a) Even though only skin was resected from 
the soft tissue triangle, support must be provided to ensure 
the rim will not be distorted by wound contracture. (b) 
Auricular cartilage comparable in shape to the defect is 

harvested and placed in the defect prior to flap inset. (c) 
Bilobed flap rotated into position and inset over the graft. 
(d) Final result at 6 months
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 Paramedian Forehead Flap
The paramedian forehead flap is the gold stan-
dard for tip resurfacing when most, or all, of the 
tip is resected and when a forehead-derived 
FTSG is not possible [36, 37]. The paramedian 
forehead flap is extremely reliable when designed 
properly. Decisions concerning where to inset the 
base of the flap on the nasal dorsum is surgeon- 
dependent and determines the pattern of scar for-
mation. Flaps inset in the supra-tip area result in 
a scar at the junction of the supra-tip and dorsum. 
If the remaining dorsal skin is removed, and the 
flap is inset in the glabella, visible scars of the 
nasal sidewalls will result (see Fig. 22.19).

The supra-trochlear artery provides the pri-
mary blood supply for paramedian forehead 
flaps. A handheld ultrasound Doppler device may 
be utilized to help locate the artery, which fre-
quently lies beneath the medial brow hair. It is 
important that the pedicle width at the brow not 
exceed 1.5 cm in width. If the pedicle is too wide, 
it will create tension when rotated down to the 
nose. The part of the flap which is to cover the 
defect is drawn on the forehead using a template 
of the tip defect. If the paramedian forehead flap 
is chosen for reconstruction, consider resecting 
the entire tip subunit to avoid placing scars out-
side the subunit border [36, 37]. The flap should 
be harvested with margins slightly larger than the 
template because the templates are inexact and 
do not account for flap thickness.

The flap is elevated above the pericranium 
and includes the frontalis muscle and fascia. 
The flap length requirements can be determined 
by tethering the proximal end of the template to 
the brow. If an increase in length is required, the 
flap elevation may be continued through the 
brow hair. Ideally, hair-bearing skin is not car-
ried down to the tip defect. However, if it is not 
possible to avoid harvesting hair-bearing skin of 
the scalp, the patient can undergo laser treat-
ments for hair removal at a later date.

Reconstruction with a paramedian forehead 
flap is generally completed in three stages. 
During Stage I, the flap is elevated and the donor 
site is partially closed. Full closure of the donor 
site is usually not possible at this stage; however, 
if the pericranium is intact, the donor site defect 
will heal very well by wound contracture. The 

distal part of the flap can be partially thinned dur-
ing Stage I in non-smokers.

Stage II is planned for the third post-operative 
week. At that time, the flap is re-elevated to allow 
resection of the frontalis muscle and much of the 
subcutaneous fat. Successful Stage II thinning 
results in an appropriate thickness match to nasal tip 
skin. After contouring the flap to match native tissue, 
quilting sutures are used to secure the flap to under-
lying cartilage and prevent hematoma formation.

The third, and final, stage entails detaching the 
paramedian forehead flap from the forehead. 
Stage III is normally executed 4 weeks after Stage 
II.  However, patients that smoke may require 
additional post-operative recovery time prior to 
detachment. Healing and resolution of edema 
occur more rapidly as the flap remains attached to 
the forehead for longer periods of time. When the 
flap is finally released, the proximal portion of the 
flap can be thinned a final time prior to inset via 
quilting sutures. The entire flap is not returned to 
the forehead, rather the brow is realigned and 
small triangle is set back into the donor site defect.

 Nasal Alae
Defects involving the alar rim are somewhat 
complex because the rim is so sharply demar-
cated and there is no native cartilage to provide 
support. For this reason, simple FTSG are not 
appropriate for reconstruction of the nasal alae 
because they do not receive adequate support and 
are likely to undergo contracture and distortion of 
the rim. Rim reconstruction, much like soft tissue 
triangle reconstruction, requires harvesting and 
placing a cartilaginous graft in the defect to pre-
vent wound contracture [35]. There are a variety 
of approaches to alar reconstruction, the most 
notable of which are described below.

 Composite Graft
A composite graft from the ear can restore the 
contour of ala defects ≤12  mm in width. The 
graft is normally harvested from the anterior 
helix, which can be closed without subsequent 
deformity [38]. If <40% of the alae has been 
resected, and the vestibular lining is intact, a 
composite graft may be used for definitive cover-
age [38]. If >40% of the alae has been resected, 
the whole alae should be reconstructed simulta-
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neously. Unfortunately, composite grafts larger 
than 1 cm have poorly predictable take and flap 
reconstruction is often required. The composite 
cartilage graft is sutured to the defect and cov-
ered with ointment to prevent desiccation. It is 
critical to be patient and leave the graft alone so it 
may become a viable composite graft. These 
grafts frequently appear inviable; however, once 
they have been placed in the defect, they must be 
left unmolested (see Fig. 22.20).

 Nasolabial Flap
Nasolabial flaps are especially useful in the treat-
ment of elderly patients. Lax tissue in the anterior 

cheek permits a flap of up to 2 cm in width to be 
harvested. The blood supply of the nasolabial 
flap is derived from perforating peri-labial ves-
sels. These vessels are approximately 1–1.5 cm 
from the lateral alae, which must be left intact to 
protect the flap’s vascular support. It is worth 
mentioning again that a cartilage graft is required 
to prevent contracture, even if there was no native 
cartilage in the subunit prior to resection. To opti-
mize the final aesthetic result of the alar recon-
struction, the flap should be lifted at 2 weeks for 
thinning and contouring. After thinning, the flap 
is placed back on the incorporated cartilage graft 
via bolster sutures [39] (see Fig. 22.21).

a

d

b c

Fig. 22.19 (a) Defect of the nasal tip with exposed carti-
lage. In this patient, the remainder of the nasal tip skin will 
be excised so the flap may form a uniform, non- scarred 
surface for the tip at final result. The incision, indicated by 
blue ink, will be placed in the border between the alae and 
nasal tip subunits. It proceeds inferiorly along the colu-
mella such that the scar will form below the curve of the 

nasal tip. (b) Paramedian forehead flap template (Stage I). 
Note the marking suture running along the right brow line 
to the base of the template. (c) Flap in place, prior to thin-
ning (Stage II), at 3 weeks post-op. Note the superior por-
tion of the donor site healing by wound contracture. (d) 
Appearance at 4 months after detachment, thinning, and 
inset (Stage III) of the paramedian forehead flap
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c

e

d

Fig. 22.20 (a) Defect involving the rim and alae. The 
underlying vestibular skin is intact, but there is insuffi-
cient support to prevent contracture. (b) The composite 
graft includes anterior skin, underlying cartilage, and pos-

terior skin. The donor site is closed by primary intention. 
(c) Appearance of the composite graft at 1 week post-op. 
(d) Appearance of the composite graft at 3 months post-
op. (e) Donor site at 3 months post-op
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a

b c

d e

Note: This area is NOT
undermined. The flap is
elevated in the subcutaneous
plane.

Fig. 22.21 (a) Defect of the right nasal ala. The nasola-
bial flap design is represented in blue ink. A cartilage graft 
must be placed prior to flap inset. (b) A template of the 
defect is used to determine the size of the auricular carti-

lage graft. (c) Harvesting the auricular cartilage graft. (d) 
Flap inset, prior to thinning at 3 weeks post-op. (e) Post-
operative appearance at 4 months
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a

b

Fig. 22.23 (a) Right alar defect with in intact lining. An 
unsupported FTSG would undergo contracture and 
deform the ala. (b) Appearance of a composite graft 
reconstruction of the right ala at 4 months

a

b

c

Fig. 22.22 (a) The malignancy required transmural 
resection. (b) The nasolabial flap design is represented in 
blue ink. (c) Final result

Nasolabial flaps can also be used for full thick-
ness defects of the alae, as is the case of the patient 
presented in Fig.  22.22. This patient declined a 
paramedian forehead flap because of the requisite 
time commitment of a three-stage reconstructive 
process and the post-operative appearance associ-
ated with Stages I and II (prior to thinning and take-
down). His alar defect was reconstructed using a 

nasolabial flap with a composite graft attached to 
the undersurface of the flap (see Fig. 22.22).

 Composite Grafts
Composite grafts are an acceptable, proven 
method for reconstructing defects of the nasal 
alae. Composite grafting may be preferable to 
nasolabial flap harvest, in some patients, because 
the reconstruction is accomplished in one stage 
and the surgeon does not create a secondary 
nasolabial defect at the would-be donor site. The 
final aesthetic result is generally favorable, 
depending largely on ability to properly color- 
match the graft, for appropriately selected 
patients (see Fig. 22.23).

22 Reconstruction Options for Ear and Nose Melanoma



386

a b

c d e

Fig. 22.24 (a) Patient with a full thickness defect of the 
right ala. (b) Lining flap and auricular cartilage graft have 
been inset to provide an appropriate nasal lining and struc-
tural support for the paramedian forehead flap. (c) 

Elevation of the paramedian forehead flap. (d) 
Immediately prior to Stage III—proximal flap release and 
distal flap thinning and inset. (e) Post-operative appearance 
after Stage III. (f) Post-operative appearance at 6 months

 Paramedian Forehead Flap
If the alar defect is full thickness, the paramedian 
forehead flap is an option for definitive coverage. 
Again, an unsupported flap or graft will undergo 
contracture and deform the ala. For this reason, 
an auricular cartilage graft to provide structural 
support must be harvested and inset in the defect 
prior to flap inset. The first step, however, is to 
reconstruct the nasal lining using a flap is derived 
from the nasal membrane. Then, and only then, 
can the cartilage graft be inset in the defect and 
the paramedian forehead flap inset on the carti-
lage graft (see Fig. 22.24).

 Columella

Defects of the columella are relatively rare. If they 
are isolated defects of ≤1 cm, a composite graft, 
similar to those used in reconstruction of alar rim 
defects, may be used. If they accompany a defect 
of the nasal tip, an extension of the paramedian 
forehead flap may suffice. In columella defects of 
the elderly, it is possible to utilize two nasolabial 
flaps for definitive reconstruction. This method 
first requires the alae to be elevated out of the 
defect. Next, the nasolabial flaps are turned inward 
to form the sill and are brought together at the mid-
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line, like “praying hands,” to form the columella. 
The alae are replaced and the flaps contoured dur-
ing a second procedure at a later date.

 Conclusion
Nasal reconstruction is both challenging and 
rewarding. Sizeable nasal defects are devastat-
ing to patients, but oncologic resections must 
not be compromised. Fortunately, reliable 
techniques exist to help restore a virtually nor-
mal physical appearance. With time, practice, 
and judicious patient selection, we believe 
these techniques offer outstanding aesthetic 
results to patients with significant deformity 
secondary to resection of malignant nasal 
lesions.
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Reconstruction Options for Lip, 
Cheek, Forehead, and Scalp 
Melanoma

Charles L. Dupin, Julian D’Achille, 
Ian R. Wisecarver, and Taylor Smith

Compared to the cheek and forehead, melanoma 
of the upper or lower lip is an infrequent presen-
tation [1]. Resection of an upper or lower lip mel-
anoma using standard resection criteria (0.5 cm 
margins for melanoma in situ, 1.0 cm margins for 
Breslow’s thickness (BT) of ≤1.0 mm, 1–2  cm 
margins for BT of 1.01–2.0 mm, and 2 cm mar-
gins for BT of ≥2.01 mm) is a daunting task [2]. 
Following this criteria, excision of a 1.5  mm 
thick melanoma of the lip requires removal of a 
4 cm section of tissue, compromising most of the 
skin of the lip.

Fortunately, there is published data that seems 
to indicate that the margins can be reduced with-
out jeopardizing either recurrence rates or sur-
vival outcomes. This data suggests that a thin 
melanoma can be excised with a 0.5 cm margin 
and thicker melanomas can be excised with a 
1  cm margin [2, 3]. The ability to spare even 
small amounts of tissue greatly reduces the chal-
lenge of reconstruction.

The lips are a central feature of the face. The 
upper lip is a much more complex structure the 
lower lip. The disparity in anatomic complexity 
between the upper and lower lips translates well to 
aesthetic complexity with the lower lip consisting 
of a single aesthetic subunit while the upper lip 
comprises multiple subunits (see Fig. 23.1).

Upper lip defects secondary to a melanoma 
resection are more complicated to reconstruct 
because of these well-defined features. However, 
as the face ages, these features become much less 
defined. Thus, this manner of reconstruction is 
less difficult to accomplish in elderly patients. 
The majority of melanoma resections involve 
only skin and subcutaneous tissue, with wound 
reconstruction simplified with the need to replace 
the defect with healthy tissue. However, lesions 
involving either the vermillion or vermillion 
cutaneous junction require replacement of both 
vermillion and skin during reconstruction or 
resection via pentagonal excision.

 Simple Excision

Up to 25% of the lower lip can undergo full- 
thickness excision with subsequent layered repair 
and suffer little functional or aesthetic impairment 
[4]. In the elderly, up to 30 percent of the lower lip 
can be excised [4, 5]. If additional lip must be 
resected, tissue will need to be recruited into the 
defect; however, the initial 25% does not need to 
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be replaced. Thus, if 50% of the lip is missing, 
sufficient tissue will be required to replace 25%, 
rather than the full 50%. If 75% of the lip is miss-
ing, the amount of tissue required for appropriate 
closure will approximate 50% of the normal lip.

 Pentagonal Excision

The normal lower lip, in middle-aged adults, is a 
little over 6  cm in length on average. Lesions 
requiring resection of ≤1.5  cm of tissue, espe-
cially lesions near the vermillion-cutaneous bor-
der, may be resected via pentagonal excision [6]. 
The goal of pentagonal excision is to strategically 
control the location of maximum tension during 
closure, so the scar is advanced superiorly and 
vectors of tension are positioned to avoid notch-
ing the lower lip. This technique of resection may 
seem aggressive, but the manner of closure is 
such that skin grafts and flap reconstruction are 
not necessary and good aesthetic results are 
achieved (see Fig. 23.2).

Pentagonal excision is appropriate for resec-
tion of both upper and lower lip lesions [6] (see 
Fig. 23.3). The result is good closure with little 
evident distortion, especially if the defect is in the 
lateral part of the upper lip. Young patients under-
going excision of an upper lip lesion are the 

exception and may experience some distortion of 
the lip. For this reason, young patients may be 
candidates for V-Y advancement rather than a 
full-thickness pentagonal excision, alternatively, 
tissue may be moved from the lower lip into the 
defect.

 Vermilionectomy

If the lesion involves the vermillion only, and not 
the cutaneous part of the lip, the involved vermil-
lion is excised. “Wet” vermillion serves as the tis-
sue replacement substrate and is advanced to the 
defect from an incision placed in the alveolar 
mucosal junction. The donor site defect can be 
closed with a V-Y advancement (see Figs.  23.4 
and 23.5).

 Skin Grafting

Small defects involving the upper or lower cuta-
neous lip can be skin grafted [5]. Full-thickness, 
color-matched skin must be used. The grafts may 
be taken from the postauricular area or from the 
forehead (as for the nasal tip). The grafts should 
be secured with both peripheral and quilting 
sutures to prevent movement. Even when using 

Upper lip has 3 subunits
and sharply defined
features

Subunits of the Lips

Lateral lip

Philtrum

Nasolabial fold

Cupid’s Bow

Lower lip is a single
amorphous unit

Fig. 23.1 Sub-units of 
the upper and lower lip
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Pentagonal design closes the lower
1/3 with more tension than the free
edge. This causes upward pressure
on the free edge and avoids notching

Wedge excision has maximum
tension on the free edge which
tends to cause notching

Fig. 23.2 Pentagonal 
excision. Top: Closing 
the pentagonal incision 
places maximum tension 
at the lower third (red 
arrow) and creates a 
vector of force which is 
directed superiorly (blue 
arrow). Pressure directed 
towards the free edge 
helps prevent notching. 
Bottom: Closing the 
wedge incision (red 
arrow) places maximal 
tension at the free border 
and forces the tissue 
inferior which may lead 
to notching

a b

Fig. 23.3 Pentagonal excision of a 1.5 cm defect of the lower lip
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Incision through labial
mucosa down to
orbicularis oris

Defect following 
vermillionectomy with
orbicular oris in base

Mucosa advances anterior
to close defect. (Blue arrow)
Donor site closed as far as

possible as V-Y clousre
(Black arrow).

Fig. 23.4 Vermilionectomy

a c

b
Fig. 23.5  
(a) Patient requiring 
lower  
lip excision of the 
vermillion and white roll 
of the lower lip. The 
blue line represents the 
tissue to be excised. (b, 
c) Postoperative 
appearance after 
vermilionectomy. The 
defect was closed via 
V-Y advancement as 
described above
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full-thickness skin grafts for coverage of lip 
defects, some contracture may be expected 
because there is no solid structure supporting the 
graft [7] (see Fig. 23.6).

 V-Y Advancement Flaps

If the defect diameter is 1.5–2 cm and involves 
only the skin, white roll, or vermillion, V-Y 
advancement flaps can be used to close the defect 
[8]. V-Y advancement flaps used for oral recon-
struction are based on the robust vasculature that 
supplies the orbicularis oris musculature [8]. 
Incisions are made through the overlying skin 
and epimysium of the orbicularis muscle to 
obtain maximal tissue laxity and allow flap 
advancement. If the wound includes the vermil-
lion, an opposing V-Y advancement flap can be 
raised from the oral mucosa in the same manner 
(see Fig. 23.7).

 Mesial Cheek Advancement 
Techniques

Lesions of the upper and lower lip >2  cm in 
diameter require transfer of skin from the adja-
cent area. For upper lip reconstruction, this can 
be accomplished by removing a crescent of skin 
at the alar margin and advancing skin from the 
mesial cheek (see Fig. 23.8). The nasolabial fold 
is undermined prior to cheek advancement and 
reconstitutes itself with time. The lower lip can 
be reconstructed in a similar manner (see 
Figs. 23.8 and 23.9).

 Simple Excision with Mesial  
Cheek Advancement

In elderly patients, the central features are much 
less sharply defined. Central upper lip defects of 
the elderly can be treated via simple resection 

a b

Fig. 23.6 (a) Smaller neoplasm of the left cutaneous lip. Can be treated with excision and full-thickness skin grafting. 
(b) Patient at 4 weeks post-operative. The small amount of graft contracture will pull the vermillion into place
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a

b

c

Fig. 23.7 (a) Lateral upper lip lesion requiring a 1.5 cm 
excision. (b) Early post-operative appearance. The defect 
was closed via V-Y advancement. (c) Appearance at 
2 months

Fig. 23.8 Mesial cheek advancement flap for upper lip 
reconstruction. Note the crescentic excision lateral to the 
nasal alae. The optional labial-mental fold excision facili-
tates more extensive tissue advancement

and subsequent closure with mesial cheek 
advancement, which provide acceptable aesthetic 
results (see Fig. 23.10).

 Abbe Flap with Mesial Cheek 
Advancement

Reconstruction of central, upper lip defects in 
younger patients can be quite challenging. During 
youth, the philtral ridges are sharp and the recess 
above “Cupid’s Bow” (See Fig. 23.1) is deeper. 
There is a “pout” of vermillion located centrally 
beneath the Cupid’s bow. In a young patient, 
excision of this unit without a subsequent, formal 
reconstructive procedure will inevitably result in 
significant deformity.

The central aesthetic unit of the upper lip 
(philtrum) can be reconstructed as a separate 
subunit using an Abbe flap derived from the 
lower lip [9]. The Abbe flap contains muscle, 
mucosa, and skin and derives its blood supply 
from the inferior labial artery and vein [5, 9]. It 
can be transferred to the upper lip to replace the 
philtrum, some recipient site muscle and mucosa 
must be discarded to create space for the flap. 

C. L. Dupin et al.
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a

c

e

b

d

Fig. 23.9 (a) Patient with a thin melanoma involving the central upper lip. (b) An outline of the mesial cheek advance-
ment flap. (c) Flaps elevated and advanced. (d) Immediate post-operative result. (e) Final result
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The patient portrayed in Fig.  23.11 had a thin 
melanoma which involved the philtrum. She 
underwent complete excision of the philtral skin 
and part of the left lateral segment. An Abbe flap 
was performed to reconstruct the philtrum and 
the lateral segment was reconstructed using an 
advancement flap from the mesial cheek.

The medial cheek advancement flap can also 
be used to resurface the lower lip as well if only 
skin is deficient (see Fig. 23.12).

 Webster Modification 
of the Bernard-Burrow Procedure

Lower lip lesions requiring excision in excess of 
2  cm necessitate tissue advancement from the 
lower cheek. These advancements may be unilat-
eral or bilateral. This technique, known as the 
Webster modification of the Bernard-Burrow 
procedure, advances skin, muscle, and mucosa to 
allow closure of defects comprising up to one- 
half of the lip [9, 10]. It can also be employed to 
advance only the skin and subcutaneous tissue, if 
that is what the situation requires.

Lower cheek advancement is permitted by 
bilateral excision of a 2  cm triangle of tissue 
(skin only) lateral to the nasolabial fold. A sec-
ond set of bilateral triangles, containing only 
skin, are removed from the lateral chin. The 
commissure can be incised up to 1 cm in order 
to release the lip, but no further. If the incision 
is too wide, the juncture of the mimetic muscles 
will be destroyed and the lip will not function. 
Reconstruction of the vermillion component 
requires an intraoral incision and wet vermillion 
V-Y advancement, as described above. The wet 
vermillion is then used to resurface the labial 
part of the flap. The incision does not extend into 
the muscle layer, but the muscle layer may be 
advanced into the defect if necessary. However, 
muscle advancement should not be required in 
reconstruction of defects secondary to melanoma 
resection and only the skin should be advanced. 
The Webster modification of the Bernard-Borrow 
procedure may be employed to reconstruct virtu-
ally the entire lip (see Fig. 23.13).

 Defects of the Cheek

The cheek comprises a large portion of the facial 
aesthetic unit. Its inferior border is at the neck, 
the superior border at the scalp, the lateral border 
at the ear, and the medial border at the nose and 

a

b

c

Fig. 23.10 (a) Central upper lip defect in an elderly 
patient. Note the mesial cheek advancement skin mark-
ings. (b) Mesial cheek advancement—immediate post-
operative result. (c) Final result
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a b

c d

Fig. 23.11 (a) Malignant melanoma with a Breslow’s 
thickness of 1.0  mm. (b) (Upper arrow) Mesial cheek 
advancement will be performed to resurface the lateral lip. 
Note the crescentic excision in the para-alar region. (Lower 
arrow) Abbe flap template representing the tissue which 
will be used for philtral reconstruction. (c) (Arrow) Abbe 

flap in place, based on the left inferior labial artery. The 
donor vessels should be encased in a protective muscular 
cuff and no attempt should be made to skeletonize them. (d) 
Final result at 3 months with no revisions. We may have 
improved her aesthetic outcome by advancing more of the 
cheek flap and anchoring it to the anterior nasal spine

lips [11]. The cheek also has established minimal 
skin tension lines (MSTL). These lines, seen in 
the elderly as “wrinkle lines,” are the result of 
movement in the underlying mimetic muscles. 
Scars aligned with MSTL are favorable.

For the purpose of reconstruction, the cheek 
can be divided into three general areas. The 

first area is that which is seen in the mirror and 
in normal face-to-face contact. In this area, 
scars are evident to both patient and viewer. 
The second area is less perceptible, because it 
is largely in shadow when viewed from the 
front. The third is the pre-auricular area (see 
Fig. 23.14).
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a b

Fig. 23.12 (a) Defect of the lower lip with markings for cheek flap. (b) Result after 6 months, no revisions

Bilateral triangles of skin
and subcutaneous tissue are
excised to allow flap
advancement.

Internal cheek mucosa is
incised to facilitate mucosal
advancement for vermillion
reconstruction. The mucosa
is advanced medially with
the lower cheek flap.

The commissure can be opened up
to 1.5 cm in order to release the
flap. Must restrict incision to
avoid injuring the modiolus, where
the facial muscles coalesce.

a

b c

Fig. 23.13 (a) Webster modification of the Bernard-Burrow Procedure. (b) Immediate post-operative appearance.  
(c) Final result

C. L. Dupin et al.



399

Fig. 23.14 Three aesthetic zones of the cheek. (a) 
Preauricular zone: excisions can be closed with a “face-
lift” advancement of the cheek into the defect. (b) Lateral 
cheek: Too far anterior to be closed with “facelift” 
advancement, but lateral enough so it cannot be seen in 
the mirror. (c) Area which can be seen in the mirror and in 
face-to-face contact

Melanoma excisions, as a rule, remove all of 
the skin and some subcutaneous tissue while 
sparing deeper structures. The goal of reconstruc-
tion is to repair the defect in such a way that scar-
ring is minimal, less obvious, and may be covered 
by makeup.

The area most favorable for avoiding visible 
scars is the immediate preauricular area and 
 anterior to the temporal hairline. Lesions up to 
2 cm in diameter may be closed by undermin-
ing and advancing the cheek into the defect. 
Here, laxity of the facial skin allows wound 
closure in the border between the ear and the 
face, much like a facelift scar. Scars placed in 
borders between aesthetic units tend to disap-
pear over time.

The second zone, or lateral cheek, is suitable 
for local tissue rearrangement. Significant laxity 
in the jowls, cheek skin, and temporal skin allows 
tissue to be “borrowed” to fill the defect. It is 
important to avoid deformity in the donor area 
and to place as many of the scars as possible 
within the minimal skin tension lines (MSTL). It 
is also important to avoid deformity of the eyelids 
when the defect is adjacent to the eye.

There are a number of validated approaches to 
help minimize deformity and scar formation fol-
lowing excision of cheek lesions. The most nota-
ble of which is to place incisions, and therefore 
scars, in the MSTL.  These tension lines, most 
appreciable in the aging face, are the result of 
force vectors created by the underlying facial 
muscles. Incisions along these lines heal very 
favorably with a good aesthetic result [11]. Scars 
placed in the borders of subunits are hidden by 
normal plane changes between aesthetic units. 
Whenever possible, care must be given to mini-
mize formation of complex scars (such as those 
which arise from local tissue rearrangement) in 
the mesial cheek, where they are seen daily in the 
mirror (see Fig. 23.15).

 Defects of the Lateral Cheek

Defects of the lateral cheek which are too far 
mesial for preauricular incision are frequently 
closed with local tissue rearrangement. The most 
useful method of local tissue rearrangement is the 
rhomboid flap [12]. The rhomboid flap transposes 
skin from an adjacent area, which has significant 
tissue laxity, into the defect. One advantage of this 

Cheek Reconstruction

• Keep scars within:
− Minimal skin tension
 lines
− Borders between
 aesthetic units

• Keep small flaps out of
 patient’s mirror image

• Plan support for lower
 lid

Fig. 23.15 Principles of cheek reconstruction
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method is predictable tension at closure, which 
can be useful in orienting the flap such that sur-
rounding structures are not deformed (see 
Fig. 23.16).

The rhomboid flap is especially useful for 
reconstruction of defects around the orbit and 
within the lateral cheek zone. First, a pattern, as 
shown in Fig. 23.16, is drawn on a sterile card to 
create a template of the potential flap. The tem-
plate is then positioned about the defect until a 
favorable vector of tension which utilizes opti-
mum laxity is determined (represented by the red 
arrow in Fig. 23.16). In the periorbital region, the 
tension vector should be oriented in a manner 
which avoids placing downward tension on the 
eyelid, to prevent ectropion (see Fig. 23.17a–c).

 Defects of the Mesial Cheek

Defects of the mesial cheek are readily seen in 
the mirror. As such, flaps which produce complex 
scars should be avoided in this area. If placed in 

the borders between aesthetic units or in MSTL, 
the cheek rotation-advancement flap can repair 
large defects of the mesial cheek with favorable 
scarring [13, 14]. The blood supply can be 
derived from either the anterior or posterior cheek 
(see Fig. 23.19).

The proximity of the lids to mesial cheek 
defects requires that great care be taken to avoid 
placing downward tension on the lower lid (see 
Fig.  23.18). A common precaution to prevent 
ectropion involves affixing flap fascia to the 
orbital rim via permanent sutures or sutures with 
bone screw anchors.

The cheek rotation-advancement flap can be 
raised over very large areas. In nonsmokers, these 
flaps are reliable even when carried down to the 
clavicle. Below the zygomatic arch, the superfi-
cial fascia may be included to maximize reliabil-
ity [15] (see Fig. 23.19).

If the defect is in the mesial cheek, the first 
incision is placed in the nasolabial fold and the 
second is placed in the MSTL and continues into 
the preauricular area. The length of incision and 

Two flap permutations exist based on
each obtuse angle of the rhomboid.
Two additional flaps may be drawn
using the opposite angle. The length

A’

B’

C’

A

B

C

∗

∗∗

Fig. 23.16 Rhomboid Flap—permutation 1: The flap is 
incised and elevated with approximately 3 mm of subcu-
taneous fat. Next, it is rotated into the defect so that A 
meets A′, B meets B′, and C meets C′. The resulting ten-
sion is along the red arrow. This pattern allows the tension 

to be placed in a manner which prevents donor site defor-
mity. Permutation 2 would be the use of the opposite flap. 
The choice of flaps is based on the vector of the tension 
shown in the red arrow. The tension should be placed to 
avoid deformity in the donor site
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Dog Ear

Flap in place

a

b

c

Fig. 23.17 (a) Rhomboid flap for upper cheek defect 
repair. Note that the flaps cannot be transposed onto the 
lids and that the optimal flap places tension such that 
appropriate lid closure is facilitated. The tension vector is 
depicted by the double-headed, black arrow. A “dog ear” 
will form as the flap rotates and may be excised after 3 
weeks for optimal aesthetic result. (b) Rhomboid flap with 
resultant “dog ear.” (c) Final result after dog ear excision. 
Note that the eyelid has good position. (d) Final result after 
dog ear excision. Note that the eyelid has good position

Fig. 23.18 Infraorbital cheek defect closed with skin 
graft. Insufficient lower lid support and skin graft contrac-
ture led to ectropion in this patient

degree of undermining are determined by the size 
of the defect (see Fig. 23.20a–d).

If the defect is oblong, the advancement 
should be made in the direction that will require 
the least amount of movement and dissection as 
well as create the least amount of tension. For 
example, if the defect is oblong with a horizontal 
axis, an advancement which moves tissue from 
inferior to superior will be easier than one which 
moves tissue from lateral to medial (see 
Fig. 23.21a–d).

 Defects of the Forehead

The forehead is a broad, mobile, loose plane 
which borders the hairline, temporal sideburns, 
and brow and is not divided into subunits [15, 
16]. Brow position is an important aesthetic fea-
ture and should not be deformed. The majority of 
MSTL in the forehead are horizontal due to force 
vectors generated by the underlying frontalis 
muscle. However, MSTL of the glabella are ver-
tical because of the underlying corrugator mus-
cles’ orientation.

Compared to split thickness skin graft (STSG) 
donor sites, forehead skin is relatively thick and 
STSG’s placed in this area have suboptimal color 
and texture match to the native forehead [16] (see 
Fig. 23.22).

Defects of the midline forehead ≤3  cm, 
which cannot be approximated with sutures, 
will heal satisfactorily via wound contracture 
and do not distort the brow or hairline [15, 16]. 
Similar defects are an unintended consequence 
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Fig. 23.19 Flap variations for mesial cheek advancement 
(a) Blood supply: inferior; advancement: lateral to medial; 
dog ear: along nasolabial fold. (b) Blood supply: infero-

lateral; advancement: inferior to superior; dog ear: in 
cheek. (c) Blood supply: inferior; advancement: inferior 
to superomedial; incisions may extend to clavicle

The cheek rotation-advancement flap
will be anchored to the infraorbital
rim with permanent sutures to
prevent ectropion.

a

c

b

Fig. 23.20 (a) Medial cheek defect. (b) Defect of medial 
cheek with incision lines. Note that incisions have been 
placed in borders (nasolabial fold, preauricular) and 

MSTL. (c) Flap elevated with 3 mm of subcutaneous fat. 
(d) Result at 2 weeks postop. (e) Final result at 4 months

C. L. Dupin et al.



403

which arise when paramedian forehead flaps are 
used for nasal reconstruction (see Fig. 22.19 in 
Chap. 22).

Defects adjacent to the eyebrow can cause 
brow distortion if wound edge approximation or 
wound contracture places tension on the brow. 
Lagophthalmos and corneal exposure may result 
if scar formation occurs such that the brow is 
pulled superiorly.

Forehead defects ≤5  cm may be addressed 
with opposing rotation-advancement flaps. The 

flap incisions should be placed as close to MSTL 
as possible. To avoid de-animating the forehead, 
dissection should be conducted above the fronta-
lis muscle (see Figs. 23.23a–d and 23.24a–c).

Larger defects of the forehead may be 
addressed with skin expansion, skin grafting, or 
free-tissue transfer. For the most part, skin grafts 
are a suboptimal choice even when they heal 
well. The disparity in texture, color match, and 
thickness are very apparent. Nonetheless, for 
select patients (elderly, poor candidates for sur-
gery, etc.), skin grafts can prove useful.

Tissue expansion is a method of increasing the 
supply of soft tissue available for reconstruction 
by using an expandable prosthesis to create ten-
sion within the skin. Because the underlying 
skull provides a firm base for expansion, the fore-
head and scalp are excellent areas for skin expan-
sion [17]. Unfortunately, skin expansion is a 
multi-staged procedure and requires much 
patience on behalf of both patient and surgeon.

Tissue expansion begins with insertion of a 
silicone prosthesis through an incision in the 
skin. First, a space equivalent to the size of the 
expander base diameter of the prosthetic is under-
mined and the prosthetic is placed in the resulting 
pocket. If the base of the expander is not flat and 
smooth, “knuckles” of prosthetic may be pro-
duced. These “knuckles” may cause pressure on 
the overlying tissue and result in subsequent 
exposure of the prosthetic [17]. After the initial 
implantation wounds have healed, saline is 
injected into the prosthesis through a fill port. 
Serial injections, administered over several 
months, increase the volume of the expander. The 
expander, supported by underlying bone, gener-
ates tension on the overlying soft tissue which 
slowly creates a reactive increase, or expansion, 
of the overlying soft tissue. The expansions can 
be uncomfortable and some patients may have 
significant difficulty with expansion. The expan-
sion should be continued until the height of the 
expanded skin is equal to the width of the defect 
(see Fig. 23.25a, b).

Large defects of the forehead and scalp may 
require multiple expanders to generate significant 
tissue for closure. However, in most cases, large 
defects of the forehead have a better final appear-

d

e

Fig. 23.20 (continued)
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a b

c d

Fig. 23.21 (a) Defect with a horizontal axis. Tissue will 
be advanced from inferior to superior, with an incision 
placed beneath chin to close the horizontal defect. Note: 
The nasal sidewall will not be repaired with the cheek 
advancement flap because it is a separate unit. A full- 
thickness skin graft will be used to repair the nasal side-

wall defect. (b) Cheek advancement flap is elevated. Note 
the sutures securing the flap to the infraorbital rim to sup-
port the weight of the flap and prevent tension on the 
lower lid. (c) The flap has been sutured in place and a 
full-thickness skin graft has been applied to the nasal side-
wall. (d) Final result

Fig. 23.22 Post-operative appearance after split- thickness 
skin graft to forehead and scalp

C. L. Dupin et al.
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a

c

b

d

Fig. 23.23 (a) 3 cm defect of the left lateral forehead. (b) 
Bilateral rotation-advancement flaps after flap elevation 
and repair of the defect. Note that most of the incision is 

contained within MSTL. (c) Appearance at 3 months. (d) 
Final appearance at 6 months
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a

b

c

Fig. 23.24 (a) 4.5 cm defect of the right forehead. (b) Skin flaps elevated prior to advancement and rotation. Dissection 
is above the frontalis muscle. (c) Final appearance at 6 months

Rectangular expander in place.

a

b

Fig. 23.25 (a) Delayed reconstruction with tissue expan-
sion. The expander was placed beneath the superior, left 
forehead. This patient previously had a STSG placed over 

a left supra-brow defect. (b) Appearance at 1 month. Note: 
The hyperpigmentation will resolve over time

C. L. Dupin et al.
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ance when reconstructed with skin expansion and 
local flaps when compared to reconstruction with 
free-tissue transfer.

If the patient is not a candidate for tissue 
expansion, free-tissue transfer is an acceptable 
alternative. Free-tissue transfer provides  substrate 
which is significantly thick, but color and texture 
match is frequently suboptimal. There are rela-
tively few free flap donor sites suitable for the 
“blush” area which provide reliable pedicles and 
acceptable aesthetics [18] (Fig. 23.26a–c).

 Reconstruction of the Scalp

The scalp comprises multiple layers which include 
skin, subcutaneous tissue, muscular- aponeurotic 
tissue, a loose areolar plane, and pericranium [19]. 
Normally, only the skin and subcutaneous tissue 
are excised during resection of melanomatous 
lesions. It is therefore possible to apply a skin graft 
[20]. Skin grafts placed on scalp defects, however, 
become depressed over time and do not grow hair. 
They resemble areas of baldness and may distress 
patients with an otherwise normal hair distribu-
tion. Additionally, skin grafts on the scalp, espe-
cially if applied to the pericranium, may be quite 
thin and become unstable over an extended period 
of time. Skin grafts covering bare pericranium are 
notoriously unstable due to a relative paucity of 
underlying subcutaneous tissue.

Direct closure of scalp defects can be difficult, 
especially in the elderly. With advancing age, the 
scalp becomes thinner and tighter. Defects wider 
than two centimeters may prove very difficult to 
close and often create long “dog ears” which 
require subsequent excision. Even with signifi-
cant undermining, advancement of the scalp may 
prove difficult and elliptical excision of “dog 
ears” may frustrate alternative efforts [21]. Scalp 
defects of 2–7  cm may be reliably closed with 
“Yin-Yang” flaps, which are a type of rotation- 
advancement flap. The flaps are designed to 
oppose each other at the center of the defect. 
They may be oriented in any direction, as long as 
the movement does not deform the donor area. 
After elevation of the flap, the surrounding scalp 
is widely undermined using a knife handle—the 
target tissue plane separates easily and is rela-

tively avascular. Because melanoma excisions 
are rarely larger than 5 cm, “Yin-Yang” flaps pro-
vide adequate coverage for most excision-related 
defects [22, 23]. Rotation-advancement flaps, 
such as the Yin-Yang flap, can be an effective 
method for closing large defects secondary to 
melanoma excision (see Fig. 23.27a–d).

a

b

c

Fig. 23.26 (a) Patient will undergo 6 cm excision of this 
right forehead lesion. (b) Reconstruction using a Deep 
Inferior Epigastric Perforator (DIEP) free flap. The recipi-
ent vessels are the superficial temporal vessels. (c) Final 
result at 6 months after flap thinning via liposuction
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a b

c

e

d

f

Fig. 23.27 (a) 2.5  mm thick melanoma of the scalp, 
requiring 5  cm excision. (b) Designing the “Yin-Yang” 
flaps. The length of the white lines should be equal. The 
flaps are raised in the plane between the galea and pericra-
nium. After elevation, a large radius of tissue must be 
undermined in the plane above the periosteum to allow 
appropriate flap advancement. (c) Actual incision design 

on this patient: note that flaps are each as wide as the 
defect. To reduce tension, wide subgaleal undermining is 
used. The galea can also be “stripped” to release it and a 
Borrow’ triangle added. (d) Intraoperative view after 
advancement of the Yin-Yang flaps. (e) Post-operative 
appearance following suture removal at 2 weeks. (f) Final 
appearance at 6 months

C. L. Dupin et al.
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Alternative techniques for scalp closure 
include scalp expansion, the use of scaffolds, 
such as Integra, and free-tissue transfer. However, 
the excision of melanoma lesions generally 
results in smaller secondary defects and such 
techniques, which are often employed to cover 
large defects, are not necessary.
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Reconstruction Options for Trunk 
and Extremity Melanoma

Oren Tessler, Alex M. Lin, Shukan Patel, 
and Charles L. Dupin

 Basic Principles

Melanoma is a malignant tumor comprised of the 
pigment-containing cells known as melanocytes. 
The most proven risk factors for development of 
the disease are prolonged sun exposure and being 
fair-skinned (Fitzpatrick type I–II) [1]. In 2017, 
the incidence rate in the United States was 20.2 
per 100,000 people, with ~9730 deaths annually 
(Fig. 24.1) [2]. There are four major histopatho-
logic subtypes of melanoma and their relative 
incidences are: lentigo maligna (10–40%), super-
ficial spreading (30–60%), nodular (15–35%), 
and acral lentiginous (5–10%) [3, 4]. In addition to the histopathologic subtypes, patient age and 

the total amount of sun exposure also impact the 
relative incidence of melanoma. Specifically, len-
tigo maligna is more commonly found in the 
elderly patient with chronic sun exposure [5].

 Anatomical Distribution 
of Melanoma

There is a significant gender difference in the 
anatomical location of primary melanoma. In 
females, superficial spreading melanoma occurs 
more frequently on the lower extremities, while 
in males, superficial spreading melanoma more 
frequently occurs on the trunk, especially on the 
back [6, 7]. In terms of head and neck predilec-
tion, the frequencies are roughly similar when 
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comparing males and females. Therefore, pre-
cautionary guidance should vary appropriately, 
such as instructing men to remember sun protec-
tive clothing when engaging in shirtless outdoor 
activities. Women should be educated on the 
importance of sunscreen products for exposed 
areas when outside. Despite efforts at primary 
prevention, melanoma is still responsible for the 
majority of skin-cancer-related deaths in the 
United States [8]. Hence, it is important for 
healthcare providers to understand anatomic pre-
dilections in order to identify suspicious skin 
lesions using the “ABCDE” diagnostic tool.

 Treatment and Assessment 
of Melanoma

The preliminary step in treatment and assessment 
of melanoma is a full-thickness excisional biopsy 
of suspicious lesions with a recommended 
1–2 mm margin of normal tissue. The goal is to 
provide a specimen sufficient for the pathologist 
to determine the tumor thickness in millimeters. 
This measurement, known as the Breslow’s depth, 
strongly correlates with survivability of the dis-
ease, with a linear correlation between increasing 
thickness and the possibility of systemic spread of 
disease. Additional pathologic findings important 
for melanoma staging include ulceration, mitotic 
rate, angiolymphatic invasion, tumor infiltrating 
lymphocytes, tumor regression, and Clark’s level 
of histologic invasion. Pathologic confirmation of 
melanoma from a skin biopsy should then lead to 
a repeat procedure of wider excision of tissue with 
the removal of the lesion and appropriate surgical 
margins based upon current NCCN treatment 
guidelines. This may be coupled with a sentinel 
lymph node biopsy for tumors with a Breslow’s 
depth of >1.0 mm [9].

 Surgical Treatment/Wide Local 
Excision—Margins

The purpose of wide local excision (WLE) of 
malignant melanoma is to decrease the risk of local 
recurrence. Obtaining clean (negative) margins is 

important, especially in high risk areas like the 
hands and feet (acral lentiginous) and vermillion of 
the lips, where there are reported recurrence rates 
as high as 12% [10]. The recommended margins 
are determined by the Breslow’s depth of invasion. 
For in situ melanoma, the excision requires 0.5 cm 
of clear margins. Invasive melanoma requires a 
1-cm margin for lesions ≤1 mm in depth, a 1–2-cm 
margin for lesions 1–2 mm in depth, and a margin 
of at least 2 cm for lesions ≥2 mm in depth. These 
recommendations for negative surgical margins 
after wide local excision for primary cutaneous 
melanoma are continuously being examined, based 
upon multiple factors and evidence [11]. As recon-
structive surgeons, we are continually trying to find 
the balance between pursuing an aggressive resec-
tion to minimize locoregional recurrence, while 
minimizing the resultant defect, which ultimately 
may require a complex wound reconstruction for 
the patient.

 Reconstructive Considerations

The primary goal of melanoma treatment is dis-
ease eradication, and this often involves wide 
excision. The plastic surgeon often assists with 
the reconstructive challenges associated with a 
residual defect from the primary excision per-
formed by the surgical oncologist. These patients 
may require tissue reconstruction in any part of 
the body, depending upon the location and size of 
this defect. In any reconstructive scenario where 
malignancy has occurred, the overriding onco-
logic principle is to successfully remove the pri-
mary melanoma with the appropriate surgical 
margins. This is often performed at the same 
operation, with the plastic surgeon performing 
the complex wound reconstruction. Function, as 
well as aesthetics, must be at the forefront of the 
plastic surgeon’s mind when planning the recon-
struction. As part of the preoperative discussion, 
the plastic surgeon should be aware of the nega-
tive impact a scar can have on the patient’s self- 
image. Interestingly, it has been shown that 
patients care more about the overall contour of 
the scar than the length of incision regardless of 
its anatomical location [12]. This should be an 
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important consideration as surgeons navigate 
through the reconstructive ladder. The guiding 
principle is to implement the simplest reconstruc-
tive options first, moving upwards in complexity 
as the need exists. Typically, viable options for 
reconstruction are guided by the size of the defect 
and its anatomical location.

 Trunk

 Primary Closure
Fortunately, most excisions of a melanoma of the 
abdomen leave enough tissue with appropriate 
laxity for simple primary closure. One can imag-
ine the ease of primary closure in a patient yield-
ing copious amounts of soft tissue supplying 
enough laxity for such a simple repair. Up to a 
15-cm diameter circular excision on the lower 
abdomen can be closed. The upper abdomen has 
less laxity, but a resection bed of 4 cm in diameter 
has the possibility of being closed primarily. The 
surgeon must bear in mind that primary closure 
of a defect on the chest or the back may incur 
more tension upon primary closure due to lack of 
adipose distribution in these regions. Additionally, 
active range of motion in the postsurgical setting 
may result in the disruption of a strong suture 
line, regardless of the inherently thick nature of 
the skin on the back. This bears significant impact 
in patients with a tendency to scar poorly, as there 
are poorly defined relaxed skin tension lines in 
these areas. Thus, anterior chest, shoulders, and 
back incisions produce higher rates of hypertro-
phic, widened, and keloid scarring [13].

 Skin Grafts
If the possibility does occur that an abdominal or 
back wound incurs too much tension for primary 
closure, a split, or full-thickness skin graft is an 
option. Skin grafts undergo secondary contrac-
tion that may be of benefit to reducing overall 
size of the reconstruction site. In the trunk area, 
care must be taken to avoid a step-off in depth 
between native skin and grafts as much as possi-
ble. There are different techniques for this, 
including tacking the skin edges to the underly-
ing tissue, generating a gentle slope between 

native skin and the skin graft. Meshing of the 
grafts (normally 2:1 or 3:1 ratio) allows smaller 
donor sites to be used, but the final cobblestone 
appearance of the grafts can be unattractive after 
final healing. Typically, skin grafts of the trunk 
have a high viability rate, with graft failure being 
the result of a hematoma or seroma forming 
underneath the graft. A full-thickness, unmeshed 
skin graft may also be utilized, with the advan-
tage of primary wound closure of the donor site. 
Appropriate bolster dressings must be properly 
applied either with a negative pressure device 
using a non-adherent contact layer (i.e., 
Xeroform) or with a suture strengthened tradi-
tional pressure bolster dressing. On the back (and 
in further sections of this chapter discussing 
extremities), one must be more cautious of direct 
graft shearing due to the motion applied to the 
graft or direct blunt injury to the graft. Using 
negative pressure devices with a contact layer 
directly applied to the graft protects the graft 
from shear forces and allows removal of the 
dressing within 5 days.

 Flap Reconstructive Options 
of the Trunk
Rarely are melanoma defects of the trunk com-
plex in nature. If more complex wounds are 
encountered along the abdomen, chest, or back, 
one may employ the use of local skin flaps along 
with some undermining of the surrounding skin 
edges. Local flaps such as a V-Y advancement 
flap, rhomboid, rotational or transposition flap 
can be easily applied to any region of the trunk. 
Other factors include local skin laxity and the 
amount of local undermining of the skin edges 
(Figs.  24.2a, b and 24.3a, b). Basic local flap 
principles of geometry apply to the trunk and 
allow for a wide range of options.

For managing melanoma defects, it is uncom-
mon for the wide local excision to disrupt the 
deep abdominal fascia. However, in cases where 
there is a need for complex wound reconstruc-
tion within the chest or abdomen, it is best to 
approach the abdominal wall defect based upon 
four primary locations: zone 1A, upper midline 
defects with extension across the midline; zone 
1B, lower midline defect with extension across 
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Defect

Pivot point

 Burow’s triangleBackcut
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Line of greatest tension

X

Fig. 24.2 Rotation flap. 
The edge is four to five 
times the length of the 
base of the defect 
triangle. A back cut or a 
Burow’s triangle can be 
used if the flap is under 
excessive tension. (a) 
Pivot point and line of 
greatest tension. (b) 
Back cut. (c) Burow’s 
triangle
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Fig. 24.3 Transposition 
flap. The secondary 
defect is often closed 
with a skin graft. A back 
cut can be used if the 
flap is under excessive 
tension
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the midline; zone 2, upper quadrant defect; zone 
3, lower quadrant defects. Specific local flap 
options for the abdomen include rectus abdomi-
nus and external oblique muscle. Distant and 
free flap options include the tensor fascia lata 
flap, latissimus dorsi flap, anterolateral thigh 
flap, and groin flap [14, 15]. These flap tech-
niques are primarily used for abdominal wall 
defects where the surgical objective is to reestab-
lish the abdominal wall integrity in addition to 
reconstructing a skin defect [16, 17].

For complex chest wall reconstructive options, 
the local flaps commonly used are the pectoralis 
major, latissimus dorsi, and serratus anterior flap 
[18, 19]. For distant and free flap options, the rec-
tus abdominis and latissimus dorsi are the most 
common (Fig. 24.4a–c) [20]. As for reconstruc-
tive options of the back, a midline defect can 
often be closed using paravertebral and erector 
spinae muscle flaps [21]. A non-midline defect 
will often require the use of a local advancement 
flap because their arc of rotation limits these mid-
line muscles.

 Lower Extremity

The lower extremity is of great importance due 
to the obvious function of these limbs in regard 
to ambulation and bearing the weight of the 
body. Lower extremity melanoma more often 
occurs in females younger than 40, with impor-
tant aesthetic concerns of visible scarring with 
certain clothing [6]. The majority of melanoma 
found in the extremities, specifically acral len-
tiginous melanoma, is found in the lower limbs 
(78%) versus the upper limbs (22%) [22]. The 
lower extremity can be divided into the thigh, 
upper third of the leg, middle third of the leg, 
lower third of the leg, and the foot. With respect 
to the distribution of melanoma of the lower 
extremities, melanoma occurs twice as often on 
the leg than on the thigh or foot. For melanoma 
found in the upper limbs, the majority of the 
tumor burden is along the shoulder, with equal 
distribution for the upper arm and forearm, 
while the least tumor burden is found on the 
hand [23].

 Thigh

 Primary Closure
The thigh is the most forgiving area of the lower 
extremity for reconstruction. It is the bulkiest area 
with the largest muscle volume and largest amount 

a

b

c

Fig. 24.4 (a) Patient presented with a large right chest 
wound to be closed with a unilateral left DIEP (Deep 
Inferior Epigastric Artery Perforator). (b) Chest wall 
defect with left DIEP raised. Donor site was closed with a 
combination of primary closure and V-Y advancement of 
the contralateral hemi-abdomen. (c) Chest wall defect 
with DIEP in place and donor site closed
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of skin. While primary closure in the thigh is fea-
sible after excision of a melanoma, one should be 
aware that a defect with dimensions that could be 
easily closed primarily on the abdomen may be 
met with significant tension and difficulty when 
that same defect is replicated on the thigh.

 Graft and Flap Reconstructive Options 
of the Thigh
Split thickness skin grafts to the thigh are viable 
options, yet these areas are usually used as skin 
graft donor sites in other situations, so donor skin 
can be harvested from the contralateral thigh or an 
abdominal region that is relatively discreet. A full-
thickness skin graft is a reasonable alternative, with 
the donor site commonly utilized along the abdo-
men. Likewise, local flaps can be easily employed 
in this region with more than adequate bulk and 
mobility due to the inherent nature of the tissue in 
this anatomical region. Some of the commonly 
used local flap options of the thigh include flaps 
based off of the lateral femoral circumflex artery 
(tensor fascia latae, vastus lateralis, and rectus fem-
oris), gracilis, and vertical rectus abdominus flap.

Additionally, any local perforator flap can be 
identified and mobilized based off of its vascular 
pedicle [24, 25]. These customized perforator 
flaps can be identified with various modes of 
imaging, including ultrasound and CT angiogra-
phy. They provide adequate soft tissue bulk and 
breadth and closely match the defect with using 
similar tissue to reconstruct. Creating propeller 
island flaps that have tremendous freedom of 
movement enhances the arc of rotation of these 
flaps. Elaborate free flap reconstruction is rarely 
needed in this area; however, recipient vessels in 
this area may branch from various vessels such as 
the superior gluteal and lateral circumflex femo-
ral artery [26]. A widely split latissimus dorsi 
muscle flap has been used for long, soft tissue 
defects in the lower extremities [27].

 Melanoma of the Leg

Defects along the upper, middle, and lower leg 
may require a greater frequency of skin grafts, 
local flaps, or even free flaps for reconstruc-

tion. This is primarily due to the diminishing 
volume of tissue and skin laxity in the region 
compared to thigh, especially in the lower 
one-third of the leg. The anterior leg specifi-
cally has a paucity of soft tissue laxity due to 
the overlying tibial bone, with elderly patients 
found to have a less well- perfused vascular 
bed compared to the thigh and trunk. The pri-
mary goal of reconstruction within the leg is to 
restore or maintain function, in addition to 
providing adequate tissue coverage of large 
defects.

This provides a unique challenge to the 
reconstructive ladder, as skin grafts may be 
inferior to local and free flap reconstruction, in 
terms of restoring the patient’s function. For 
example, defects of the heel and plantar sur-
face of the foot require durable and adherent 
tissue in order to maximize functional restora-
tion post-melanoma extirpation. As a recon-
structive surgeon, this scenario often requires 
the surgeon to rely on his surgical judgment 
instead of sequentially working through the 
reconstructive ladder when choosing the best 
reconstructive options.

 Flap Reconstructive Options of the Leg
The most common local flaps available for 
reconstruction of the leg are the gastrocnemius 
and soleus flaps. The gastrocnemius flap is the 
flap of choice for coverage of the knee and the 
upper one-third of the leg, while the soleus mus-
cle is commonly utilized for the middle one-
third of the leg [28, 29]. In the lower one-third of 
the leg, soleus muscle can be used for smaller-
sized defects [30]. Larger defects within the 
lower one- third of the leg usually require micro-
vascular free flaps. Other possible options 
include the gracilis, rectus abdominus, latissi-
mus dorsi, anterolateral thigh, deep inferior  
epigastric perforator, and superficial inferior epi-
gastric perforator flaps [31–33]. If individuals 
have contraindications for microvascular trans-
plantation, some local fasciocutaneous flaps 
have been identified for reconstruction. These 
fasciocutaneous flaps consist of the anterior tib-
ial, peroneal, and posterior tibial artery, saphe-
nous flap, and reverse sural flap [34–36].
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 Melanoma of the Foot
Melanoma of the foot or toe is also frequently 
seen. The majority of melanoma found in the foot 
or toes is the acral lentiginous subtype,  comprising 
>60% of cases [37]. This type of melanoma is 
more aggressive and has a poorer overall progno-
sis compared to the other subtypes [38]. They are 
commonly found in patients with darker skin 
types (Fitzpatrick type V and VI) and they tend to 
occur at an earlier age compared to the general 
population [39]. While skin laxity is present on 
the dorsal surface of the foot, subcutaneous tissue 
is minimal. For dorsal defects, a split thickness 
skin graft in this area usually fares quite well 
with good overall graft viability. The skin on the 
plantar surface of the foot is thick and densely 
adherent to the underlying fascia, making pri-
mary wound closure of an excision in this area 
difficult. Melanoma can also present on a toe or 
under a finger or toenail, with specific recom-
mendations for the surgical management of these 
lesions. In the case of acral lentiginous melanoma 
that are >1.0  mm in Breslow’s thickness, an 
amputation is usually indicated of the affected 
digit. The amputation is performed back to the 
closest interphalangeal joint in order to maximize 
digit functionality. For subungual primary mela-
noma >1.0 mm in Breslow’s thickness, the surgi-
cal recommendation is also an amputation of the 
distal phalanx, with the addition of a sentinel 
lymph node biopsy [40].

 Flap Reconstructive Options 
of the Foot
In terms of reconstructive options for the foot, it 
is best to categorize them based upon four dis-
tinct anatomical locations: (1) The Achille’s ten-
don area, the ankle and foot dorsum; (2) The 
plantar forefoot; (3) The plantar midfoot; and (4) 
the plantar hindfoot.

For the ankle and foot dorsum, the flap 
reconstructive options consist of an extensor 
digitorum brevis muscle flap and the lateral 
supramalleolar flap [41–44]. The extensor digi-
torum brevis muscle flap is good for covering the 
defects on the anterior ankle, proximal dorsum, 
and lateral malleolus if there is strong antero-
grade blood flow from the lateral tarsal artery. 

The lateral supramalleolar flap is used for deep 
wound defects found on the lateral malleolus and 
the anterior ankle.

For the plantar forefoot, local flap techniques 
are useful for reconstruction of deep wound 
defects along the distal third of the foot. A well- 
known option is a neurovascular island flap from 
the adjacent toe [45]. This flap is effective for 
defects up to 2–3 cm in diameter. For defects up 
to 4–5 cm in diameter, one can advance the fore-
foot skin and fascia in a V-Y fashion, known as 
the V-Y plantar flap. In the midfoot region, the 
neurovascular island flap is also a good option for 
2–3 cm defects. The most useful option for small 
wound defect in this region is the V-Y advance-
ment flap (Fig.  24.5b, c). Additional local flap 
options for small defects are the bilobed flap, 
rhomboid flap, and the transposition flap 
(Fig. 24.6). One can also consider the suprafas-
cial plantar flaps, specifically, a medially dis-
sected plantar flap to preserve sensation in this 
region. If a regional muscle flap is required, a 
pedical abductor hallucis flap or an abductor 
digiti minimi flap can be used for medial and lat-
eral coverage, respectively.

Lastly, the flap reconstruction of the hindfoot 
is one of the greatest challenges to the recon-
structive surgeon [46]. The hindfoot is a very 
specialized location. Reconstruction of this area 
should provide adequate soft tissue coverage 
for safe weight bearing along with maintain-
ing normal ankle function for the patient. For 
this situation, the reconstructive options can be 
extensive. These include intrinsic muscle flaps, 
medial plantar artery flap, heel pad flaps, sural 
artery flap, and free flaps [47, 48]. There are 
three intrinsic foot muscle flaps for hindfoot 
reonstruction: abductor hallucis, abductor digiti 
minimi, and flexor digitorum brevis. Abductor 
hallucis is used for small defects found on the 
heel and medial malleolus.

Abductor digiti minimi is useful for lateral 
calcaneal defects. Flexor digitorum brevis is 
used for heel pad reconstruction because the 
muscle has sufficient bulk to provide adequate 
padding. The medial plantar artery flap is also a 
useful alternative for heel pad reconstruction. 
However, the transverse arch of the midfoot 

O. Tessler et al.



419

a

B'

A' A

B

b

Fig. 24.5 Closure of a tissue defect following circular 
excision. (a) Sliding triangular subcutaneous pedicle flaps 
can be advanced to close the circular defect; the triangular 
defect is closed in a V-Y fashion. (b) Transposition flaps 

based on a skin pedicle and rotated towards each other can 
also be used. Circular defects can also be closed by other 
flaps or by purse string suture
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Fig. 24.6 Planning a  
rhomboid flap. The 
rhomboid defect must 
have 60- and 120-degree 
angles. The flap is 
planned in an area of 
loose skin so that direct 
closure of the wound 
edges is possible. The 
short diagonal BD 
(which is the same 
length as each side) is 
extended its own length 
to point E. The line EF 
drawn parallel to CD and 
is of the same length. 
After the flap margins 
have been incised, the 
flap is transposed into 
the rhomboid defect
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must be maintained because a skin graft is 
required for coverage at the donor site 
(Fig. 24.7). For patients with large heel defects 
and limited ambulation, a suprafascial heel pad 
flap should be considered. Free flaps are com-
monly reserved for wounds greater than 6 cm. 
Free flaps that have been proven successful in 
the past are latissimus dorsi, gracilis muscle, 
radial forearm flap, lateral arm flap, the para-
scapular fascia flap, and the anterolateral thigh 
flap [49–51].

 Upper Extremity

Resection of melanoma in the upper extremities 
may lead to intriguing reconstructive challenges 
for the plastic surgeon. The shoulder, in particu-
lar, has skin that is tightly adherent to the under-
lying fascia, muscle, and bone. Even 2  cm 
wounds are difficult to close without excess ten-
sion. The upper extremities have generally less 
soft tissue bulk and skin laxity when compared to 
the lower extremities, have a wide range of active 
motion, and the complex anatomy of the upper 
extremities stems from their dexterous functions 
and necessity for fineness movements. Further, 

these areas are widely visible and aesthetic con-
siderations become a factor.

 Primary Closure
Primary closure in this region may not be met 
with much difficulty. Generally, laxity can be 
comparable to the lower leg but naturally dif-
fers based on the body habitus of each patient. 
However, in regard to the hand, primary closure 
in this area may be deceptive. The dorsum of the 
hand, with fingers extended, may appear to have 
enough laxity to close a wound primarily; how-
ever, when a fist is made, the tension across this 
wound will increase exponentially. Also, simi-
larly to the plantar surface of the foot, the palmar 
skin is uniformly thick and densely adherent to 
the underlying fascia, making primary closure of 
this area difficult.

 Skin Grafts
Following the reconstructive ladder, the next viable 
option is a split thickness skin graft, followed by a 
full-thickness skin graft. Skin grafts to the upper 
extremity are generally more exposed compared to 
the trunk or lower extremities. Postoperative care 
must be taken not to shear these grafts off the 
accepting wound bed. Aesthetic consideration 

Fig. 24.7 Skin graft 
placed superior to right 
ankle
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should be undertaken to match skin color and type 
of the recipient site to the donor site; for example, a 
skin graft inlaid to the palm of the hand are gener-
ally full thickness and should be of light color and 
relatively hairless. In African–Americans, the color 
match is an important concern, with split grafts 
from the plantar surface of the foot as the best 
source of color-matched grafts. This varies from 
 split- thickness skin grafts suitable for the proximal 
forearm region.

 Local Flap Reconstruction 
for a Melanoma of the Hand
Local flaps for the hand are as numerous as they 
are intricate. Well-performing flaps for this 
region include the first dorsal metatarsal artery 
perforator flap, based on the recurrent cutaneous 
branch of the dorsal metacarpal artery, and the 
Kite flap, based on the first dorsal metacarpal 
artery [52, 53]. Melanoma of the fingers or fin-
gertips, as seen in acral-lentiginous melanoma, 
is an indication for digit amputation to establish 
clear margins with resection of the tumor [54]. 
Importantly, most invasive melanoma of the fin-
gers requires interphalangeal joint amputation 
to the middle phalanx proximal to the primary 
lesion and are not treated by fingertip/pulp exci-
sions. For subungual melanoma, amputation is 
through the midportion of the middle phalanx or 
the proximal phalanx if the lesion is found on 
the thumb.

Several excellent local flap options exist for 
soft tissue defects of the finger post-amputation 
such as a Visor flap, Atasoy, Kleinert flap, and 
Kutler flap [55, 56]. The Volar V-Y advancement 
flap (Atatsoy, Kleinert Flap) provides excellent 
functional and cosmetic results if the distal 
defect is less than 1  cm. For transverse and 
oblique defects on the lateral aspect of the digit, 
the Kutler flap provides a vascularized and sen-
sate skin coverage. Another flap that is useful for 
maintaining length following transverse digit 
amputation is the Visor flap [57]. Local flaps for 
the thumb, where sensation is paramount, 
include the Moberg and Littler flaps [58–61]. 

Reconstructive options for the fingers require 
extensive consideration of patient morbidity 
after surgery. Sensation is of great importance, 
so reconstruction with local flaps that bring their 
own cutaneous nerve supply is often chosen. 
Disability, interference with jobs or hobbies, and 
changes in quality of life should all be consid-
ered when determining whether revision ampu-
tation should be performed or reconstruction 
should be attempted.

 Local Flap Reconstruction of the Arm 
and Forearm Melanoma
Local flaps for reconstruction of the arm and 
wrist itself are numerous as well, taking advan-
tage of the regional vascularity. The safety of 
local flap reconstruction following melanoma 
excision of the extremities has been well estab-
lished [62]. A radial forearm flap based on the 
radial artery can serve as a flap for soft tissue 
coverage of defects from the hand distally, to the 
forearm proximally, reaching to ~25  cm above 
the elbow [63–65]. A posterior interosseous flap 
based on the posterior interosseous artery has 
similar indications as well [66, 67]. Free tissue 
transfer to the upper extremity is relatively flexi-
ble, in terms of free flaps that a surgeon can use 
for reconstruction.

A general guideline for the best choice of tis-
sue flap is that a bulky flap should not be used in 
a region of the arm where thin skin and lack of 
adipose tissue is present. Conversely, a thin flap, 
such as the tensor fascia lata flap, should not be 
attempted to cover a large defect in an upper arm 
defect requiring extensive replacement of subcu-
taneous tissue. From an aesthetic perspective, 
while there are multiple local rotation and trans-
position flap options as well as free perforator 
flaps available to the upper extremities, it is 
important to match the reconstructive donor to 
recipient in terms of contour, texture, and skin 
color. Therefore, a thin flap is more suited for 
reconstruction for the forearm, while a thicker 
flap is optimal for coverage of a more proximal 
arm defect (Fig. 24.8a, b).
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Sentinel Lymph Node Biopsy 
for Melanoma

Ann Y. Chung, Catalina Mosquera, 
and Jan H. Wong

 Introduction

Intraoperative lymphatic mapping and selective 
sentinel lymphadenectomy (ILM and SLND) has 
dramatically altered the surgical management of 
the regional lymphatics in cutaneous melanoma. 
Once considered a standard component in the 
surgical management of patients with cutaneous 
melanoma, immediate complete lymph node dis-
section (CLND) or elective lymph node dissec-
tion (ELND) is now infrequently performed. 
Now commonly referred to as “sentinel lymph 
node biopsy,” ILM and SLND is an operative 
technique that was developed in order to identify 
patients with cutaneous melanoma who might 
benefit from the early detection and surgical 
management of metastatic disease in the regional 
lymph nodes while avoiding the significant mor-
bidity of CLND in individuals without regional 
lymph node metastases and who had little likeli-
hood of benefit from that procedure.

The development of ILM and SLND as a repro-
ducible operative technique to identify metastatic 
disease in clinically node-negative patients with 
cutaneous melanoma represents a surgical approach 
to understanding the underlying mechanism of the 

metastatic process in cutaneous melanoma. This 
chapter will highlight the rationale, the history, cur-
rent status, and future of ILM and SLND.

 Surgical Management of Melanoma 
in the Pre-ILM and SLND Era

The evolution of the surgical management of 
melanoma reflected the prevailing understanding 
of the natural history and biology of melanoma of 
the time. More than a century and a half ago, 
William Norris published “Eight Cases of 
Melanosis, with Pathologic and Therapeutic 
Remarks on that Disease” [1] and noted that local 
recurrences occurred following minimal exci-
sions and advocated for a wide excision of the 
tumor along with surrounding “healthy” tissue.

The removal of a secondary deposit of mela-
noma of the groin was reported in The Lancet in 
1851, but it was the British surgeon, Herbert 
Snow, who advocated that the optimal approach 
to prevent the progression of cancer was “antici-
patory excision” [2]. In 1892, Snow wrote that 
“the danger lies in the diffusion of malignant par-
ticles from this primary focus; these always 
implicate the nearest lymph glands….Palpable 
enlargement of these glands is unfortunately but 
a late symptom….by the time it occurs there is 
almost always implication of deeper organs or 
tissues. We thus see the utter futility of operative 
measures which are addressed to the primary 
lesion only” [3]. In 1907, William Handley [4], 
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on the basis of a single autopsy examination of a 
patient with advanced melanoma demonstrated 
lymphatic permeation surrounding the primary 
tumor and advocated for a “wide local excision” 
of 2 inches along with excision of the lymphatic 
glands. This recommendation, wide excision and 
immediate lymphadenectomy, formed the basis 
for the surgical management of clinically local-
ized melanoma for the next 50 years.

 The Elective Lymphadenectomy 
Controversy

The management of the regional lymphatics has 
been one of the longest standing controversies in 
the management of patients with melanoma who 
are without clinical evidence of metastasis in the 
regional lymph nodes. The rationale for the per-
formance of ELND, first articulated by Snow [2] 
in 1892, is based upon the hypothesis that mela-
noma metastasizes in a sequential and orderly 
fashion from the primary tumor, initially to the 
regional lymph nodes and then subsequently to 
distant sites. Therefore, the early surgical exci-
sion of this disease, when the tumor burden is 
microscopic, may prevent the untimely progres-
sion of disease to distant sites and improve sur-
vival. A number of observational studies have 
documented that when melanoma metastasizes, it 
most commonly does so, at least initially, to the 
regional lymph node basin. In the majority of 
these reports, patients who underwent ELND and 
were found to have microscopic disease, when 
compared to individuals who underwent a thera-
peutic lymphadenectomy for clinically detect-
able disease appeared to enjoy an improved 
survival [5–10]. Observational studies showed 
that survival is considerably better following 
regional node dissection for clinically negative, 
but pathologically positive, nodes than for clini-
cally positive and pathologically positive nodes 
in cutaneous melanoma. Thus, wide excision and 
ELND was considered the standard surgical man-
agement of melanoma confined to the primary 
site and regional lymphatics.

However, it became increasingly apparent that 
cutaneous melanoma was a heterogeneous dis-

ease and only a minority of patients (~20%) who 
were clinically node-negative would be found at 
the time of ELND to have microscopic metastatic 
disease. Those who were node-negative were 
subjected to a morbid procedure with little likeli-
hood of therapeutic benefit, raising justifiable 
concern over routinely performing ELND in clin-
ically node patients with melanoma [11, 12]. A 
need for a rational approach to identify individu-
als who were most likely to benefit from an 
aggressive surgical approach was recognized.

 Prognosis in Cutaneous Melanoma 
and Elective Lymphadenectomy

The introduction of microstaging of the primary 
tumor provided an approach in which clinicians 
could more accurately predict overall prognosis 
and the risk of regional lymph node metastases. 
By doing so, they could more selectively manage 
patients with cutaneous melanoma. Although the 
prognostic significance of depth of invasion had 
been previously recognized [13, 14], it was Clark 
and coinvestigators who, in 1969, defined five 
anatomic levels of invasion of the dermis and 
subcutaneous fat. They noted the correlation 
between an increase in Clark’s level of invasion 
with an overall worse prognosis [15]. They also 
noted that in addition to the level of invasion, the 
histologic subtype also had prognostic relevance. 
Clark suggested that ELND be restricted to 
patients with level III, IV, or V lesions because 
these were the lesions most likely to harbor clini-
cally occult metastatic disease. He later com-
mented that the “evaluation of therapy might be 
meaningless unless correlated with the level of 
invasion.”

A year later, Breslow reported that tumor 
thickness reliably predicted outcome and sug-
gested that tumor thickness may be helpful crite-
ria for selecting patients for ELND [16]. Breslow 
suggested that tumors thicker than 1.50 mm had a 
sufficient risk of nodal metastases in order to jus-
tify immediate node dissection and were most 
likely to benefit from ELND. Other characteris-
tics of the primary tumor that were associated 
with poorer outcomes included the anatomic site 
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of the primary [17], the presence or absence of 
ulceration [18], and histologic subtype [15]. 
Patients with “intermediate” thickness melanoma 
were routinely offered ELND, while “thin” and 
“thick” melanomas were felt not likely to benefit 
from ELND and generally underwent wide exci-
sion alone.

 Prospective Randomize Trials 
Evaluating the Survival Benefit 
of Elective Lymphadenectomy

To address this ongoing controversy, a series 
of prospective, randomized trials were initi-
ated in an attempt to resolve the long-standing 
question as to the value of ELND for cutane-
ous melanoma. The conflicting evidence from 
observational studies were the impetus for four 
prospective, randomized trials [19–22] that were 
initiated beginning in 1967 [22] with the last, the 
Intergroup Melanoma Trial, beginning enroll-
ment in 1982 [23]. These trials were designed to 
address the benefit of ELND in clinically node- 
negative patients with cutaneous melanoma, 
failed to demonstrate a statistically significant 
benefit for ELND [20, 22, 23]. There was, how-
ever, a certain subsets of patients undergoing 
ELND who appeared to have an improved sur-
vival [20, 23].

These trials were subject to a number of criti-
cisms that included the anatomic site of the pri-
mary [22], the absence of the utilization of 
lymphoscintigraphy [20], as well as a preponder-
ance of females [22]. Despite the utilization of 
well-recognized prognostic criteria to enroll 
patients who were most likely to benefit from 
ELND, only 87/395 (22%) patients were found to 
have regional metastatic disease. Due to the small 
numbers of patients who could potentially benefit 
from ELND (patients with lymph node metasta-
ses without distant metastatic disease), the num-
ber of patients was insufficient to reject the null 
hypothesis, raising the possibility of a type II sta-
tistical error.

Observational data suggests four biologic sub-
groups of melanoma patients. The first and largest 
group were those patients with disease confined 

the primary site with neither regional nor distant 
metastatic disease. A second, much smaller group, 
consisted of individuals with disease confined to 
the primary site and regional lymph nodes at diag-
nosis. A third group consisted of individuals with 
disease apparently confined to the primary site 
and regional lymph nodes at diagnosis. This group 
had clinically occult metastatic disease, with a 
small, fourth group of patients without disease in 
the regional lymph nodes. The latter group had 
clinically occult, hematogenously disseminated 
metastatic disease. Thus, if ELND was to have a 
therapeutic benefit, it could only be in the second 
group of patients, specifically in those with dis-
ease confined to the regional lymphatics and with-
out occult distant metastatic disease.

It became apparent that in order to address 
the controversy surrounding the value of ELND, 
a method was needed to identify the ~15–20% 
of clinically node-negative patients who would 
be found on complete lymphadenectomy to be 
pathologically node-positive. This was the group 
of patients that could potentially benefit from 
ELND, while excluding the much larger popula-
tion of patients who were node-negative and had 
minimal, if any, potential for a survival benefit 
from ELND. In an effort to resolve this dilemma 
arose the operative approach of ILM and SLND.

 The Sentinel Node Hypothesis

The concept that carcinomas frequently metasta-
size to lymph nodes in proximity to the primary 
tumor was generally well accepted. However, the 
idea that a malignancy might have a specific pat-
tern of lymphatic drainage, to a specific node, or 
limited number of nodes had rarely been consid-
ered. Random biopsy of clinically negative nodes 
was rightfully regarded as unlikely to accurately 
stage a regional node basin. Furthermore, clinical 
observations had noted that nodes that were geo-
graphically in proximity to the tumor were not 
necessarily the nodes with metastatic disease.

We hypothesized that if melanoma would 
metastasize to lymph nodes, it would do so in an 
orderly manner based not on the geographic 
proximity to the primary, but instead, upon the 
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anatomy of the dermal lymphatics. Drainage of a 
specific area of the skin would be to what we 
referred to as a “sentinel” lymph node(s). If this 
hypothesis of the dermal spread of melanoma 
was correct, then the sentinel lymph node would 
be the most likely node to harbor occult meta-
static disease, if there was metastatic disease in 
the regional lymph node basin. The corollary of 
this hypothesis was that if the sentinel lymph 
node was negative, the likelihood of metastatic 
disease in any of the other lymph nodes within 
the regional lymph node basin was negligible.

If a method could be developed to identify 
the sentinel lymph node(s), which is most likely 
to harbor metastatic, this could be excised and 
examined. Only those individuals who were 
found to have metastatic disease within the sen-
tinel lymph node, and thus could potentially 
benefit from an immediate completion lymph-
adenectomy, would then undergo the procedure. 
This would spare a majority of those patients 
the morbidity of a complete lymph node dissec-
tion. This led us to explore intraoperative 
approaches that would allow us to reproduce the 
lymphatic drainage of cutaneous melanoma and 
identify the node(s), presumably at greatest risk 
for harboring metastatic disease.

 Feasibility of Lymphatic Mapping 
in an Animal Model

Lymphangiographic studies of the skin have 
demonstrated fine, dermal lymphatic channels 
that coalesce to form a number of major lymphat-
ics trunks that eventually drain to the regional 
lymph nodes [24]. Although lymphangiographic 
studies had been utilized to characterize lymph 
nodes in Hodgkin’s disease and lymphoma [25], 
the utility of radiopaque techniques was deemed 
too insensitive to detect micrometastatic disease 
in cutaneous melanoma. For this reason, an oper-
ative technique was necessary in which the senti-
nel node(s) could be excised and examined 
microscopically to confirm the presence or 
absence of metastatic disease. In the late 1980s, 
we began studies of the dermal lymphatics at the 

University of California, Los Angeles (UCLA), 
to test the feasibility of operative mapping of the 
dermal lymphatics in an attempt to identify the 
sentinel lymph node.

In contrast to several lymph nodes within a 
nodal basin in humans, most rodents and mam-
mals have a single large lymph node within the 
groin or axilla. The node(s) accepts the lymphatic 
drainage of the extremity or trunk, before drain-
ing into larger ducts. However, the cat has a lym-
phatic anatomy somewhat analogous to that of 
humans, with three distinct lymph nodes in the 
groin [26]. Thus, we utilized the cat in order to 
examine the hypothesis of site-specific lymphatic 
drainage of the skin.

We studied several potentially effective lym-
phatic mapping dyes, with isosulfan blue dye 
proving to be the most useful mapping dye. 
Isosulfan blue was developed as an adjunct to 
lymphangiography, with a rapid visualization of 
the dermal lymphatics upon injection between 
the web spaces of the digits. The dye is easily 
visualized, turning the lymph node a light blue 
in color. By carefully elevating skin flaps in the 
groin, blue-filled lymphatic channels could be 
identified that led directly to a lymph node 
(Fig. 25.1).

Fig. 25.1 Intraoperative demonstration of the dermal 
lymphatics following intradermal injection of isosulfan 
blue in the medial thigh of a feline model. The blue lym-
phatic channel was easily visualized and drained to a blue- 
stained lymph node. (From Wong JH, Cagle LA, Morton 
DL. Lymphatic drainage of skin to a sentinel lymph node 
in a feline model. Ann Surg 1991:214;637–641. Reprinted 
with Permission)
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The anatomy of the cat allowed identification 
of medial, mid-, and lateral lymph nodes. If the 
sentinel node hypothesis were valid, then it 
would be anticipated that injection of a mapping 
dye in a specific area of skin would reproducibly 
drain to a specific lymph node. A predictable 
pattern of drainage was noted for each location, 
with the injection of isosulfan blue in the lateral 
thigh or abdomen uniformly draining to the lat-
eral lymph node. Injection of isosulfan blue in 
the medial aspect of the thigh uniformly drained 
to the middle lymph node. Injection of isosulfan 
blue in the perineum and lower abdomen uni-
formly drained to the most medial lymph node, 
thus providing compelling evidence that the 
lymphatics of the skin was reproducible and 
would drain to a “sentinel” lymph node 
(Fig. 25.2). The feline model initially utilized to 
examine the feasibility of an operative tech-
nique for selective lymphadenectomy supported 
the potential utility of ILM and SLND in cuta-
neous melanoma [27].

 Intraoperative Lymphatic Mapping 
and Selective Lymphadenectomy 
in Cutaneous Melanoma

Based upon these feline studies, we embarked on 
developing an operative technique to map the 
lymphatics in patients with cutaneous melanoma 
diagnosed with a primary, intermediate- thickness 
melanoma. We wished to validate our hypothesis 
that when cutaneous melanoma cells metastasize 
to the regional lymph nodes, it would most likely 
drain to the sentinel lymph nodes. We utilized 
cutaneous lymphoscintigraphy [28] to identify 
the lymphatic basin potentially at risk for harbor-
ing occult metastatic disease. We also utilized a 
radioactive sulfur colloid to aid in the identifica-
tion of the sentinel lymph node, by marking on 
the skin the approximate site of the uptake of 
radioactive colloid in the regional node.

The identification of a sentinel lymph node 
proved to be extremely challenging. Initially, an 
incision over the presumed site of the sentinel 
node, as determined by preoperative lymphoscin-
tigraphy. The incision was carried down through 
the subcutaneous tissue, and with blunt dissec-
tion, blue lymph nodes were identified and indi-
vidually harvested. It was the recognition that 
careful elevation of the proximal flap allowed for 
the identification of afferent lymphatic channels 
that could be traced to a blue-stained node that 
provided a reproducible technique to identify the 
sentinel lymph node (Fig. 25.3).

With experience, we developed a standardized 
technique in which approximately 0.5–1.0 mL of 
isosulfan blue was injected intradermally in four 
sites around the biopsy site. To facilitate the 
migration of the dye, the injection site was gently 
massaged. Flaps were carefully developed, and 
based upon preoperative lymphoscintigraphy, a 
meticulous dissection of the subcutaneous fat 
was performed over the anticipated site of the 
afferent lymphatics. Once a blue afferent lym-
phatic channel(s) was identified, it was followed 
to the blue-stained node(s) by gently separating 
and dividing the overlying fat of the blue lym-
phatic channel. The sentinel lymph node(s) was 
removed, and a completion node dissection was 

CAT NODAL DRAINAGE

Lateral (10/10)

Medial (4/4)

Middle (6/6)

Fig. 25.2 A schematic representation of the injection 
sites in the feline model. A reproducible pattern of drain-
age emerged by injection into the medial aspect of the 
thigh, which led to drainage to the middle lymph node; 
and the perineum and lower abdomen which drained to 
the medial lymph node. (From Wong JH, Cagle LA, 
Morton DL.  Lymphatic drainage of skin to a sentinel 
lymph node in a feline model. Ann Surg 1991:214;637–
641. Reprinted with Permission)
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performed in the usual fashion [28] with all non- 
sentinel nodes examined by routine hematoxylin 
and eosin staining.

In our original report, we identified sentinel 
lymph node(s) in 197 of 237 lymphatic basins. 
Forty specimens (21%) were found to have occult 
metastatic disease detected either by hematoxylin 
and eosin stains or immunohistochemical stain-
ing. In the 197 successful ILM and SLND, 259 
sentinel nodes were analyzed, of which 47 had 
occult metastatic disease. Only 2 nodes of the 
3079 non-sentinel nodes were found to have 
occult metastatic disease. Of the 40 patients who 
were found to have metastatic disease, the senti-
nel node identified 38 of them (false negative rate 
of 5%).

These results were first reported in 1990 at 
the Annual Meeting of the Society of Surgical 
Oncology in Washington, DC, and subsequently 
published in the Archives of Surgery [29]. This 
seminal article provided the proof-of-principle 
concept of the overall validity of the sentinel 
lymph node hypothesis. Instead of wide exci-
sion alone, or wide excision with ELND, we 
proposed a selective approach to the manage-
ment of the regional node basin in intermediate-
thickness melanoma, in which only patients 
with metastatic disease in the sentinel lymph 
node would be subjected to an immediate com-
pletion node dissection.

 External Validation of ILM and SLND 
Beyond UCLA

It was apparent that if ILM and SLND were to 
become the procedure of choice to identify occult 
micrometastatic disease, our results would need 
to be reproduced and validated beyond the con-
fines of UCLA. Melanoma surgeons from Roswell 
Park Memorial Institute, New  York University, 
the University of South Florida, Moffitt Cancer 
Center, and the M.D.  Anderson Cancer Center 
were invited to UCLA to observe how we per-
formed ILM and SLND. The expectation was that 
they would be able to then return to their home 
institutions to successfully perform these proce-
dures as part of a multicenter clinical trial to 
determine the therapeutic utility of this approach.

On a single operative day, we demonstrated, in 
nine patients, the technical details that we had 
developed and were later to be published [29] on 
the conduct of ILM and SLND. We emphasized 
the need to utilize preoperative lymphoscintigra-
phy to not only localize the lymphatic basin at 
risk, but also to identify the approximate location 
of the sentinel node(s) within the basin and mark-
ing of the overlying skin by nuclear medicine 
physicians. We demonstrated the meticulous and 
careful elevation of the skin flaps, along with 
identification and careful dissection of the affer-
ent, blue-stained lymphatic channels.

a b

Fig. 25.3 Intraoperative view of an incontinuity dissec-
tion of a melanoma of the right scapula with intraopera-
tive lymphatic mapping and an axillary sentinel node 
dissection. Panel (a) Injection of isosulfan blue at the pri-

mary site and elevation of skin flaps allowed the identifi-
cation of an afferent lymphatic channel that drained to a 
sentinel lymph node. Panel (b) Close-up blue lymphatic 
channel and blue-stained sentinel lymph node
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Our initial results as to the accuracy of ILM 
and SLND in cutaneous melanoma and the iden-
tification of occult lymph node metastases were 
subsequently confirmed at several other institutes 
[30–34]. Subsequently, multiple other institu-
tions participated in the Multicenter Selective 
Lymphadenectomy Trial, confirming that ILM 
and SLND is technically feasible and accurate.

 Radioguided Sentinel 
Lymphadenectomy

It became evident that mastering ILM and SLND 
with isosulfan blue as the sole mapping agent 
was technically challenging. The technical chal-
lenges were formidable, whereby we estimated 
that 60 cases would need to be performed in order 
to become proficient. Additionally, a completion 
lymph node dissection was also necessary to be 
proficient in during this period of learning [29]. 
Given the relative infrequency of melanoma, this 
was a procedure that in all likelihood would only 
be learned and performed in high-volume mela-
noma centers.

Krag and colleagues [35] at the University of 
Vermont began utilizing radiocolloid for intraop-
erative lymphatic mapping as an adjunct to isosul-
fan blue. First, verifying the utility of radiocolloid 
in a feline model, they used technetium- 99 sulfur 
colloid to map 10 patients and found it to be 
equally sensitive to isosulfan blue in the identifica-
tion of the sentinel lymph node(s) [35]. The use of 
a radiocolloid to facilitate lymphatic mapping 
allowed, with the use of a gamma-detecting probe, 
identification of the sentinel node. It also allowed 
confirmation that all sentinel nodes had been 
removed when there was no longer significant 
radioactivity detected in the lymphatic nodal 
basin. In a larger experience of 121 patients, Krag 
and coworkers [30] were able to demonstrate the 
successful identification of the sentinel node in 
97.6% of patients. Additionally, when combined 
with isosulfan blue, there was a 100% concor-
dance of blue nodes that were radioactive. The 
addition of a radiocolloid to intraoperative lym-
phatic mapping with isosulfan blue, and the devel-

opment of a handheld gamma probe made 
identification of the node substantially easier. This 
procedure was thus made more widely applicable 
beyond high-volume melanoma centers. With the 
addition of radioguided techniques, sentinel node 
identification rates in excess of 90% were readily 
achievable, even with minimal operative experi-
ence. Others soon duplicated these results [36], 
and dual agent mapping was widely adopted as the 
technique of choice in ILM and SLND.

 Microstaging of the Sentinel  
Lymph Node

One of the benefits of ILM and SLND was the fea-
sibility of examining the sentinel lymph node(s) in 
greater detail. The standard pathologic examina-
tion of a lymph node involves bisection of the 
lymph node with a single section from the two 
faces of the bisected nodes examined with hema-
toxylin and eosin staining. In a typical 1 cm lymph 
node, <1% of the node is effectively examined by 
the pathologist. It was presumed that this section 
was representative of the histology of the node, but 
had the potential of missing small deposits of meta-
static disease. Although the ability to more thor-
oughly examine lymph nodes at multiple levels and 
with multiple sections was readily available, the 
routine use of this technology was not considered 
economically tenable. Furthermore, it is consid-
ered labor intensive considering that the yield of 
positive nodes is considerably low in most cases. 
However, the ability to identify the node(s) at great-
est risk for harboring metastatic disease provided a 
feasible approach to a more detailed analysis and 
more accurate staging of the regional lymphatics.

The potential value of identifying previously 
occult metastatic disease might not be insignifi-
cant. Approximately 25% of node-negative mela-
noma patients will go on to develop metastatic 
disease. Although some of the patients likely had 
hematogenous dissemination of disease, it was not 
unreasonable to presume that some of these 
patient’s might have had occult, lymph node only 
metastatic disease. One could further hypothesize 
that standard lymph node analysis would miss a 
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positive lymph node which may be the source for 
distant metastatic disease. The accurate identifica-
tion of early metastatic disease provides relevant 
prognostic information, but also allows for an inter-
vention (lymphadenectomy) that might improve 
survival. To identify this potentially relevant micro-
metastatic disease, multiple sections at multiple 
levels of the lymph node became the standard 
pathologic analysis of the sentinel lymph node(s).

Routine hematoxylin and eosin staining is 
able to identify a single metastatic cell in a back-
ground of 104 lymphocytes, while the addition of 
immunohistochemical staining can identify a 
single metastatic cell in a background of 105 lym-
phocytes. More sensitive molecular assays utiliz-
ing reverse transcriptase, polymerase chain 
reaction detection of messenger RNA for tyrosi-
nase [37, 38] were developed to stage sentinel 
lymph nodes and held the promise of identifying 
high and low risk melanoma patients. Early 
observational studies suggested that molecular 
staging has prognostic relevance [39].

ILM and SLND became quickly recognized as 
a multidisciplinary approach to staging of cutane-
ous melanoma that required not only surgical 
expertise, but a commitment from nuclear medi-
cine physicians and pathologists as well. It is 
important to have accurate lymphoscintography 
and pathology to perform multilevel analysis of the 
sentinel lymph node utilizing appropriate immu-
nostains in order to maximize the identification of 
metastatic tumor cells. The identification of any 
metastatic disease in the lymph node, even isolated 
tumor cells, was considered both clinically relevant 
and an indication for a completion lymphadenec-
tomy. The ability to identify patients with occult 
metastatic disease provides the opportunity to per-
form a complete lymphadenectomy only in those 
patients who it could be potentially therapeutic.

 Management of the Patient 
with a Positive Sentinel  
Lymph Node

The generally accepted management of the 
patient with a positive sentinel lymph node is to 
perform a completion lymphadenectomy, as orig-

inally advocated by Morton and coworkers [29]. 
Observational data from the John Wayne Cancer 
Institute suggests that patients undergoing a com-
pletion lymphadenectomy had significantly 
improved melanoma-specific survival when com-
pared to sentinel node-positive patients who were 
observed [40] Data from the Multicenter Selective 
Lymphadenectomy Trial-I (MSLT-1) demon-
strated that patients who underwent a sentinel 
node biopsy had on average 1.4 positive nodes, 
compared to 3.3 positive nodes in the observation 
arm. Since the number of positive nodes is an 
important prognostic characteristic, these data 
support a survival advantage in patients with an 
intermediate-thickness melanoma who are senti-
nel node-positive and undergo a completion 
lymphadenectomy [41, 42].

 The Prognostic and Therapeutic 
Value of the ILM and SLND

Despite continued debate over the utility of ILM and 
SLND [43], ILM and SLND was widely adopted 
in the surgical management of intermediate- 
thickness melanoma. In 1999, just 7 years follow-
ing the description of ILM and SLND, Cascinelli, 
president of the World Health Organization 
(WHO) Melanoma Program, declared intraop-
erative lymphatic mapping to be the standard of 
care for melanoma. He made this statement dur-
ing his presentation of the abstract, “An Overview 
on Sentinel Lymph Node Dissection” at the 9th 
International Congress on Anti-Cancer Treatments 
held in Paris. Sentinel node staging rapidly became 
the standard of care for patients with intermediate-
thickness melanoma.

Several reports have since validated that the 
status of the sentinel lymph node was one of the 
most powerful, if not the most powerful,  predictor 
of outcome in early stage melanoma [44, 45]. 
This provided the opportunity to re-examine the 
question of the therapeutic value of an immediate 
completion node dissection in patients who were 
sentinel node-positive. This was also the impetus 
for two, prospective, randomized trials utilizing 
sentinel node staging as a key component in the 
randomization schema.
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 The Sunbelt Melanoma Trial

The Sunbelt Melanoma Trial was designed to 
address the efficacy of high-dose interferon alfa-
2b in patients with histologically positive sentinel 
lymph nodes who underwent a completion 
lymphadenectomy. Secondly, this trial wanted to 
determine the significance of molecular staging 
by RT-PCR of melanoma- specific mRNA [46]. 
This six arm trial began enrollment in 1997, fol-
lowing the approval of high-dose interferon alfa-
2b in the adjuvant setting by the US Food and 
Drug Administration. The approval was for select 
patients with resected, high-risk melanoma on 
the basis of the results of ECOG 1684 clinical 
trial published in 1996 [47].

Seventy institutions participated in the Sunbelt 
Melanoma Trial and randomized 218 patients 
with one positive sentinel lymph node following 
complete lymphadenectomy to observation or 
high-dose interferon alfa-2b. There were a total 
of 556 patients who were sentinel node-negative 
by routine histology, but RT-PCR positive. This 
group was randomized to either observation or a 
complete lymphadenectomy, with or without 
high-dose interferon alfa-2b. Interim analysis of 
the prognostic value of RT-PCR, as conducted in 
this trial, failed to provide additional prognostic 
information beyond the currently accepted histo-
logic prognostic characteristics [48].

The Sunbelt Melanoma Trial failed to demon-
strate a benefit with the use of adjuvant, high- dose 
interferon alfa-2b in patients who were sentinel 
node-positive by molecular staging. This was true 
whether they underwent observation only, imme-
diate completion lymphadenectomy or patients 
with one positive sentinel lymph node following 
completion axillary node dissection. The Sunbelt 
Melanoma Trial provides evidence that a complete 
lymphadenectomy in either routine histologically 
positive sentinel nodes or RT-PCR positive senti-
nel node patients with melanoma ≥1.0  mm in 
thickness does not improve either disease survival 
or overall survival. However, this trial failed to 
address whether a complete lymphadenectomy 
identified by either routine hematoxylin and eosin 
or immunohistochemical staining was beneficial, 
when compared to wide excision alone.

 The Multicenter Selective 
Lymphadenectomy Trials  
(MSLT-I and MSLT-II)

In January of 1994, Morton initiated the Multicenter 
Selective Lymphadenectomy Trial (MSLT-1), 
comparing wide excision with ILM and SLND 
to wide excision alone. This was for patients with 
American Joint Commission on Cancer Stage I and 
II cutaneous melanoma, with a Breslow’s tumor 
thickness between 1.0 and 4 mm. The primary aim 
of this study was to determine the therapeutic ben-
efit of lymphatic mapping and sentinel node biopsy 
and immediate completion node dissection in sen-
tinel node- positive patients. Second, to determine 
the true accuracy of this technique in a multicenter 
clinical trial. The primary endpoint of the trial was 
to determine whether immediate complete node 
dissection would improve melanoma-specific sur-
vival when compared to patients who underwent 
wide excision alone and lymphadenectomy at the 
time of nodal recurrence during observation.

To assure surgical quality control, participat-
ing surgeons were required to perform 30 ILM 
and SLND with a completion node dissection, as 
well as successful identification of the sentinel 
node in ≥85% of cases. Further, each surgeon 
needed to show that no metastases were identi-
fied in non-sentinel nodes when the sentinel node 
was negative [49] before they could begin enroll-
ing patients in the trial. The trial complete the 
targeted accrual in 2002, with the final report 
published in 2014 [42].

In this prospective, international, multicenter 
trial, the validation of the sentinel hypothesis and 
the prognostic significance of the sentinel node 
status were re-confirmed. [42] On multivariate 
analysis, sentinel node status was the most power-
ful predictor of disease recurrence or death from 
melanoma. An interim analysis of MSLT-I dem-
onstrated that patients who underwent ILM and 
SLND had significantly fewer positive nodes com-
pared to those in the observation arm (mean 1.1 
nodes in the biopsy group versus 3.3 in the observa-
tion group) [41] indicating that the sentinel nodes 
were the most likely source for metastasis to other 
regional nodes. There were no significant, treat-
ment-related differences identified in the 10-year 
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melanoma-specific survival. However, subgroup 
analysis demonstrated an improved, 10-year dis-
tant disease-free survival and melanoma-specific 
survival for patients with nodal metastases identi-
fied by ILM and SLND.

Subgroup analysis suggested an improved 
overall survival in patients who were found to be 
node-positive by ILM and SLND, when com-
pared to patients who underwent a complete 
lymphadenectomy at the time of regional recur-
rence. However, this group of sentinel node- 
positive patients represented only a minority of 
the entire study population. MSLT-1, in essence, 
suffered from the same statistical problems of the 
original prospective, randomized trials in which 
only a minority of patients undergoing immedi-
ate lymphadenectomy could potentially benefit 
from the surgical procedure.

In order to address these concerns and to 
determine whether sentinel node biopsy alone 
may indeed be therapeutic, Morton proposed the 
Multicenter Selective Lymphadenectomy Trial II 
(MSLT-II). This is a randomized trial comparing 
sentinel lymphadenectomy and complete lymph 
node dissection with sentinel lymphadenectomy 
alone in combination with ultrasound surveil-
lance. Eligible patients are those diagnosed with 
a primary cutaneous melanoma and identified to 
have either molecular or histopathological evi-
dence of metastases in the sentinel node [50]. All 
subjects receive sentinel lymphadenectomy, and 
if the subject is found to be sentinel node- 
positive, they are then randomized to receive 
either completion lymphadenectomy or observa-
tion with nodal ultrasound and completion 
lymphadenectomy at the time of ultrasound or 
clinical node recurrence.

The primary outcome measure is melanoma- 
specific survival, with secondary outcomes mea-
suring disease-free survival and recurrence over 
10  years of follow-up. Sixty-four participating 
institutions completed accrual in 2014. The study 
was designed to determine whether immediate 
completion lymphadenectomy in sentinel node- 
positive patients improves melanoma-specific 

survival. It will also reveal whether a completion 
lymphadenectomy might be avoided in patients 
with sentinel lymph node metastases. The results 
were recently reported [51]. Although immediate 
completion node dissection provided useful 
prognostic information, it failed to improve 
melanoma- specific survival in patients who were 
sentinel node-positive.

 The Future of Sentinel  
Node Staging

In a little over 25  years, a simple, yet elegant, 
hypothesis has been thoroughly validated. When 
melanoma metastasizes, it does so in a defined 
manner that can reproduced with a simple opera-
tive technique. This procedure has dramatically 
altered the surgical management of cutaneous 
melanoma. Intraoperative lymphatic mapping 
and selective lymphadenectomy is an easily per-
formed procedure that defines patterns of nodal 
metastases, and when negative, accurately 
reflects the status of the regional lymph node 
basin.

The maturation of the results for the MSLT-2 
provides evidence that sentinel node metastases 
are indicators of a metastatic phenotype, but not 
determinants of survival. The hypothesis that the 
timely surgical resection of sentinel nodes can 
prevent the development of metastatic clones and 
potentially improve melanoma-specific survival 
no longer needs to be debated. The latter will 
show that surgical excision might be palliative, 
with little, if any, therapeutic benefit. The sentinel 
node status will likely remain the most powerful 
prognostic indicator in melanoma for the foresee-
able future. It further provides relevant and 
important stratification criteria for any future 
adjuvant treatment trials for melanoma patients. 
Due to the sentinel lymph node identified as the 
initial site of metastases, it may provide insight 
into the tumor-host relationship and an improved 
understanding of the tumor microenvironment as 
well as the biology of the metastatic process [52].

A. Y. Chung et al.



435

References

 1. Norris W.  Eight cases of melanosis with pathologi-
cal and therapeutic remarks on that disease. London: 
Longman, Brown, Green, Longmans, and Roberts; 
1857.

 2. Snow H. Twenty two years’ experience in the treat-
ment of cancerous and other tumours. London: 
Ballliere, Tindall, and Cox; 1898.

 3. Snow H. Abstract of a lecture on melanotic cancerous 
disease. Lancet. 1892;2:872–4.

 4. Handley W.  The pathology of melanotic growths 
in the relation to their operative treatment. Lancet. 
1907;927(96):1.

 5. Balch CM, Soong SJ, Murad TM, Ingalls AL, 
Maddox WA. A multifactorial analysis of melanoma: 
III.  Prognostic factors in melanoma patients with 
lymph node metastases (stage II). Ann Surg. 1981;193: 
377–88.

 6. Roses DF, Provet JA, Harris MN, Gumport SL, 
Dubin N. Prognosis of patients with pathologic stage 
II cutaneous malignant melanoma. Ann Surg. 1985; 
201:103–7.

 7. Callery C, Cochran AJ, Roe DJ, et al. Factors prog-
nostic for survival in patients with malignant mela-
noma spread to the regional lymph nodes. Ann Surg. 
1982;196:69–75.

 8. Cohen MH, Ketcham AS, Felix EL, et al. Prognostic 
factors in patients undergoing lymphadenectomy for 
malignant melanoma. Ann Surg. 1977;186:635–42.

 9. Morton DL, Wanek L, Nizze JA, Elashoff RM, Wong 
JH. Improved long-term survival after lymphadenec-
tomy of melanoma metastatic to regional nodes. 
Analysis of prognostic factors in 1134 patients 
from the John Wayne cancer clinic. Ann Surg. 
1991;214:491–9. discussion 9–501

 10. Gumport SL, Harris MN. Results of regional lymph 
node dissection for melanoma. Ann Surg. 1974;179: 
105–8.

 11. Davis NC.  Cutaneous melanoma. The Queensland 
experience. Curr Probl Surg. 1976;13:1–63.

 12. Slingluff CL Jr, Stidham KR, Ricci WM, Stanley WE, 
Seigler HF. Surgical management of regional lymph 
nodes in patients with melanoma. Experience with 
4682 patients. Ann Surg. 1994;219:120–30.

 13. Allen AC, Spitz S.  Malignant melanoma; a clinico-
pathological analysis of the criteria for diagnosis and 
prognosis. Cancer. 1953;6:1–45.

 14. Lane N, Lattes R, Malm J. Clinicopathological cor-
relations in a series of 117 malignant melanomas of 
the skin of adults. Cancer. 1958;11:1025–43.

 15. Clark WH Jr, From L, Bernardino EA, Mihm MC. The 
histogenesis and biologic behavior of primary human 
malignant melanomas of the skin. Cancer Res. 1969; 
29:705–27.

 16. Breslow A. Thickness, cross-sectional areas and depth 
of invasion in the prognosis of cutaneous melanoma. 
Ann Surg. 1970;172:902–8.

 17. Urist MM, Balch CM, Soong SJ, et al. Head and neck 
melanoma in 534 clinical Stage I patients. A prognos-
tic factors analysis and results of surgical treatment. 
Ann Surg. 1984;200:769–75.

 18. Balch CM, Murad TM, Soong SJ, Ingalls AL, Halpern 
NB, Maddox WA. A multifactorial analysis of mela-
noma: prognostic histopathological features compar-
ing Clark's and Breslow’s staging methods. Ann Surg. 
1978;188:732–42.

 19. Balch CM, Soong S, Ross MI, et  al. Long-term 
results of a multi-institutional randomized trial com-
paring prognostic factors and surgical results for 
intermediate thickness melanomas (1.0 to 4.0 mm). 
Intergroup Melanoma Surgical Trial. Ann Surg Oncol. 
2000;7:87–97.

 20. Cascinelli N, Morabito A, Santinami M, MacKie RM, 
Belli F.  Immediate or delayed dissection of regional 
nodes in patients with melanoma of the trunk: a ran-
domised trial. WHO Melanoma Programme. Lancet. 
1998;351:793–6.

 21. Sim FH, Taylor WF, Ivins JC, Pritchard DJ, Soule 
EH. A prospective randomized study of the efficacy 
of routine elective lymphadenectomy in management 
of malignant melanoma. Preliminary results. Cancer. 
1978;41:948–56.

 22. Veronesi U, Adamus J, Bandiera DC, et  al. 
Inefficacy of immediate node dissection in stage 1 
melanoma of the limbs. N Engl J Med. 1977;297: 
627–30.

 23. Balch CM, Soong SJ, Bartolucci AA, et al. Efficacy 
of an elective regional lymph node dissection of 1 to 
4 mm thick melanomas for patients 60 years of age 
and younger. Ann Surg. 1996;224:255–63. discussion 
63–6

 24. Kinmonth J.  The lymphatics. Diseases, lymphog-
raphy, and surgery. Baltimore: Williams & Wilkins; 
1972.

 25. Crispen JF, Jeffries PF. Lymphangiography: a simple 
method of dye infusion. JAMA. 1962;182:872–3.

 26. Widschwendter P, Friedl TW, Schwentner L, et  al. 
The influence of obesity on survival in early, high-risk 
breast cancer: results from the randomized SUCCESS 
A trial. Breast Cancer Res. 2015;17:129.

 27. Wong JH, Cagle LA, Morton DL. Lymphatic drainage 
of skin to a sentinel lymph node in a feline model. 
Ann Surg. 1991;214:637–41.

 28. Holmes EC, Moseley HS, Morton DL, Clark W, 
Robinson D, Urist MM.  A rational approach to the 
surgical management of melanoma. Ann Surg. 1977; 
186:481–90.

 29. Morton DL, Wen DR, Wong JH, et  al. Technical 
details of intraoperative lymphatic mapping for early 
stage melanoma. Arch Surg. 1992;127:392–9.

25 Sentinel Lymph Node Biopsy for Melanoma



436

 30. Krag DN, Meijer SJ, Weaver DL, et  al. Minimal- 
access surgery for staging of malignant melanoma. 
Arch Surg. 1995;130:654–8. discussion 9–60

 31. Reintgen D, Cruse CW, Wells K, et  al. The orderly 
progression of melanoma nodal metastases. Ann Surg.  
1994;220:759–67.

 32. Ross M, Reintgen D, Balch CM.  Selective lympha-
denctomy. Emerging role of lymphatic mapping and 
sentinel node biopsy in the management of early stage 
melannoma. Semin Surg Oncol. 1993;9:219–23.

 33. Thompson JF, McCarthy WH, Bosch CM, et  al. 
Sentinel lymph node status as an indicator of the 
presence of metastatic melanoma in regional lymph 
nodes. Melanoma Res. 1995;5:255–60.

 34. Karakousis CP, Velez AF, Spellman JE Jr, Scarozza J.   
The technique of sentinel node biopsy. Eur J Surg 
Oncol. 1996;22:271–5.

 35. Alex JC, Weaver DL, Fairbank JT, Rankin BS, Krag DN.  
Gamma-probe-guided lymph node localization in 
malignant melanoma. Surg Oncol. 1993;2:303–8.

 36. Albertini JJ, Cruse CW, Rapaport D, et  al. Intra-
operative radio-lympho-scintigraphy improves sen-
tinel lymph node identification for patients with 
melanoma. Ann Surg. 1996;223:217–24.

 37. Van der Velde-Zimmermann D, Roijers JF, Bouwens- 
Rombouts A, et al. Molecular test for the detection of 
tumor cells in blood and sentinel nodes of melanoma 
patients. Am J Pathol. 1996;149:759–64.

 38. Wang X, Heller R, VanVoorhis N, et al. Detection of 
submicroscopic lymph node metastases with poly-
merase chain reaction in patients with malignant mel-
anoma. Ann Surg. 1994;220:768–74.

 39. Nicholl MB, Elashoff D, Takeuchi H, Morton DL, 
Hoon DS.  Molecular upstaging based on paraffin- 
embedded sentinel lymph nodes: ten-year follow-up 
confirms prognostic utility in melanoma patients. Ann 
Surg. 2011;253:116–22.

 40. Lee DY, Lau BJ, Huynh KT, et al. Impact of comple-
tion lymph node dissection on patients with positive 
sentinel lymph node biopsy in melanoma. J Am Coll 
Surg. 2016;223:9–18.

 41. Morton DL, Thompson JF, Cochran AJ, et al. Sentinel- 
node biopsy or nodal observation in melanoma. N 
Engl J Med. 2006;355:1307–17.

 42. Morton DL, Thompson JF, Cochran AJ, et al. Final trial 
report of sentinel-node biopsy versus nodal observa-
tion in melanoma. N Engl J Med. 2014;370:599–609.

 43. Thomas JM, Patocskai EJ. The argument against sen-
tinel node biopsy for malignant melanoma: its use 
should be confined to patients in clinical trials. Br 
Med J. 2000;321:3–4.

 44. Gershenwald JE, Thompson W, Mansfield PF, et  al. 
Multi-institutional melanoma lymphatic mapping 
experience: the prognostic value of sentinel lymph 
node status in 612 stage I or II melanoma patients. J 
Clin Oncol. 1999;17:976–83.

 45. Jansen L, Nieweg OE, Peterse JL, Hoefnagel CA, 
Olmos RA, Kroon BB. Reliability of sentinel lymph 
node biopsy for staging melanoma. Br J Surg. 
2000;87:484–9.

 46. McMasters KM, Egger ME, Edwards MJ, et  al. 
Final results of the Sunbelt Melanoma Trial: a multi- 
institutional prospective randomized phase III study 
evaluating the role of adjuvant high-dose interferon 
alfa-2b and completion lymph node dissection for 
patients staged by sentinel lymph node biopsy. J Clin 
Oncol. 2016;34:1079–86.

 47. Kirkwood JM, Strawderman MH, Ernstoff MS,  
Smith TJ, Borden EC, Blum RH. Interferon alfa-2b 
adjuvant therapy of high-risk resected cutaneous 
melanoma: the Eastern Cooperative Oncology Group 
Trial EST 1684. J Clin Oncol. 1996;14:7–17.

 48. Scoggins CR, Ross MI, Reintgen DS, et al. Prospective 
multi-institutional study of reverse transcriptase poly-
merase chain reaction for molecular staging of mela-
noma. J Clin Oncol. 2006;24:2849–57.

 49. Morton DL, Thompson JF, Essner R, et al. Validation 
of the accuracy of intraoperative lymphatic map-
ping and sentinel lymphadenectomy for early- stage 
melanoma: a multicenter trial. Multicenter Selective 
Lymphadenectomy Trial Group. Ann Surg. 1999;230: 
453–63. discussion 63–5

 50. Multicenter Selective Lymphadenectomy Trial II 
(MSLT-II). 2006. https://clinicaltrials.gov/ct2/show/
NCT00297895. Accessed 18 Mar 2017

 51. Faries MB, Thompson JF, Cochran AJ, et  al. 
Completion dissection or observation for sentinel- 
node metastasis in melanoma. N Engl J Med. 
2017;376:2211–22.

 52. Cochran AJ, Morton DL, Stern S, Lana AMA, Essner R,  
Wen D-R.  Sentinel lymph nodes show profound 
downregulation of antigen-presenting cells of the 
paracortex: implications for tumor biology and treat-
ment. Mod Pathol. 2001;14:604–8.

A. Y. Chung et al.

https://clinicaltrials.gov/ct2/show/NCT00297895
https://clinicaltrials.gov/ct2/show/NCT00297895


437© Springer International Publishing AG, part of Springer Nature 2018 
A. I. Riker (ed.), Melanoma, https://doi.org/10.1007/978-3-319-78310-9_26

Operative Techniques 
for Melanoma

Soraya A. Voigt, Catalina Mosquera, 
and Nasreen A. Vohra

 Biopsy of a Cutaneous Lesion 
Suspicious for Melanoma

 Shave Biopsy

A shave biopsy of a suspicious skin lesion is a 
simple procedure that allows for histologic evalu-
ation of dermal tissue. Four techniques have been 
described depending on the instrument used to 
perform the excision. After proper skin prepara-
tion and injection of local anesthetic, the area of 
interest is stretched with the nondominant hand. 
Then with the use of a scalpel, razor blade, scis-
sors, or a radiosurgical loop, the affected dermis 
is biopsied [1]. Proponents of shave biopsies 
highlight its time-saving nature. Moreover, as 
long as at least a 1 mm thick shave is obtained, 
the depth of the tumor, which is essential in plan-
ning the extent of surgery, can be accurately 
assessed. However, a superficial shave biopsy 
does not usually provide ample amount of the 
dermis, with some discouraging the use of a 
shave biopsy in cases where a melanoma is sus-
pected. Positive deep margins can be seen in 22% 
of shave biopsy specimens, which may compro-
mise the ability to properly stage patients prior to 

definitive surgery [2]. To this point, a recent study 
by Zager et al. found that when patients are diag-
nosed with a melanoma by shave biopsy and then 
proceed to wide local excision, only 3% have 
tumor upstaging and 2% potentially require a 
wider margin of excision. Moreover, only 1.3% 
of the cohort was recommended to undergo a 
sentinel lymph node biopsy after re-staging with 
the wide excision. In terms of locoregional recur-
rence rates, 2.3% of patients had developed 
locoregional disease, with 0.66% of these patients 
having their primary tumors upstaged after initial 
definitive wide excision [4]. In conclusion, it 
appears that while accurate staging of melanoma 
might be compromised at times with a shave 
biopsy, this rarely leads to a change in manage-
ment, and if so, it likely is not causative for an 
adverse outcome in the vast majority of patients.

 Incisional Biopsy

An incisional biopsy, as opposed to a shave, is 
indicated for larger, heterogeneous skin lesions, 
or for those that may require a more extensive 
surgical procedure based upon the location. An 
incisional biopsy allows for evaluation of the 
complete lesion, an accurate diagnosis, and 
determination of Breslow’s depth prior to defini-
tive excision. Incisional biopsies can be easily 
performed with the use of a scalpel blade or with 
a punch biopsy device, taken from the most ele-
vated, darkly pigmented, or concerning tissue 
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area [3]. While punch biopsies are limited in 
diameter with the largest punch tool at most 
practices being 6–8  mm, these are still widely 
used given the ease of performing them under 
local anesthesia and the high likelihood of 
obtaining an accurate Breslow’s thickness. The 
primary disadvantage is the partial sampling 
nature of the biopsy, as this type of biopsy only 
removes a small portion of the skin lesion, which 
could lead to a potential misdiagnosis or inac-
curate T-stage information [4]. It is particularly 
important when performing an incisional biopsy 
that the specimen be handled with fine forceps or 
skin hooks so that the specimen is not crushed, 
which will cause tissue artifacts on final pathol-
ogy that are difficult to interpret. The area should 
include tissue that is thought to contain the neo-
plasm in the deepest area of skin penetration. For 
a lesion that is predominantly flat, a scallop 
shave biopsy is often an appropriate biopsy tech-
nique. This type of biopsy implies that the entire 
epidermis, dermis, and a portion of the subcuta-
neous tissue are removed, providing a full-thick-
ness tissue biopsy for the dermatopathologist to 
examine [5].

 Excisional Biopsy

Excisional biopsy remains the most definitive 
method of accurately determining lesion inva-
sion [6]. If the size of the lesion is reasonable to 
excise completely with a local anesthetic only, a 
biopsy of the entire lesion can be safely per-
formed in the office setting. Following proper 
skin preparation, the area of interest is marked. 
An ellipse is preferred to facilitate primary 
wound closure, with the long axis of the ellipse 
following the pathway of the lymphatic drain-
age. On the extremities, a longitudinal incision 
is preferred, while a lesion on the trunk, head, or 
neck should be planned for removal with an 
ellipse that is oriented parallel to the skin lines 
[7]. A field block using local anesthetic is placed 
just beyond the marked area. The skin is incised 
and dissection is carried down to include the 
subcutaneous fat [5].

 Impact on Outcomes Depending 
on Biopsy Type

The most important consideration regarding the 
biopsy type in patients with potential melanoma 
is whether the type of biopsy leads to any sig-
nificant differences in disease-free or overall 
survival. In a 2007 review of 471 patients that 
underwent excision for stage I and II melanoma, 
neither the diagnostic biopsy type (excisional 
wide with ≥2  mm margin, excisional narrow 
with <2  mm margin, incisional) nor the pres-
ence of tumor cells in the resected melanoma 
specimen influenced the disease-free or overall 
survival [8]. There have been some concerns 
regarding the manipulation of intact primary 
melanomas leading to disturbance of the tumor 
and possibly resulting in higher rates of nodal 
metastases. In a review of 1782 patients that 
underwent excisional, incisional, or shave 
biopsy, there were differences noted among the 
biopsy types regarding ulceration and regres-
sion of the tumor, with no differences appreci-
ated in  locoregional recurrence, disease-free 
survival, distant disease-free survival, or overall 
survival [9]. Thus, when used appropriately, 
incisional, excisional, and shave biopsies con-
tinue to play a central role in our daily clinical 
practice. The different techniques available will 
likely continue to be used at the physician’s dis-
cretion depending upon anatomical factors and 
size of the lesion.

 Definitive Excision of Primary 
Cutaneous Melanomas

Once a tissue diagnosis confirms a melanoma, 
complete excision with appropriate margins 
based on the Breslow’s thickness of the lesion 
is indicated. Wide local excision of a primary 
cutaneous melanoma should be performed fol-
lowing the pathways of lymphatic drainage. In 
most cases, wide excision of a melanoma on 
the extremity can be performed using an ellip-
tical area of resection. Dissection should 
include skin and all soft tissue down to the 
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deep fascia [3]. Based on prospective data 
from several large clinical trials, current 
National Comprehensive Cancer Network 
Clinical Practice guidelines recommend wide 
excision of cutaneous melanoma based on the 
Breslow’s depth of the lesion as indicated in 
Table 26.1 [10].

 Wide Excision of Melanoma 
in Difficult Locations

 Digits and Toes, Including Nailbeds
Management of an acral lentiginous melanoma 
can be challenging. Primary tumor excision 
from digits and toes follows the general recom-
mendations for margins. This often requires a 
digit or toe amputation extending to the proxi-
mal mid- phalanx. Finger amputation should be 
performed proximal to the distal interphalan-
geal joint, with the goal of maintaining finger 
length as long as possible without compromis-
ing clinical margins [11].

When resecting a melanoma located on the 
great toe, attempt should be made to preserve the 
great toe metatarsal head as it provides important 
aspects of body balance and ambulation. For toe 
amputations, a racquet incision on the dorsum of 
the foot is made and extended proximally to the 
mid-phalanx, dissection is carried down until the 
metatarsal bone is identified and dissected in all 
its circumference. The bone is denuded and an 
amputation is performed with a double-levered 
osteotome. Hemostasis is achieved and the skin is 
closed with nonabsorbable vertical mattress 
stitches [12].

 Resection of Melanoma on the Heel
Wide local excision of melanoma of the heel 
involves dissection and excision down to the 
plantar fascia. Because the heel is a weight- 
bearing structure, reconstructive techniques 
require a durable repair. Either a full-thickness 
skin graft or a rotational flap is needed. A split- 
thickness skin graft is not appropriate for cov-
erage of a defect on the heel [13]. The donor 
site for the rotational flap is the non-weight-
bearing area of the heel with the flap elevated in 
the subfascial or supra-fascial location. The 
subfascial flap as shown in Fig.  26.1 can be 
based off of the medial or the lateral plantar 
vasculature, depending on the location of the 
primary melanoma. As shown in Fig. 26.2, the 
flap is rotated on to the defect on the heel and 
the donor site defect is covered with a full-
thickness skin graft [14].

Table 26.1 Margins of excision based on Breslow’s 
depth of the lesion

Breslow’s thickness in 
millimeters (mm)

Recommended margins of 
excision in centimeters (cm)

Melanoma in situ 0.5
Less than 1 1
1.01–2.00 1–2
Greater than 2 2

Fig. 26.1 Subfascial elevation of the plantar flap based 
on the medial plantar vasculature
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 Reconstructive Considerations 
for Closure of Defect After Wide 
Excision

The goal of reconstruction after melanoma exci-
sion is to maintain or restore similar tissue compo-
sition, function, and aesthetic appearance [15]. 
Depending on the anatomical region in question, 
resection of melanoma may require skin grafting or 
adjacent tissue transfer. Timing of this reconstruc-
tion is controversial, given the potential for positive 
margins at the time of melanoma resection, and 
thus some centers advocate for two stage opera-
tions. Karanetz and colleagues sought to determine 
the incidence of positive margins after melanoma 
resection and then assess the cost related to a poten-
tial two stage treatment. They found that in their 
prospective cohort, 2.7% of patients had positive 
margins on permanent pathology and the only vari-
ables associated with a positive margin were des-
moplastic melanoma and a tumor location on the 
cheek. They also found that immediate reconstruc-
tion led to a mean cost savings of 38.5% at their 
institution [16]. Thus, immediate reconstruction 
appears to be a safe and cost-effective decision in a 
selected patient population. Some plastic surgeons 
are proponents of the square procedure in head and 
neck melanoma. This is a staged procedure in 
which the margins are excised first, followed by 
confirmation of negative margins on final pathol-
ogy [17]. This technique results in high local con-
trol rates and allows the facial plastic surgeon to 
proceed with flap reconstruction, knowing that the 
risk of local recurrence is quite low in the setting of 
negative margins.

In order to reconstruct acquired defects, the 
main surgical options include: primary closure, 
skin grafting, adjacent tissue rearrangement with 
local skin flaps, regional muscle or fasciocutane-
ous flaps, free tissue transfer, and tissue 
expansion.

 Skin Grafts

Skin grafts are indicated when the skin defect 
cannot be closed primarily. These are harvested 
from a donor site and transferred to the skin 
defect or the recipient site. Depending on the 
graft thickness, they can be classified as split- 
thickness graft, when only a portion of the dermis 
is harvested, or full-thickness graft which 
includes the entire dermis. Most patients under-
going melanoma excision are good candidates 
for full-thickness skin grafts. Split-thickness 
grafts may be more appropriate for larger defects. 
Full-thickness grafts have a better cosmetic out-
come and greater mobility, but have a lower graft 
survival. In contrast, contractures are more fre-
quent with thinner skin grafts.

Donor site considerations: A split-thickness 
graft can be harvested from any area of the body. 
Lower extremities, especially the thighs, and the 
trunk are more commonly used to harvest split- 
thickness skin grafts as these sites can be covered 
by clothing and provide a larger surface area. 
Full-thickness skin grafts are commonly obtained 
from the natural creases, blush zone, inner arm, 
inguinal crease, or abdomen (Fig.  26.3). It is 
common to use a full-thickness skin graft from 
the site of the sentinel node dissection, thereby 
allowing only one incision for both the node dis-
section and graft donor site and eliminate a third 
painful wound, the donor site. Relevant factors 
for donor site selection include: presence of hair 
follicles, skin color and pigmentation, thickness, 
texture, and defect size [18].

Recipient site considerations: Before an area 
is grafted, it is important to insure that the wound 
bed is hemostatic, well vascularized, and free of 
any infection. Hematoma formation underneath 
the skin graft may lead to failure of the graft, due 
to the hematoma preventing adherence of the 
graft to the wound bed. It also predisposes the 
wound to infection.

Fig. 26.2 Rotation of the medial plantar flap to cover the 
defect. The instep (donor site) is covered with a skin graft
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 Placement of a Split-Thickness  
Skin Graft

Two skin harvesting methods are described, the 
freehand knife and the power-driven dermatome. 
In this chapter we will describe the latter, since 
the freehand technique has progressively fallen 
out of favor.

Once the donor site is chosen, markings are 
made to obtain a 15–20% longer graft com-
pared to the skin defect. The dermatome should 
be properly set and selected thickness checked 
and corroborated. Commonly used skin thick-
ness is between 0.012 and 0.018  in. with an 
average of 0.015  in. The blade and donor site 
are generously lubricated. Traction is applied 
by a surgical assistant on both ends of the donor 
site using towel clips or a tongue blade, while 
the surgeon positions the dermatome at a 30 ° 
angle against the skin and slowly advances 

through the donor site while simultaneously 
applying gentle pressure. At the end of the 
markings, the dermatome is lifted up, with the 
graft meshed, if necessary, to increase the total 
coverage area, as well as to allow evacuation of 
blood and fluid from under the graft. Upon 
grafting, care should be taking to place the 
external epithelium facing up and the shiny der-
mal side facing down. The graft is anchored to 
the site of the defect using an absorbable suture, 
such as a chromic suture.

 Placement of a Full-Thickness  
Skin Graft

Once the donor site is chosen, markings are made 
slightly wider than the recipient site to account 
for primary contraction. Then with a scalpel, the 
skin including the dermis and some subcutaneous 

Full-thickness

split-thickness

Fig. 26.3 Donor sites 
for full-thickness and 
split-thickness skin 
grafts
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tissue is excised. Using fine tenotomy scissors, 
the skin is prepared for grafting by trimming off 
any fat or subcutaneous tissue from the underside 
of the skin. The graft should be secured peripher-
ally with skin staples and with interrupted chro-
mic sutures in between each of the skin staples. 
Several interrupted chromic sutures are also 
placed throughout the middle portion of the skin 
graft to the underlying fascial plane, thereby 
securing the entirety of the skin graft to the deep 
tissue. A bolster type of dressing is then placed 
over the entire skin graft, comprised of xeroform 
gauze, wet cotton balls, and secured with 2-0 silk 
ties. As mentioned previously, full-thickness skin 
grafts have better cosmetic outcome compared to 
split-thickness grafts, but also have a slightly 
higher graft failure rate. Complications include 
failure of the graft to remain viable due to com-
promised adherence secondary to hematoma, 
seroma, poorly vascularized wound bed, or infec-
tion [15, 19–21].

 Local or Regional Flaps

A flap is a portion of vascularized tissue that is 
mobilized from a donor site to an adjacent or 
remote defect/recipient site. The purpose of a 
skin flap is reconstruction of tissue defects not 
amenable to primary closure.

 Advancement Flap

As the name suggests, an advancement flap 
involves release of a portion of tissue to allow 
linear advancement of the tissue to cover a pri-
mary defect. Single pedicle advancement flaps 
are created by making two parallel incisions 
extending from the defect border, not exceed-
ing a 2:1 length-to-width ratio. In the base of 
the flap, a Burow’s triangle is created in each 
corner to allow for a smooth semicircular edge 
at closure as shown in Fig.  26.4, left panel. 

Fig. 26.4 Advancement flap techniques. Left panel 
shows a single pedicle advancement flap (Reproduced 
from Krishnan R, Garman M, Nunez-Gussman J, Orengo 
I. “Advancement flaps: a basic theme with many varia-
tions,” Dermatologic Surgery. 2005;31(8 Pt 2):986–94, 

with permission of Wolters Kluwer). Right panel shows a 
V-Y advancement flap (Reproduced from Van Aalst, J. A., 
Mccurry, T. and Wagner, J. 2003. Reconstructive consid-
erations in the surgical management of melanoma. Surg 
Clin North Am, 83, 187–230, with permission of Elsevier)
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Bi-pedicle flaps are shaped by making opposite 
single pedicle advancement flaps, with the 
defect being perpendicular to the flaps and 
establishing an H-shaped wound. The V-Y 
advancement flap pushes a triangular flap into 
the defect and is closed in a straight line giving 
a Y-appearance when complete (Fig. 26.4, right 
panel) [15, 23, 44].

 Limberg or Rhomboid Flap

The Limberg flap is a transposition flap used to 
repair rhombus-shaped defects. It is commonly 
used on the back after a wide excision since 
adequate mobilization of skin for primary clo-
sure can be difficult. To create this flap, the 
defect length is measured, followed by the cre-
ation of the first line which is extended along 
the short diagonal in order to match the defect 

side. A second line is drawn parallel to the 
defect and equal in length to the first line. The 
tissue is excised and the flap advanced as 
shown below (Fig.  26.5). A single rhomboid 
flap offers up to four potential flaps by creating 
a diagonal in each corner of the rhombus. A 
drawback of this flap is the more visible scar 
compared to other flaps given the use of diago-
nal incisions [15, 22].

 Free Tissue Transfer

This technique is generally reserved for larger 
defects that cannot be reconstructed with local or 
regional flaps. The main considerations include 
the length and caliber of the vascular pedicle 
from the flap and assessment of the recipient vas-
culature to assure suitability [15]. Use of free 
flaps is quite uncommon in melanoma.

Fig. 26.5 Limberg or 
rhomboid flap technique. 
The rhomboid defect 
indicated by the shaded 
area is covered by 
rotating the skin flap 
with corners labeled  
X and Y. The defect 
resulting from rotating 
the flap is closed 
primarily. (Reproduced 
from Van Aalst, J. A., 
Mccurry, T. and Wagner, 
J. 2003. Reconstructive 
considerations in the 
surgical management of 
melanoma. Surg Clin 
North Am, 83, 187–230, 
with permission of 
Elsevier)
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 Tissue Expansion

Tissue expansion is generally reserved for sec-
ondary reconstructions in order to enhance aes-
thetic qualities of a previously grafted defect, or 
an unfavorable scar. The technique involves 
placement of an inflatable silicone expander 
under tissues that are adjacent to the defect. Serial 
expansion starts 2  weeks after the implants are 
placed and continues over 6–8  weeks. During 
this time, new skin is synthesized in response to 
the expansion. After enough excess tissue is 
obtained to close the secondary defect, the 
expanders are removed and the flaps are advanced 
to cover the defect [15].

 Sentinel Lymph Node Dissection 
for Staging in Melanoma

Sentinel node dissection is an essential part of stag-
ing in cutaneous melanoma. It should be performed 
in patients with high-risk features for a thin pri-
mary melanoma between the Breslow’s depth of 
0.76–1.00 mm. In the United States, it is consid-
ered the standard of care for all primary melano-
ma’s with a Breslow’s thickness of >1.00 mm [21].

The technique involves the use of 1% solution 
of isosulfan blue dye and/or a radiotracer 
(Technetium Tc 99m Sulfur Colloid) [24]. Using 
sterile technique, a few hours before surgery, the 
radiotracer is circumferentially injected around 
the lesion in four different locations. The solution 
should be injected in the dermis rather than in the 
subcutaneous tissues and skin massaged to 
increase lymphatic flow. The draining lymphatic 
basin is identified using lymphoscintigraphy and 
the location of the lymph node is marked on the 
skin by the radiologist, facilitating intraoperative 
identification and resection of the node. Studies 
evaluating lymphoscintigraphy have shown that 
around 10% of patients with melanoma of the 
trunk have a dual lymph node drainage, thus 
making preoperative lymphoscintigraphy impor-
tant in accurately assessing lymphatic drainage 
and staging [25].

In the operating room, 1–3  mL of isosulfan 
blue dye is injected intradermally around the 

 primary melanoma prior to starting the sentinel 
node dissection. Using a sterile gamma probe, the 
tattooed “hot spot” should be verified and a sur-
vey of all pertinent lymph node basins and sur-
rounding skin should be undertaken to pick up 
any additional basins or in-transit nodes. An inci-
sion is made over the tattoo and dissection is car-
ried down to the subcutaneous fat. While 
dissecting, blue lymphatic channels may assist 
in locating the radioactive lymph node. After the 
node is circumferentially dissected and removed, 
radioactivity should be measured again to verify 
no remnant hot spots [21]. It is important to treat 
the node with care, to avoid tearing of its capsule 
which can lead to bleeding and potentially spread 
of cancer [24]. Currently, there is an effort to 
implement the use of immuno-targeted agents that 
can better determine tumor burden without the 
reliance of a sentinel lymph node biopsy. 
However, limitations to imaging resolution and 
sensitivity have slowed progress in this area [26] .

 Completion Lymphadenectomy

Patients who have evidence of metastasis in the 
sentinel lymph node or have clinically positive 
lymph nodes are recommended to undergo a com-
plete lymph node dissection of the respective 
nodal basin [27]. A thorough discussion regarding 
the risks and benefits of lymphadenectomy should 
be undertaken with the patient prior to surgery. 
Additionally, findings from the recently published 
MSLT-2 trial should be incorporated into the dis-
cussion about a completion lymphadenectomy 
after a positive sentinel node [28]. Briefly, the 
MSLT-2 trial was an international multicenter trial 
that randomly assigned patients with sentinel-node 
metastases detected by means of standard patho-
logical assessment or a multimarker molecular 
assay to immediate completion lymph-node dis-
section or nodal observation with ultrasonography 
[28]. Immediate completion lymph-node dissec-
tion increased the rate of regional disease control 
and provided prognostic information but did not 
increase 3 year melanoma- specific survival among 
patients with melanoma and sentinel-node metas-
tases at a median follow- up of 43 months [28]. For 
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the patients enrolled in this trial, the Breslow’s 
thickness of the primary melanoma ranged from 
1.2 mm to 3.5 mm. It was also noted in this trial 
that presence on non- sentinel node metastases 
was a strong prognostic factor. The rate of lymph-
edema in patients who underwent completion 
lymphadenectomy was four times that of the 
observation group. When informing patients 
about the role of completion lymphadenectomy in 
intermediate thickness melanoma, discussion 
points should include the relatively short median 
follow-up, the additional information that can be 
gained from completion lymph node dissection, 
the type of follow-up surveillance required, and 
the substantial risk of lymphedema. Patients opt-
ing for observation should undergo periodic ultra-
sound examinations of the draining lymph node 
basin if possible.

 Complete Axillary Node Dissection

The patient is placed in a supine position with 
the ipsilateral arm abducted. The extremity is 
prepped and draped to allow movement of the 
arm during the intervention. A transverse inci-
sion is made spanning the edge of the pectoralis 
muscle to the anterior border of the latissimus 
dorsi muscle. Alternatively a longitudinal inci-
sion can also be used. Dissection is carried down 
through subcutaneous tissue to the pectoralis 
major fascia. Superior and inferior flaps are 
raised, extending from the anterior nipple line to 
the latissimus dorsi muscle, exposing the thora-
codorsal bundle. The anterior pectoralis muscle 
fascia is removed to expose the pectoralis major. 
The axillary vein is exposed by using sharp dis-
section of the thick axillary fascia and gentle 
sweeping of the axillary fat inferiorly. The pec-
toralis major is retracted to obtain access to the 
pectoralis minor. The extremity is flexed at the 
elbow and adducted to obtain access to the axil-
lary apex. In order to facilitate access to the 
nodes medial to the pectoralis minor muscle, the 
muscle may be divided close to the coracoid pro-
cess, avoiding injury to the thoracoacromial 
nerve and the lateral pectoral nerve. However, it 
is often not necessary, as palpation with the 

index finger is often adequate in order to feel for 
any hard, clinically suspicious lymph nodes in 
this area leading the clavicle. Axillary dissection 
is started at the apex of the axilla, and carried 
down following the axillary vein, ligating small 
tributaries off the axillary vein as necessary. 
Small arterial branches may also be ligated. The 
nodal tissue between the pectoralis major and 
minor is also included with the specimen. The 
intercostobrachial nerve crosses through this 
area, a sensory nerve innervating the upper inner 
aspect of the arm is often sacrificed to facilitate 
complete exposure and removal of the level 1 
and 2 lymph nodes. The dissection is carried lat-
erally and inferiorly to dissect the axillary con-
tents along the chest wall. The long thoracic 
neurovascular bundle as well as the thoracodor-
sal neurovascular bundle are identified and pre-
served during dissection unless involved with 
disease. The specimen is removed and clips are 
placed in the superior and laterals borders to ori-
ent the specimen. The surgical field is irrigated. 
If the pectoralis major was divided, the muscle 
continuity is restored to obtain the natural axil-
lary contour. A drain is placed anteriorly over the 
pectoralis major and another under the posterior 
flap. Drains are connected to bulb suction. The 
wound is then closed by approximating the skin 
in an interrupted intradermal layer and a contin-
uous subcuticular layer.

A complete axillary node dissection can be 
divided into three levels:

 – Level I: Nodal tissue lateral to the pectoralis 
minor (i.e., axillary vein superiorly, the 
 pectoralis major medially, and the latissimus 
dorsi laterally)

 – Level II: Nodal tissue underlying the pectora-
lis minor

 – Level III: Nodal tissue medial to the pectoralis 
minor

 – There is currently no evidence supporting a 
partial axillary lymph node dissection for mel-
anoma in terms of comparable outcomes; 
however, a recent study showed a potential 
low frequency of melanoma metastases in 
level III, thus opening the field for further 
investigation [27, 29].
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The incidence of lymphedema following 
nodal surgery is common in melanoma, with a 
significant increase after a therapeutic lymph 
node dissection and a borderline increased inci-
dence for lower extremity versus the upper 
extremity [30]. Long-term studies have shown 
that peripheral vascular disease increases the 
risk of lymphedema in patients undergoing com-
plete axillary lymph node dissection [31]. With 
respect to quality of life, patients undergoing 
complete axillary node dissection compared to 
those undergoing just sentinel lymph node dis-
section reported more problems and most pain 
long-term [32].

 Inguinal Lymph Node Dissection

In patients with metastatic lymph nodes in the 
inguinal basin, a complete (inguinofemoral/
superficial) lymph node dissection is indicated.

 Superficial Inguinal Lymph Node 
Dissection

The patient is placed in supine position. The 
abdomen and extremity of interest are prepped 
and draped. An incision is created starting 2–3 cm 
cephalad and medial to the anterior superior iliac 
spine and continued caudally to a point 1–2 cm 
below the inguinal crease. The incision is then 
continued in the medial direction toward the fem-
oral vein at which point it is gently curved cau-
dally about 5 cm. Superior and inferior skin flaps 
are raised and extended until the borders of the 
femoral triangle are exposed (lateral border of the 
Sartorius muscle, medial border of the adductor 
longus, and the anterior iliac spine). Resection is 
started by dissecting the tissue between camper’s 
fascia, the external oblique muscle, and the ingui-
nal ligament. Dissection is carried down applying 
medial traction to the specimen, lateral to medial 
starting from the lateral border to the Sartorius 
muscle to the femoral sheath. The lateral femoral 
cutaneous nerve and the femoral nerve should be 
visualized and preserved under the Sartorius fas-
cia. The saphenous vein is identified and ligated 

at the saphenous-femoral junction. Saphenous 
vein sparing approach has also been described 
with mixed reports regarding the reduction in 
morbidity [33, 34]. Dissection is continued by 
applying lateral traction on the specimen and 
incising the fascia in the medial border of the 
adductor longus. Resection is carried down to the 
femoral sheath were the lateral and medial dis-
section planes should join. The specimen is then 
divided at the apex of the femoral triangle. 
Attention is then turned to Cloquet’s node which 
lays high in the femoral ring between the inguinal 
ligament superiorly, the lacunar ligament medi-
ally, Coopers ligament inferiorly, and the femoral 
vein laterally. Tissue within this space is retracted 
inferiorly and resected. This completes the super-
ficial groin dissection. The femoral ring should 
then be obliterated. The Sartorius muscle may be 
transposed over the femoral sheath to protect the 
femoral vessels, and a two-layer interrupted clo-
sure is used to approximate the wound edges 
[35]. Skin is sutured and dressed with a light 
compressing dressing.

Indications for iliac and obturator (deep, pel-
vic) node dissection include the finding of a posi-
tive Cloquet’s node intraoperatively or the 
detection of enlarged iliac or obturator nodes on 
preoperative CT scans, or fludeoxyglucose 
(FDG)-avid iliac or obturator nodes on a PET 
scan [35]. It has been shown that when palpable 
inguinal disease is present, up to 40% of patients 
are found to have pelvic nodal metastasis [36]. 
Controversy still persists regarding the exact 
indications for, and benefit of, pelvic lymphade-
nectomy [34].

 Deep Iliac-Obturator Lymph Node 
Dissection

Dissection is started through a superficial ingui-
nal node dissection incision. After the superior 
flap is created, an incision in made in the external 
oblique aponeurosis about 3–4  cm above the 
inguinal ligament. The underlying internal 
oblique muscle and the transversus muscles 
along with the transversalis fascia are divided but 
not the peritoneum. The deep inferior epigastric 
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vessels arising just above the inguinal ligament 
form the external iliac artery and vein are ligated 
and the peritoneum and ureter are reflected medi-
ally and cephalad. Dissection is carried down to 
resect the tissue contained between the aortic 
bifurcation superiorly, the bladder medially, the 
femoral ring inferiorly, and the genitofemoral 
nerve laterally. Dissection should be carried so as 
to include lymphatic tissue between the external 
and internal iliac vessels and deep below the 
obturator nerve down to the obturator membrane 
overlying the obturator foramen. Layers should 
be anatomically closed once dissection is 
complete.

The main complication related to inguinal 
lymph node dissection, both deep and superficial, 
relates to the rate of wound infections. Some 
studies report up to 19% wound complication 
rate. Interestingly, this rate has been found to be 
higher among patients that undergo lymph node 
dissection for clinical disease compared to 
patients undergoing the procedure for a positive 
sentinel lymph node [37]. Authors hypothesize 
this might be due to surgeons wanting to leave a 
wider margin of disease-free tissue at the time of 
closure, and thus, compromising of the vascular 
supply at the wound edges. Rates of lymphedema 
were also higher among those with clinical dis-
ease at the time of lymphadenectomy.

 Minimally Invasive Inguinal Lymph 
Node Dissection

In 2013, a prospective study compared the out-
comes of minimally invasive lymph node dissec-
tion and open inguinal lymph node dissection for 
melanoma. They found that the minimally inva-
sive approach required a longer operative time, 
however, the wound dehiscence rate, readmission 
rate, and postoperative length of stay were all 
lower in this group. Moreover, more lymph nodes 
were retrieved with the minimally invasive 
approach [38]. Another study comparing early 
outcomes found similar results with no signifi-
cant difference in nodal yield or operative times 
but a shorter length of stay [39]. Since then, 
another study found that the procedure could be 

implemented easily among surgeons. They found 
that proficiency (assessed by scoring videos with 
the global operative assessment of laparoscopic 
skills (GOALS) tool) was correlated with funda-
mentals of laparoscopic surgery (FLS) scores.

Regardless, there was no association of FLS 
or GOALS with lymph node count, conversion 
rate, or complication rate [40]. There is even a 
case report of an inguinal lymphadenectomy per-
formed robotically [41]. Most recently, a multi-
center, prospective clinical trial (SAFE-MILND) 
sought out to determine safety and feasibility of 
minimally invasive inguinal lymph node dissec-
tion and they found that the technique was easily 
adopted and that lymph node retrieval rate met or 
exceeded current oncologic guidelines [42]. The 
adverse event was high at 71%, however, only 
26% were grade 3 (graded per the NCI Common 
Terminology Criteria for Adverse Events Version 
4.0) and the majority of these were wound infec-
tions. Overall, the data points at a promising and 
prominent role for minimally invasive inguinal 
node dissection as experience improves 
outcomes.

 Neck Dissection

Cervical lymphadenectomy (neck dissection) is 
performed when a cervical sentinel lymph node 
is positive, or there is clinical evidence of disease 
in the cervical node.

There are 3 type of neck node dissections 
described:

 – Radical neck dissection (RND).
 – Modified radical neck dissection (MRND).
 – Selective neck dissection (SND).

A radical neck dissection involves removal of 
cervical nodes contained between the inferior 
border of the mandible, the lateral border of the 
sternohyoid, the clavicle, and the trapezius as 
well as resection of the sternocleidomastoid mus-
cle, the spinal accessory nerve and the internal 
jugular vein. This procedure is rarely used given 
the associated high morbidity. A modified radical 
neck dissection removes the same group of nodes 
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as a radical neck dissection. However, the sterno-
cleidomastoid muscle, the spinal accessory 
nerve, and the internal jugular vein are preserved. 
A MRND is indicated for clinically palpable 
nodal disease. Lastly, SND involves removal of 
specific lymph node groups based on the site, his-
tology, and routes of lymphatic spread of the pri-
mary tumor. SND is the most commonly 
recommended type of node dissection [43].

Parotidectomy should be performed in two 
specific scenarios [44]:

 1. If parotid lymphadenopathy is present without 
neck involvement, both neck dissection plus 
parotidectomy should be performed.

 2. If neck disease is present without parotid 
involvement, parotidectomy should be consid-
ered only if the lymphatic drainage is likely to 
pass through the parotid gland.

An incision carried along the horizontal ramus 
of the mandible is recommended. Superior and 
inferior flaps are raised. The tail of the parotid is 
retracted superiorly gaining access to the retro-
mandibular vein which is transected. Then, the 
facial artery and vein are identified, the facial 
artery is clamped, and the facial vein is ligated. 
Attention is given to preserve the lingual and 
hypoglossal nerves. Dissection is carried down to 
the submandibular nodes (located anteriorly and 
posteriorly to the submaxillary gland) and sub-
mental nodes (located between the two bellies of 
the digastric muscle, the symphysis of the man-
dible and the mylohyoid muscles). The submaxil-
lary ganglion, submaxillary gland, and adjacent 
nodes are removed. The posterior digastric mus-
cle fascia is incised and dissection continued 
along the digastric muscle anteriorly and posteri-
orly. The facial artery is transected under the pos-
terior digastric muscle belly. Dissection is carried 
down to the sternocleidomastoid. The anterior 
fascia is incised from the sternocleidomastoid 
apex down to the clavicular and sternal heads. 
Dissection is carried circumferentially removing 
all fat and nodal tissue around the sternocleido-
mastoid muscle and spinal accessory nerve. 
Attention is then turned to the carotid sheath 
were the jugular vein, carotid artery, and vagus 

nerve should be identified. The Ansa cervicalis is 
transected. Dissection is carried inferiorly along 
the medial aspect of the jugular vein to excise the 
upper jugular and jugular chain nodes. The omo-
hyoid muscle is identified and transected in the 
inferior aspect of the cervical dissection to obtain 
access to the lower jugular nodes located anteri-
orly to the jugular vein at the facial vein conflu-
ence. Attention is turned to the anterior border of 
the trapezius were the spinal accessory nerve is 
again identified. Tissue is resected circumferen-
tially including all nodal tissue in the posterior 
cervical triangle. To finalize the dissection, lym-
phoid tissue is raised superiorly from the supra-
clavicular fossa and anteriorly from the posterior 
cervical region over the scalene muscles paying 
attention to preserve the integrity of the phrenic 
nerve. For skin lesions located above the mandi-
ble and medial to the crease behind the pinna, a 
preauricular incision in combination with the cer-
vical incision will provide proper exposure for a 
parotid gland and parotid node excision [5].
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 Introduction and Historical 
Perspective

The treatment of patients with locally advanced 
or recurrent metastatic melanoma confined to a 
limb is often challenging, due to both the size 
and number of tumor deposits. Before the mid-

1950s, amputation of the affected limb was 
often deemed necessary, but following the intro-
duction of the isolated limb perfusion (ILP) 
technique by Creech et al., this mutilating pro-
cedure became unnecessary in the vast majority 
of patients [1]. During ILP, the blood circulation 
of the limb is temporarily isolated from the sys-
temic circulation. With open surgical exposure, 
the femoral artery and vein (when treating a 
lower limb) or the axillary artery and vein (when 
treating an upper limb) are exposed and 
clamped, cannulated and connected to an extra-
corporeal circuit.

To achieve optimal isolation, minor vessels 
in the subcutaneous tissue and muscles are com-
pressed using an external tourniquet [2, 3]. In 
this isolated circuit, the cytotoxic drug, typi-
cally melphalan, can be administered at a dos-
age of up to tenfold greater than could be 
tolerated systemically, without causing locally 
irreversible adverse effects [2–4]. The cytotoxic 
drug is typically circulated for 60–90 min, after 
which the limb is flushed to eliminate the 
remaining cytotoxic drug in the isolated limb. 
Following ILP, complete response (CR) rates of 
7–91% (median 46%) and partial response (PR) 
rates of 0–44% (median 34%) have been 
reported. With this technique, it has been possi-
ble to avoid amputation of the affected limb in 
over 90% of cases [4–6].

Despite these generally satisfactory results, 
the ILP technique has some major disadvan-
tages: It is a technically complex procedure and 
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involves an invasive surgical approach. In the 
past, several attempts were made to design a 
simplified and less invasive alternative to 
ILP.  Procedures such as direct intra-arterial 
infusion and “tourniquet infusion” with partial 
venous outflow occlusion have been investi-
gated, but these techniques failed to achieve 
response rates comparable to those obtained fol-
lowing ILP [7–9].

In the early 1990s, Thompson and colleagues 
at the Sydney Melanoma Unit (now known as 
Melanoma Institute Australia) developed a sim-
ple, minimally invasive procedure that they 
called isolated limb infusion (ILI). Using the 
ILI technique, it proved possible to obtain the 
benefits of ILP without incurring its major dis-
advantages [10, 11]. ILI is essentially a low-
flow ILP, performed via percutaneously placed 
catheters under hypoxic conditions (i.e., without 
oxygenation of the perfusate). This simplified 
technique, now in regular use at tertiary mela-
noma referral centers in Australia and at many 
other leading melanoma treatment centers 
around the world, produces response rates 
which are similar to those achieved following 
ILP [12–14]. To date, ILI with cytotoxic drugs, 
usually melphalan, with or without actinomycin 
D, has mainly been used as a stand- alone thera-
peutic procedure. Additionally, its simplicity 
and low morbidity offer great potential in the 
future for it to be used with other agents, or in 
combination with systemic therapies to control 
advanced limb melanoma.

 Similarities and Differences 
Between Isolated Limb Infusion 
and Isolated Limb Perfusion

Both ILP and ILI involve vascular isolation and 
perfusion or infusion of an extremity with a 
high dose of cytotoxic agents under mild hyper-
thermia. Both ILI and ILP are usually per-
formed under general anesthesia. Despite these 
similarities, both procedures have major differ-
ences also [3, 15, 16]. A major difference 
between the procedures is the lower flow rate 

and shorter circulation time of the cytotoxic 
agents in the isolated extremity during ILI. For 
ILP this is usually 150–1000  mL/min for 
60 min whereas for ILI it is only 50–100 mL/
min for 30  min. ILI is a hypoxic procedure, 
which leads to marked acidosis in the isolated 
circuit. In contrast, ILP involves full oxygen-
ation of the perfusate by incorporating a mem-
brane oxygenator in the external circuit. Scar 
tissue after a previous ILP or following groin or 
axillary lymph node dissection can make it 
technically difficult to obtain safe vascular 
access for a repeat ILP procedure, resulting in 
an increased risk of morbidity.

A repeat ILI, on the other hand, is normally 
straightforward because the catheters are 
radiologically placed percutaneously without 
dissection, are much smaller in diameter, and 
can be inserted via the contralateral groin. 
Additionally, blood transfusion, or more 
recently the use of autologous blood, is 
required for ILP to prime the perfusion circuit, 
but is not necessary for ILI. Infusion of 400 mL 
of normal saline into the limb is sufficient for 
ILI, due to the small volume of the circuit. 
Finally, ILP is a technically demanding proce-
dure that requires complex and expensive 
equipment, occupies many hours of operating 
room time involving numerous surgical, anes-
thetic and nursing personnel, plus ancillary 
technical staff. In contrast to this, ILI is a much 
simpler, lower-cost procedure which requires 
much more modest equipment, less time in the 
operating room, and fewer personnel. The prin-
cipal differences between ILI and conventional 
ILP are listed in Table 27.1.

 Patient Selection for Isolated Limb 
Infusion

The primary indication for ILI and ILP is similar, 
namely extensive and/or unresectable in-transit 
metastases or locally recurrent melanoma of an 
extremity [16]. Limb melanoma deposits require 
an established vascular network supplying the 
tumor in order to be effective. Neither ILP nor 
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ILI has proven effective prophylactically for 
microscopic, non-vascularized tumor deposits 
[17]. Due to its minimally invasive character, the 
ILI procedure can be offered to elderly and medi-
cally compromised patients who would not oth-
erwise be considered suitable candidates for ILP 
[18, 19]. Patients in ILI studies have generally 
had a higher stage of disease, a higher average 
age, and more serious comorbidities than those in 
ILP studies [20, 21]. Of note, selected patients 
who cannot be treated safely and effectively with 
ILP because of occlusive vascular disease can be 
successfully treated with ILI. Finally, ILI can be 
offered as a minimally invasive, palliative 
 treatment option for patients with stage IV dis-
ease. Many of these patients also have disabling 
limb disease that be effectively treated with ILI in 
order to avoid amputation, whereas the invasive 
ILP procedure would often not be considered 
under these circumstances [22, 23].

 Technical Details of the ILI 
Procedure

The ILI technique as described below is currently 
used across Australia [15]. A schematic overview 

of the procedure is shown in Fig.  27.1. In the 
radiology department, standard radiological cath-
eters with additional side-holes near their tips are 
inserted percutaneously into the major artery and 
vein of the disease-bearing limb, usually via the 
contralateral groin, using the Seldinger tech-
nique. For lower limb ILIs, the catheter tips are 
positioned in the popliteal artery and vein just 
above the knee; for upper limb ILIs, the catheter 
tips are positioned in the brachial artery and 
basilic vein, just above the elbow. Retrograde 
perfusion of tissues located more proximally to 
the catheter tips in the limb, but distal to the level 
of the tourniquet, occurs in a retrograde fashion 
via collateral vascular channels.

Due to the synergistic antitumor effects of 
hyperthermia and melphalan, strenuous efforts are 
made to maintain a warm limb preoperatively and 
to increase the limb temperatures to mild hyper-
thermia (ideally 38–39 °C) intraoperatively [2]. To 
achieve mild limb hyperthermia, precautions are 
necessary to avoid body and limb cooling in the 
preoperative period. These include the placement 
of a hot-air blanket or other warming device over 
the patient as soon as the vascular catheters have 
been inserted, especially during transport to the 
operating room. Intraoperatively, measures to 

Table 27.1 Differences between isolated limb perfusion and isolated limb infusion

Isolated limb perfusion Isolated limb infusion
Technically complex Technically simple
Open surgical exposure of vessels for catheter insertion Percutaneous vascular catheter insertion in radiology 

department
4–6 h duration Approximately 1 h
Perfusionist and ancillary staff required No perfusionist required and fewer total staff
Complex and expensive equipment needed Equipment requirements modest
Magnitude of procedure excludes patients Well tolerated by medically compromised, frail and 

elderly patients
Not possible in occlusive vascular disease Can be performed selectively in occlusive vascular 

disease
Technically challenging to perform a repeat procedure Not difficult to perform a repeat procedure
Systemic metastases normally a contraindication Systemic metastases not a contraindication
Higher perfusion pressures predispose to systemic 
leakage

Low pressure system, effective vascular isolation with 
tourniquet

Limb tissues oxygenated, with normal blood gases 
maintained

Progressive hypoxia and acidosis

Hyperthermia (>41 ° C can be achieved) Usually not possible to raise limb temperature above 
40 °C

General anesthesia (GA) required Possible with regional anesthesia, GA preferred
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maintain limb temperature are employed, includ-
ing an overhead radiant heater, placement of a hot-
air blanket around the disease- bearing limb to 
form a cocoon, insulation of the circulation tubing, 
and incorporation of a blood- warming device in 
the extracorporeal vascular circuit (Fig. 27.2).

When in the operating room, the patient is 
given a general anesthetic, and heparin (3 mg/kg) 
is administered to achieve complete and full sys-

temic heparinization. We then inject intra-arterial 
papaverine (30–60  mg) for optimal cutaneous 
vasodilatation, directly into the popliteal or bra-
chial artery via the arterial catheter. This is done 
just prior to pneumatic tourniquet inflation 
around the proximal disease-bearing limb. If the 
foot or hand is not involved with tumor, it is 
excluded by wrapping an Esmarch bandage 
tightly around it, to prevent local toxicity.

Chemotherapy IV flush

heat exchanger
venous line

syringe

arterial line

tourniquet

thermometer38.7

thermoprobe

warm water
mattress

Fig. 27.1 Schematic illustration of the circuit used for isolated infusion of a lower limb
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Fig. 27.2 (a) Photograph of a lower limb isolated limb 
infusion procedure. Note the Esmarch bandage around the 
foot to protect the acral (peripheral) region from develop-

ing postoperative toxicity. (b) Photograph of an upper 
limb isolated limb infusion procedure

a

b
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To determine the appropriate drug dosage, the 
volume of limb tissue distal to the tourniquet and 
proximal to the Esmarch bandage (if used) is then 
calculated, based on preoperative volume mea-
surements. These preoperative measurements, 
marked on the limb, assist the surgeon to calcu-
late the volume of limb tissue that will be exposed 
to the infused drug/s. Preoperative limb volume 
measurements can be determined using several 
techniques. The simplest and most convenient is 
the water-displacement method, first described in 
antiquity by Archimedes, but employed for ILP 
by Wieberdink et  al. [24]. Another method 
involves volume calculations based upon mea-
surements of the patient’s leg or arm circumfer-
ence at 1.5  cm intervals up to the level of the 
tourniquet. This should encompass the entire 
region to be infused [25]. CT scan volumetric 
estimation can also be used [26].

Next, the cytotoxic drug solution is infused 
into the isolated limb via the arterial catheter. For 
the duration of the procedure (usually 30 min), 
the cytotoxic infusate is then circulated by 
repeated aspiration from the venous catheter and 
reinjection into the arterial catheter using a 
syringe attached to a three-way tap in the external 
circuit. Subcutaneous and intramuscular limb 
temperatures are monitored continuously during 
ILI, with blood samples from the isolated limb 
taken at regular intervals. This insures that the 
initial and subsequent cytotoxic drug concentra-
tions, as well as the pH, O2, and CO2 levels are 
appropriate. These measurements are important 
to evaluate the increase in acidity and hypoxia of 
the isolated limb, as well as the uptake of the 
cytotoxic drugs into the tissues.

Melphalan is 1.5 times more potent in an aci-
dotic environment, and up to three times more 
potent in an acidotic and hypoxic environment 
[27–30]. Drug leakage rates from the isolated 
limb into the systemic circulation are evaluated 
retrospectively by measurement of drug levels in 
systemic blood samples. Real-time intraoperative 
systemic leakage monitoring, as performed dur-
ing ILP, is not necessary during ILI, since sys-
temic leakage is invariably minimal [31]. Due to 
the low pressure of the circulating blood in the 
isolated limb circuit, influx of cytotoxic agent 

into the systemic circulation occurs only in a few 
patients at a very low concentration because of 
the much higher systemic blood pressure, and the 
efficiency of the pneumatic tourniquet. Great 
care is nevertheless required to ensure that the 
limb tourniquet is applied correctly to avoid 
leakage.

After 30 min of drug circulation in the limb, 
the procedure is terminated and the limb vascula-
ture is flushed with 1 L of Hartmann’s solution. 
Any residual heparin effect is reversed with intra-
venous (IV) protamine, after which the limb tour-
niquet is deflated to restore the normal limb 
circulation. Finally, the venous and arterial cath-
eters are removed with pressure applied over ves-
sel puncture sites. The risk of postoperative false 
aneurysm formation is reduced by routine use of 
an Angioseal™ device (St. Jude Medical, St. 
Paul, MN).

For patients with metastatic disease in the 
groin or axilla requiring both a regional lymph 
node dissection and an ILI, the dissection is 
undertaken immediately after the ILI, following 
heparin reversal, under the same general anes-
thetic. Postoperatively, limb toxicity and sys-
temic toxicity are assessed clinically and 
biochemically each day, with serum creatinine 
kinase and lactate dehydrogenase levels acting as 
useful measures of muscle and tumor damage, 
typically peaking 3–4 days after ILI. The tumor 
response is assessed at regular intervals by noting 
the degree of regression, growth, or appearance 
of melanoma deposits. In some patients who 
achieve a CR following, this may not occur until 
10–12 weeks after the procedure.

 Drugs Used in Isolated Limb 
Infusion

The alkylating agent melphalan (L-PAM) 
remains the cytotoxic agent of choice for ILI 
procedures [16]. In most centers undertaking 
ILI, actinomycin- D is added to melphalan 
because good response rates are achieved with-
out incurring increased toxicity [32, 33]. The 
normal melphalan dose that is administered for 
an ILI procedure is 7.5 mg/L of infused tissue, 
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with a maximum dose of 100 mg for large limb 
volumes and a minimum dose of 15 mg for small 
limb volumes (usually upper limbs) [15]. The 
dose of actinomycin- D is usually 75  μg/L of 
infused tissue, with a maximum of 500 μg for 
larger limb volumes and a minimum of 200 μg 
for smaller limb volumes. Both drugs are mixed 
and infused in a warmed, heparinized normal 
saline solution. Infusion fluids containing albu-
min are not used because albumin binds melpha-
lan, reducing melphalan uptake into the tissues 
by a factor of three [34].

The relationship between the infused melpha-
lan dose in mg/L and outcome remains unclear 
[24, 32, 33]. Using a rat model, Roberts et  al. 
demonstrated a dose-response effect where 
increasing the melphalan tissue concentration 
above a threshold of 25 μg/mL did not improve 
response rates. They did note that higher melpha-
lan concentrations did cause more severe limb 
toxicity [35]. However, melphalan tissue concen-
trations in the limb during ILI vary between indi-
vidual patients, making it challenging to estimate 
the correct dose for each patient. The factors 
determining the process of tissue uptake of mel-
phalan are not yet fully understood [36, 37].

In an attempt to decrease toxicity without 
compromising outcome, Beasley et  al. adjusted 
the melphalan dose according to ideal body 
weight (IBW) [37]. This adjustment was based 
on the observation that the strongest predictor of 
toxicity in patients undergoing conventional ILP 
was the ratio of estimated limb volume (Vesti) to 
steady-state limb drug volume of distribution 
(Vss). Hypothetically, patients with a weight 
greater than their IBW are likely to have a high 
Vesti/Vss ratio, since melphalan uptake is lower 
in fatty tissue as compared to muscle [38]. 
Beasley et  al. reported that in their experience, 
dose adjustment according to IBW decreased the 
number of patients with grade III toxicity, but at 
the expense of a lower PR rate, while the CR rate 
was unchanged [37].

Although it might be argued that the achieve-
ment of a CR is clinically most important, any 
reduction in the PR rate due to the administration 
of a lower melphalan dose is still clinically rele-
vant, since a PR following ILI greatly improves 

the quality of life in most patients. Moreover, in 
many cases a PR can be followed by systemic 
therapy, or other local therapies, to treat remain-
ing lesions, including resection, CO2-ablation, or 
intralesional injection of agents. Thus, ILI can 
serve as an induction therapy for achieving a 
disease- free limb [39].

A retrospective study conducted at the 
Melanoma Institute Australia to evaluate the 
results published by Beasley et al. could not rep-
licate their outcomes. A correlation between 
larger limb volumes (and thus higher total mel-
phalan doses) and toxicity was observed, but 
body mass index (BMI) was not correlated with 
toxicity [40]. Therefore, the effect of dose- 
adjustment according to IBW on limb toxicity 
and response rates remains uncertain. Clearly, 
more research is required to reduce toxicities of 
ILI and improve efficacy, focusing on optimizing 
melphalan (and other drug) effects in the indi-
vidual patient.

 Toxicity, Complications, and Side 
Effects Following Isolated Limb 
Infusion

ILI is generally a well-tolerated procedure. 
Typically, erythema and edema develop within 
24 h. The skin overlying and surrounding tumor 
deposits often develops a dark gray hue at the 
time of ILI and then a ring of intense inflamma-
tion develops within 48 h [15]. Postoperatively, 
the daily serum creatine phosphokinase (CK) 
level reflects toxicity from damage to muscles 
and tissues. CK levels exceeding 1000 IU/L cor-
relate with increased and potentially serious limb 
toxicity [33]. Therefore, patients with CK levels 
exceeding 1000  IU/L, or with clinically severe 
limb toxicity, can be treated with systemic corti-
costeroids (dexamethasone 4  mg IV every 6  h) 
until CK levels have fallen below this level and 
clinical signs of limb toxicity have subsided. 
Fasciotomy can be considered if signs of an 
impending compartment syndrome develop, but 
this is very rarely necessary [12, 33].

The peak limb toxicity is typically seen after 
3–4 days, and patients are usually observed in the 
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hospital until this peak has passed. Superficial 
desquamation of the skin from the infused limb 
often occurs after 2–3 weeks. Hair growth in the 
drug-exposed parts of the treated limb normally 
ceases for up to 3 months, and some residual pig-
mentation of the limb is common. If the foot or 
hand has not been excluded by an Esmarch ban-
dage or pneumatic tourniquet, infused extremity 
toxicity can be appreciable with loss of the super-
ficial layers of the epidermis of the sole and palm, 
leaving delicate and hypersensitive new skin 
exposed. Damaged plantar or palmar skin may 
take many weeks to regenerate and recover. 
Toenail or fingernail discoloration or loss can 
occur up to 3–4 months after the treatment. These 
effects are similar to those observed after conven-
tional ILP [4].

The frequently used toxicity scale proposed 
by Wieberdink et  al. for ILP is also applicable 
after ILI [24]. This scale grades regional limb 
toxicity as follows: No visible effect (grade I), 
slight erythema and/or edema (grade II), consid-
erable erythema and/or edema with blistering 
(grade III), extensive epidermolysis and/or obvi-
ous damage to deep tissues with a threatened or 
actual compartment syndrome (grade IV), and 
severe tissue damage necessitating amputation 
(grade V). Alternatively, the “common terminol-
ogy criteria for adverse events” version 3.0 
(CTCAE v. 3.0) has been used to grade toxicity 
following ILI [41]. A systematic review showed 
that regional toxicity following ILI with melpha-
lan and actinomycin-D was generally mild to 
moderate [42]. Slight erythema and edema was 
seen in 46% of patients (grade II toxicity) and 

was accompanied by blistering in 19% (grade III 
toxicity). In 2% of patients, clinical signs of an 
early compartment syndrome occurred (grade IV 
toxicity; Table 27.2). In those cases, a fasciotomy 
was indicated. Only one amputation due to severe 
regional toxicity (grade V toxicity) after ILI with 
melphalan and actinomycin-D has been reported.

The acute regional toxicity seen following 
ILI is similar to that following ILP. In large ILP 
series, 24% of patients experienced grade III 
toxicity or greater [6]. In ILI, however, grade III 
toxicity does not cause an increased hospital 
stay or greater long-term morbidity. In one 
study, the median hospital stay after ILI was 
7 days. At 1 year, there were no symptoms of 
long-term morbidity in most patients, with only 
mild symptoms in the remainder, of which none 
were disabling [33].

Predictive factors for increased toxicity fol-
lowing ILI (Wieberdink grade III–IV) are: female 
gender, a high BMI, papaverine use, high peak 
and high final melphalan concentrations, a 
smaller rise in the CO2 level in the infusate at the 
end of the ILI procedure, and a high peak CK 
level post-ILI [33, 41]. The increased toxicity for 
overweight patients might be explained by the 
fact that melphalan uptake in the skin and subcu-
taneous fat is lower compared to muscle and 
tumor, such that relatively higher concentrations 
and toxicity occur within muscle [38, 40].

As mentioned above, some centers adjust the 
drug dosage according to IBW in an attempt to 
decrease regional toxicity. The effect of this 
adjustment on the efficacy of ILI, however, 
remains unclear. An approach that has been used 

Table 27.2 Systemic review of limb toxicity, assessed using the Wieberdink scale, following isolated limb infu-
sion for melanoma with melphalan and actinomycin D [42]

Author, year No. of patients I (%) II (%) III (%) IV (%) V (%)
Mian et al. (2001) [62] 9 44 44 12 0 0
Kroon et al. (2008) 185 2 56 39 3 0
Marsden et al. (2008) [63] 13 0 46 38 16 0
Beasley et al. (2009) [13] 128 64 35a 1 0
Duprat Neto et al. (2014) [64] 31 0 40 50 10 0
Wong et al. (2013) [65] 79 80 20 20 0 0
Coventry et al. (2014) [66] 131 27 60 11 2 0
Total 576 33 46 19 2 0

aBeasley et al. and Wong et al. reported the combined toxicity for grades II and III
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is to reduce the drug dose slightly (by an arbitrary 
10%) when confronted with a large limb with an 
obviously high fat to muscle ratio. The advantage 
of the latter strategy is that patients with a high 
BMI, but without a fatty limb, receive the full, 
unadjusted melphalan dose. As yet, there are no 
formal studies that confirm or review the effect of 
this type of dose adjustment on toxicity or 
outcome.

 Oncological Results of Isolated 
Limb Infusion for Melanoma

The primary goals of therapeutic ILI are to 
achieve a CR of limb disease and to avoid limb 
loss by amputation. Although a CR is optimal, 
achieving a PR or even stable disease (SD) can 
also substantially improve the patient’s quality of 
life [42, 43].

 Response Rates Following Isolated 
Limb Infusion

Since the introduction of ILI in the early 1990s, a 
multitude of studies reporting results following 
this procedure have been published [28, 42]. The 
range of reported response rates is wide, most 
likely due to the effects of small patient numbers 
and inclusion of “learning curve” results before 
mastery of the technique was achieved [12]. 
Furthermore, different institutions have used dif-
ferent protocols varying in small but potentially 
important ways [15]. A study performed at MIA 

showed that increased experience and small mod-
ifications that were made to the ILI protocol over 
a 14-year period resulted in a progressively 
improved effect on outcome [44].

Another possible explanation for the widely 
ranging results is that the response to the proce-
dure is not assessed similarly in all studies [15, 
25, 42]. Some tumor involution can usually be 
seen as soon as 7  days after the procedure. 
However, complete disappearance of tumor nod-
ules may take weeks or even several months. 
Therefore, considerable time must elapse before 
the final response is determined. Some have 
assessed and reported the response exactly 3 
months after ILI, while others have reported the 
outcome according to the World Health 
Organization (WHO) handbook for reporting 
results of cancer treatments, allowing a larger 
time window to detect the best identified response 
[45]. The WHO criteria define CR as the disap-
pearance of all measurable disease, determined 
by two observations <4 weeks apart, and a PR as 
≥50% decrease in total tumor size determined by 
two observations <4 weeks apart and no appear-
ance of new lesions or progression of any lesion.

The results of the seven largest ILI studies 
using melphalan and actinomycin D to treat limb 
melanoma were combined and examined in a 
systematic review [42]. In this review of 576 
patients, 33% experienced a CR and 40% a PR, 
with SD seen in 14% and progressive disease 
(PD) in 13%. Individual study results included in 
this systematic review are listed in Table  27.3. 
Overall, the results of ILI appear to be at the 
lower end of the spectrum of those reported after 

Table 27.3 Systematic review of response rates following isolated limb infusion for melanoma with melphalan and 
actinomycin D [42]

Author, year No. of patients Response criteria CR (%) PR (%) SD (%) PD (%)
Mian et al. (2001) 9 Best response 44 56 0 0
Kroon et al. (2008) 185 Best response 38 46 10 6
Marsden et al. (2008) 13 Unknown 31 53 0 16
Beasley et al. (2009) 128 3 months 31 33 7 29
Duprat Neto et al. (2014) 31 Best response 26 53 21 0
Wong et al. (2013) 79 3 months 37 37 8 18
Coventry et al. (2014) 131 Best response 27 36 29 8
Total 576 33 40 14 13

CR complete response, PR partial response, SD stable disease, PD progressive disease
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ILP. ILI, however, is often performed in consider-
ably older and medically more compromised 
patients, in those who suffer from a higher stage 
of disease and in patients with a higher tumor 
burden at the time of treatment, sometimes even 
in a palliative setting in patients with Stage IV 
disease. All of these factors have been shown to 
be prognostic factors for an inferior response in 
some studies [12, 13, 19, 22, 32, 46]. The fact 
that the patient populations and tumor stage in 
ILI and ILP melanoma studies differ so substan-
tially makes a simple comparison unreliable [47].

 Disease-Free Survival and Overall 
Survival After Isolated Limb Infusion

Not all reports have included disease-free sur-
vival (DFS) rates following ILI. Patients treated 
at MIA who had a CR following ILI had a median 
DFS of 22  months and those with a PR had a 
median DFS of 9  months (P  =  0.012) [32]. 
Beasley et  al. reported a median DFS of 
12 months following a CR [13]. Overall survival 
(OS) rates following ILI also vary widely, but can 
be substantial. In 2008, Kroon et  al. reported a 
median OS after a CR of 53 months for patients 
treated at MIA [32]. More recently, Coventry 
et al. published results from a multicenter study 
and reported a median OS following a CR of 
101  months [48]. In 2011, Raymond et  al. 
reported that patients treated in the period 1995–
2010 at Duke Medical Center had a median OS 
of 31 months after a CR [49]. These three studies 
all reported a less favorable OS for patients after 
a PR (range 27–41  months) and an even lower 
OS (range 13–33 months) for patients with SD or 
PD following ILI.

In a study conducted by Kroon et  al., tumor 
infiltration beneath the deep fascia was associ-
ated with shorter OS compared to cutaneous or 
subcutaneous tumor growth only (P  =  0.029) 
[32]. Other patient-related prognostic factors for 
longer OS were a thinner primary melanoma 
(P = 0.038), a lower number of melanoma nod-
ules (P = 0.010), and a greater BMI (P = 0.002). 
The positive prognostic value of a higher BMI 
can be explained by the higher proportion of sub-

cutaneous fat to muscle in these patients which, 
as already described, leads to a relatively higher 
melphalan concentration within the isolated limb 
skin and muscle compartments when standard 
drug dosages are used [38, 40]. The prognostic 
value of BMI for both increased toxicity and 
improved OS reveals the delicate balance 
between administering the highest tolerable mel-
phalan dose for achieving an optimal response 
without incurring greater toxicity.

 Elderly Patients

A multicenter Australian study examined the 
response rates following ILI for 148 elderly 
patients compared to 168 younger (<75  years) 
patients, and showed that ILI in elderly patients 
was effective and safe [18]. Older patients expe-
rienced less limb toxicity compared with younger 
patients (grade III/IV toxicity in 22% and 37%, 
respectively; P = 0.003). A CR was seen in 27% 
of patients ≥75  years and in 38% of patients 
<75  years (P  =  0.06), while overall response 
(CR + PR) rates were 72% and 77%, respectively 
(P = 0.30). No difference in OS was seen, with a 
median follow-up of 40 months for both groups 
(P = 0.69).

 Repeat Isolated Limb Infusion

At MIA, 48 patients received a repeat ILI after 
either progression or recurrence of disease fol-
lowing an initial ILI procedure [50]. The median 
interval between the two treatments was 
11  months. Interestingly, the CR and OR rates 
obtained after the repeat procedures (23% and 
83%, respectively) were not significantly differ-
ent from the CR and OR rates obtained after the 
first ILI (35%; P = 0.358 and 75%; P = 0.315, 
respectively). There was a statistical difference, 
however, in the median duration of response, 
which was 6 months after the first ILI compared 
to 10  months after the repeat ILI treatment 
(P = 0.014). Toxicity was significantly increased 
following the second ILI, with five Wieberdink 
grade IV events occurring compared to only one 
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grade IV toxicity after the initial ILI (P = 0.027). 
Despite the higher limb toxicity, a repeat ILI pro-
cedure can be of great value and should be con-
sidered if limb disease progresses, recurs, or fails 
to respond after an initial ILI.

 Resection of Residual Disease After 
Isolated Limb Infusion

If a patient has a PR or SD following an ILI, sur-
gical resection of residual disease, if possible, 
can be beneficial for OS and DFS, providing OS 
rates comparable to that of patients who have a 
CR after an ILI. A multi-institutional study com-
pared 22 patients who underwent ILI plus surgi-
cal resection of residual disease (ILIRES), with 
patients who had a CR following ILI [39]. 
ILIRES patients had a similar OS (in the ILIRES 
group median OS not reached vs. 30.9 months; 
P = 0.304) and similar DFS (12.4 vs. 9.6 months; 
P = 0.978) compared with patients who had an 
ILI only. It must be borne in mind, however, that 
these results are only achievable in selected 
patients whose disease and limb is suitable for 
resection after ILI.

 Upper Versus Lower Limb Isolated 
Limb Infusion

A multicenter study conducted in the USA com-
pared upper and lower limb ILI [51]. Upper limb 
ILI was associated with lower regional toxicity 
compared to lower limb ILI (7% vs. 24% grade 
>3; P = 0.005), but no difference in CR rate was 
observed (28% vs. 32%). The blood gas analysis 
of the perfusate revealed that the mean base 
excess at 30 min (−13.9 vs. −9.1; P < 0.001) and 
the mean pH at 30 min (7.06 vs. 7.15; P < 0.001) 
were lower for upper limb compared to lower 
limb procedures. However, the mean ischemic 
time was longer in lower limb procedures 
(67.2  min) than in upper limb procedures 
(61.6 min; P = 0.03). From this study, it can be 
concluded that upper limb ILI has different phys-
iologic sequelae despite the procedure being fun-
damentally similar to lower limb ILI. The upper 

limb appears to be relatively resistant to the toxic 
effects of the cytotoxic drugs used in ILI, which 
suggests the potential for further optimization of 
drug dosing for upper limb ILIs.

 Patients with Distant Metastatic 
Disease

In the treatment of patients with symptomatic 
advanced limb melanoma, a major dilemma 
arises when systemic metastases are also present. 
ILI can be of palliative value in this select group 
of patients. At MIA, 37 patients had advanced 
symptomatic limb disease as well as distant mel-
anoma metastases at the time of their ILI [22]. 
The OR was 76% (CR 22%; PR 54%) and DFS in 
the limb was 11  months. Limb salvage was 
achieved in 86% of these patients. Median OS 
was 22 months after a CR, 17 months after PR, 
and 4 months for those with SD or PD following 
ILI (P = 0.002). These OS rates were most likely 
a reflection of tumor biology. Since the introduc-
tion of more effective systemic therapies for mel-
anoma, a potentially interesting approach for 
patients with systemic disease as well as symp-
tomatic limb melanoma might be the combina-
tion of ILI with systemic treatment. This possible 
approach is discussed next.

 Future Role of Isolated Limb 
Infusion in Melanoma Management

The simplicity and minimally invasive nature of 
the ILI procedure make this technique a useful 
model for testing new or alternative drugs and 
drug combinations, and for testing combinations 
of regional and systemic approaches for meta-
static melanoma.

 Isolated Limb Infusion with New 
Drugs and Drug Combinations

Temozolomide (TMZ) as an oral agent is believed 
to offer some clinical benefit to patients with sys-
temic melanoma metastases, and the  development 
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of an intravenous formulation of the drug has 
generated considerable interest [52]. A USA- 
based multicenter, phase I clinical trial of ILI 
using intravenous TMZ showed limited toxicity, 
with efficacy even in some cases where melpha-
lan had failed [53].

 Isolated Limb Infusion 
in Combination with Systemic 
Therapies

With the use of new immune therapies, in addi-
tion to local therapies such as radiation therapy, 
injectable agents (rose bengal, viral agents, inter-
leukins), and ablative therapies (cryotherapy, 
radiofrequency ablation), it is increasingly being 
appreciated that these combination therapies are 
capable of enhancing immune responses against 
melanoma [54, 55]. As a result, many potentially 
useful new treatment combinations are being 
considered, including ILI.

After a PR, or when new or recurrent lesions 
appear following ILI, simple local treatment of 
the remaining or recurrent lesions by excision (as 
indicated earlier), laser ablation, injection with 
agents such as rose bengal, viral agents, 
 interleukin- 2, or radiotherapy can be effective in 
controlling local cutaneous or subcutaneous dis-
ease [39, 54, 56]. Another approach that has been 
shown to be effective is the combination of ILI 
with doxorubicin plus external beam radiother-
apy to obtain local disease control, making limb-
sparing surgery feasible. Using this approach, a 
limb salvage rate of 82.5% was reported [57].

Until recently, response rates to systemic ther-
apies for patients with metastatic melanoma were 
poor, with a median OS of 6–9  months [58]. 
Fortunately, this situation has changed dramati-
cally in recent times, with the introduction of 
BRAF/MEK/KIT inhibitors, anti-cytotoxic T-cell 
leukocyte antigen-4 (CTLA-4) antibodies, and 
anti-programmed cell death receptor-1 (PD-1) 
pathway inhibitors [47, 59]. Although the major-
ity of patients who entered clinical trials of these 
new therapies had stage IV disease, most proto-
cols also allowed patients with unresectable stage 
III disease. Patients with localized in-transit 

metastases eligible for ILI, by definition, have 
unresectable AJCC stage IIIA/B disease and, 
therefore, trial results could potentially be extrap-
olated to this subset of patients.

However, this must be done with great caution 
because, to date, no randomized trial has been 
reported comparing ILI to systemic treatment. 
Although the response rates of the new agents are 
impressive, it is noteworthy that these are sub-
stantially lower than those achieved with ILI in 
patients with extensive limb disease [47]. 
Furthermore, ILI does not cause any systemic 
toxicity. However, the combination of two differ-
ent methods of drug delivery could have great 
potential when systemic targeted therapies are 
administered in combination with regional che-
motherapy by ILI.  In addition, chemotherapy 
resistance to agents used for ILI might potentially 
be overcome by combining ILI with systemically 
administered immunological agents to increase 
clinical responses.

An interesting strategy in this regard has been 
described in a phase II study designed to test 
whether the systemic anti-vascular agent, alcohol 
dehydrogenase-1 (ADH-1), enhances the 
response following ILI with melphalan. In this 
study, an OR of 60% was achieved without 
increasing toxicity, compared with an OR of 40% 
achieved when melphalan alone was used at the 
same institution [60].

In a preclinical melanoma model, improved 
responses have also been observed when melpha-
lan ILI was performed after systemic bevaci-
zumab, a monoclonal antibody against vascular 
endothelial growth factor receptor (VEGF), theo-
retically expected to increase the entry of mel-
phalan into tumor cells [61]. A clinical trial 
administering bevacizumab in combination with 
melphalan ILI is anticipated. Finally, the use of 
the systemic anti-CTLA-4 antibody ipilimumab, 
before or after melphalan ILI, is currently being 
investigated in phase I and II trials (NCT01323517, 
NCT02115243).

 Conclusions
ILI is a safe, relatively simple and lower cost, 
minimally invasive alternative to conventional 
ILP.  It results in satisfactory response rates 
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and durations of response in patients with 
unresectable limb melanoma and avoids the 
need for amputation of the affected limb in 
most cases. The responses are obtained at a 
cost of mild to moderate regional toxicity, but 
systemic toxicity is avoided.

The ILI procedure is especially useful in 
elderly patients, patients with multiple comor-
bidities, and those with extensive limb disease. 
Although response rates may seem lower when 
compared to those achieved following ILP, it is 
important to remember that due to the higher 
tumor load and larger number of elderly and 
medically compromised patients included in 
ILI studies, the likelihood of a favorable 
response is lower. For this reason, results fol-
lowing ILP cannot simply be directly compared 
to results following ILI, as the patient popula-
tions in these studies are quite different. It is 
unlikely that a randomized trial directly com-
paring ILI and ILP will ever be conducted.

ILI provides an excellent model for testing 
new drugs, and new treatment regimens. 
Responses following ILI with melphalan 
(with or without actinomycin D) are still supe-
rior to those achieved by current systemic 
therapies, but response rates are likely to be 
improved further by combining ILI with other 
treatment modalities. Various strategies are 
currently being considered and investigated 
combining ILI with other local, regional, and 
systemic therapies.
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Surgery for Stage IV Metastatic 
Melanoma

David W. Ollila, Shachar Laks, and Eddy C. Hsueh

 Introduction

The wise academic surgeon knows that the true 
sign of a mature, academic career is that your 
own publications serve as fodder for a point- 
counterpoint debate, with your latest manuscripts 
directly contradicting some of your earlier publi-
cations. Often, such drastic change in our think-
ing is a direct result of the data that it put forth in 
favor of a new or different approach. This chapter 
represents such a change for the two senior 
authors (DWO, ECH) from a staunch 
metastasectomy- first approach, which prevailed 
prior to 2011, to embracing the efficacious new 
drug therapies. In a relatively short time span 
(2011–2015), we have seven new Food and Drug 
Administration (FDA) approved drugs for 
advanced-stage metastatic melanoma patients 
[1–7].

The backdrop of improved overall survival in 
stage IV metastatic melanoma with the new 
agents needs to be balanced by the surgical litera-
ture that strongly suggests that complete metasta-
sectomy also improves overall survival. 

Following complete resection of distant metasta-
ses, stage IV melanoma patients had a prolonged 
overall survival in several series [8–10]. It has 
also been observed that repeat metastasectomy of 
recurrent distant metastatic melanoma can pro-
long survival [11, 12].

This chapter will review the FDA-approved 
systemic therapy options, discuss the data for 
site-specific metastasectomy, critique the previ-
ous and current trials examining the role of 
metastasectomy, and discuss the concept of neo-
adjuvant therapy. We will also present our view 
for moving forward together as a team of sys-
temic and locoregional therapists.

 Systemic Therapy Options

Recent rapid succession of breakthroughs in mel-
anoma therapy has dramatically changed the 
treatment paradigm for metastatic melanoma 
since 2011. The FDA approved ipilimumab, a 
cytotoxic T-lymphocyte 4 (CTLA-4) inhibitor, 
based on the results of a three-arm randomized 
phase III trial comparing a gp100 vaccine alone, 
ipilimumab alone, and the combination of vac-
cine with ipilimumab in 2011 [1]. Subsequently, 
vemurafenib, a BRAF inhibitor, was approved in 
the same year for patients with metastatic mela-
noma harboring a BRAF gene mutation [4, 13]. 
In 2013, the combination of a BRAF inhibitor, 
dabrafenib, and a MEK inhibitor, trametinib, was 
approved for BRAF mutation-positive metastatic 
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melanoma patients [14]. Approval of two inhibi-
tors of the programmed death 1 (PD-1) receptor, 
pembrolizumab and nivolumab, were granted in 
2014 [15, 16]. Finally, in late 2015, talimogene 
laherparepvec (T-VEC), a modified herpes sim-
plex virus type-1 was approved by the FDA for 
unresectable stage IIIB–IV melanoma patients 
[7]. In total, seven new drugs were granted FDA 
approval for metastatic melanoma in a 5-year 
time span.

 Targeted Therapy

Mutations in the serine-threonine kinase BRAF 
were observed in ~50% of metastatic melanoma 
lesions, mostly of the valine to glutamine substi-
tution in codon 600 (V600E) [17]. Vemurafenib 
and dabrafenib are the currently FDA-approved 
BRAF inhibitors that target these mutations for 
the treatment of melanoma. BRAF inhibitors 
have shown high rates of response (48–59%) in 
phase II and III trials, but with limited duration 
[4, 5, 13]. The lack of durability of response is 
due to the development of melanoma cell resis-
tance mechanisms. Thus, clinical trials examined 
the combined treatment with BRAF and MEK 
inhibitors, hypothesizing that this may circum-
vent or attenuate the development of resistance 
by blocking the reactivation of the MAPK path-
way induced by single-agent BRAF inhibitors 
[18, 19].

Combination of BRAF/MEK inhibition with 
dabrafenib (BRAF inhibitor) and trametinib 
(MEK inhibitor) was evaluated in a phase III 
study (COMBI-d) for previously untreated and 
unresectable stage IIIC or stage IV melanoma 
patients with BRAF V600E or V600K mutation 
randomizing patients to the combination of dab-
rafenib and trametinib or dabrafenib and placebo 
[20]. The median PFS was 9.3 months in combi-
nation group and 8.8 months in dabrafenib-only 
group (HR 0.75; p = 0.03). In a second phase III 
trial, combination of dabrafenib and trametinib 
were compared with vemurafenib orally as first- 
line therapy (COMBI-v) [21]. The combination 
also improved OS, PFS, and overall response 
rates (ORR) compared with the vemurafenib 

alone group. In the phase III coBRIM trial, 
patients with treatment-naïve BRAF V600 
mutation- positive melanoma were randomized to 
receive vemurafenib and cobimetinib versus 
vemurafenib and placebo [22]. Median PFS was 
9.9  months in the combination group and 
6.2  months in the control group (HR 0.51; 
p < 0.001). The ORR was 68% in the combina-
tion group as compared with 45% in the control 
group (p < 0.001).

 Checkpoint Inhibitors

In 2010, a major breakthrough in targeted 
immune therapy in melanoma occurred when 
Hodi et al. [1] published their phase III, prospec-
tive randomized trial of ipilimumab, a monoclo-
nal antibody to the cytotoxic 
T-lymphocyte-associated antigen-4 (CTLA-4), in 
previously treated unresectable stage III or IV 
melanoma. Ipilimumab exerts its effect by bind-
ing and inactivating the CTLA-4 receptor, whose 
normal function is to promote immune tolerance. 
Thus, when bound, ipilimumab stimulates an 
antitumor T-cell mediated immune response. In 
this pivotal phase III trial, the patients treated 
with ipilimumab showed an improved median 
overall survival compared to peptide vaccine 
(10.1 vs. 6.4 months, p = 0.003) [1]. Following 
the significant results of this landmark clinical 
trial, the FDA granted approval in 2011 and 
opened the door to a flood of immune-based ther-
apies [1].

Pembrolizumab, the first anti-PD-1 antibody 
to be approved by the FDA, is a highly selective, 
humanized monoclonal IgG4-kappa isotype anti-
body against PD-1. The results of the first phase I 
trial led to the FDA approval of pembrolizumab 
(in ipilimumab-refractory metastatic melanoma 
patients) in September 2014 [2, 15]. A random-
ized, controlled phase III study was performed 
(KEYNOTE 006) with treatment-naïve advanced 
melanoma assigned in a 1:1:1 ratio to two dosage 
schedules of pembrolizumab or ipilimumab [23]. 
Significant improvement in ORR were observed 
in both pembrolizumab treatment arms (33.7% 
for the every 2 week, 32.9% for the every 3 week 
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regimen) compared with the ipilimumab group 
(11.9%) (p < 0.001 for both comparisons). As a 
direct result of this trial showing an improvement 
in OS, as well as fewer immune-related toxicities 
compared to ipilimumab, the FDA approved 
pembrolizumab as a first-line therapy for patients 
with metastatic melanoma.

Nivolumab, a fully human IgG4 monoclonal 
antibody, was the first anti-PD-1 antibody to be 
evaluated in humans in a phase I trial [24], pro-
ducing a 31% response rate in previously treated 
metastatic melanoma patients [16]. Median dura-
tion of response and median OS were 22 months 
and 17.3  months, respectively. Two subsequent 
randomized trials comparing nivolumab with 
chemotherapy have been reported in ipilimumab- 
refractory patients and in untreated patients with-
out BRAF mutation [3, 25]. Compared to 
dacarbazine as first-line therapy, nivolumab sig-
nificantly improved 1-year OS rates, median PFS 
and ORR [3]. For ipilimumab refractory patients, 
nivolumab was also found to be superior to che-
motherapy [25]. The FDA approved the usage of 
single-agent nivolumab in ipilimumab-refractory 
metastatic melanoma patients in December 2014.

 Combination of Checkpoint 
Inhibitors

The success of CTLA-4 inhibition and PD-1/
PD-L1 inhibition in the treatment of cancer has 
led to a greater appreciation of the complexity 
within the tumor microenvironment. Through 
much research worldwide, we have come to 
understand that the tumor microenvironment is a 
dynamic, interactive process that we are still yet 
to truly understand in the context of tumor immu-
nology and immunotherapy. The observation that 
PD-1 inhibition is active in CTLA-4 inhibitor 
refractory patients confirms the complementary 
effects of dual checkpoint inhibition [15, 25]. In 
a randomized, double-blind three-arm study, 
treatment-naïve, unresectable stage III or IV mel-
anoma patients were randomized in a 1:1:1 ratio 
to nivolumab, nivolumab plus ipilimumab, or ipi-
limumab alone [26]. The median PFS was 
11.5 months in the combination group compared 

with 2.9  months in the ipilimumab group (HR 
0.42; p < 0.001) and 6.9 months in the nivolumab 
group (HR for the comparison with ipilimumab, 
0.57; p  <  0.001). The ORR were 43.7% in the 
nivolumab group, 57.6% in the combination 
group, and 19% in the ipilimumab group.

 Oncolytic Herpes Virus

Another novel agent recently approved by the 
FDA for the treatment of metastatic melanoma is 
talimogene laherparepvec (T-VEC), a modified 
herpes simplex virus type-1. In a phase III multi-
center trial, 436 patients with unresectable stage 
IIIB-IV melanoma patients were randomized at a 
2:1 ratio to intralesional T-VEC or subcutaneous 
GM-CSF [7]. Durable response rates (defined as 
a response lasting >6 months) was significantly 
higher in the T-VEC group (16.3%) compared 
with GM-CSF control group (2.1%; p = 0.001). 
ORR in the T-VEC arm was higher at 26.4% 
compared with 5.7% in the control arm. There 
was a trend for a longer median OS in the T-VEC 
arm at 23.3 months compared with 18.9 months 
in the control arm. However, it was not consid-
ered statistically significant (p = 0.051). The most 
common AEs with T-VEC were fatigue, chills, 
and pyrexia, with the most common grade 3/4 AE 
seen was cellulitis (2.1%). The results of yet 
another landmark article led to the FDA approval 
of T-VEC for intratumoral injection of cutane-
ous, subcutaneous, and nodal metastatic mela-
noma in those patients deemed unresectable.

 Rationale for Complete 
Metastasectomy in Metastatic 
Melanoma Patients

Surgical resection for metastatic disease may 
seem counterintuitive, a local therapy for a sys-
temic process. In fact, studies have shown that 
greater than 50% of stage IV melanoma patients 
have circulating tumor cells [27]. Historically, 
metastatic solid organ cancers were deemed uni-
formly fatal in most, if not all, patients with stage 
IV disease. We had little to offer such patients, 
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often in the form of palliative systemic therapy 
that rarely provided an improvement in their 
overall outcome [28]. Nonetheless, progression 
of metastases is a complex process in which 
tumor cells must escape the primary lesion and 
gain access to the blood stream. These rogue cells 
must also avoid stimulating the host immune 
response, adhere to metastatic organ site endo-
thelium, penetrate the basement membrane into 
the interstitial space, and promote appropriate 
angiogenesis and growth factors to allow for suf-
ficient proliferation [29]. Hence, only a small 
percentage of circulating tumor cells have the 
capacity to successfully generate a metastatic 
deposit [30]. Thus, despite the systemic nature of 
stage IV disease, local therapy for resectable 
metastases may have curative potential if only 
limited oligometastatic disease exists.

Over the past half century, pulmonary metas-
tasectomy for sarcoma [31] and hepatic metasta-
sectomy for colorectal carcinoma [32] have 
paved the way for metastasectomy in other neo-
plasms. In each case, there are encouraging 
results showing significant long-term survival in 
select patients with stage IV disease. Pulmonary 
metastasectomy for sarcoma have demonstrated 
a 15–60% 5-year overall survival rate, with par-
tial hepatectomy for colorectal carcinoma show-
ing a 12–36% 10-year overall survival rate [31, 
32]. Metastasectomy for melanoma has also 
shown improved survival in various settings [33]. 
In this chapter, we will discuss the available lit-
erature for a complete metastasectomy, removal 
of all clinical and radiographically identifiable 
metastatic deposits.

Palliative metastasectomy [34], the removal of 
only the symptomatic metastatic disease, or pal-
liative surgery in stage IV melanoma patients is 
very important for symptom management, but 
does not improve overall survival. Skin, subcuta-
neous, and lymphatic metastases can cause hor-
ribly disfiguring, painful, and debilitating 
symptoms that can be quite difficult to control. 
Visceral metastases to the gastrointestinal (GI) 
tract can cause bleeding or obstruction that 
respond best to surgical resection or surgical 
bypass. Symptomatic brain metastases are resis-
tant to radiation therapy and may be amenable to 

surgical resection. Metastasectomy remains an 
important part of the armamentarium in this set-
ting. While understanding the principles of palli-
ative surgery is important, the remainder of this 
chapter will address complete metastasectomy 
with the goal of improving overall survival.

 Prognosis of Melanoma Patients 
with Stage IV Metastatic Disease

In 2017 the American Joint Committee on Cancer 
(AJCC) issued a revised 8th edition of TNM clas-
sification system that recognized the clinical and 
pathological features that are distinctive to mela-
noma and serve as prognostic markers [35]. The 
AJCC Melanoma Staging Committee recognized 
the variability of prognosis in stage IV metastatic 
melanoma based upon anatomic location. They 
divided stage IV melanoma into M1a for skin, 
subcutaneous, or distant lymph node metastases, 
M1b for pulmonary sites, and M1c for all other 
visceral metastases or any other distant site with-
out (0) and with (1) elevated lactic dehydroge-
nase [35]. Balch et al. examined the outcomes of 
7972 stage IV melanoma patients, demonstrating 
overall 1-year survival rates of 62% for M1a, 
53% for M1b, and 33% for M1c melanoma 
(p  <  0.0001) [36]. Given this framework, and 
understanding of the natural history in different 
metastatic patterns in melanoma, we will frame 
our discussion of metastasectomy along these 
lines, discussing outcomes of resection sepa-
rately in M1a, M1b, and M1c groups.

The FDA approval of drugs with actual overall 
survival benefit has led several investigators to 
question the actual prognosis of stage IV patients 
in this current era of efficacious agents. Forschner 
and colleagues [37] examined 441 patients with 
stage IV melanoma from 2011 to 2014, 22.6% 
underwent metastasectomy, 58.5% received sys-
temic therapy, and 18.9% had no therapy. Their 
metastasectomy patients had a 61% 3-year OS 
versus 23% for patients managed systemically 
(p  <  0.0001) [37]. As would be expected, the 
1-year OS was the best for patients with M1a dis-
ease (86.6%), followed by M1b (74.3%) and then 
M1c (51.6%). This modern day analysis in the 
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era of effective therapies clearly demonstrates an 
improved prognosis of stage IV patients treated 
with either metastasectomy or efficacious sys-
temic therapies.

 Metastasectomy of Distant Skin, Soft 
Tissue, and Nodal Metastases (M1a)

Metastases to distant skin, soft tissue, and lymph 
nodes (M1a) are the second most common pre-
sentation of AJCC stage IV melanoma. Complete 
resection of M1a disease can be achieved in 
70–80% of the study cohort [38–40]. M1a 
patients with nodal involvement had worse out-
come compared with those having skin and soft 
tissue involvement [38, 41, 42]. Complete resec-
tion of skin and soft tissue metastases entails the 
removal of the metastatic deposit (Fig. 28.1) with 
a margin of normal-appearing tissue (<0.5  cm) 
[39]. Complete resection of nodal involvement 
often requires the complete dissection of all lev-
els of the involved nodal basin, e.g., level I-III 
axillary dissection, superficial plus deep groin 
dissection, and a modified radical neck dissection 
(levels 1–5). Patients with M1a disease are asso-
ciated with the most favorable outcome among 
the three subsets of stage IV melanoma. Median 

survival following resection of M1a disease 
ranges from 15 to >60 months with an 11–49% 
5-year survival [11, 33, 38, 40–44]. Howard et al. 
reported the outcome of stage IV recurrence in 
patients enrolled in Multicenter Selective 
Lymphadenectomy Trial-1 (MSLT-1) [44]. 
Among the patients undergoing metastasectomy, 
53% received adjuvant systemic therapy and 
20% received preoperative systemic therapy. It is 
unclear whether perioperative systemic therapy 
contributed to the reported median survival of 
>60 months in this M1a metastasectomy cohort 
compared with 15–50 months reported in other 
historical series (Table 28.1).

Determining which patients should be offered 
T-VEC or surgical resection for their M1a dis-
ease is quite complex, often requiring a detailed 
discussion with the patient about the risks and 
benefits of each therapeutic option. In the absence 
of actual data that has examined the sequencing 
of therapy, the two senior authors (DWO, ECH) 
have utilized similar criteria to determine which 
patients should undergo a metastasectomy. If it is 
a single site of M1a disease, then surgical resec-
tion is recommended. If the patient has up to 
three sites of M1a disease, all less than approxi-
mately 2 cm, then surgical resection is also rec-
ommended. If a patient has >4 and/or multiple 

Fig. 28.1 Micrograph 
of in-transit metastasis 
(hematoxylin and eosin 
stain) with tumor-free 
surgical margins. 
(courtesy of P. Googe)
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lesions greater than 2 cm, then T-VEC injections 
are recommended as the initial therapy, with 
metastasectomy reserved for those patients 
whose lesion(s) have not completely responded 
to T-VEC therapy.

 Metastasectomy of Pulmonary 
Metastases (M1b)

Complete metastasectomy for pulmonary metas-
tases has the best prognosis of any stage IV patient 
with visceral metastases [36, 37, 45–47]. The data 
to support pulmonary metastasectomy is com-
prised mostly of single institution reports, with 
the largest reported series compiled in Table 28.2. 
Taken in aggregate, the median OS for complete 
pulmonary metastasectomy ranges from 16 to 
40  months, with a 5-year overall survival range 
from 20 to 37% [11, 33, 44–54]. Furthermore, in 
the era of modern systemic treatment, including 
targeted and immune checkpoint therapies, 
patients undergoing a complete metastasectomy 
have 3-year survival rates of 41.7% [37] and 
5-year survival rates as high as 39% [45–47].

Despite the impressive institutional data pre-
sented above, it is important to remember that 
this is a highly selected group of stage IV meta-
static melanoma patients. In order to apply this 
information within the appropriate framework, it 
is important to identify which patients are most 
likely to benefit from metastasectomy. In 1996, 

Ollila et  al. demonstrated the importance of 
tumor doubling time (TDT), defined as the time it 
takes for a pulmonary metastasis to double in 
size, in predicting outcomes from a pulmonary 
metastasectomy [57]. The updated analysis, pub-
lished in 2010 with 20 years of pulmonary metas-
tasectomies, identified that a TDT of >60  days 
(p  =  0.008) was a good prognostic factor, war-
ranting strong consideration for a complete 
metastasectomy [55]. TDT is easy to calculate 
and is a useful clinical gauge that provides insight 
into an individual patient’s biology of progres-
sion. A TDT of at least 60  days seems to be a 
good prognostic factor and patients, if medically 
fit, should strongly be considered for a pulmo-
nary metastasectomy.

In addition to TDT, other investigators have 
tried to determine which patients would benefit 
the most from a pulmonary metastasectomy. 
The addition of PET or fusion PET/CT 
(Fig.  28.2) to conventional imaging has been 
shown to be the most sensitive method to iden-
tify metastases in stage IV melanoma [52, 56]. 
This allows the surgeon to know that he/she is 
actually performing a complete metastasectomy 
because all possible known sites of metastatic 
disease have been identified within the detection 
limits of a modern fusion PET/CT [52]. 
Completeness of metastasectomy, disease-free 
interval, and number of metastatic lesions has 
all been shown to be important prognostic fac-
tors [33, 45, 46, 52, 53, 57].

Table 28.1 Stage IV M1a metastasectomy survival data

Authors Year N Median survival (mo) 5-year survival (%) Sites
Feun et al [11] 1982 64 23 All
Overett and Shiu [38] 1985 20 15 LN

12 25 SQ
Markowitz et al. [41] 1991 72 24 38 LN

60 50 49 SQ
Gadd and Coit [43] 1992 199 20 11 All
Karakousis et al. [42] 1994 23 29 22 LN

27 24 33 SQ
Barth et al. [8] 1995 281 15 14 All
Meyer et al. [40] 2000 45 18 20 LN

30 17 18 SQ
Essner et al. [33] 2004 162 35 All
Howard et al. [44] 2012 26 >60
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There has not been a clinical trial compar-
ing pulmonary metastasectomy versus best 
medical therapy, and it is unlikely to ever be 
performed in this group of patients unless a 
novel clinical trial design is employed com-
bining both the benefits of surgery and sys-
temic therapy, such as metastasectomy 
followed by adjuvant therapy vs. neoadjuvant 

therapy followed by pulmonary metastasec-
tomy. Nonetheless, the overwhelming institu-
tional data presented above, and in Table 28.2, 
consistently shows improved outcomes of 
median survival, with an impressive 5-year 
overall survival in those patients undergoing 
complete metastasectomy. Using TDT, DFI, 
and number of pulmonary lesions, assists the 
surgeon in choosing which individual patient 
should be considered for a surgical approach 
to their pulmonary metastases.

 Metastasectomy of M1c Disease

 Gastrointestinal Metastases
Approximately 60% of patients with dissemi-
nated stage IV melanoma have evidence of gas-
trointestinal (GI) involvement [58]. The small 
bowel (Fig.  28.3) is the most common GI site 
occurring in approximately 75–90% of cases, fol-
lowed by colon (20–25%) and stomach (3–16%) 
[58–60]. The most common presenting signs and 
symptoms include anemia, abdominal pain, 

Table 28.2 Stage IV M1b metastasectomy survival data

Authors Year N
Median 
survival (mo)

5-year 
survival (%) Notes

Feun et al. [11] 1982 26 16
Wong et al. [48] 1988 38 24 31
Gorenstein et al. 
[49]

1991 54 18 25 Prognostic factors: antecedent nodal disease

Harpole et al. [50] 1992 84 20 20 Prognostic factors: # of lesions, DFI
Tafra et al. [45] 1995 106 23 27 CR in isolated lesions 39% 5-year survival

Prognostic factors: # of lesions, TDT
IRLM [92] 1997 282 19 21 10-year survival was 14%
Dalrymple-Hay 
et al. [52]

2002 121 16 22 7-year survival was 13.5%
Prognostic factors: # of lesions, DFI, PET 
usage

Essner et al. [33] 2004 364 28 21 Prognostic factors: antecedent nodal disease, 
DFI, # of lesions

Petersen et al. [53] 2007 249 19 21 CR has 19 months median survival vs. 11 
months in PR
Prognostic factors: DFI, # of lesions

Neuman et al. [54] 2007 26 40 29 Prognostic factors: # of lesions
Casiraghi et al. [47] 2011 27 37 All patients had CR
Younes [46] 2013 48 32 36 CR 35.6 median survival vs. 11.5 PR
Howard et al. [44] 2012 27 17.9

DFI disease-free interval, TDT tumor doubling time, IRLM International Registry of Lung Metastases, CR complete 
resection, PR partial resection

Fig. 28.2 Fusion PET/CT of pulmonary metastasis 
(courtesy of A. Khandani)
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bleeding, obstruction, a palpable mass, and 
weight loss [59–63]. As fusion PET/CT 
(Fig. 28.4) is increasingly utilized, more asymp-
tomatic GI metastases identified within the small 
bowel are being detected. As with other sites of 
stage IV melanoma metastases, complete resec-
tion of metastases is the best prognostic indicator 
[60, 62, 64, 65].

Median survival following complete resection 
of GI metastases ranged from 15 to 28  months, 
compared with 5 to 8 months for those who did not 
[34, 44, 59, 60, 62, 65, 66] (Table 28.3). Complete  

resection has been shown to have a 5-year OS as 
high as 41% in appropriately selected patients 
[34]. Median survival is no worse between patients 
with a single site versus multiple synchronous GI 
sites following complete resection of all disease 
sites. In some cases, multiple resections have been 
associated with longer median survival [34, 44, 
65]. If a complete metastasectomy is not techni-
cally possible in a symptomatic patient, then a pal-
liative procedure should be performed as this is 
very successful in alleviating symptoms in >90% 
of patients [34, 60–62, 65].

a

b

Fig. 28.3 (a) Partial 
small bowel resection 
for metastatic melanoma 
(courtesy of P. Googe). 
(b) Micrograph of small 
bowel metastasis 
(hematoxylin and eosin 
stain) with tumor-free 
surgical margins. 
(courtesy of P. Googe)
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 Intra-Abdominal Solid Organ 
Metastases
The data concerning solid organ intra-abdominal 
metastases is limited to small institutional reports 
in highly selected patient populations. A variety 
of metastasectomy sites have been reported, such 
as within the liver, adrenal gland, gallbladder, 
pancreas, and spleen. Some reports indicate that 
as long as complete resection was obtained, there 
was a survival advantage for patients undergoing 
intestinal, solid organ, and combined metastasec-
tomies [65]. In those patients with only liver 
metastases, complete metastasectomy is associ-
ated with a 38–44 month median survival, com-
pared to 12–13  months for an incomplete 

Fig. 28.4 Fusion PET/CT of small bowel metastasis 
(courtesy of A. Khandani)

Table 28.3 Stage IV M1c gastrointestinal metastasectomy survival data

Authors Year N
Median survival 
(months)

5-year 
survival (%) Notes

Klaase et al. [62] 1990 19 19 All patients symptomatic
9 of 19 had CR, of those 5 of 9 
alive at 5 years

Gutman et al. [65] 2001 251 (135 
surgical 116 
medical)

11 vs. 5 Patients treated with CR, 
median survival 8 months
Patients with second resection, 
36 months median survival
CR longest symptom-free 
survival at 10 months

Howard et al. [44] 2012 210 (108 
surgical, 102 
medical)

15 vs. 6.3 10.5 vs. 4.6 
(4 year OS)

Patients with multiple 
resections had 21.2 months 
median survival vs. 13 months 
for single resections

Sosman et al. [66] 2011 20 21 31 (4 year 
OS)

All patients had CR

Ricaniadis et al. [59] 1995 68 (47 
surgical, 21 
medical)

27.6 vs. 5.1 (CR 
vs. PR)

28.3 vs. 0 
(CR vs. PR)

Ollila et al. [34] 1996 124 (69 
surgical, 55 
medical)

48.9 vs. 5.4 (CR 
vs. PR)

41% vs. 
28% (CR 
vs. all 
surgical)

Most important prognostic 
factor was CR
67 of 69 surgical had symptom 
relief

Agrawal et al. [60] 1999 68 8.2 18% In CR median survival 14.9 
months and 35% 5-year OS
Symptom relief in 90%

CR complete resection, OS overall survival, PR partial resection
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resection [67, 68]. Adrenalectomy metastasecto-
mies achieve symptom control in the majority of 
patients [69], with a median survival of 
16–29 months for resected patients, compared to 
5–9  months in non-resected patients [69–71]. 
Pancreatic metastasectomy has a median survival 
of 24 months [64, 72]. Metastasectomy for gall-
bladder disease achieves symptom relief in nearly 
all patients, and isolated long-term survivors as 
long as 13.8  years after resections have been 
reported [73], despite a poor median survival of 
only 16  months [74]. Symptomatic control of 
splenic metastases with splenectomy is also 
highly successful, with nearly all patients achiev-
ing symptom control after surgery. The overall 
median survival is 23 months in patients with a 
solitary resected lesion [75].

Howard et  al. reported on the MSLT-I trial 
data in regard to metastasectomy data for M1c 
disease, including 108 patients treated with sur-
gery as part of their treatment, versus 102 
treated with systemic medical therapy alone 
[44]. Median survival and 4-year survival in the 
surgery group was 15  months and 10.5%, 
respectively, compared to 6.3 months and 4.6% 
in the systemic medical therapy group 
(HR = 0.424, p < 0.001). They also showed that 
patients who had multiple operations to treat 
their metastases had a longer (21.2  months) 
median survival and (25%) 4-year survival, 
compared to 13  months and 18% in patients 
undergoing only one operation (p  =  0.0218). 
Survival was also better in patients with a sin-
gle involved organ compared to two or three 
organs (p = 0.0041, p = 0.0001) [44].

 Brain Metastases
In 2004, Fife et  al. [76] reported on 686 mela-
noma patients with brain metastases treated with 
surgery and postoperative radiotherapy, surgery 
alone, radiotherapy alone versus supportive care 
alone. Median survival in these respective groups 
was 8.9, 8.7, 3.4, and 2.1 months, demonstrating 
the effect of surgery, with (HR 0.35) and without 
radiation (HR 0.44), versus palliative therapy 
(p  <  0.0001) [76]. A comprehensive review of 
treatment options for brain metastases concluded 
that surgery with adjuvant whole brain radiation 

therapy was superior to whole brain radiation 
therapy. They also showed that stereotactic radio-
surgery (SRS) had similar results to surgery when 
combined with whole brain radiation [77]. 
However, prospective trial data regarding SRS 
was lacking until 2016, when a prospective trial 
was performed in patients with one to three brain 
metastases, randomized to whole brain radiother-
apy vs. SRS [78]. There was no significant differ-
ence in median overall survival for SRS alone 
(10.4  months) compared to SRS plus WBRT 
(7.4 months). The incidence of cognitive deterio-
ration was comparatively less after SRS alone at 
3 months, appearing to be a less morbid and most 
efficacious way to manage patients with one to 
three brain metastases.

 Stage IV Metastasectomy Trials

Most of the peer-reviewed literature on metasta-
sectomy for stage IV melanoma patients relies on 
highly selected, single institutional series. There 
is a paucity of evidence and prospective, random-
ized trials in support of metastasectomy. 
Additionally, there is a known inherent selection 
bias within any single institution series, with only 
the best operative candidates and most favorable 
biology chosen for surgery. Such critiques are 
justified against a metastasectomy-first approach 
to treatment, fueling the first international trial 
(Donald L. Morton, P.I.) to examine the role of 
upfront metastasectomy in stage IV patients. 
Trial eligibility (A Phase III, Randomized, 
Double-Blind, Placebo-Controlled Trial of 
Immunotherapy with a Polyvalent Melanoma 
Vaccine, Canvaxin™ plus BCG vs. Placebo plus 
BCG as a Post-Surgical Treatment for Stage IV 
Melanoma, NCT00052156), required all patients 
(n = 496) to have had a complete metastasectomy 
with tumor-free surgical margins. Although 
Onamelatucel-L (Canvaxin™) as an adjuvant 
therapy did not demonstrate an overall survival 
benefit, we identified an overall 5-year survival 
rate of 40% for the entire study cohort [79, 80]. 
This 5-year survival rate, with surgical metasta-
sectomy, had never been achieved in any random-
ized stage IV melanoma trial. A prospective, 
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multicenter trial for metastasectomy in stage IV 
melanoma patients was started by the Southwest 
Oncology Group (SWOG) [81]. Sixty-four 
patients met the standard of a complete metasta-
sectomy with tumor-free surgical margins. 
Although the trial closed prior to reaching accrual 
goals, the median overall survival was 21 months, 
and OS at 3 and 4  years was 36% and 31%, 
respectively.

The medical oncology clinical trialists 
clearly took notice of these seemingly unex-
plainable survival rates. Based upon the 
improved survival in stage IV patients treated 
with ipilimumab [1], the Eastern Cooperative 
Oncology Group (ECOG) designed an adjuvant 
therapy trial, ECOG 1609, A Phase III 
Randomized Study of Adjuvant Ipilimumab 
(Anti-CTLA4 Therapy) Versus High-Dose 
Interferon a-2b for Resected High-Risk 
Melanoma. This trial compared high dose inter-
feron alfa-2b versus low-dose ipilimumab 
(3 mg/kg), versus high dose ipilimumab (10 mg/
kg). It included high-risk, surgically resected 
stage IIIb, IIIc, stage IC M1a and M1b patients. 
To be eligible for this trial, the patients had to 
have a curative intent lymphadenectomy or 
curative intent complete metastasectomy of 
stage IV disease with tumor-free surgical mar-
gins. The trial has closed to accrual and the 
results are anticipated in 2018.

Another adjuvant therapy trial is currently 
enrolling patients, SWOG 1404, High-Dose 
Recombinant Interferon Alfa-2B, Ipilimumab, or 
Pembrolizumab in Treating Patients With Stage 
III–IV High Risk Melanoma That Has Been 
Removed by Surgery. This trial is examining a 
PD1-inhibitor, pembrolizumab, in the adjuvant 
setting for patients with completely resected 
stage IIIb, IIIc, Stage IV M1a, M1b, or M1c mel-
anoma. The trial will enroll 1240 subjects and is 
anticipated to close in late 2017 with results in 
2020. Trial designs such as these combine the 
benefit of complete metastasectomy with our 
most efficacious systemic agents to date. These 
adjuvant trial designs require a relatively large 
number of patients and a longer follow-up, thus, 
an impetus for designing neoadjuvant therapy tri-
als in this arena.

 Neoadjuvant Therapy

Neoadjuvant therapy has improved resectability 
and local disease control in several types of solid 
tumors. Previously, due to the lack of efficacious 
systemic agent(s), neoadjuvant therapy has not 
been part of the treatment paradigm for patients 
with resectable metastatic melanoma. With the 
success of immune checkpoint inhibitors and tar-
geted therapy for BRAF-mutated melanoma for 
the treatment of metastatic melanoma, several 
case series of salvage surgery following clinical 
response to modern systemic therapy have rekin-
dled the interest of a neoadjuvant approach to the 
treatment of patients with resectable metastatic 
melanoma [82–86]. This will increase the num-
ber of patients receiving the benefits of both effi-
cacious systemic therapy along with complete 
metastasectomy. By starting with a drug-first 
approach, the response to neoadjuvant therapy 
could serve as an important prognostic variable 
in metastatic melanoma patients, just as it does in 
breast and rectal cancer [87, 88]. Objective 
response to neoadjuvant therapy could also serve 
as a prognostic variable for stratification of care 
following complete metastasectomy.

In addition to assessing clinical response, the 
other important focus of neoadjuvant therapy is 
to determine the biologic and immunologic tissue 
response to therapy. We can also elucidate the 
mechanisms for resistance and immune escape 
within the tumor microenvironment. Gyorki et al. 
reported a higher percentage of CD4+,FOXP3+,T- 
regulatory cells in the tumor, compared to the 
peripheral blood in 23 patients undergoing sur-
gery. All patients received induction or mainte-
nance dose ipilimumab within 30  days of their 
surgery [89]. Tarhini et al. [90] published a study 
of neoadjuvant ipilimumab, followed by com-
plete metastasectomy and then adjuvant ipilim-
umab. Although residual melanoma at definitive 
surgery was detected in all 33 enrolled patients, 5 
patients had only microscopic disease, demon-
strating a treatment effect of the ipilimumab. In a 
follow-up immunological analysis of the periph-
eral blood, they identified an increase in 
T-regulatory cell suppressive function, signifi-
cantly associated with a decrease in PFS [91].
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Currently, several trials are actively inves-
tigating the role of neoadjuvant therapy with 
various modern agents in stage IV meta-
static melanoma patients: NCT02519322 
(nivolumab versus nivolumab  +  ipilimumab), 
NCT02211131 (Talimogene Laherparepvec), 
NCT02303951 (NEO-VC; vemurafenib  +  cobi-
metinib), NCT02231775 (Combi-Neo; dab-
rafenib +  trametinib), NCT02736123 (nivolumab 
versus nivolumab + ipilimumab).

 Conclusion
While the recent breakthroughs in systemic 
therapy of melanoma are impressive, the 
decades of cumulative experience with com-
plete metastasectomy in stage IV melanoma 
should not be ignored. As demonstrated in 
numerous systemic therapy trials of metastatic 
disease, complete response generally portends 
a good outcome, sometimes long-term. 
Similarly, complete metastasectomy conferred 
superior outcome compared with partial resec-
tion in patients with stage IV melanoma. 
While the modern melanoma systemic therapy 
can prolong survival, the rates of complete 
response are still <15%. The combination of 
systemic therapy and surgery in either the 
adjuvant or neoadjuvant setting will likely 
substanially improve patient outcomes as 
compared to just a drug or just a surgical 
approach. The paradigm for the treatment of 
metastatic melanoma is still shifting. Rational 
design of clinical trials examining both treat-
ment modalities will define our future 
approach to the optimal management of 
patients with stage IV melanoma patients.
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Adjuvant Therapy of Melanoma

Elisabeth Eapen Paul and Sanjiv S. Agarwala

 Introduction

There will be an estimated 87,100 newly diag-
nosed melanoma patients in the United States in 
2017 and 9730 deaths from this disease [1]. 
Prognosis of melanoma is heavily dependent 
upon stage at diagnosis, and the 5-year survival 
rate decreases with advancing stage. Reported 
survival rates range from more than 90% for 
stage I, to 80% for stage II and 23–87% for stage 
III disease [2]. Stage IV melanoma has histori-
cally had a dismal prognosis and while the out-
look for these patients is improving with recent 
major advances in immune and targeted thera-
pies, there is still a need for effective postsurgical 
adjuvant therapies for patients with local regional 
disease, who are deemed at high risk for systemic 
relapse.

The challenges in developing an effective 
adjuvant therapy are several-fold. Who exactly is 
at “high-risk” for systemic relapse after surgery 
is controversial, and has evolved as new and more 
precise surgical staging techniques, such as senti-
nel lymph node mapping and more sophisticated 
imaging techniques have become available. 
Furthermore, for an adjuvant therapy to be clini-

cally meaningful and acceptable to patients and 
physicians, it needs to be not only highly effec-
tive, but have a reasonable toxicity and cost. 
Needless to say, such a therapy does not yet exist. 
This chapter aims to summarize the historical 
and current developments in this field, illustrate 
some of these major challenges, and provide a 
glimpse into future developments in this area.

 Defining High-Risk Melanoma

Although resection can cure patients with high- 
risk disease (Stage IIB–IIIC), those with nodal 
involvement (stage III) have the highest risk of 
tumor recurrence and death [3]. It is important 
to realize that the definition of stage III mela-
noma, and therefore of “high-risk,” has evolved 
over the years.

The staging system in current use is the AJCC 
7th edition from 2009 [4]. This staging system 
divides stage III melanoma into IIIA, IIIB, and 
IIIC and includes all melanomas with the pres-
ence of lymph node involvement and/or in-transit 
metastasis. The 7th staging and classification rec-
ommendation was based on a multivariate analy-
sis of 30,946 patients with Stage I, II, and III 
melanoma and 7972 with stage IV; 3307 of these 
were stage III. Five-year survival within substages 
of stage III were found to be 78%, 59%, and 40% 
for stages IIIA, IIIB, and IIIC, respectively [4].
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In addition to lymph node involvement, 
tumor thickness has been shown to effect sur-
vival, with a 10-year survival of 92% for T1 
tumors (≤1 mm), as compared to 50% in patients 
with T4 stage (thickness > 4 mm). Tumor ulcer-
ation also influences survival, and survival rates 
of ulcerated tumors are proportionately lower 
than non- ulcerated tumors of equivalent T cate-
gory. Ulcerated tumors have similar survival 
rates to the tumors with one level higher T cat-
egory. For instance, survival rates of T3b and 
T4a are similar at 68% and 71%, respectively. 
Likewise, mitotic rates of more than or equal to 
1/mm2 are associated with decreased survival 
and, along with ulceration, differentiates T1a 
from T1b.

The number of metastatic nodes is a well- 
established risk factor of stage III patients, 
and historically there has been a consensus of 
a correlation between decreasing survival and 
increasing number of nodes [5–14]. The sec-
ond most significant risk factor is tumor bur-
den, determined by clinically occult or 
clinically palpable nodal disease [15], which 
also follows intuitively. However, a novel 
finding in 2001 [15] showed that tumor ulcer-
ation was the third most significant risk factor 
in stage III patients, suggesting that nodal 
metastasis arising from an ulcerated primary 
were more likely to metastasize to distant sites 
than those arising from non-ulcerated prima-
ries. These findings prompted the updated 6th 
AJCC staging system to replace the previous 
one, and emphasize the diversity of Stage III 
melanoma.

History is further complicated by the intro-
duction of the widespread use of sentinel lymph 
node (SLN) biopsies, which pushed patients 
who would previously have been a stage II into 
the stage III category. Patients who have posi-
tive sentinel lymph nodes are automatically 
deemed stage III, and a regional lymph node 
dissection is usually offered, according to cur-
rent US guidelines. Not surprisingly, these 
ongoing modifications of staging have con-
founded the interpretation of clinical trial data, 
in the adjuvant setting.

 Adjuvant Therapy for Melanoma

Due to the limited treatment options for meta-
static melanoma, particularly in the past, adju-
vant treatment has been the focus of much 
research. Several agents have been studied 
through the years dating back to the 1960s, start-
ing with BCG vaccines [16]. Subsequent treat-
ments that have been investigated include other 
vaccines, chemotherapy, hormonal therapy, bio-
logical therapy, and combinations. None of these 
had been shown to show any statistically signifi-
cant increase in overall survival, and are summa-
rized in Table 29.1.

A major breakthrough came with the FDA 
approval of high-dose IFN-α-2b (HDI) in 1995. 
Since then, there has been a wealth of research on 
various regimens and schedules of interferons. 
As the treatment options for stage IV melanoma 
have steadily been expanding since 2011, with 
the FDA approval of Ipilimumab, the landscape 
of adjuvant treatment continues to rapidly change 
as several new agents recently approved for met-
astatic melanoma, are now being tested as adju-
vant therapy.

 Interferon in the Adjuvant Therapy 
of Melanoma

Interferons were discovered in 1957, and were 
purified and cloned in the 1980s [17, 18]. The 
mechanisms by which interferons exert antitu-
mor effects in melanoma are not fully known. 
Both animal and human studies have suggested 
that these effects are immunomodulatory, rather 
than cytotoxic. Administration of HDI in the 
neoadjuvant setting has shown an increase in T 
lymphocytes and dendritic cells at the tumor site, 
which may correlate with clinical response, sup-
porting the role of IFN-α-2b as an immunomod-
ulator [19]. Specific pathways such as MEK/
ERK in the MAPK (mitogen activated protein 
kinase) pathway, which play a role in tumor 
metastasis, have been shown to be downregu-
lated by high- dose interferon (HDI) [20], and 
STAT3, which is a transcription factor impli-
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Table 29.1 Selected phase II/III studies of agents in the pre-interferon era

Treatment arms Study reference Type of study
Follow-up time 
reporting OS DFS

DTIC
BCG
DTIC and BCG
Obs

Veronesi et al. [63] Randomized 
phase III

5 years median NS NS

DTIC
BCG
DTIC and BCG
Obs

Agarwala et al. [64] Follow-up of 
randomized 
phase III

Up to 30 years NS NS

DTIC
Levamisole/
placebo

Lejeune et al. [65] Randomized 
phase IIIa

4 years median NS NS

CCNU (nitosurea)
Obs

Fisher et al. [66] Randomized 
phase III

3 years median NS NS

Corynebacterium 
Parvum
BCG

Lipton et al. [67] Pooled analysis b Significantc Significant

GM-CSF
Obs

Spitler et al. [68] Phase II open 
label

NRd Significant NS

GM-CSF
Obs

Grotz et al. [69] Retrospective 
cohort study

34 month median NS NS

Iscador M
rIFN-α-2b
rIFN-ƴ

Kleeberg [70] Prospective 
randomized 
phase III

8.2 years median NS NS

GM2/BCG
BCG

Livingstone et al. [25] Randomized 
phase III trial

5 years and 
3 months

NS NS

aPatients were first randomized to receive with DTIC or not. Then those not randomized to DTIC were randomized 
(blinded) to receive either Levamisole or placebo
bMedian in Hershey study was 7.4 years for BCG population and 9.4 for C. parvum; Median in SECSG study was 
4.2 years for BCG population and 4.9 for C. parvum population
cIn patients younger than 60 years of age
dNot reported

cated in promoting metastasis and angiogenesis 
in cancer cells [21], has also been shown to be 
downregulated by HDI.

As noted, there have been a multitude of IFN- 
α- 2b based trials in patients with surgically 
resected melanoma. The Eastern Cooperative 
Oncology Group (ECOG) in the United States 
pioneered the use of the aggressive high-dose 
regimen that included an intravenous induction 
phase of 4 weeks duration followed my mainte-
nance therapy. This induction phase has been 
tested in isolation without the maintenance phase. 
Other regimens have looked at intermediate and 

lower doses in various schedules administered 
subcutaneously. Finally, a long-acting, pegylated 
version has also been the focus of a large adju-
vant trial in Europe. The design and outcomes of 
these trials are discussed below and summarized 
in Table 29.2.

 High-Dose IFN-α-2b Trials

 ECOG 1684
This landmark trial established the role of HDI in 
high-risk melanoma patients and led to FDA 
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approval of the specific regimen used in this trial 
in 1995. Between 1984 and 1990, 287 patients 
with stage IIB-IIIC surgically resected melanoma 
were randomized to receive either IFN-α-2b at 20 
MU/m2/d IV (intravenously), 5 days a week, for 
4  weeks, followed by three times a week at 
10 MU/m2/d SC (subcutaneously), for 48 weeks, 
or observation. Results of this trial [22] showed 
the 5-year RFS (Relapse-free survival) to be 37% 
in the IFN-α-2b group compared with 26% in the 
observation group, and this difference was found 
to be of statistical significance with a P-value of 
0.0023. Overall survival (OS) was also found to 
be statistically significantly increased at 2.8 years 
in the observation group, compared with 3.8 years 
in the treatment group (P = 0.0237). Of note, this 
trial was performed in the pre-sentinel node era 
and all patients were pathologically staged with 
elective lymph node dissections.

Toxicity was substantial, mostly hepatic and 
hematological, and was largely reversible after 
dose reductions or drug discontinuation. There 
were two fatalities, both related to hepatotoxicity 
and liver failure. A total of 67% of patients had 
severe (Grade 3) toxicity at some point during 
1 year of treatment and 9% had life-threatening 
toxicities.

The therapeutic effects of IFN-α-2b appeared 
to be time dependent, with the greatest impact 
evident in the early part of the year of treatment, 
which raised the issue of the high-dose induction 
during the first 4 weeks, being of critical impor-
tance to the therapeutic benefits observed. This 
observation has spawned trials looking at the role 
of IV induction only regimens (discussed later). 
A mature follow-up of the ECOG 1684 at a 
median of 12.6 years showed a persistent statisti-
cally significant improvement in RFS in the treat-
ment group. However, the OS difference between 
the arm receiving IFN-α-2b and the observation 
arm was no longer statistically significant [23].

 Intergroup E1690
The subsequent E1690 [24] trial was conducted to 
confirm the findings of the E1684 trial and also to 
assess the efficacy of low-dose IFN-α-2b (LDI), 
as compared to high-dose IFN-α-2b and observa-
tion. The patient population was similar to that in 

ECOG 1684; however, lymph node dissections 
were not required for the patients without clini-
cally evident lymph node involvement. In this 
trial, 642 patients, accrued between February 
1991 and June 1995, were randomized to receive 
either the same HDI regimen as E1684, LDI 
(3 MU/d TIW) for 2 years or observation [24].

With regard to RFS, this trial showed a statis-
tically significant improvement for the HDI 
group when compared with the observation 
group, with the observation arm having a 28% 
higher risk of recurrence (HR 1.28, P  =  0.05). 
There was no statistically significant RFS benefit 
identified for those receiving LDI when com-
pared to observation (HR 1.19, P = 0.17). Neither 
HDI nor LDI had any statistically significant 
impact on OS when compared to observation. 
The negative result for OS in this trial for HDI led 
to some controversy regarding the benefit of this 
regimen and an ongoing debate as to whether this 
should be offered to all high-risk patients.

However, several factors may have accounted 
for this difference in OS between the E1684 and 
E1690 trials [24]. The demographics were 
slightly different, in that there were a higher per-
centage of node-positive patients in ECOG 1684 
(89%) when compared to E1690 (75%). Elective 
lymph node dissection (ELND) was not required 
to enter the E1690 study, if there was no clinical 
evidence of nodal disease given that this was 
prior to the era of SLN biopsies, one can only 
assume that the number of node-positive patients 
may have been underestimated in E1690, when 
compared to E1684. A plausible factor that may 
have blunted any potential OS benefit in E1690 
was the use of salvage therapies. These included 
IFN-α-2b in patients who relapsed, or had dis-
ease progression on the observation arm, as this 
drug was approved by the FDA during the con-
duct of this trial. In fact, a significantly larger 
proportion of relapsed patients from the observa-
tion arm, 31%, received an IFN-α-2b-containing 
salvage regimen, compared with only 15% of 
patients from the HDI arm (P = 0.003). Patients 
in the observation arm were also twice as likely 
to receive higher doses IFN-α-2b therapy at 
relapse, compared with those who failed on the 
HDI arm [24].
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 ECOG 1694
After the FDA approval of high-dose IFN-α-2b, 
the search for newer and better agents contin-
ued, particularly given the concern for substan-
tial toxicities associated with HDI.  The 
ganglioside GM2 is a well-defined melanoma 
antigen, and it had been demonstrated that 
administration of GM2  in combination with 
BCG induces immunoglobulin IgM anti-GM2 
antibodies in the majority of patients, and that 
these antibody responses were correlated with 
improved RFS and OS in AJCC stage III mela-
noma patients [25, 26]. On the basis of this data, 
intergroup trial E1694 was initiated in order to 
determine whether GMK vaccine (GM2 cou-
pled to keyhole limpet hemocyanin (KLH) and 
combined with the QS-21 adjuvant 22) was 
superior to high-dose IFN-α-2b with respect to 
RFS and OS [27].

Between June 1996 and October 1999, 880 
patients were randomized to receive either 1 mL 
of GMK vaccine administered via a deep subcu-
taneous (SC) injection on days 1, 8, 15, and 22, 
then every 12 weeks until week 96; or high-dose 
IFN-α-2b, 20  MU/m2/d IV 5  days/week for 
4 weeks followed by 10 MU/m2 SC TIW (three 
times a week) for 48 weeks. In 2000, the study 
was un-blinded showing that 39% of those 
treated with GMK and 25% of those treated 
with IFN- α- 2b had experienced relapse 
(P = 0.0015). Results also showed a more than 
50% increase in the hazard of death in the GMK 
patient population when compared to the IFN-
α-2b patients. These results caused the study to 
be terminated based on P-values crossing proto-
col-specific lower boundaries. Of note, a trial 
performed by the European Organisation for 
Research and Treatment of Cancer (EORTC), 
EORTC18961, showed that this same GMK 
vaccine had a significantly detrimental effect on 
DFS and OS compared with observation [28]. 
This has been used as an argument to refute the 
conclusion that improved DFS and OS in ECOG 
E1694 was due to a beneficial effect of HDI, 
because HDI treatment in ECOG E1694 was not 
compared with observation or placebo, but 
rather to a vaccine which may be detrimental to 
OS or DFS [29].

 Intermediate Dose IFN-α-2b

 EORTC Trial 18592
Between 1996 and 2000, patients with stage IIB–
IIIC disease were randomized to receive either 
intermediate dose interferon for 13  months, 
25 month, or observation in the EORTC 18592 
study [30]. The dosing regimen for the two treat-
ment groups was IFN-α-2b, 4 MU 5 days a week 
followed by either 10 MU three times a week for 
1 year or 5 MU three times a week for 2 years. No 
overall statistically significant survival benefit or 
DMFI (distant-metastasis-free interval) was 
demonstrated for stage IIB–IIIC patients. When 
subgroup analysis was performed, it showed that 
adjuvant IFN-α-2b appeared to have a greater 
effect at an earlier stage of disease. When the 
patient population with stage IIB disease treated 
with 25 months was compared to observation the 
HR was 0.54, with CI 0.3–0.98 and P = 0.008, 
showing a borderline significant effect. No other 
subgroup analysis showed any statistically sig-
nificant benefit [30].

A post hoc meta-analysis of patients from 
EORTC 18891 and 18952 (discussed later) [31] 
utilizing IFN-α-2b/PEG-IFN-α-2b showed the 
interesting finding that the greatest risk reduc-
tions were observed in patients with ulceration 
and stage IIB/III-N1 disease, with estimated HR 
for RFS, DMFS, and OS of 0.69 (p = 0.003), 0.59 
(p < 0.0001), and 0.58 (p < 0.0001), respectively. 
Moreover, efficacy of IFN-α-2b/PEG-IFN-α-2b 
was uniformly absent in patients without 
ulceration.

 Low-Dose IFN-α-2b

Low doses of IFN-α-2b have the obvious advan-
tage of lower toxicity and cost. In 2001, Cascinelli 
et al. published results from a randomized con-
trolled trial which compared 3  MU subcutane-
ously of recombinant IFN-α-2a three times a 
week for 3 years versus observation [32]. All of 
the 424 patients who entered into the study had a 
complete lymphadenectomy for pathologically 
proven regional nodal spread of surgically 
resected melanoma (Stage III). The results of this 
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trial showed no statistically significant benefit in 
RFS or OS on this low dose of interferon when 
compared to observation. The AIM-HIGH study 
performed in the UK randomized patients with 
surgically resected stage IIB–IIIC melanoma to 
receive either 3  MU three times per week for 
2  years/until recurrence or observation. The 
results of this study were published in 2004 [33], 
and again, no statistically significant benefit was 
demonstrated for OS or RFS.

Grob et al. published findings from their low- 
dose interferon trial in 1998. In this trial, 489 
patients were randomized to receive either 
3  ×  106 IU of interferon alpha-2a, three-times 
weekly for 18 months, or no treatment. A long- 
term analysis, after a median follow-up of 
5 years, showed an improvement in the relapse- 
free interval (p = 0.035) but no statistically sig-
nificant increase in overall survival (p = 0.059) in 
the treatment group when compared with obser-
vation [34]. Similarly, an Austrian study showed 
prolonged disease-free survival in patients treated 
with low-dose IFN-α-2a versus those who under-
went surgery alone (P = 0.02) [35].

 Abbreviated Courses of IFN-α-2b

 Hellenic Cooperative Oncology Group 
Study
In 2009, Pectasides et  al. published the results 
from the Hellenic Cooperative Oncology Group 
study [36]. This study was a prospective, ran-
domized study comparing IV induction therapy 
versus a full year of high-dose IFN-α-2a, with 
primary endpoints of RFS and OS for patients 
with stage IIB, IIC, and III melanoma, within 
56  days of curative surgery. Patients were ran-
domly assigned to receive either IFN-α-2b, 
15 MU/m2/day IV × 5 days a week for 4 weeks 
versus the same regimen followed by IFN-α-2b 
10 MU (flat dose), administered subcutaneously 
three times a week for 48 weeks. A total of 364 
patients were enrolled, of whom 353 were 
 evalable for the study endpoints. Approximately 
30% of the treated patients were stage IIB or IIC, 
and roughly 60% were stage IIIA–IIIC, with 
most being stage IIIB. The authors proposed the 

hypothesis that the 1-month induction regimen 
would be considered as efficacious as the conven-
tional 1-year regimen, if the relapse rate at 3 years 
from study entry were to be no more than 15% 
higher in the first group, compared to the group 
receiving a 10 MU flat dose. The results of this 
trial did not show any statistically significant dif-
ference in RFS or OS, and hence the question 
arose as to whether the current regimen of induc-
tion followed by maintenance phase could be 
substituted by just the induction phase.

Several concerns have been raised regarding 
the results of this trial [37]. Both the induction 
dose and the flat dose used in the Greek trial were 
lower than the doses used in the standard 
HDI.  Furthermore, this study set their non- 
inferiority margin at 15%, when the 5-year RFS 
previously observed between IFN-α-2b and 
observation were 9% and 11% [22, 24], with 
even smaller differences in RFS observed at 
3 years. It follows that a 15% difference between 
two active treatment arms is an unrealistic expec-
tation, particularly when using lower doses com-
pared to the initial trials [38].

 ECOG 1697
The prospect of a shorter duration of IFN-α-2b 
has been one of great interest. As noted earlier, 
the results of the HDI trials appeared to show a 
benefit that was most pronounced in the early 
part of treatment during the induction phase. The 
ECOG 1697 trial was designed to test the hypoth-
esis of whether or not induction therapy alone is 
sufficient for patients in the adjuvant setting. A 
total of 1420 patients with intermediate- and 
high-risk melanoma were randomized to receive 
either 4 weeks of high-dose IFN-α-2b IV 5 days 
per week, as in the E1684 trial induction phase, 
or observation. Those included in the trial were 
patients with T2bN0, T3a-bN0, T4a-bN0, and 
T1-4N1a-2a (micrometastasis to one or two 
nodes). This patient population is different than 
in previous ECOG trials, such as E1684 and 
E1690, in that it includes patients with stages 
IIA–IIIA, as compared to IIB–IIIC. Patients from 
these groups were selected for the study because 
they were considered to be at intermediate risk 
for recurrence and particularly likely to be moti-
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vated to pursue a shorter and potentially less 
toxic adjuvant therapy regimen.

This study enrolled patient starting in 1998 and 
was terminated in 2010 based on futility analysis. 
Results were analyzed in 2015 with a median fol-
low-up of 7  years, and there was no significant 
benefit in RFS or OS observed in the treatment 
group. Only 4.6% of patients in the observation 
group had treatment-related grade 3 AEs versus 
57.9% in the treatment group (P < 0.001). These 
results suggest that there is no benefit in treating 
surgically resected melanoma with adjuvant IFN-
α-2b with induction treatment only, and that a 
benefit can only be seen if 4 weeks of induction is 
followed by a year of maintenance [39].

 Pulsed Doses of Induction IFN-α-2b

In the DeCOG (Dermatologic Cooperative 
Oncology Group) trial, patients with stage III 
(AJCC 2002) resected melanoma were randomly 
assigned to receive either standard HDI regimen 
or three courses of IFN-α-2b 20 MU/m2/day IV 
5  days a week (induction dose) for 4  weeks 
repeated every 4 months [40]. The results of this 
trial did not show any statistically significant 
improvement in RFS or OS for those treated with 
pulsed treatments; however, advantages related 
to health-related quality of life and safety profiles 
seemed favorable.

Another trial which looked at pulsed doses of 
IFN-α-2b at induction doses was the Italian 
Melanoma Inter-group trial which conducted a 
randomized clinical trial to verify if a more 
intense, but shorter than the ECOG 1684 regi-
men, could improve survival without increasing 
the toxicity profile. Patients were randomly 
assigned to the two treatment groups: IFN-α-2b 
20 MU/m2/day IV 5 days per week × 4 weeks, 
repeated for three times on weeks 9–12, 17–20, 
and 25–28 (Dose-Dense/Dose-Intense, DD/DI, 
arm), or IFN-α-2b 20  MU/m2/day IV 5  days/
week × 4 weeks followed by 10 MU/m2 SC three 
times per week × 48 weeks (HDI, arm).

The analysis of toxicity and drug delivery 
data, on the first 166 patients who entered this 
study and completed the treatment, was pub-

lished in 2006 [41]. It showed that patients were 
able to tolerate significantly intensified treatment 
in the DD/DI arm, without a significant increase 
in the overall toxicity when compared to the stan-
dard HDI therapy. However, there did not appear 
to be any meaningful benefit from this study [42].

 Pegylated IFN

Pegylated interferon (PEG-IFN-α-2b) is a 
pegylated derivative of recombinant IFN-α2-b, in 
which the protein moiety, which has a molecular 
weight of 19 kDa, is combined with a single lin-
ear PEG chain, with an average molecular weight 
of 12  kDa [43]. Pegylation does not appear to 
have a substantial effect on biological activity; 
however, it does reduce IFN-α-2b immunogenic-
ity, as well as increase the elimination half-life 
from approximately 4–40 h [44, 45]. The slower 
elimination of PEG-IFN-α-2b allows for a more 
convenient weekly injection of this agent during 
the maintenance phase.

 PEG-IFN-α-2b and EORTC 18991
The European Organisation for Research and 
Treatment of Cancer (EORTC) 18991 was a 
large, Phase III, randomized controlled trial, 
designed to assess the effect of long-term admin-
istration of PEG-IFN-α-2b in patients with 
resected Stage III melanoma. All patients partici-
pating in this trial had histologically documented 
stage III melanoma, following a complete 
regional lymphadenectomy, and were random-
ized to either observation or PEG-IFN-α-2b. 
Patients were enrolled between 2000 and 2003. 
Stratification factors included microscopic versus 
palpable lymph node involvement, number of 
lymph nodes involved, Breslow’s thickness, 
ulceration, gender, and site.

Patients randomized to PEG-IFN-α-2b had a 
13% decrease in risk of recurrence or death com-
pared with those on observation at a median fol-
low- up of 7.6  years, approaching, but not 
reaching, statistical significance (P = 0.055). This 
was in contrast to the initial results at 3.8 years 
median follow-up that had shown a statistically 
significant increase in RFS. There was no overall 
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survival benefit observed at 3.8 years follow-up 
or 7.6 years. The benefits seen with regard to RFS 
were mostly driven by N1 patients, patients with 
one involved lymph node, and patients with 
ulceration of their primary tumor. In fact, this 
trial was important in that it showed that a lower 
tumor burden, as well as ulceration, was a predic-
tive factor for response to PEG-IFN-α-2b.

Although this trial struggled to show statisti-
cally significant improvement in RFS, and 
showed no improvement in OS for PEG-IFN- 
α-2b patients, the subgroup analysis performed 
had more promising results. In the patient popu-
lation with microscopic nodal involvement only, 
as well as ulceration, the median overall survival 
for the patients receiving PEG-IFN-α-2b was 
more than 8 years vs. 3.7 years in the observation 
group (P  =  0.006). In contrast, no benefit in 
DMFS or OS was observed in those patients with 
bulky nodal disease. PEG-IFN-α-2b was FDA 
approved for adjuvant treatment of Stage III mel-
anoma in 2011 [46].

EORTC 18991 was the largest adjuvant mela-
noma trial to date at the time follow-up results 
were published [47]. Conclusions from the long- 
term results of this trial were published in 2012, 
showing that there was a sustained improvement 
in RFS in those treated with PEG-IFN-α-2b. The 
benefit was greatest in those with a lower tumor 
burden and ulcerated primaries. These findings 
were important, not only with regard to validat-
ing the use of PEG-IFN-α-2b, but also for shed-
ding light on tumor ulceration and the impact this 
has on the benefit of interferon therapy.

Naturally, PEG-IFN-α-2b has potential advan-
tages in that it lacks a requirement for intrave-
nous induction and requires injections only once 
a week, as compared to three times a week in the 
maintenance phase, for IFN-α-2b in the ECOG 
regimen. These are all factors that may presum-
ably impact quality of life for patients as well as 
use of health-related resources and lead to greater 
patient acceptance. Bottomley et  al. found that 
prolonged treatment with PEG-IFN-α-2b 
impaired global Health Related Quality of Life 
(HRQOL) as compared with patients on the 
observation arm of EROTC 18991 [48]. Social 
functioning, fatigue, and appetite loss were key 

factors that could account for the lower HRQOL 
in this patient population. Similarly, quality of 
life (QoL) has been found to be negatively 
effected in patients receiving IFN-α-2b [49]. 
Although the quality of life of patients on both 
regimens has been measured separately, there has 
been no head-to-head comparison between PEG- 
IFN- α-2b and IFN-α-2b to date.

 Summary of Interferon Trials 
in the Adjuvant Setting for High-Risk 
Melanoma

Low-dose IFN-α-2b has not been shown to be 
beneficial when compared to observation, as evi-
denced by the European studies mentioned above 
[32, 33]. In addition, the E1690 trial [24] com-
pared high-dose IFN-α-2b, low-dose IFN-α-2b, 
and observation, and here too, no statistically sig-
nificant benefit in low-dose IFN-α-2b, with 
regard to RFS or OS, was demonstrated when 
compared to observation. Low dose remains 
approved for adjuvant use in resected melanoma 
in Europe. Intermediate dose IFN-α-2b did not 
show any statistically significant benefit for 
DMFS, DFS, or OS in the EORTC 18952 trial. 
The recently released results of ECOG 1697 fail 
to show any benefit in treating patients with the 
induction dose only when considering OS and 
RFS [39]. Repeated doses of induction doses or 
“pulsed therapy” of IFN-α-2b has also been 
tested in the two aforementioned European trials 
[40, 41], none of which showed any statistically 
significant benefit in OS or RFS.

The only regimen of IFN-α-2b that remains 
proven to give meaningful therapeutic benefit are 
IFN-α-2b as used in the ECOG 1684 trial, and 
PEG IFN-α-2b as used in the EORTC 18991. 
While PEG-IFN-α-2b is FDA approved for stage 
IIIA–IIIC only, IFN-α-2b is an option for those 
with stage IIB–IIIC. Arguments against the use 
of IFN-α-2b in the adjuvant setting have persisted 
[50], although, this has been tempered by the fact 
that there was no alternative treatment until 2015. 
In 2002, Lens et  al. performed a systematic 
review of all trials to date, finding no evidence 
that there was a benefit in IFN-α-2b in the adju-
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vant setting for melanoma [51]. In contrast, 
Mocellin et  al. conducted a systematic review 
and meta-analysis with results published in 2010 
[52]. The meta-analysis included 14 RTC, and 
involved 8122 patients, and identified a statisti-
cally significant decrease in risk of death (HR 
0.89, CI 95% 0.83–0.96 P  =  0.002) and an 
improved DFS (HR 0.82, 95% CI 0.77–0.87, 
P = 0.001). The debate is likely to continue and 
there does appear to be somewhat of a “transat-
lantic divide,” where HDI has been declared stan-
dard of care for high-risk melanoma and is widely 
used in the USA, while it is not used widely in 
Europe and the rest of the world [53].

 Checkpoint Inhibitors

The checkpoint inhibitors have been a major 
breakthrough in treatment of metastatic mela-
noma, starting with the approval of ipilimumab in 
2011. There are currently five checkpoint inhibi-
tors that are FDA approved in the USA for the 
treatment of melanoma and other cancers: 
Ipilimumab [CTLA-4 inhibitor], the PD-1 inhibi-
tors [Nivolumab and Pembrolizumab], and the 
PDL-1 inhibitors [Atezolizumab and Avelumab]. 
Of these, only the CTLA-4 and PD-1 inhibitors 
are FDA approved for melanoma, and only 
Ipilimumab is FDA approved in the adjuvant 
setting.

Cancer cells exhibit tumor antigens that can 
trigger the immune system, and these are pro-
cessed and presented to cytotoxic T-cells by den-
dritic cells, potentially priming the immune 
system to fight the cancer cells. However, along 
with presenting the cytotoxic T-cell with the can-
cer antigen, the dendritic cells also transmit an 
inhibitory signal that downregulates the T-cell 
response. CTLA-4 (cytotoxic T-lymphocyte- 
associated protein 4) is a protein receptor on 
T-cells, which downregulates the immune system 
by transmitting an inhibitory signal to these cells, 
when dendritic cells stimulate these receptors.

Ipilimumab is a fully human monoclonal anti-
body, which blocks the inhibitory pathway at the 
CTLA-4 receptor, leading to an enhanced 
immune response. The PD-1 protein on the sur-

face of activated T cells sends an inhibitory sig-
nal to the T cell as well, when PD-L1 or PD-L2 
binds to it. Nivolumab and Pembrolizumab are 
both humanized monoclonal antibodies which 
inhibit PD-1, thus heightening the immune 
response. The above pathways work as “check 
points” and are intended to keep the human 
immune system from overreacting and causing a 
pathological or exaggerated immune response. 
Checkpoint inhibitors block these processes and 
aid the immune system in fighting cancer cells.

 Ipilimumab in Adjuvant Therapy

 EORTC 18071
In 2011, Ipilimumab was FDA approved for the 
treatment of metastatic melanoma based upon 
favorable results from a large, randomized, con-
trolled trial [54–56]. This radically altered the 
landscape for advanced melanoma as being the 
first ever phase III, randomized, controlled trial 
to improve overall survival in patients with this 
disease. Not surprisingly, this agent very quickly 
moved into the adjuvant arena as part of clinical 
trials research.

EORTC 18071 was a double-blinded, Phase 
III trial, where 951 patients with stage III, surgi-
cally resected melanoma were randomly assigned 
to receive either 10 mg/kg of Ipilimumab or pla-
cebo every 3  weeks for four doses, then every 
3 months for up to 3 years. Patients with lymph 
node metastasis less than or equal to 1 mm, or 
in-transit metastasis, were not included in this 
study. Complete regional lymphadenectomy was 
required within 12  weeks prior to 
randomization.

The primary endpoint of this trial was 
recurrence- free survival. Distant-metastasis-free 
survival, overall survival, and health-related 
quality of life were secondary endpoints. 
Recurrence-free survival was significantly longer 
in the Ipilimumab group when compared to the 
placebo, with a HR of 0.75 and 95% CI 0.64–0.9 
and P = 0.0013. Median recurrence-free survival 
in the Ipilimumab group was 26.1 months com-
pared with the placebo group at 17.1  months, 
with a 3-year recurrence-free survival of 46.5% 
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in the Ipilimumab group, compared to 34.8% in 
the placebo group.

Immune-related adverse events (AEs) were 
more frequent in the Ipilimumab group than in 
the placebo group, and the most common of these 
were GI, hepatic, and endocrine in nature. Five 
patients (1%) in the Ipilimumab group of patients 
died due to drug-related AEs, 3 of which were 
colitis, 1 myocarditis, and 1 with MOF (multisys-
tem organ failure) and GBS (Guillain-Barre syn-
drome). In addition, AEs resulted in 40% of 
patients discontinuing treatment before mainte-
nance therapy was started, and this rate is higher 
than that reported with advanced disease [56]. 
Most ir-AEs (immune-related adverse events) 
resolved within 4–6 weeks; however, for endocri-
nopathies, the median time to resolution was 
31 weeks.

Based on the results of EORTC 18071, high- 
dose Ipilimumab (10 mg/kg) was FDA approved 
for the adjuvant treatment of surgically resected, 
stage 3 melanoma in 2015. However, its use is 
not without controversy, primarily because of the 
toxicity and the fact that the dose is significantly 
higher than the 3 mg/kg dose approved for meta-
static melanoma. In November 2016, survival 
data was made available and showed a 65.4% 
overall survival in the ipilimumab group, versus 
54.4% in the placebo group (P  =  0.001). 
Additionally, there was a 48.3% distant- 
metastasis- free survival rate in the Ipilimumab 
group compared to 38.9% in the placebo arm 
(P  =  0.002) [57]. This has certainly provided 
reassurance, but concern regarding the toxicity 
remains.

 The Future of Adjuvant Therapy 
for High-Risk Melanoma

High-dose IFN remains a standard adjuvant treat-
ment option for high-risk melanoma patients. An 
important, and as yet, unanswered question is 
whether ipilimumab is superior to IFN in a ran-
domized trial. The intergroup E1609 trial com-
paring low-dose Ipilimumab (3  mg/kg) and 
high-dose Ipilimumab (10 mg/kg) with IFN-α-2b 
has completed accrual and the results of this trial 

are awaited with great interest. Of note, this trial 
is not powered to look for a difference between 
high- and low-dose ipilimumab.

 PD-1 Inhibitors in Adjuvant Therapy

Given the superiority of PD-1 inhibitors over ipi-
limumab in a head-to-head comparison in meta-
static melanoma, the role of these agents in the 
adjuvant setting needs to be addressed [58]. The 
fact that PD-1 inhibitors are significantly less 
toxic than ipilimumab is an obvious advantage in 
the adjuvant setting. Not surprisingly, several 
adjuvant trials are in progress looking at these 
agents in adjuvant therapy. The SWOG 
(Southwestern Oncology Group)-led intergroup 
trial, S1404, is randomizing patients with stage 
III, resected melanoma to either Ipilimumab 
(10  mg/kg) or IFN-α-2b (both considered stan-
dard of care and chosen at the discretion of the 
treating physician) versus pembrolizumab [59].

The CheckMate 238 trial, testing nivolumab 
versus Ipilimumab, will complete data collection 
in November 2018. Similarly, the EORTC 1352/
KEYNOTE-054 trial, comparing pembrolizumab 
to placebo will complete data collection in 
August 2017. This trial allows un-blinding at pro-
gression, with crossover to pembrolizumab for 
patients receiving placebo. This trial may help to 
answer the question of whether delaying initia-
tion of therapy at relapse is as good as upfront 
therapy in the high-risk setting.

 Targeted Therapy Trials in Patients 
with BRAFV600E/K Positive Melanoma

A major breakthrough in the therapy for meta-
static melanoma patients, whose tumors harbor 
the BRAF mutation, is MAP-kinase pathway 
therapy targeting BRAF and MEK [60]. Drugs 
approved include vemurafenib, dabrafenib, tra-
metinib, and cobimetinib. These agents have 
also moved into adjuvant therapy trials. A Phase 
III, randomized, double-blinded trial comparing 
Vemurafenib (960  mg orally, twice daily for 
52 weeks) to placebo in patients with stage IIC 
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and stage III resected melanoma, positive for 
the BRAF V600 mutation, completed final data 
collection in June 2016 and results are currently 
pending [61].

Similarly, the BRAF-inhibitor Dabrafenib, in 
combination with the MEK inhibitor, Trametinib, 
is being compared to placebo in a randomized 
double-blinded study for patients with high-risk, 
BRAF V600 mutation positive, melanoma after 
surgical resection. This study has also completed 
final data collection and the results are pending. 
Combination therapy with Dabrafenib and 
Trametinib has been shown to improve OS, when 
compared to dabrafenib alone in BRAF V600 posi-
tive patients with metastatic melanoma [62].

We are entering into a new era of adjuvant 
treatment for stage III melanoma. For decades, 

IFN-α-2b and, more recently, PEG-IFN-α2b were 
the only treatment options for adjuvant therapy of 
melanoma. It is time to move the field forward, 
and it is hoped that the recently completed and 
ongoing trials outlined above will provide valu-
able information on new treatment options. For a 
summary of selected ongoing trials for adjuvant 
treatment of melanoma, see Tables 29.3 and 29.4.

Perhaps the true mark of success for us in mel-
anoma therapy will be when our treatments for 
stage IV disease are good enough to cure all 
patients, and the entire concept of adjuvant ther-
apy can be made obsolete. However, it will be a 
while before we can reach that goal, if ever, and 
until then, an effective way to prevent stage IV 
disease will continue to be a major, unmet clini-
cal need.

Table 29.3 Selected ongoing phase III studies with checkpoint inhibitors ongoing/results pending

Study Stage Treatment arms
CheckMate 238 III B–C and IVa Nivolumab

vs.
Ipilimumab

E 1609 III–IVa Arm A (high-dose Ipilimumab)
Ipilimumab 10 mg/kg Q3W for 4 weeks followed by 10 mg/kg Q90days 
for a maximum of four doses
Arm B (high-dose INF-α-2b)
INF-α-2b 20 MU/m2 IV
5 days a week for 4 weeks followed by 10 20 MU/m2 for 48 weeks.
Arm C (low-dose Ipilimumab)
Ipilimumab 3 mg/kg Q3W for 4 weeks followed by 3 mg/kg Q90days for 
a maximum of four doses

KEYNOTE-054 III Pembrolizumab 200 mg Q3W for up to 1 year
vs.
Placebo

S1404 III and IVa Arm A
INF-α-2b 20 MU/m2 IV
5 days a week for 4 weeks followed by 10 20 MU/m2 for 48 weeks
or
Ipilimumab 10 mg/kg Q3W for 4 weeks followed by 10 mg/kg Q90days 
for a maximum of four doses
Arm B
Pembrolizumab 200 mg Q3W for up to 1 year

aResected

Table 29.4 Selected ongoing phase III studies with targeted therapy for BRAF V600E/K positive high-risk melanoma

Study Stage Treatment arms
COMBI-AD III Dabrafenib 150 mg BID and Trametinib 2 mg QD PO for 12 months

vs.
Placebo

BRIM 8 IIC and III Vemurafenib 960 mg PO BID for 52 weeks
vs. Placebo
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 Historical Perspective

Radiotherapy (RT) works by inducing DNA dam-
age in cancer cells. There are several different 
methods of RT delivery including external beam 
radiotherapy (EBRT), stereotactic radiosurgery 
(SRS), stereotactic body radiotherapy (SBRT), 
brachytherapy, and particle therapy. RT indica-
tions in the treatment of melanoma vary, and are 
most commonly deemed palliative in nature. This 
frequently includes patients who develop symp-
tomatic metastases or locally unresectable dis-
ease. In the case of oligometastatic disease, SRS 
and SBRT are increasingly utilized. While RT is 
seldom indicated for definitive therapy to regional 
nodal basins, adjuvant RT following surgical 
resection does appear to have an effect on the rate 
of local recurrence for high-risk patients (includ-
ing those with multiple positive lymph nodes, one 
or more large lymph nodes over 3 cm, extracapsu-
lar extension, or recurrent disease) [1, 2].

Historically, melanoma has been deemed a 
radioresistant tumor, due to early in vitro studies 

demonstrating a broad shoulder in cell survival 
curves, indicating higher survival fraction at the 
low dose range due to a high repair capacity [3, 4]. 
Conflicting clinical experience with varying doses 
per fraction prompted a multicenter randomized 
phase III study through the Radiation Therapy 
Oncology Group (RTOG). This study (RTOG 
8305) was one of many evaluating varying radia-
tion dosing schemes. In this trial, 137 patients with 
metastatic melanoma received radiation in 8  Gy 
fractions, weekly for four doses, versus 2.5  Gy 
fractions daily for 20 fractions. There was no dif-
ference in the clinical response rate, however, short 
follow-up and non-standard fractionation patterns 
led to some difficulty in further interpreting this 
trial [5]. There have been multiple other retrospec-
tive studies evaluating various hypofractionated 
regimens, and this type of fractionation (2.5 Gy or 
higher per fraction) has become commonplace in 
the treatment of melanoma given its tolerability, 
convenience, and low risk of late effects.

There have been multiple advancements in the 
field of oncology, including technological RT 
developments in addition to an evolution of sys-
temic therapy and immunotherapy, highlighting 
the importance of a multidisciplinary approach to 
treating melanoma. While RT historically has 
had a more limited role in the primary manage-
ment of melanoma, there have been several recent 
intriguing developments, including the combina-
tion of RT with immunotherapy for patients with 
more advanced disease.

N. L. Williams, M.D. · B. A. Simone, D.O. 
P. R. Anné, M.D. · W. Shi, M.D., Ph.D. (*) 
Department of Radiation Oncology, Sidney Kimmel 
Medical College, Thomas Jefferson University, 
Philadelphia, PA, USA
e-mail: Noelle.Williams@jefferson.edu;  
Brittany.Simone@jefferson.edu;  
Pramila.Anne@jefferson.edu;  
Wenyin.shi@jefferson.edu

30

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-78310-9_30&domain=pdf
mailto:Noelle.Williams@jefferson.edu
mailto:Brittany.Simone@jefferson.edu
mailto:Brittany.Simone@jefferson.edu
mailto:Pramila.Anne@jefferson.edu
mailto:Pramila.Anne@jefferson.edu
mailto:Wenyin.shi@jefferson.edu
mailto:Wenyin.shi@jefferson.edu


500

 Radiotherapy Technological 
Advancements

EBRT has continued to see significant advance-
ments with the evolution of high-resolution com-
puted tomography (CT), magnetic resonance 
imaging (MRI), and advancements in radiation 
delivery techniques. Two-dimensional techniques 
have evolved into three-dimensional techniques 
with implementation of CT-planning scans. The 
development of inverse planning such as 
intensity- modulated radiotherapy (IMRT) and 
volumetric-modulated arc therapy (VMAT) has 

allowed for an even more precise method of RT 
delivery, while sparing normal tissues and 
decreasing associated toxicity [6].

SRS refers to a precisely delivered, single large 
dose of radiation achieved by multiple non- 
coplanar beams converging on a radiographically 
defined target [7]. For this type of RT delivery, 
there is a steep decline of the radiation dose just 
outside the target volume, thereby limiting the 
dose to normal critical structures (Fig.  30.1). 
Brain metastases occur in more than half of 
patients with advanced melanoma, with the 
majority of patients dying from central nervous 

a

c

b

Fig. 30.1 Sample SRS plan for multiple brain metastases. (a–c) demonstrate different views of the multiple brain 
metastases being treated with SRS
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system disease burden [8, 9]. Prior to the develop-
ment of SRS, patients with brain metastases from 
melanoma were often treated surgically or with 
whole brain radiotherapy (WBRT). While WBRT 
may decrease the likelihood of neurologic death 
in these patients, overall survival following RT 
remains approximately 3–4 months, and has asso-
ciated neurological side effects including cogni-
tive decline [10]. SRS can alternatively be used 
for patients with a small number of metastases 
with current reports showing median survival 
times of approximately 5–6 months [11, 12].

SBRT is another example of a more recent 
advancement with applications in melanoma. 
SBRT refers to high dose per fraction, precise RT 
over approximately three to five treatment ses-
sions (Fig. 30.2). This dose fractionation scheme 
is particularly useful for patients with oligometa-
static disease, with several ongoing studies evalu-
ating the optimal dose, timing, and fractionation 
schedules for such therapies, sometimes in com-
bination with immunotherapy.

 Adjuvant Radiation Therapy 
Following Excisional Surgery 
in Cutaneous Melanoma

The role for RT in patients following surgical exci-
sion for cutaneous melanoma is multifaceted. With 
respect to adjuvant RT to the primary lesion, this is 
typically offered to patients who have undergone 
surgery with wide local excision and have a risk 
factor present increasing their likelihood of local 
or regional recurrence. In the majority of patients 
who are appropriately staged and have only local-
ized disease, the most common site of relapse is 
distant. Currently, adjuvant RT to the primary site 
is not considered standard of care for an average 
risk patient; however, it does play a role in the 
management of patients with desmoplastic neuro-
tropic melanoma (DNM) as well as patients with 
lesions of the head and neck, where it may be quite 
difficult to achieve negative surgical margins on 
the primary resection. Additional risk factors that 
have been associated with increased propensity for 
local recurrence include tumor thickness >4 mm, 
ulceration, satellitosis, positive surgical margins, 
and mucosal origin [13].

The concept of using RT to increase local con-
trol following surgical excision of cutaneous mela-
noma dates back to the 1950s, when patients 
thought to be at high risk of relapse were treated 

a

b

c

Fig. 30.2 Sample radiation SBRT plan of melanoma lung 
metastasis. (a–c) demonstrate different views of the lung  
metastasis being treated with SBRT
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with brachytherapy or orthovoltage X-rays to the 
primary site [14]. In 1981, Princess Margaret 
Hospital (Toronto, Ontario) published a retrospec-
tive experience with 37 patients who underwent 
surgical resection of head and neck melanoma fol-
lowed by adjuvant RT [15]. This study provided 
insight into the importance of radiation dose frac-
tionation, as they found patients who received 
fractions greater than 4  Gy had improved local 
control (71% versus 25%). There are several more 
recent retrospective analyses that have reported on 
local control rates associated with adjuvant RT 
after excisional surgery for melanoma. One such 
report from the Sydney Melanoma Unit suggested 
that there may be an advantage in local control in 
patients with microscopically positive margins 
and/or adverse pathologic features who were 
offered postoperative RT [16]. RT was delivered in 
a hypofractionated fashion to a total dose of 
30–36 Gy in five to seven doses over 2.5 weeks. 
The recurrence rate observed at 6 months was 11% 
in this cohort of 174 patients receiving radiation, 
compared with surgical data from the same time 
period suggesting a recurrence rate of near 30%, 
that RT may have superior local control; however, 
because of the high rate of distant failure, no over-
all survival benefit has been noted for adjuvant RT 
in this setting [16].

With respect to patients with desmoplastic or 
neurotropic histology, data suggest that RT may 
offer a significant local control benefit. A retro-
spective analysis from Strom et al. examined 277 
patients with non-metastatic desmoplastic mela-
noma who were treated with surgery with and 
without RT [17]. At a median follow-up of 
43.1  months, RT was associated with improved 
local control (HR, 0.15; 95% confidence interval, 
0.06–0.39 [P < 0.001]) and this was particularly 
evident in patients with adverse pathologic fea-
tures (such as Breslow’s depth > 4 mm, perineural 
invasion or positive resection margins). In the 164 
patients who did not receive RT, the local recur-
rence rate was 17% compared with 7% in the 113 
patients who received postoperative RT.  While 
several other retrospective studies seem to show a 
local control benefit with adjuvant RT, one pro-
spectively collected melanoma database from 
Arora et al. suggested that in the current era, local 
recurrence rates are considerably lower than his-

torically reported (4% at 2 year median follow-
up) [18]. Additional prospective data is needed to 
further clarify the role of adjuvant RT in desmo-
plastic or high-risk melanoma patients.

The role of adjuvant RT to the primary site in 
patients with a completely resected melanoma 
with neurotropic features is the question of a 
 current clinical trial being run by Trans Tasman 
Radiation Oncology Group (www.ClinicalTrials.
gov, NCT00975520). This is a two-arm, random-
ized controlled trial in which patients are treated 
with surgical excision alone or surgical excision 
followed by adjuvant radiation to a dose of 48 Gy 
in 20 fractions over 4 weeks. The primary out-
come of this trial is time to local relapse with the 
hypothesis that RT will improve local control in 
this select patient cohort.

 Definitive Radiation Therapy for Non-
operable and Lentiginous Patients

Lentigo maligna (LM) and lentigo maligna mela-
noma (LMM) have slow growth rates and are 
associated with less potential for metastatic dis-
ease. While surgery is generally preferred for 
these lesions, the population most frequently pre-
senting with LM and LMM is primarily elderly 
patients who may not be optimal surgical candi-
dates. To compound this, many of these lesions 
appear in close proximity to critical structures, 
much like mucosal melanomas. Definitive RT 
has been used as a primary treatment modality 
for these patients with good long-term local con-
trol as well as acceptable cosmetic and functional 
outcomes [19–22]. A recently published pooled 
analysis of 8 studies with 349 patients with LM 
treated with definitive RT showed a 5% local 
recurrence rate [23]. A majority of the patients 
who recurred were successfully salvaged with 
further RT, surgery or other treatments.

 Radiation Therapy in Mucosal 
Melanomas

Mucosal melanomas, while rare, are known to 
carry a worse prognosis than cutaneous melano-
mas. Local recurrence occurs in 29–79% of 
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patients even with aggressive surgical interven-
tions [24–26]. Therefore, the addition of a local 
treatment has been investigated and mixed results 
have been observed. A majority of the data per-
tains to head and neck mucosal melanomas with 
the addition of postoperative RT offering a local 
control benefit ranging from 15 to 30% [26–28]. 
In contrast, both Wu et al. and Patel et al. reported 
on the role of adjuvant RT in resected mucosal 
melanoma of the head and neck, showing no 
demonstrated benefit of local control with the 
addition of postoperative RT [29, 30]. However, 
they did demonstrate that postoperative RT was 
well tolerated in the modern era, in light of the 
fact that hypofractionated regimens are preferred 
in melanoma.

RT may be more relevant in the setting of 
unresectable mucosal melanoma. Many patients 
present with unresectable lesions, due to location 
and proximity to critical structures, particularly 
in the head and neck. In a retrospective series of 
28 patients with mucosal melanoma of the nasal 
cavity and paranasal sinuses, definitive RT was 
given to a total dose of 50–55 Gy in 15–16 frac-
tions and initial complete regression was 
observed in 22 out of 28 patients (79%). Local 
control of 49% at 3 years was observed in these 
patients [31]. A similar report on 31 patients from 
multiple institutions treated with definitive RT 
showed a local control of 58.1% [32]. The authors 
noted that there was an increase in the observed 
local control and survival in patients who received 
a hypofractionated regimen with a dose per frac-
tion greater than 3 Gy [32]. The current literature 
suggests that in patients with unresectable muco-
sal melanoma, primary RT should be considered 
for patients with localized disease.

 Adjuvant Radiation Therapy 
for Regional Nodal Metastases

According to National Cancer Center Network 
guidelines (www.NCCN.org), sentinel lymph 
node biopsy should be discussed with all patients 
who are clinically node negative and have lesions 
>0.75  mm in Breslow’s thickness. Of those 
patients with positive sentinel nodes, approxi-
mately 20% will have additional positive 

 non- sentinel nodes and therefore complete lymph 
node dissection becomes important in decreasing 
the risk of recurrence in these patients. Select 
patients with multiple positive nodes, large 
lymph nodes, extracapsular extension, and recur-
rence after prior lymph node dissection may be at 
increased risk for regional failure. This is the 
rationale for using adjuvant RT for regional nodal 
basins. The largest retrospective analysis was 
performed by Agrawal et al. in which 615 patients 
who met the “high-risk” criteria for nodal relapse 
were offered adjuvant RT [1]. In the patients who 
did elect RT, 10% local recurrence was noted at 
5-year follow-up versus 41% in those patients 
who did not receive RT (p  <  0.0001). The 
improvement in  locoregional control must be 
carefully balanced with the morbidity that nodal 
RT can invoke. In this study, chronic lymph-
edema was significantly increased in patients 
receiving nodal RT after surgery as compared to 
those that received surgery alone (20% versus 
13% at 5 years) [1].

The most robust data are from the only phase 
III trial run by the Australia and New Zealand 
Melanoma Trials Group and Trans-Tasman 
Radiation Oncology Group. In this trial, 250 
high-risk patients with positive nodes were ran-
domized following surgery to RT (48 Gy in 20 
fractions) or observation. The criteria established 
for increased risk of regional recurrence were as 
follows: extracapsular extension, multiple posi-
tive nodes (>1 for parotid, >2 for neck and axilla, 
and >3 for groin location), and large lymph node 
(>3 cm for parotid, neck, and axilla, and >4 cm 
for groin location). After a mean follow-up of 
73 months, lymph node recurrence in the RT arm 
was significantly lower as compared with obser-
vation (18% versus 33%), but no benefit was 
observed with respect to relapse-free or overall 
survival [33].

 Radiation Therapy in Ocular 
Melanoma

Ocular melanoma is the most common primary 
intraocular malignant tumor in adults. Surgery 
for ocular melanoma typically consists of enucle-
ation of the eye, which can be quite debilitating. 
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RT is a crucial part of the successful treatment of 
ocular melanoma while preserving the eye and 
vision. Local control is exceptionally good with 
RT delivered by either EBRT or episcleral plaque 
brachytherapy [34].

Preliminary experiences of episcleral brachy-
therapy used the high-energy isotope, 60 cobalt 
(Co60) [35]. Currently, 125 iodine (I125) is the most 
commonly used isotope, but other low- energy iso-
topes, such as iridium192, cesium131, protactin-
ium103, and ruthenium/rhodium106, have also been 
used (ABS-OOTF 2014). The Collaborative 
Ocular Melanoma Study conducted a 12-year 
study that demonstrated relative equivalence of I125 
plaque (85 Gy) compared with enucleation in the 
prevention of metastatic melanoma for medium-
sized choroidal melanoma. Plaque brachytherapy 
was effective in sterilizing the gross tumor, with 
local control achieved in approximately 90% of 
patients; however, radiation- induced ocular injury 
necessitated enucleation in 5% of patients [36]. 
Radiation-induced ocular injury may be dose 
dependent, and therefore lower doses have also 
been investigated to reduce toxicity. Doses as low 
as 69 Gy are capable of achieving similar rates of 
local control, distant metastasis-free survival and 
overall survival as compared with 85  Gy [37]. 
Specific dose constraints for tumors close to the 
macula have been suggested in order to minimize 
the potential of visual acuity loss. For such tumors, 
a dose less than 70 Gy to the tumor apex should be 
considered [38].

In terms of EBRT, proton therapy is most 
commonly used for the treatment of ocular mela-
noma. As compared to plaque therapy, it has an 
advantage for treating larger tumors. For uveal 
melanoma, 60 Gy delivered in 4 daily fractions of 
15 Gy is highly effective [39]. Based on an analy-
sis of 2069 patients treated at Harvard Cyclotron 
Laboratory and Proton Therapy Center at 
Massachusetts General Hospital between 1975 
and 1997, the 15-year local control rate was 95% 
and the rate of eye preservation of 84%. A meta- 
analysis of 8809 patients with uveal melanoma 
included 7457 patients treated with charged par-
ticle therapy and 1352 patients with brachyther-
apy or enucleation. The rate of local recurrence 
was significantly lower with charged particle 

therapy compared to brachytherapy (odds ratio 
0.22). However, there was no advantage with 
respect to mortality or eye enucleation when 
comparing particle therapy and brachytherapy 
[40]. Dose reduction may be important for toxic-
ity reduction with particle therapy as it is in 
brachytherapy. A prospective randomized trial of 
lower-dose (50 Gy) versus standard dose (70 Gy) 
proton radiation for small- to moderate-size uveal 
melanoma showed no differences in 5-year local 
or systemic recurrence or visual acuity loss, sug-
gesting a lower dose may be acceptable moving 
forward [39].

 Role of Palliative Radiation Therapy 
for Melanoma

RT is highly effective for symptom palliation for 
melanoma distant metastases. Palliative RT is 
effective for pain, tumor mass effect and related 
hemorrhage, and local irritation from skin or sub-
cutaneous lesions [41]. New RT techniques, such 
as SRS and SBRT can achieve a high probability 
of local control with very limited toxicity, often 
preferred due to the relative radioresistant nature 
of melanoma.

Ablative doses of RT such as those used in 
SBRT or SRS can be quite effective in the treat-
ment of patients with limited number of metas-
tases. These techniques achieve a high 
probability of local control with very limited 
toxicity and are often preferred because of the 
relative radioresistant nature of melanoma. 
Patients with melanoma experience various sites 
of metastatic disease, including most commonly 
the brain, spine liver, and bone (Figs. 30.1, 30.2, 
and 30.3). Aggressive local treatment in patients 
who are considered oligometastatic may be par-
ticularly clinically meaningful [42]. Observed 
5-year survival in patients with resectable 
metastases can be as high as 15–41% in the set-
ting of just a few sites of distant metastases 
[43–46]. In two series of patients from Milano 
et  al., patients with one to five metastases 
(mainly breast, lung, and colon primary) were 
treated with SBRT and the local control rate was 
reported to be 77% at 2 years [47]. Salama et al. 
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reported on a similar protocol and demonstrated 
a 2-year local control rate of 52.7% [48]. SBRT 
for oligometastatic disease is a reasonable con-
sideration for melanoma patients. There are cur-
rently eight open clinical trials investigating the 
use of SBRT in metastatic melanoma, most in 

combination with an immune checkpoint inhibi-
tor (www.ClinicalTrials.gov). The potential 
elicited response following this combination of 
therapies continues to garner much interest. 
Specifically, there is increased curiosity in the 
possibility of utilizing local RT to produce “out-
of field” tumor responses following a primed 
immune response after immunotherapy deliv-
ery. This concept of the so-called “abscopal 
effect” will be discussed further below.

Melanoma is the malignancy with the highest 
rate of brain metastasis, occurring in more than 
50% of patients with advanced melanoma [8]. 
Intracranial disease progression is the cause of 
death in 20–54% of patients with disseminated 
melanoma [9]. Despite advances in systemic 
therapy, surgical and radiation techniques, the 
prognosis of patients with brain metastasis 
remains poor. The median survival of these 
patients is 4.4 months with a dismal 5-year sur-
vival rate of ~3% [49]. Overall survival can be 
extended by locoregional treatment. Surgery, 
WBRT, and SRS are all used in the treatment of 
brain metastasis, nonetheless, the best treatment 
remains controversial and many patients receive 
more than one treatment modality [50, 51]. 
Historically, WBRT is the de facto treatment for 
brain metastases because it is capable of con-
trolling intracranial disease and delaying neuro-
logical decline [52]. The most commonly 
prescribed dose schedule is 30  Gy in 10 frac-
tions. Melanoma is considered a less radiosensi-
tive tumor, and the local control with WBRT is 
poor. The estimated local control rate with 
WBRT at 6 and 12-months are 37% and 15% 
[53]. The overall survival is unsatisfactory at 
2–5 months [54]. Aside from having a dismal 
prognosis, WBRT is also associated with side 
effects, particularly high risk of neurocognitive 
decline [55, 56]. For patients with limited brain 
metastases, SRS can be used as an alternative to 
WBRT without compromising overall survival 
and with reduced neurocognitive impairment 
[11, 57–59]. SRS significantly improved the 
local control rate of melanoma brain metastases 
compared to those were treated with WBRT [60, 
61]. The 12-month local control rate with SRS 
is about 65% [11, 59–61]. SRS also contributes 

a

b

c

Fig. 30.3 Sample radiation plan of SBRT for melanoma 
spine metastasis. (a–c) demonstrate different views of the 
spine metastasis being treated with SBRT
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to improved overall survival from 4 to 
~6–8  months as compared to WBRT [11, 62, 
63]. As a result, SRS alone should be considered 
the standard of care for patients with limited 
brain metastases (one to four brain metastases) 
and a size suitable for SRS (usually ≤4 cm in 
diameter). The maximum number of lesions that 
can be safely and effectively treated with SRS 
alone is currently unknown and is being exam-
ined in ongoing studies [64–66].

Bone metastases are common in patients with 
advanced melanoma. EBRT is a well-established 
treatment for vertebral metastases. Multiple pro-
spective studies showed an improvement in pain 
levels by 50–90% [67–71]. However, conven-
tional RT is limited by the low tolerance of the 
spinal cord and cauda equina, leading to a sub-
therapeutic dose delivery for tumor control, par-
ticularly for melanoma. Local control for bone/
spine metastases treated with SRS/SBRT is also 
very favorable (70–90%) (Fig.  30.3) [72–77]. 
SBRT also has the advantage of better and more 
durable pain control for bone metastases. A large 
series of 500 patients (including melanoma) with 
spinal metastases received single fraction SBRT 
showed a long-term tumor control rate of 90%, 
and a long-term pain control rate of 85% [78].

Melanoma has a marked predilection for 
metastasizing to the liver. Liver metastases can 
occur in 15–20% of metastatic cutaneous mela-
noma [79, 80], and up to 95% of metastatic ocu-
lar melanoma [81, 82]. Only a small subset 
(~9%) of patients is eligible for resection [83, 
84]. Treatment options for unresectable meta-
static hepatic melanoma have historically been 
poor. Recent studies utilizing Yttrium-90 (90Y) 
radioembolization have led to encouraging 
results [83, 85–87]. This is a special form of 
radiation that was originally utilized for the 
treatment of hepatocellular carcinoma and other 
liver metastasis [88–90]. Existing experiences 
suggest it is an effective and safe option for 
managing hepatic metastases from melanoma, 
with a high response rate (partial response and 
stable disease) of ~80–90% [85–87, 91, 92] 
(Fig.  30.4). However, large randomized trials 
are warranted in order to validate radioemboli-
zation for melanoma liver metastases.

 The Role of Radiation in Merkel Cell 
Carcinoma

Merkel cell carcinoma (MCC) is an entity sepa-
rate from melanoma, although they share certain 
aggressive characteristics, making it relevant for 
discussion alongside melanoma [93]. MCC arises 
from dermal sensory cells and there is a demon-
strated link between MCC and polyomavirus [94, 
95]. Management of MCC is similar to the man-
agement of melanoma. Surgical excision is the 
preferred primary treatment with sentinel lymph 
node biopsy. With respect to margins, greater 
than 3 cm margins were historically encouraged 
at the time of wide local excision, given the 
 possibility of satellite lesions. More recently, 
however, surgical margins of 2–3 cm and 2 cm 
deep (or down to the fascial plane) have been 
more generally accepted [96]. Even if not 

a

b

Fig. 30.4 A patient with liver metastases from uveal 
melanoma, treated with 90Y.  (a) pre-treatment MRI 
(b)  6  months post-treatment MRI showed marked 
response
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 clinically involved, there is a high probability of 
microscopic nodal involvement in these patients 
(up to 30% in clinically node-negative patients). 
Due to this, the multidisciplinary management of 
regional nodes becomes crucial [97]. In those 
patients who have small (<1 cm) lesions and are 
node negative, without other risk factors such as 
positive margins, lymphovascular invasion or 
immunosuppression, observation only may be 
considered after resection of MCC [98]. 
Otherwise, patients should receive adjuvant RT 
to the primary site with or without treatment to 
the primary lymph node basin based upon senti-
nel lymph node biopsy involvement (or clinical 
concern for positive nodes if sentinel node biopsy 
was not performed) [96].

Based on a meta-analysis comparing surgery 
with or without the addition of RT, the use of 
local RT decreases the risk of local and regional 
recurrences in MCC [99]. The only randomized 
trial to evaluate the role of postoperative RT for 
MCC closed early due to poor accrual after the 
advent of the sentinel node biopsy, but in the 
patients that were randomized, there was an 
observed local control benefit to adding RT [100]. 
The group that underwent observation had a local 
recurrence rate of 16.7% versus 0% in the adju-
vant RT group. In addition to local control, RT 
may offer a survival benefit in MCC, as evi-
denced by a large SEER database analysis that 
included 1187 patients who received adjuvant RT 
versus those who were observed. Patients receiv-
ing adjuvant RT had a median survival of 63 ver-
sus 45  months, in the observed patients 
(p = 0.0002) [101]. The dosing of RT for MCC is 
different from melanoma, as MCC tends to be 
more sensitive to RT than melanoma. Doses 
between 45 and 60  Gy offer adequate control 
after surgical intervention, whereas treatment of 
gross disease is typically done with 60–66  Gy 
[99, 102].

While MCC and melanoma share common 
surgical approaches including sentinel node map-
ping and biopsy as well as adjuvant RT in select 
cases, they do not share a similar systemic 
approach. Immunotherapy has made significant 
progress in the treatment of melanoma, but there 
is sparse literature on systemic therapy options in 

MCC [103]. Recently, the use of checkpoint 
inhibitors for the treatment of MCC have shown 
significant efficacy in the treatment of patients 
with metastatic MCC. Therefore, enrollment on 
clinical trials is highly encouraged, particularly 
for patients with metastatic disease.

 Radiotherapy with Concomitant 
Agents

BRAF mutations occur in approximately 50% of 
patients and are associated with deregulated 
apoptosis. The development of BRAF inhibitors 
(i.e., vemurafenib, dabrafenib) has led to a sig-
nificant improvement in overall survival among 
patients who harbor this mutation. Despite this 
achievement, very few prospective trials have 
investigated the combination of RT with BRAF 
inhibitors, thus leaving clinical questions in 
regard to toxicity and efficacy of combined treat-
ment. Consensus Guidelines from the Eastern 
Cooperative Group (ECOG) were recently pub-
lished, documenting severe toxicities reported in 
27 publications in which patients received a 
BRAF inhibitor in combination with RT. Based 
on this review, recommendations for combina-
tion therapy include holding RT for at least 3 days 
before and after fractionated RT and at least 
1 day before and after SRS. There were no fatal 
reactions documented with RT doses less than 
4 Gy per fraction. Further prospective trials are 
necessary to further clarify the optimal timing of 
BRAF inhibition with RT [104].

In recent years, several studies have investi-
gated combinations of RT with immunotherapy 
for patients with metastatic melanoma. Activated 
T-cells and antibodies targeting tumor-associated 
antigens have been detected in blood from cancer 
patients, suggesting an active host immune 
response against the tumor [105]. Moreover, 
tumor-infiltrating lymphocytes (TILs) in 
 melanoma have prognostic significance, and 
when identified within nodal metastases, predict 
benefit in patients treated with neoadjuvant 
interferon- α- 2b therapy [106–108]. RT promotes 
tumor cell death, releasing tumor debris and 
tumor antigens. Localized RT induces cell death 
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and release of immunogenic factors via a process 
termed “immunogenic cell death” (ICD), which 
subsequently triggers the release of a number of 
endogenous damage-associated molecular pat-
terns [109]. Released tumor antigens are thought 
to “prime” the host’s immune response. For this 
reason, there has been growing enthusiasm for 
combining RT with immunotherapy agents such 
as checkpoint inhibitors targeted against cyto-
toxic T-lymphocyte antigen 4 (i.e., ipilimumab) 
and programmed death-1 (i.e., pembrolizumab). 
There are currently several open clinical trials 
evaluating various combinations of RT (EBRT, 
SRS, SBRT, or radiospheres) with immunother-
apy (ipilimumab, nivolumab, atezolizumab) 
(www.ClinicalTrials.gov).

One of the largest prospective trials evaluating 
combination therapy was recently published. 
Hiniker et al. evaluated 22 patients with stage IV 
melanoma treated with palliative RT and four 
cycles of ipilimumab, with a primary objective of 
assessing safety and efficacy of this combination 
[110]. RT was delivered within 5 days following 
initiation of immunotherapy. The combination of 
treatments was well tolerated without unexpected 
toxicities. Three patients had an ongoing com-
plete response at median follow-up of 55 weeks 
(range 32–65), and three had an initial partial 
response for a median of 40  weeks, suggesting 
further investigation into the combination of RT 
with immunotherapy in patients with stage IV 
melanoma [110]. The median progression-free 
survival for all 20 evaluable patients was 
26 weeks (range 2–65; 95% CI 3–35.7). Similar 
responses have also been shown in the combina-
tion of RT with PD-1 or PDL-1 blockade in 
patients with advanced melanoma; however, pro-
spective evaluation is needed [111]. Targeted 
molecular agents (BRAF, MEK, MET) hold sim-
ilar promise as emerging therapies although have 
yet to be prospectively evaluated in combination 
with RT.

It is important to note that when evaluating 
patients for response following immunotherapy, 
there are several special considerations, includ-
ing the following: (1) patients may have transient 
worsening (pseudo-progression) of their disease 
prior to improvement, (2) time to response may 

be longer, and (3) patients may not reach the 
 criteria for an objective response, but they may 
still have clinically significant periods of disease 
stability [112]. For these reasons, the standard 
RECIST criteria, and modified WHO criteria, 
historically used for evaluation of response to 
cytotoxic therapies may not be applicable in the 
setting of immunotherapy. The immune-related 
response criteria were therefore developed for 
patients undergoing immunotherapy, and are 
important when these patients are treated with 
combination RT and immunotherapy as well.

 Radiotherapy and the Abscopal 
Effect in the Era of Immunotherapy

First described in the 1950s, the abscopal effect 
refers to the infrequently reported phenomenon 
of tumor regression of a secondary site following 
RT to a separate primary site [113]. A more 
recent report investigating blood samples from 
melanoma patients with immunologic correlates 
of the abscopal effect, showed antigenic targets 
with increased antibody responses following RT 
[114]. The surprising response achieved by the 
patient in this report provided new insight in the 
mechanisms of combination therapy, with an 
underlying hypothesis that immunotherapy deliv-
ered in close proximity to SRS increases antigen 
release, primes the immune response and perhaps 
impacts distant control.

One recent report analyzed 21 patients with 
advanced melanoma treated with ipilimumab fol-
lowed by RT and observed an abscopal response 
in 11 patients (52%) with the median time from 
RT to response of 1 month. Median overall sur-
vival for those patients who had an abscopal 
response was 22.4 months versus 8.3 months for 
those without a response. Larger prospective 
studies are required to bolster this small, but 
impressive, report [115]. Figure  30.5 demon-
strates an example of the abscopal effect in a 
patient with multiple liver metastases from uveal 
melanoma following RT directed at a periportal 
lymph node. This patient did not receive systemic 
therapy or liver-directed therapy but had shrink-
age of multiple liver metastases following the 
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Fig. 30.5 A patient with metastatic uveal melanoma who 
received RT to a periportal lymph node (arrow head) with 
no systemic therapy or liver-directed therapy. Images 
depicted are initial (Panel a), 2 months post-RT (Panel b), 
and 10 months post-RT (Panel c). Response of the liver 
lesions outside of the primary radiation field (arrows) 

demonstrates an example of the abscopal effect. Image (d) 
shows the radiation plan showing conformal dose around 
the periportal lymph node with only low-dose radiation 
reaching parts of the liver. Images (a–c) courtesy of 
Takami Sato, M.D., Ph.D., and Donald G. Mitchell, M.D
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periportal treatment. The abscopal effect from 
RT is rarely seen in metastatic uveal melanoma. 
She continues to have a durable response of 
lesions outside of the RT field 10  months 
post-treatment.

 The Future of Radiotherapy 
for Melanoma

RT clearly has multiple roles in the overall man-
agement of melanoma. With additional data from 
randomized trials evaluating various fraction-
ation schemes as well as combinations of RT 
with immunotherapy and other systemic agents, 
practice patterns will continue to evolve. There 
are currently several open clinical trials evaluat-
ing various combinations of RT with immuno-
therapy, and there is great enthusiasm for the 
potential synergism garnered with combination 
therapy. Initial reports combining RT with inter-
feron unfortunately showed increased toxicity 
[116–118]. Newer immunotherapeutic agents 
have shown to be more safely tolerated concur-
rent with RT.  Further advances in the manage-
ment of patients with melanoma are assuredly in 
the near future. Despite these anticipated findings 
from large clinical trials, management of mela-
noma will continue to be multidisciplinary and 
collaborative by design.
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stimulating factor
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associated antigen
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PPE     Personal protective equipment
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TGF  Transforming growth factor
TNF  Tumor necrosis factor
TPV  Tanapox virus
Tregs    Regulatory T-cells
T-vec    Talimogene laherparepvec
VSV   Vesicular stomatitis virus
VV    Vaccinia virus
Wt      Wild type

 A Brief History

Oncolytic virotherapy, or the use of live virus par-
ticles to initiate tumor cell lysis, has been unknow-
ingly involved with cancer regression for centuries, 
possibly even much longer, throughout history. 
The first claims were not firmly documented until 
the early 1900s [1]. It was then that physicians 
noted tumoral regression following inoculation 
with attenuated viruses, and by the early 1950s, 
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the first clinical trials involving oncolytic viruses 
(OVs) began. This trial utilized a modified Herpes 
Simplex virus (HSV) to destroy cancer cells [2–5]. 
However, with the introduction of radiotherapy 
and chemotherapy around the same time, OV ther-
apy was overshadowed as a treatment option until 
the 1990s when further research and clinical trials 
with OVs resurged [2, 6].

Over the last decade, OVs demonstrate great 
potential as a successful treatment for various 
cancers, with rapid progress towards their clini-
cal use in humans. While adenovirus and HSV 
families were the first to be tested and introduced, 
viruses from the families Poxviridae, 
Picornaviridae, and Rhabdoviridae are all under-
going various stages of testing [7]. OV’s ability to 
self-replicate within cancer cells, as well as their 
ability to serve as vectors for various immunos-
timulatory transgenes, provide them with an 
advantage that conventional drugs lack [8]. 
Specific to melanoma, OVs have been shown to 
serve as viable candidates for treatment, due to 
their ability to preferentially target and lyse 
tumor cells. OVs also have the ability to activate 
antitumor immune responses via the innate and 
adaptive arms of the human immune system [9]. 
The inclusion of gene promoters for melanoma 
biomarkers has been a recent tactic for designing 
OVs that specifically target melanoma cells [10, 
11]. For melanoma patients with clearly unre-
sectable disease, or in-transit or nodal metasta-
ses, oncolytic virotherapy has become a viable 
treatment option, either alone or in combination 
with other forms of therapy [12].

 Experimental and Clinical Overview

Oncolytic virotherapy’s task is two-pronged: To 
target cancer cells and to leave normal, post- 
mitotic cells unharmed by viral replication [1]. 
Oncoselectivity within OVs can be naturally 
occurring within a wild type (wt) virus or 
achieved through genetic engineering [6]. 
Oncoselectivity of wt viruses is a result of tumor 
cells’ abnormally activated and regulated path-
ways, which may downregulate the antiviral 
response that is present in normal post-mitotic 

cells [12]. One common means by which geneti-
cally engineered oncoselectivity can be achieved 
is through thymidine kinase (TK) viral gene abla-
tion. Through the deletion of TK, a gene required 
for viral replication, replication-handicapped 
viruses seek TK from their environment. Most 
solid tumors, which have been found to have sur-
plus or aberrantly activated TK, are therefore tar-
geted by the virus, while normal cells are left 
untouched [13]. This technique can be found in 
many OVs, including the first modified OV tested 
[3, 14]. Another example of this technique is 
found in JX-594, a vaccinia virus (VV)-derived 
OV, that has shown to preferentially replicate in 
cells with over-expression of TK [7] .

Oncoselectivity may also be enhanced through 
the insertion of tyrosinase and survivin gene pro-
moters into the viral vector. Tyrosinase, the 
enzyme responsible for catalyzing the rate- 
limiting step in melanin production, is a mela-
noma biomarker commonly used for diagnosis. 
Survivin, responsible for apoptosis and cell cycle 
regulation, is commonly expressed in melanoma 
cells and contributes to chemotherapy drug resis-
tance [11]. The resultant insertion of these gene 
promoters into a viral vector translates into 
increased oncoselectivity, as the modified virus 
will specifically target and replicate in melanoma 
cells. Two conditionally replicative adenoviruses 
(CRAds), AdTyrΔ24 and AdTyrΔ2Δ24, have 
been successfully tested in  vivo, demonstrating 
melanoma oncoselectivity using tyrosinase gene 
promoters [10]. Recognizing that survivin is the 
fourth most commonly over-expressed gene in 
melanoma, the preclinical development of the 
anti-cancer vaccine, HIvax, a recombinant fowl-
pox virus encoding survivin epitopes, has been 
tested in human dendritic cells (DCs) and T-cells 
in  vitro with promising results showing CD4+, 
CD8+, and IFN-γ activation [15]. However, suc-
cessful OV therapy relies upon more than just 
oncoselectivity. Viral tumor regression tactics are 
multifaceted, with direct tumor cell infection, 
destruction of the tumor blood supply and activa-
tion of both innate and adaptive immune 
responses as key components of oncolytic viro-
therapy [16, 17]. Immune system activation is a 
key factor in the efficacy of an OV, with 
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 immunostimulatory genes, such as cytokines 
including granulocyte macrophage colony-stim-
ulating factor (GM-CSF), Interleukin-2 (IL-2), 
IL-12, IL-18, and Interferon (IFN) commonly 
inserted to increase immunoreactivity [18–20]. 
VV JX-594 and HSV Talimogene laherparepvec 
(T-Vec) both utilize GM-CSF gene insertions and 
have each completed clinical trials for use in 
patients with advanced melanoma [12, 14].

Newcastle disease virus (NDV) [20, 21], HSV 
HF10 [22], and Tanapox virus (TPV) [23] have 
modified strains with the IL-2 gene inserted. 
Although these viruses have yet to advance to 
human clinical trials, murine studies have shown 
some promising results. Similarly, two CRAd 
strains include a functional IL-18 and IL-12 gene 
within their viral DNA, are currently still within 
the preclinical phases of study [24, 25]. Finally, 
ablation of viral immunoregulatory genes, which 
downregulate or suppress the host’s immune 
response following infection, improve the immune 
response following inoculation. Recent Food and 
Drug Administration (FDA) approval of T-Vec 
has brought light to this method, with its ablation 
of the HSV ICP47 gene, responsible for the sup-
pression of antigen presentation and decreased 
major histocompatibility complex class-I (MHC-
I) expression on the surface of infected cells. 
Through this gene’s ablation, increased antigen 
presentation is achieved, resulting in a specific 
target and improved activation of the host immune 
response [8, 12, 26, 27]. Studies on another OV 
with immunoregulatory gene ablation involves 
TPVΔ2L, which removes a tumor necrosis factor 
(TNF)-neutralizing gene [28].

Targeting the tumor microenvironment, neo-
vasculature or intermixed stromal tissue and cells 
is another key tactic in OV therapy [18]. Without 
proper vasculature and angiogenesis, tumor cells 
cease to replicate and die as a result of insuffi-
cient oxygen and nutrients delivered through 
local arterioles. By targeting growth factors 
known to stimulate angiogenesis in melanoma, 
such as vascular endothelial growth factor 
(VEGF), enhanced tumor regression has been 
achieved [18]. One CRAd expressing IL-18 
showed marked melanoma regression within a 
murine melanoma model, achieving tumor 

regression fourfold over controls [24]. 
Immunohistochemistry analysis revealed VEGF 
suppression within virus-infected tumors [24]. In 
2005, Kaufman et  al. evaluated 12 patients fol-
lowing the monthly administration of a VV armed 
with cluster of differentiation (CD)80, a co- 
stimulatory molecule necessary for T-cell activa-
tion [29]. The study resulted in increased IL-10, 
CD8, and IFN levels within the tumor microenvi-
ronment and tumor regression noted in some 
patients [29].

Two emerging means by which OVs are tai-
lored to enhance efficacy involve the targeting of 
melanoma signaling pathways and of tumor- 
associated antigens (TAAs) found on melanoma 
cells. Ras-activation has been reported in 20% of 
melanoma patients [18], making it an excellent 
target for OVs. One Influenza virus has demon-
strated great potential in preliminary experimen-
tal mouse models [30]. The virus was designed 
on the principles that: (a) the NS1 gene has been 
shown to replicate in Protein Kinase-R (PKR)-
deficient cells while leaving normal cells 
untouched, and (b) PKR is suppressed when Ras 
is activated [30]. The purpose of NS1 gene dele-
tion for a melanoma-specific OV is understood 
within this context. In recent years, melanoma- 
associated antigens (MAAs) have been further 
explored for use in anti-cancer vaccines and 
immunotherapies [31].

One antigen of particular interest to OV 
researchers is High-Molecular-Weight Melanoma-
associated antigen (HMW-MAA), which has 
been found to appear in over 90% of human mela-
nomas [32, 33], and has been used as an insert 
into a viral vector in order to restrict tropism [33]. 
One retrovirus contains both a HMW- MAA and a 
matrix metalloprotease (MMP) cleavage site. 
MMPs are also over-expressed on cancer cell sur-
faces, and have successfully achieved melanoma-
restricted replication in vitro and in vivo [33]. By 
using these same principles, a vesicular stomatitis 
virus (VSV) has been shown to demonstrate suc-
cess in vivo, when the cDNA of three recognized 
TAAs were each inserted into a viral VSV vector. 
Having been used on established melanoma 
tumors in a mouse model, the recombinant viruses 
show promise [31].
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 Clinical Trials

Over the last decade, clinical trials have demon-
strated varying degrees of success in OV therapy 
for the treatment of melanoma. Although other 
viruses, such as VV expressing CD80, have 
undergone clinical trials for the treatment of mel-
anoma [29], JX-594, Reolysin, Cavatak, and 
T-Vec have completed the most extensive clinical 
testing for safety and efficacy as melanoma 
monotherapies. Table  31.1 illustrates the OVs 
that have completed clinical trials, as well as 
those still undergoing evaluation in melanoma 
patients.

VV’s large genome makes it an appealing 
option for genetic modification for OV optimiza-
tion, and as one of the first viruses to be used as a 
viable treatment option, the genome is under-
stood quite well [5, 14]. JX-594, a Wyeth Strain 
VV with TK ablation and GM-CSF insertion, has 
provided robust results in clinical trials for the 
treatment of melanoma [7, 14]. In initial JX-594 
trials, melanoma patients were first inoculated 
with wtVV before receiving intertumoral (IT) 
injections of JX-594. Results were noted with 
injections containing as little as 8 × 107 plaque 
forming units (pfu), with a standard dose of 108 
pfu established for the study, which was <10% of 

Table 31.1 Oncolytic virotherapy for treatment of melanoma

Virus Modifications

Clinical  
trials as 
monotherapy

Clinical trials as 
combination 
therapy References

Adenovirus Adenoviral EA1 promoter 
ablation, tyrosinase promoter 
gene insertion

− − [10]

Coxsackie 
virus

CVA21 
(Cavatak)

None + + [14, 37, 38, 
45]

Herpes 
Simplex virus

T-Vec 
(Imlygic)

ICP34.5 ablation, ICP37 
ablation, GMCSF insertion

+ + [12, 14, 16, 
26, 39–41, 43, 
46]

HF10 IL-2 insertion − − [22]

Influenza 
virus

NS1 ablation − − [30]

Measles virus Anti-CTLA-4 insertion − − [51]

Newcastle 
disease virus

IL-2 insertion − − [20, 21]

Anti PD-1 insertion − − [51]

Reovirus (Reolysin) None + + [36, 47, 56]
IL-12 insertion; IL-18 insertion, 
E1B ablation

− − [24, 25]

Retrovirus MMP cleavage-site insertion, 
antibody recognizing HMW-
MAA insertion

− − [32, 33]

Tanapox virus TK ablation, IL-2 insertion − − [23]

Vaccinia virus JX-594 
(Pexa-Vec)

TK ablation, GMCSF insertion + − [7, 14, 34, 35]

GMCSF insertion − − [14]

CD80 expression + − [29]

Vesicular 
stomatitis 
virus

TAA cDNA insertion − − [31]

Abbreviations: CD cluster of differentiation, CTLA cytotoxic T-lymphocyte antigen, GM-CSF granulocyte monocyte 
colony-stimulating factor, HMWMAA high molecular weight melanoma-associated antigen, IL interleukin, MMP matrix 
metalloprotease, PD programmed death receptor, TAA tumor-associated antigen, TK thymidine kinase
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the standard dose used in JX-594 clinical trials 
for liver tumors [34]. The ten participants 
received, on average, six prior forms of treatment 
including surgery, radiation, and chemotherapy. 
JX-594 treatment was generally well tolerated, 
with the most common adverse effects (AEs) 
documented as fatigue, pyrexia, myalgia, and 
anemia [34].

One participant exhibited stable disease fol-
lowing nine treatments of JX-594; this was 
noted in both injected and non-injected tumors. 
All patients’ VV titers peaked on day 21, despite 
the 6-week duration of the study. Mean survival 
of patients following treatment was 7.1 months, 
with 5 noted to have stable disease. In one 
patient with biopsy samples at baseline, day 5, 
and day 43, no necrosis was seen at baseline, 
VV replication and slight tumor necrosis was 
noted in biopsy at day 5, and intense grade 
necrosis was documented at day 43 [34]. 
Transgene products were found in all ten par-
ticipants [34]. Another 14-patient JX-594 trial 
completed in South Korea included two meta-
static melanoma patients. Pyrexia, chills, and 
fatigue were again reported to be the most com-
mon AEs [35]. Stable disease was achieved in 
six out of seven patients assessed for non-
injected tumor response and, of the ten patients 
assessed using CT scans, nine had either a dura-
ble response (DR) or stable disease.

Reolysin, a wt Reovirus Serotype 3-Dearing 
Strain, preferentially replicates in Ras-activated 
cells, present in 60% of metastatic melanoma 
cases [36]. One phase II study of Reolysin imple-
mented an intravenous (IV) administration of the 
virus to 21 eligible participants with metastatic 
melanoma. Fatigue, nausea, and pyrexia were the 
most frequently reported AEs. Although one 
patient’s tumor biopsy showed 75–90% tumor 
necrosis, only six patients achieved stable disease 
for more than 8 weeks, and the study did not pro-
ceed to the next stage. It must also be noted that 
all 21 participants were found to have neutraliz-
ing anti-reovirus antibodies (NARA) in their 
baseline serum samples, and that NARA pres-
ence did not prevent successful reovirus replica-
tion in all patients. Although the results were 
disappointing for utilizing Reolysin as a mono-

therapy, combinational therapies with the virus 
may prove to be more beneficial [36].

Cavatak, Coxsackievirus A21, began its first 
US clinical trials for melanoma in 2013. This 
study accrued 63 stage IIIc and IV melanoma 
over an 18-week period, with up to ten intratu-
moral (IT) Catavak injections administered into 
multiple lesions [37]. After evaluating the first 30 
patients, the primary endpoint of ten patients 
achieving immune-related progression free sur-
vival (irPFS) following a single Cavatak injection 
was achieved [38]. As trials testing the efficacy of 
Cavatak as a monotherapy continue, combinato-
rial therapies may again prove to be even more 
beneficial [38].

T-Vec, arguably the most advanced OV 
method for the treatment of melanoma, is a 
 modified HSV-1 expressing GM-CSF [39]. 
Compared to treatment with the cytokine alone, 
T-Vec elicits much greater treatment response 
rates. The immunostimulatory response resulting 
from viral infection in conjunction with the on-
site expression of GM-CSF, have highlighted this 
effect in recent clinical trials [26, 39–41] and 
have generated much excitement due to its recent 
FDA approval for melanoma therapy in 2015 [8]. 
Originally isolated from a cold sore of a healthy 
volunteer donor, JS1, the HSV-1 strain used in 
T-Vec, was tested against other strains of the 
virus and determined to be the most effective in 
tumor cell replication and lysis [12]. HSV-1 
serves as an effective vector for OV therapies due 
to the large genomic size, in addition to the 
numerous other nonessential genes for replica-
tion. This was helpful in introducing and insert-
ing the human GM-CSF gene following viral 
gene ablation. T-Vec’s ablation of ICP34.5 and 
ICP47 enhances tumor-selective replication, 
increases antigen presentation, and increases 
MHC class-I expression on HSV-infected cells 
[27]. HSV-1 infection leads to mild symptoms, 
and the ubiquity of the virus within human host 
populations serves as proof of the virus’s ability 
to safely replicate within immunocompetent 
humans [12]. One reoccurring hurdle within OV 
therapy is the challenge of acquired viral- 
immunity. Despite an estimated global  population 
exposure of 67% [42], HSV-1 is still able to rep-
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licate within people with preexisting exposure, 
thus, securing an OV that can be used for multi-
ple dosing and in those with antibodies against 
the virus. However, one complication is that it 
has been found that patients lacking serological 
antibodies to the virus experienced more severe 
injection site reactions, such as erythema and 
ulceration. The virus has been shown to induce 
robust innate and adaptive immune responses, 
characterized by an increased presence of natural 
killer (NK) cells and IFN-γ, respectively [12]. 
This therapy is delivered via an intratumoral 
injection, thus, those patients with bulky, unre-
sectable nodal or subcutaneous disease are opti-
mal candidates for T-Vec treatment. The initial 
dose is 106  pfu/mL, with subsequent dosing at 
108 pfu/mL, found to be safe and well tolerated in 
the phase I Oncovex (GM-CSF) Pivotal Trial in 
Melanoma (OPTiM). The total volume to be 
injected depends upon the tumor volume and the 
number of target lesions to be injected [12, 41]. 
The phase II OPTiM trial found that the quantity 
of immunosuppressive cell types commonly 
found in melanoma patients, such as CD4+ and 
regulatory T-cells (Tregs) was decreased follow-
ing T-Vec treatment. Half of all patients enrolled 
in this trial experienced AEs ranging from pyrexia 
and fatigue to flu-like symptoms. However, 
severe reactions were extremely rare, with <1% 
of patients experiencing severe flu-like symp-
toms [12]. This study revealed an overall response 
rate (ORR) of 26% in patients with stage IIIC to 
IV melanoma [26].

In the OPTiM phase III clinical trial, which 
ultimately led to FDA approval of T-Vec for use in 
melanoma, 64% of injected lesions decreased in 
size by at least 50%, with 48% undergoing com-
plete regression. A total of 34% of non- injected 
tumors shrank by greater than half, with a per-
ceived systemic response of non-injected visceral 
lesions of 15%. Pseudo-progression, or progres-
sion prior to response (PPR) was noted in 48% of 
patients who experienced a DR in OPTiM, with 
the majority in this group developing new lesions 
[12, 40]. With this in mind, the number of patients 
who achieved a DR may be skewed, as a DR was 
noted 3 months earlier in patients without PPR, 
compared to those with a PPR. Nonetheless, the 

percentage of patients who achieved a DR was 
similar between those who had a PPR and those 
who did not [40].

 T-Vec Administration and Use 
in the Clinic

T-vec currently shows most promise as an adjunct 
to immune checkpoint mediators and as a treat-
ment for those awaiting surgery [12, 40].T-Vec, a 
biosafety level (BSL) 1 organism, does require 
some attention in preparing and administering in 
the clinical setting [41, 43]. Vials must be stored 
at a maximum temperature of −70 °C to protect 
the viability of the viral titer [41]. Healthcare pro-
viders who are pregnant or immunocompromised 
should not be allowed to prepare the agent [44]. 
Prior to patient administration, the vials must be 
thawed at room temperature within the confines 
of a sterile biosafety cabinet. Personal protective 
equipment (PPE) required for working with the 
BSL 1 agent includes gloves, gown, and a mask 
[43, 44].

A maximum injected volume is not to exceed 
4 mL, and IT injected volume is dependent on the 
size of the lesion [41]. Prior to the intratumoral 
administration, a topical anesthetic or ice may be 
used to relieve injection-site pain. However, it 
must be noted that local anesthetic IT injection, 
such as lidocaine, has been shown to interfere 
with IT pH and may negatively impact the 
viruses’ stability [41, 43]. Following injection, 
each site requires an occlusive dressing. Patient 
education should include proper dressing re- 
application in case of accidental removal, as well 
as instructions to seal soiled dressings in a plastic 
bag prior to disposal with common waste. The 
administration of acetaminophen and indometha-
cin can be used to treat flu-like AEs that have 
been reported with T-Vec [41]. In cases of acci-
dental exposure of severe AEs, acyclovir is an 
effective antiviral therapy [41].

The cost of treatment with T-Vec is a common 
concern for many melanoma patients, with a full 
course of treatment considerably less than a com-
parable immunotherapy for melanoma treatment. 
For example, while a full course of treatment for 

H. Woyczesczyk and K. Essani



521

an immune checkpoint inhibitor can cost well 
over $100,000, T-Vec has committed to maintain-
ing the cost of the drug to around $65,000. 
Programs offering financial assistance are also 
available to patients for whom treatment co-pay 
costs remain too high [44].

 Combination Therapies: Viral 
Oncolytics and Immune Checkpoint 
Inhibitors

When fighting metastatic melanoma, strength is 
in numbers. Clinical trials testing combination 
OV and immunotherapies have expanded within 
the past 5 years, often demonstrating higher 
response rates than either drug alone. Recently, 
T-Vec has been examined in combination trials 
with the immunotherapeutic drugs, ipilimumab 
and pembrolizumab. Ipilimumab has also been 
used with great success in combination with 
Cavatak [14, 45]. Reolysin was used in 2009 in 
combination with chemotherapeutic agents [46].

Anti-programmed cell death-1 (PD), an anti-
body checkpoint inhibitor, functions by blocking 
the interaction of programmed cell death-1 with 
its ligands, PD-L1 and PD-L2 [47]. Expressed on 
T-cells, B-cells, and macrophages, PD-1 recep-
tor/ligand interactions mediate the immune 
response [47, 48]. When PD-L1 or PD-L2 bind to 
receptor PD-1, the T-cell response is suppressed. 
The expression of PD-L1 and PD-L2 is a com-
mon tactic to promote self-tolerance and immu-
nosuppression among cancers, including 
melanoma [18]. Therefore, with the use of anti- 
PD- 1, the receptor/ligand interaction can be 
intercepted and the downregulation of T-cells 
within the host will cease.

Cytotoxic T-lymphocyte antigen-4 (CTLA-4) 
is a receptor located on T-cells. Binding with 
ligands B7–1 and B7–2 results in an attenuated 
memory T-cell response, with an upregulation of 
CTLA-4 receptors in melanoma patients [48]. 
The boost of adaptive immune cells following 
immune checkpoint inhibitor administration 
makes the combination of immune checkpoint 
inhibitors, such as anti-PD-1 and anti-CTLA-4, a 
logical next-step in immunotherapeutic cancer 

treatment [47]. Pembrolizumab, nivolumab, and 
lambrolizumab, all PD-1 inhibitors, and ipilim-
umab, a CTLA-4 inhibitor, are FDA-approved 
monotherapies for the treatment of melanoma 
[18, 49].

Due to T-vec’s mechanism of action of adap-
tive immune stimulation through the promotion 
of antigen presentation and T-cell priming within 
the tumor microenvironment, combination ther-
apy with systemic immunotherapies, specifically 
CTLA-4 and PD-1, have recently been examined. 
One phase Ib trial that used T-vec in combination 
with ipilimumab revealed toxicity profiles to be 
consistent with ipilimumab treatment alone, with 
an overall immune response greater than that of 
ipilimumab alone [46, 50]. As pembrolizumab 
was found to improve T-cell tumor recognition 
ability [14], following T-Vec administration, the 
primed T-cells are better able to recognize tumor 
cells with the subsequent pembrolizumab dose. 
Compared to T-Vec’s 26% ORR and pembroli-
zumab’s 34% ORR, the combination therapy 
demonstrated a 57% ORR and 24% complete 
response rate. Clinical combination trials of 
T-Vec and ipilimumab, as well as T-Vec and pem-
brolizumab, are still ongoing [50].

In vivo data from one mouse study showed 
that the combination of Reolysin with a PD-1 
inhibitor doubled the survival rate at 60  days, 
compared to Reolysin alone [47]. More impor-
tantly, this study identified the role that cytokines 
play in the antitumor response, finding that the 
addition of anti-PD-1 significantly increases the 
IFN-γ response. Similarly, it was found that this 
IFN- γ response resulted from NK cell, Treg and 
CD8+ T-cell expression, with the combination of 
the PD-1 inhibitor and Reolysin significantly 
enhancing NK cell activation compared to 
Reolysin alone.

Although classified as monotherapies, two 
recombinant measles viruses (MV) sought to 
incorporate the principle of OV and immune 
checkpoint inhibitor combination therapy into a 
single OV treatment by incorporating anti- 
CTLA- 4 and anti-PD-1 into two MV vectors 
[51]. Tested in an immunocompetent mouse 
model, both viruses demonstrated enhanced 
 melanoma tumor cell lysis compared to controls 
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serving as monotherapeutic examples of the syn-
ergistic effects of immune checkpoint inhibitors 
and OV therapy [51].

 Future of Viral Oncolytics 
for Treatment of Melanoma

Within the past decade, OV research and develop-
ment has finally begun to be translated into viable 
treatment options for patients with melanoma, 
demonstrating a therapeutic alternative to, or com-
bination with, other agents [18]. OV’s ability to 
replicate oncoselectively, stimulate the immune 
system through viral infection and transgene 
expression, and work with other therapies are 
among the reasons that these OVs have had suc-
cess in recent clinical trials [18]. In the next few 
years, the translation of successfully trialed OV’s 
into FDA-approved therapies must continue along 
with the testing of OV’s in combination with other 
therapies. Similarly, a continuous search for new 
OVs is one way to ensure a large bank of armed 
viruses ready to be used at the disposal of physi-
cians if acquired viral-immunity occurs [52–54]. 
Zika virus has recently been reported to demon-
strate strong OV qualities against glioblastoma 
cells in vitro [55], fowlpox has shown immunos-
timulatory effects in DCs and T-cells showing 
promise as an anti-cancer vaccine.

When combining OVs with immunotherapies, 
the role that increased adaptive and innate immu-
nity has upon the success of viral infection must 
be further explored and understood to maximize 
efficacy of such therapies, with further refine-
ments in oncoselectivity necessary [19, 53]. The 
standard treatment options of surgery, adjuvant 
chemotherapy and occasionally radiation therapy 
do not always provide the patient with optimal 
outcomes, with many still developing metastatic, 
and often, unresectable disease. Thus, oncolytic 
virotherapy now provides us with another tool to 
effectively treat such patients, either alone, or in 
combination with other known effective immu-
notherapy agents. The major limitation of OV 
technology is the development of an anti-OV 
immune response in patients following treatment 

with a select OV. This hopefully will be resolved 
in the near future by making OVs invisible to the 
human immune system using the basic principle 
of immune tolerance.
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 Introduction

Melanoma arises from normal human melano-
cytes that have undergone malignant transforma-
tion. Physiologically, melanocytes are responsible 
for melanin production in various tissues. In 
terms of embryology, precursor melanocytes 
originate from the neural crest and migrate to 
multiple locations (e.g., skin, meninges, mucous 
membranes, upper esophagus, and eyes) during 
fetal development. Therefore, melanoma typi-
cally arise within the epidermis and dermis of the 
skin, but can also arise from anywhere within this 
tissue. The most common location is the hair fol-
licle, with melanocytes located in the dermal and 
epidermal layers. Epidemiologically, the inci-
dence rates of melanoma show substantial varia-
tion worldwide [1]. The worldwide incidence of 
invasive melanoma is highest in Auckland, New 
Zealand, with an age-standardized rate (ASR) of 
40.2/100,000 [2]. According to the 2012 

GLOBOCAN statistics, the ASR of melanoma 
incidence is 8.6–13.8/100,000 persons for Europe 
and North America and lower in Asia at 0.4–
0.5/100,000 persons.

 Locally Advanced Melanoma

Despite the increasing incidence of melanoma, 
most patients are diagnosed at an early stage with 
localized disease. Prompt diagnosis and further 
surgical intervention with curative intent is the 
treatment of choice for most early-stage mela-
noma patients. Moreover, many have tried to 
identify patients who have a higher potential to 
develop metastatic disease, and thus who may 
benefit from adjuvant therapy. For locally 
advanced melanoma, around 20–30% of patients 
with T2 or thicker primary melanomas were 
found to have stage III disease with regional 
lymph node involvement. This, in turn, is associ-
ated with up to a 30% risk of developing distant 
metastasis and mortality [3]. This group of 
patients are those that are recommended to dis-
cuss adjuvsnt therapy due to their high risk of 
developing a systemic recurrence of melanoma.

Prior to the utility of ipilimumab, an anti- 
CTLA4 inhibitor, as an adjuvant therapy, high- 
dose IFNα was considered by most to be the most 
effective therapy for high-risk melanoma, 
approved by the FDA in 1995. This approval was 
based upon three pivotal phase III clinical trials 
completed by the Eastern Cooperative Oncology 
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Group (ECOG). These trials, namely E-1684, 
E-1690, and E-1694 examined the utility of IFNα 
in various clinical adjuvant settings for resected, 
stage 3 melanoma patients. ECOG 1684 involved 
287 melanoma patients in stage IIB 
(depth  >  4  mm) or stage III (subclinical or 
 clinically positive regional lymph node involve-
ment), who were randomized 1:1 to high-dose 
IFNα-2b (20 million units/m2 intravenously for 5 
days per week for 4 weeks, followed by 10 mil-
lion units/m2 subcutaneously 3 times weekly for 
12 months) for 1 year versus observation only. 
The IFNα arm showed a superior relapse-free 
survival (RFS; median, 1.7 vs. 1 year, p = 0.0023) 
and overall survival (OS; median, 3.8 vs. 2.8 
years, p = 0.0237) [4]. A similar result was found 
in ECOG 1694 with 880 patients with stage IIB 
and III melanoma, 1:1 randomized into groups of 
high-dose IFNα-2b for 1 year versus GM2-KLH 
vaccine (weekly ×4  cycles, then every 12 
weeks × 8 cycles) [5]. Statistically improved RFS 
(hazard ratio [HR] 1.47, p = 0.0015) and an over-
all survival (HR 1.52, p = 0.009) advantage were 
noted in the high-dose IFNα group. However, 
ECOG 1690 revealed some different results, with 
642 enrolled patients with stage IIB and III mela-
noma. This trial was a 1:1:1 randomized trial of 
three groups: high-dose IFNα for 1 year, low- 
dose IFNα for 2 years versus observation (OBS) 
[6]. The high-dose IFNα group had significantly 
higher RFS than the OBS group (HR 1.28, 
p = 0.05). However, the OS rates of the first two 
groups were similar, probably due to a substantial 
improvement of salvage therapy with IFNα- 
containing therapy after disease progression, 
with a longer median OS compared to that seen 
with ECOG 1684 (6 vs. 2.8 years).

The trial results indicate that patients with 
high-risk features, including primary T4 melano-
mas or regional nodal involvement, demonstrated 
RFS benefit with high-dose IFNα with treatment 
duration for 1 year [4–6]. A significant OS bene-
fit was observed in studies E-1684 and E-1694, 
but not in E-1690. A pooled meta-analysis of 14 
randomized control trials (RCTs) published from 
1990 to 2008, enrolling ~8122 high-risk patients, 
among whom 4362 patients received high-dose 
IFNα, found that a survival benefit remained sta-

tistically significant (disease-free survival [DFS], 
HR 0.82, 95% CI 0.77–0.87; p < 0.001; median 
OS, HR 0.89, CI 0.83–0.96; p = 0.002) [7].

Numerous adverse events were seen with the 
adjuvant treatment of patients with high-dose 
IFNα, such as fatigue, myelosuppression, hepato-
toxicity, fatigue, mild to moderate depression, 
congnitive impairment, and thyroid dysfunction 
(hypo- or hyper-thyroidism) [8]. Therefore, 
patients should undergo close monitoring 
throughout their therapy, with special attention to 
hematologic, liver, and renal function as well as 
neurologic and cognitive function.

Pegylated IFNα was developed in order to 
prolong the duration of the IFNα effect, along 
with a reduced dosing schedule when compared 
to the frequency of administration with high-dose 
IFNα. Pegylated IFNα was approved by the FDA 
in April 2011, based upon the results of a phase 
III study, EORTC 18991. This study randomized 
1256 resected stage III melanoma patients into 
pegylated IFNα versus observation. A borderline 
survival benefit was noted, with a 7-year RFS 
rate of 39.1% and 34.6%, respectively, in the 
pegylated IFNα and observation groups (HR 
0.87, 95% CI 0.76–1.00; p = 0.055). There was 
no difference observed in OS between groups 
(p  =  0.57) [9]. The subgroup of patients with 
stage III-N1 disease and ulceration of the pri-
mary lesion showed the most significant survival 
benefit, with a prolonged distant metastasis-free 
survival (DMFS; HR 0.65, CI 0.41–1.04; 
p  =  0.02) and OS (HR 0.59, CI 0.35–0.97; 
p  =  0.006). As a result of this trial, pegylated 
IFNα was approved as an alternative adjuvant 
therapy for resected stage III melanoma.

In addition to interferon therapy, adjuvant 
biochemotherapy is an alternative option for 
high- risk, resected stage III disease. 
Biochemotherapy is defined as any regimen that 
includes both chemotherapy (either single or 
combined) and immunotherapy, typically IFNa 
and/or IL-2. The adjuvant use of biochemother-
apy was evaluated in a randomized phase III 
study, SWOG S0008. In this trial, 432 high-risk, 
resected melanoma patients with stage IIIa-N2a 
through IIIc-N3 were randomly assigned to 
receive either 3  cycles of adjuvant biochemo-
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therapy (BCT), comprising cisplatin, vinblas-
tine, dacarbazine, IL-2, and IFNa every 21 days, 
or high-dose IFNα alone [10].

The trial had a median follow-up of 7.2 years, 
showing an improved RFS of 4 versus 1.9 years, 
in the BCT and IFN groups, respectively (HR 
0.75, 95% CI 0.58–0.97; p = 0.03). However, OS, 
another co-primary endpoint, showed no signifi-
cant difference (median, 9.9 vs. 6.7 years, HR 
0.98, 95% CI 0.74–1.31; p = 0.55). Notably, the 
BCT group had a higher therapy completion rate 
with a shorter 9-week duration compared to the 
high-dose IFNα group (completion rate, 80 vs. 
43%, p < 0.001). Grade 3 or higher toxicity was 
observed more frquently in the BCT group (76 
vs. 64%), with the most common toxicities noted 
to be hematologic (leucopenia, neutropenia, or 
thrombocytopenia), gastrointestinal, metabolic 
(hypocalcemia), and hypotension. In contrast, 
more hepatotoxicity was noted in the high-dose 
IFNα group. Therefore, biochemotherapy seems 
to be a shorter alternative adjuvant therapy for 
high-risk melanoma patients, but with significant 
higher toxicity.

A large phase III trial, EORTC 18071, was 
completed, examining the utility of ipilimumab 
in the adjuvant setting for resected stage III mela-
noma patients. A total of 951 stage 3, resected 
treatment-naive patients were enrolled (exclud-
ing lymph node metastasis ≦ 1 mm or in-transit 
metastasis). Patients were randomized to receive 
ipilimumab (10 mg/kg every 3 weeks for a total 
of 4 doses, then every 3 months for up to 3 years) 
versus placebo [11, 12]. The study revealed a sig-
nificant improvement in RFS of 26.1 (ipilim-
umab) versus 17.1 months in the placebo arm 
(HR 0.75, 95% CI 0.64–0.90; p = 0.0013). The 
5-year RFS, with a median follow-up of 5.3 
years, was 40.8% versus 30.3% (HR 0.76, 95% 
CI 0.64–0.89; p  <  0.001). Of note, there was a 
10% improvement in the 5-year OS rate of 65.4% 
versus 54.4% (HR 0.72, 95% CI 0.58–0.88; 
p = 0.001).

The most frequent and severe immune-related 
adverse events (irAE) were gastrointestinal, liver, 
and endocrine toxicity. A significant proportion 
of patients in the ipilimumab arm had either 
grade 3 or 4 irAE (41.6 vs. 2.7% in placebo arm), 

with 5 treatment-related deaths (3 for colitis, 1 
for myocarditis and 1 for multiple-organ failure 
with Guillain-Barre syndrome). The median time 
to onset of irAE ranged from 4 weeks (dermato-
logic irAE) to 13.1 weeks (neurological irAE), 
with a median time to resolution of 4–8 weeks 
(with the exception of endocrine irAE of 54.3 
weeks for complete resolution). However, in a 
risk-benefit ratio evaluation, the FDA approved 
the indication of ipilimumab in the adjuvant set-
ting for high-risk melanoma patients in October 
2015. Therefore, more evidence is still needed on 
whether increased toxicity is dose-related as 
shown in the EORTC 18071 trial, as well as find-
ing the optimal dose is still an issue.

In summary, to prevent a locoregional recur-
rence or distant metastasis, some form of adju-
vant treatment is recommended in high-risk 
melanoma patients with stage III disease. 
Feasible agents include conventional IFNα, 
pegylated IFNα, and the novel immune check-
point inhibitor, ipilimumab, with recent FDA 
approval. No head-to-head study has been com-
pleted to compare the efficacy of newer agents 
until now. We will await the results of the SWOG 
S1404 study, which compares pembrolizumab to 
high-dose IFNα for completely resected, stage 
IIIA(N2)-IV melanoma patients. For clinicians, 
selection of an active adjuvant therapy in high- 
risk, resected melanoma patients depends on 
many factors, such as agent efficacy, duration, 
safety, patient preference, age, and 
comorbidities.

 Metastatic Disease

Although 80% of the patients are diagnosed with 
only localized disease, about one-third of patients 
will unfortunately develop distant metastasis [13, 
14]. An overall poor prognosis was noted along 
with a short median overall survival of 6–9 
months following the diagnosis of distant metas-
tasis, with a 5-year survival rate of <5% [14–17]. 
In the past, there was not an established standard 
of care for patients with stage 4 melanoma, with 
moderate to severe toxicity noted for such thera-
pies as high-dose IL-2 and TNFα. Historically, 
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cytotoxic chemotherapy was commonly utilized 
for patients who were not suitable candidates for 
high-dose IL-2, although such therapies were 
known to have minimal survival benefit.

The most commonly utilized cytotoxic chemo-
therapy agents in metastatic melanoma are dacar-
bazine and its prodrug, temozolomide. The other 
agents, including platinum, vinca alkaloids, tax-
anes, and nitrosourea, have all been shown to have 
a minimal clinical benefit. These agents demon-
strated modest response rates of <20%, with rela-
tive short response durations in both first- and 
second-line settings. Dacabazine is generally con-
sidered to be the most active agent for metastatic 
melanoma, with an average response rate of 
around 8–20% and a median response duration of 
about 4–6 months [18, 19]. The typical treatment 
dose and schedule are 200 mg/m2 intravenously 
for 5 days, or 850–1000 mg/m2 intravenously over 
1 h, every 2–4 weeks. Although Dacabazine had 
no phase 3 clinical trials to prove a survival ben-
efit compared to no treatment, it was approved for 
metastatic melanoma by the FDA in the United 
States. Dacarbazine is usually tolerable with the 
major toxicity mainly associated with the gastro-
intestinal tract, including nausea, vomiting, and 
myelosuppression.

Temozolomide is an analog of dacarbazine 
that is metabolized in the liver by the enzyme, 
cytochrome P450, to (5-[3-methyl-triazen-1-yl]-
imidazole-4-carboxamide (MTIC)), which is an 
active metabolite of dacarbazine as an alkylating 
agent. Notably, unlike dacarbazine, temozolo-
mide can penetrate through the blood brain bar-
rier and has shown efficacy with brain and central 
nervous system malignancies. In a phase III study 
of 305 patients with metastatic melanoma, temo-
zolomide showed a nonsignificant overall sur-
vival benefit compared to dacarbazine, as well as 
progression-free survival (median OS, 7.7 
months vs. 6.4 months; median PFS, 1.9 months 
vs. 1.5 months, respectively) [20]. Another 
EORTC study, involving 859 enrolled patients 
with metastatic melanoma, found no survival dif-
ference between the temozolomide and dacarba-
zine groups, with a median OS of 9.1 versus 9.4 
months, and median PFS of 2.3 versus 2.2 
months, respectively [21]. Unfortunately, the evi-

dence for true efficacy of temozolomide is still 
lacking, clearly not definitive enough for FDA 
approval in the metastatic setting.

The nitrosoureas, namely fotemustine, car-
mustine (BCNU), lomustine (CCNU), and 
semustine (methyl CCNU), have shown objective 
response rates (ORR) of around 13–18% in meta-
static melanoma patients. In the phase III study, a 
total of 229 patients with metastatic melanoma 
(with or without brain metastasis) revealed supe-
rior response rate of 15.2% in the Fotemustine 
group compared to 6.8% in the dacarbazine 
group. However, that study found a nonsignifi-
cant median time to progression (1.9 vs. 1.8 
months) and overall survival (7.3 vs. 5.6 months) 
[22]. In the subgroup analysis, patients without 
brain metastasis at enrollment showed a signifi-
cantly longer time to brain metastasis in the fote-
mustine group (22.7 vs. 7.2 months). A trend 
towards fotemustine was shown with respect to 
overall survival and time to progression with 
brain metastasis. Hematologic toxicity, espe-
cially neutropenia and thrombocytopenia, was 
more severe with fotemustine compared to 
dacarbazine.

Platinum, including cisplatin and carboplatin, 
demonstrates only modest activity in metastatic 
melanoma. The average response rate is around 
15–20% (range 0–53%) with cisplatin at doses of 
200 mg/m2 [19]. One study found that cisplatin at 
a dose of 150 mg/m2 combined with amifostine, a 
thiol derivative, protected the bone marrow and 
kidneys. The response rate was up to 53%, with-
the median response duration of only 4 months 
[23]. Another randomized, phase II ECOG study 
comparing cisplatin (150 mg/m2) plus amifostine 
and lower-dose cisplatin (125  mg/m2) showed 
activity in both groups. However, both groups 
showed intolerable renal, gastrointestinal and 
ototoxicity, with amifostine failing to show 
improved clinical activity when combined with 
cisplatin [19].

In a phase 2 study, nanoparticle albumin- 
bound paclitaxel (nab-paclitaxel) shows response 
rates of 22% and 3%, respectively, in 
chemotherapy- naïve and previously treated mela-
noma patients [24]. A phase III study with 529 
chemotherapy-naïve patients with metastatic 
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melanoma, randomized to nab-paclitaxel and 
dacarbazine [25], found significant improvement 
of PFS, the primary endpoint, in the nab- 
paclitaxel arm (median PFS, 4.8 vs. 2.5 months, 
hazard ratio [HR] 0.79, 95% CI 0.63–0.99). 
However, the OS between nab-paclitaxel and 
dacarbazine was statistically insignificant 
(median OS, 12.6 vs. 10.5 months; HR 0.90, 95% 
CI 0.74–1.09; p = 0.27). Further subgroup analy-
sis revealed that the nab-paclitaxel had similar 
activity in BRAF wild type and mutant type [25]. 
Vinca alkaloids have shown only modest activity, 
with a phase II study of patients with metastatic 
melanoma finding a complete response rate of 
2.5%, with an ORR of 20%, mainly when applied 
as a combination therapy [26].

In addition to single chemotherapy agents, 
combining different chemotherapy agents with 
biochemotherapy, such as IL-2 or TNFα, has 
failed to show significant efficacy in previous 
studies. So far, no randomized trials have yet 
demonstrated the superiority of combination 
therapy over single chemotherapy agents. No 
phase III trials of combination regimens with dif-
ferent chemotherapy agents have confirmed a 
survival benefit with dacarbazine or 
temozolomide- based combination regimens. One 
such regimen, called the Dartmouth regimen, is 
comprised of dacarbazine 220 mg/m2 and cispla-
tin 25 mg/m2 (Days 1–3, every 3 weeks), carmus-
tine 140 mg/m2 (Day 1, every other cycle, every 3 
weeks) and tamoxifen 10 mg BID taken orally. 
The trial found no significant improvement in 
overall survival compared to dacarbazine alone, 
with only a small increase in the response rate 
and greater toxicity [27].

Previous data has shown a modest activity 
with the combination of carboplatin and pacli-
taxel in the first- or second-line setting. A phase 
III study showed a response rate of 18% and OS 
of up to 11.3 months in the first-line setting [28]. 
The second-line setting had a response rate of 
11% [29]. The phase III PRISM (Paclitaxel and 
carboplatin with vs. without sorafenib [second 
line] for advanced melanoma) study has found 
that the addition of sorafenib to carboplatin and 
paclitaxel failed to reveal any survival advantage 
[28, 29]. Combining carboplatin and paclitaxel 

with bevacizumab was found to be a potentially 
effective combination. A randomized, phase II 
BEAM (Bevacizumab Advanced Melanoma) 
trial enrolled 214 patients with previously 
untreated metastatic melanoma, randomized to 
receive either a combination regimen of carbopl-
atin (area under curve [AUC], 5) and paclitaxel 
(175 mg/m2) plus bevacizumab (15 mg/kg) (Day 
1, every 3 weeks), or chemotherapy alone with 
carboplatin and paclitaxel [30]. At a median fol-
low- up of 13 months, the median PFS was 5.6 
versus 4.2 months (HR 0.78; p = 0.1414), with a 
median OS of 12.3 versus 8.6 months, respec-
tively (HR 0.67, 95% CI 0.46–0.98; p = 0.0366). 
The subgroup analysis found a stronger survival 
benefit in more advanced patients with elevated 
serum lactate dehydrogenase (LDH). This phase 
II study showed a survival trend that was without 
statistical significance, with further studies 
needed in order to confirm the efficacy of this 
regimen.

Based on the theoretical addition, or even 
augmentation, by combining potential effective 
agents, we have studied the combination of bio-
chemotherapy with various chemotherapy 
agents, namely dacarbazine, temozolomide, car-
mustine, cisplatin, vinblastine, and tamoxifen, 
combined with IL-2 or IFNα. The initial results 
of biochemotherapy with IL-2 or IFNα were 
promising, but multiple, randomized, phase III 
trials comparing biochemotherapy to chemo-
therapy alone failed to show a statistically sig-
nificant survival benefit to biochemotherapy, 
despite the increased response rate or PFS [31–
34]. Therefore, two systemic reviews, including 
18 trials with over 2600 patients, showed no sig-
nificant difference in overall survival despite 
higher response rates [35, 36]. Biochemotherapy, 
with one or more cytotoxic agents, plus IL-2 
and/or IFNα cannot yet be viewed as a standard 
treatment. Many trials of combination regimens 
with different novel agents are still ongoing, and 
we will need to wait on such trials in order to 
address their efficacy in patients with metastatic 
melanoma. Other studies have focused on the 
introduction of maintenance with immunother-
apy, in an attempt to prolong the efficacy of 
biochemotherapy.

32 Chemotherapy and Biochemotherapy for Melanoma



530

Historically, melanoma was viewed as a rela-
tively chemotherapy-refractory tumor due to the 
low response rates and insignificant survival ben-
efit. However, melanoma management has 
advanced rapidly in the past decade, with the 
development of many novel agents, including 
immune checkpoint inhibitors (ipilimumab, 
nivolumab, and pembrolizumab) and targeted 
therapy (BRAF inhibitors [vemurafenib, dab-
rafenib and encorafenib] and MEK inhibitors 
[cobimetinib, trametinib, and binimetinib]), lead-
ing to major improvements in survival rates. 
However, conventional cytotoxic chemotherapy 
still has a role in treatment, often after failure of 
standard treatment options for metastatic mela-
noma, as well as in the palliative setting in certain 
circumstances. Although novel immune check-
point inhibitors have been proven to improve sur-
vival and prognosis, they have also raised issues 
in patient management, such as the optimal 
agents of choice or the type of combination ther-
apy, dose, and sequence. There are additional 
issues related to the immune-related toxicities 
which are different from those seen with cyto-
toxic chemotherapy. More studies are needed to 
resolve these new issues.
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Therapeutic Cancer Vaccines 
for Melanoma

Kaitlin M. Peace, Garth S. Herbert, 
Timothy J. Vreeland, G. Travis Clifton, 
and George E. Peoples

 Introduction

Melanoma has long been a prominent focus of 
investigation for cancer immunotherapy due to 
its intrinsically immunogenic nature, typically a 
consequence of a high mutational load. 
Furthermore, tumor infiltration by lymphocytes 
provides evidence of endogenous immune activ-
ity, as does the spontaneous regression described 
in some tumors. Conversely, the melanoma 
microenvironment promotes upregulation of 
immunosuppressive cells (myeloid-derived sup-
pressor cells and regulatory T cells) and cyto-
kines (such as IL-6, IL-10, TNFα, TGFβ, and 
VEGF) facilitating evasion of the immune 
response. The tumor microenvironment contains 
several targets for immunomodulation that are 
under active investigation. In this chapter, we will 
explore the development of immunotherapy for 
the treatment of melanoma, beginning with early, 
nonspecific immunomodulation through more 
recent advances in melanoma vaccines with spe-

cific discussion of several phase III clinical trials 
for peptide, viral, dendritic cell, and whole tumor 
cell-based vaccines.

 Historical Perspective/Development 
of Melanoma Immunotherapy

The earliest attempt at immunotherapy occurred 
in the late nineteenth century by Dr. William 
Coley, who observed tumor regression in a sar-
coma patient after an erysipelas infection. Dr. 
Coley then began inoculating cancer patients 
with a combination of Streptococcus and Serratia 
bacteria, known as Coley’s toxin, again observ-
ing local regression of tumors [1]. Unfortunately, 
Dr. Coley’s findings were met with great skepti-
cism, and the advent of therapeutic radiation and 
chemotherapy would overshadow immunother-
apy for cancer treatment in subsequent decades.

Interest was renewed in the 1950s when the 
work of Foley [2], Prehn, and Main [3] demon-
strated the presence of tumor-specific antigens in 
a mouse sarcoma model. Throughout the follow-
ing two decades, unique tumor-associated anti-
gens (TAAs) would be identified in numerous 
cancer types, to include their discovery in mela-
noma by Morton and colleagues in 1967 using 
immunofluorescence techniques [4].

Melanoma TAAs are highly varied in terms of 
their composition and expression. Germ cell anti-
gens, while typically silenced in somatic cells, 
are often expressed in cancer cells. In melanoma, 

K. M. Peace · G. S. Herbert · G.T. Clifton 
Department of General Surgery, San Antonio Military 
Medical Center, Fort Sam Houston, TX, USA
e-mail: kaitlin.m.peace.mil@mail.mil;  
garth.s.herbert.mil@mail.mil; guy.t.clifton.mil@mail.mil 

T. J. Vreeland 
Department of General Surgery, Womack Army 
Medical Center, Ft. Bragg, NC, USA
e-mail: timothy.j.vreeland.mil@mail.mil 

G. E. Peoples (*) 
Cancer Insight, LLC, San Antonio, TX, USA

33

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-78310-9_33&domain=pdf
mailto:kaitlin.m.peace.mil@mail.mil
mailto:garth.s.herbert.mil@mail.mil
mailto:garth.s.herbert.mil@mail.mil
mailto:guy.t.clifton.mil@mail.mil
mailto:timothy.j.vreeland.mil@mail.mil


534

germ cell antigens include NY-ESO-1 and mem-
bers of the MAGE family. Other antigens are 
expressed in both melanoma cells and normal 
melanocytes, to include tyrosinase, gp100, 
MART-1, and gangliosides such as GM2. These 
antigens are variably immunogenic, with evi-
dence of T cell recognition of MART-1 in up to 
50% of patients and natural antibodies to GM2 in 
about 5% of patients [5]. All of these antigens 
serve as potential targets for directed immuno-
therapy via melanoma vaccines, as discussed 
later in the chapter.

Early attempts at immunotherapy for mela-
noma were nonspecific and aimed at augmenting 
the host immune response to tumor cells. Bacillus 
Calmette-Guerin (BCG), a nonspecific immune 
stimulant, was initially studied as an intratumoral 
injection for melanoma in the 1970s. While ini-
tial studies reported regression of 90% of the 
injected nodules and regression of distant nod-
ules in 20% of patients [6], a randomized, con-
trolled trial performed in the late 1970s found no 
difference in disease-free or overall survival 
among more than 700 stage I-III melanoma 
patients [7].

In the late twentieth century, interleukin 2 (IL-
2), a T cell growth factor, was identified as hav-
ing potent antitumor effects. It was approved for 
use after durable responses were seen in patients 
with metastatic renal cell carcinoma, another 
immunogenic malignancy. An evaluation of eight 
clinical trials involving treatment of metastatic 
melanoma revealed an overall objective response 
to high-dose systemic IL-2 in 16% of the 270 
patients enrolled, although toxicities were severe 
[8]. IL-2 has also been evaluated as an intrale-
sional injection to treat in-transit melanoma; a 
systematic review found a complete response in 
78% of treated lesions; however, only half the 
patients responded overall, with varying 
responses among the six included trials [9].

Similarly, interferon alpha (IFNα) is another 
nonspecific immunotherapy that has been shown 
to have antitumor activity in high-risk, localized 
melanoma (stage IIB, IIC, III). In a large trial, 
280 patients were randomized to either systemic 
recombinant IFNα-2b therapy or observation. A 
significant improvement in both relapse-free and 

overall survival was noted in the group receiving 
treatment, with prevention of relapse in 18–33% 
of patients [10]. However, a larger trial of 1256 
patients with stage III melanoma demonstrated 
no difference in overall survival at 3.8 years of 
median follow-up. Of note, high toxicity levels 
were seen in 31% of patients, with discontinua-
tion of IFNα-2b therapy due to side effects [11]. 
While still considered as a treatment option in the 
management of patients with advanced mela-
noma, IL-2 and IFNα have largely been sup-
planted by newer immunotherapies, mainly due 
to their limited efficacy but significant toxicity.

In the late 1980s, another advancement in 
melanoma immunotherapy was made with the 
use of adoptive cell transfer. Rosenberg and col-
leagues used autologous tumor-infiltrating lym-
phocytes (TILs) isolated from excisional biopsy 
specimens and administered in combination with 
cyclophosphamide after a non-myeloablative 
lymphodepletion of the patient. The hypothesis 
of this approach was an attempt to enhance anti-
tumor immunity by allowing these antitumor 
lymphocytes to proliferate outside of the immu-
nosuppressive tumor microenvironment. These 
T-cells would then be reintroduced to the patient 
in high enough numbers to effectively kill their 
tumor targets. Analysis of 86 metastatic mela-
noma patients treated with TIL therapy and high-
dose IL-2 revealed an overall objective response 
rate of 34%, regardless of cyclophosphamide use 
[12]. In a trial of 93 heavily pretreated patients 
with metastatic melanoma, they demonstrated 3- 
and 5-year survival rates of 36% and 29%, 
respectively, with a 5-year survival of 93% in the 
22% of patients who were complete responders 
[13]. Despite clear clinical benefits, access to TIL 
therapy remains limited due to time, costs, and 
technical requirements involved in production of 
TILs, as well as the inability of some patients to 
undergo the rigorous lymphodepletion regimen.

More recent research in cancer immunother-
apy has led to the development of checkpoint 
inhibitors (CPIs) which have been very success-
ful in the treatment of advanced melanoma. In 
general, many cancer types rely on the immune 
system’s innate mechanism for preventing an 
excessive immune response and maintaining self-
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tolerance. This is partially controlled by several 
co-inhibitory molecules, such as CTLA-4 and 
PD-1, which can be upregulated by tumor cells 
facilitating immune escape. CPIs in the form of 
monoclonal antibodies directed at CTLA-4 (e.g., 
ipilimumab) and PD-1 (e.g., nivolumab and pem-
brolizumab) are able to preserve the antitumor 
immunity of endogenous cytotoxic T cells. A 
meta-analysis of 1861 patients with advanced 
melanoma treated with ipilimumab demonstrated 
an overall survival (OS) of 22% [14], and a phase 
III trial of nivolumab versus dacarbazine in 418 
untreated stage III/IV melanoma was terminated 
early when 1-year OS was found to be signifi-
cantly higher in the nivolumab arm (72.9 vs. 
42.1%, p < 0.001) [15]. A randomized phase III 
trial comparing pembrolizumab given every 2 or 
3 weeks to ipilimumab given every 3 weeks in 
834 advanced melanoma patients demonstrated 
improved 1-year survival (74.1 vs. 68.4 vs. 
58.2%, p = 0.0005), better response rates (33.7 
vs. 32.9 vs. 11.9%, p < 0.001) and less grade 3–5 
adverse events in the pembrolizumab arms versus 
the ipilimumab arm [16]. These trials ultimately 
led to FDA approval of these CPIs for metastatic 
and unresectable melanoma. Although there has 
been success with immunomodulators such as 
CPIs, IL-2, and IFNα, these therapies require that 
the patient have a de novo immune response to 
their tumor, resulting in limited overall response 
rates. Vaccines represent a mechanism by which 
this immune response can be generated in patients 
without a preexisting response or augment a 
weak and/or ineffective immune response.

 Current Approach to Melanoma 
Vaccines

The aim of current melanoma vaccines is to 
induce an active immune response directed 
against melanoma cells. This involves one or 
more TAAs being supplied to, processed and pre-
sented by antigen presenting cells to prime the 
immune system against these antigens. In this 
chapter, we will review the strategies that have 
been developed to accomplish this goal in mela-
noma and explore specific examples of each 

strategy that have made it to phase III clinical tri-
als. We will divide these vaccines by strategy, 
covering each of the following: peptide-based 
vaccines, viral vaccines, dendritic cell (DC) vac-
cines, and tumor cell vaccines. Table  33.1 
includes a comprehensive list of the vaccines pre-
sented here with relevant details.

 Peptide Vaccines

Peptide-based vaccines rely on antigen uptake 
and presentation by DCs in  vivo to enable an 
immune response to one or more TAAs selected 
specifically for the cancer being treated. The 
response to the peptide is most commonly car-
ried out via cytotoxic T cells, but antibody pro-
duction may also be induced. The proteins or 
peptides selected are typically chosen because 
of common expression in a certain tumor type 
and for their immunogenicity. However, they 
often require the use of an immunoadjuvant to 
increase the likelihood of generating a robust 
active immune response. These peptide-based 
vaccines can be produced on a large scale at 
relatively low cost, and can therefore be admin-
istered to a large number of patients as an “off-
the-shelf” therapy. Additionally, priming the 
immune system against only a small number of 
peptides results in much easier monitoring for 
an immune response to treatment. Shortcomings 
of this strategy include reliance on the patient’s 
own dendritic cells to perform the crucial steps 
of uptake and presentation of the administered 
TAA, restriction of some peptide vaccines to 
certain HLA subtypes limiting the patient popu-
lation that can be treated, and the possibility of 
immune escape due to a small number of anti-
gens supplied.

Peptide-based vaccines can consist of a single 
immunogenic peptide, allowing the immune sys-
tem to focus on one highly expressed TAA while 
simultaneously making evaluation of immune 
response to the vaccine straightforward. 
Alternatively, multiple peptides can be included 
in the vaccine to generate a response in patients 
with varied TAAs, potentially leading to multiple 
clones of T cells capable of attacking the tumors. 

33 Therapeutic Cancer Vaccines for Melanoma
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Lastly, the vaccine can consist of an entire pro-
tein, which allows the patient’s own DCs to select 
the most immunogenic epitopes to be presented. 
We will discuss examples of each of the three 
separate strategies: single peptide vaccines, mul-
tiple peptide vaccines, and full protein vaccines.

 Glycoprotein 100 (gp100)
gp100 is a melanosomal protein that induces a 
strong immune response, and a vaccine has been 
created based on a specific immunogenic peptide 
of gp100 (amino acids [aa] 209–217[210M]), 
administered with the immunoadjuvant 
Montanide ISA-51. Early clinical studies 
revealed that gp100 induced an effective immune 
response against melanoma cells in HLA-A0201-
positive patients. In a phase II trial, gp100 was 
administered with high-dose IL-2 and improved 
objective response rates were demonstrated in 
comparison to prior reports of IL-2 alone [17]. 
This prompted the completion of a phase III trial 
randomizing 177 patients with stage III/IV mela-
noma to receive IL-2 alone or the gp100 vaccine 
plus IL-2. Patients in the vaccine group had a 
higher clinical response rate (16 vs. 6%, p = 0.03) 
and longer progression free survival (PFS) (2.2 
vs. 1.6 months, p = 0.008) [18].

Subsequently, the gp100 vaccine was used as 
control in a landmark study of ipilimumab, a 
checkpoint inhibitor (CPI) that blocks the 
CTLA-4 receptor. Patients were randomized to 
receive either gp100 alone, gp100 with ipilim-
umab, or ipilimumab alone. Those treated with 
gp100 had the lowest median overall survival 
(OS) of the three groups, worse than those treated 
with ipilimumab and gp100 (6.4 vs. 10.0 months, 
p  <  0.001) or ipilimumab alone (6.4 vs. 10.1 
months, p = 0003) [19]. Although the results of 
this trial favored ipilimumab and led to its 
approval by the FDA, there was no placebo arm 
for comparison with the gp100 alone arm and 
IL-2 was omitted from this trial. Thus, research 
continues with gp100, particularly as a compo-
nent of vaccines using multiple peptides.

 GM2-KLH
GM2 is a ganglioside expressed in the majority 
of melanomas, with little to no expression in nor-

mal melanocytes and other tissues. It is known to 
induce the production of IgG and IgM antibodies 
in patients with melanoma and a favorable prog-
nosis has been demonstrated in patients with 
serologic responses to GM2, though curiously, 
no T cell mediated responses have been observed. 
An initial phase III trial of a GM2 vaccine, made 
up of the ganglioside with BCG, randomized 122 
stage III melanoma patients rendered disease-
free by surgery to receive either the GM2/BCG 
vaccine or BCG alone. Of the 58 patients in the 
GM2/BCG group, the majority developed anti-
GM2 IgM antibodies, while only 7 of the 64 
patients in the control group developed antibod-
ies. When the patients with preexisting antibody 
production were removed from the analysis, there 
was a 23% improvement in relapse-free survival 
(RFS) in the vaccine group (p = 0.02) [20]. This 
vaccine relies on the antibody response and fur-
ther investigation into improving the GM2/BCG 
vaccine demonstrated optimal antibody produc-
tion when recombinant GM2 was conjugated 
with keyhole limpet hemocyanin (KLH) and 
administered with QS-21 as an immunoadjuvant. 
A subsequent phase III trial was initiated com-
paring the GM2-KLH/QS-21 vaccine to observa-
tion, and a total of 1314 patients with stage II 
melanoma were randomized. Unfortunately, the 
trial was terminated after a median follow-up of 
1.8 years, when the second interim analysis dem-
onstrated futility of the vaccine with regard to 
RFS (hazard ratio [HR] 1.00, p = 0.99) and a det-
rimental OS outcome (HR 1.66, p  =  0.02). On 
final analysis of the data, no detrimental effect 
was identified [21].

 Tyrosinase, gp100, MART-1
This HLA-A2 restricted, multi-epitope vaccine 
targets immunogenic peptides known to be asso-
ciated with melanoma. The combination includes 
peptides from the tyrosinase (aa 368–376), gp100 
(aa 209–217), and MART-1 (aa 27–35) proteins 
emulsified in Montanide ISA-51. This multi-epi-
tope vaccine was studied in a phase II trial that 
randomized 115 HLA-A2 patients to one of four 
arms: vaccine alone, vaccine combined with 
granulocyte-monocyte colony- stimulating factor 
(GM-CSF), vaccine combined with IFNα or vac-
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cine with both GM-CSF and IFNα. There was a 
nonsignificant trend toward improvement in 
immune responses with the use of either GM-CSF 
or IFNα; however, the development of an immune 
responses to at least one of the vaccine peptides 
was associated with an improved median OS 
(21.3 vs. 13.4 months, p = 0.046) [22].

Results from the phase II study led to the 
development of a multicenter, placebo-con-
trolled, phase III clinical trial aimed at evaluating 
RFS and OS in patients treated with GM-CSF 
with or without this multi-epitope vaccine. The 
trial enrolled 815 HLA-A2 positive patients with 
completely resected stage IV or high-risk stage 
III melanoma, and randomized them to receive 
GM-CSF alone, peptide vaccine alone, GM-CSF 
plus vaccine or placebo. There was no difference 
in OS (HR 0.93, 95% CI 0.71 to 1.21; p = 0.598) 
or RFS (HR 0.96, 95% repeated CI, 0.74 to 1.23; 
p = 0708) between vaccinated and unvaccinated 
patients. While the addition of GM-CSF to the 
vaccine improved the OS compared to patients 
who did not receive the combination by 17.3%, 
the difference was not significant (p = 0.881). A 
subset analysis revealed that patients with stage 
IIIC  or  M1a disease who received the vaccine, 
versus placebo, had an improved RFS (15.2 vs. 
9.7 months, p  =  0.04) and OS (91.1 vs. 39.1 
months, p = 0.128) [23].

 Vitespen (HSPPC-96)
Formerly known as Oncophage, vitespen 
(HSPPC-96) is a vaccine comprised of heat shock 
protein (HSP)-derived peptide complexes iso-
lated from autologous tumor cells. HSPs are 
known to have high uptake by DCs without the 
need for an immunoadjuvant. Thus, this vaccine 
takes advantage of their natural immunogenicity, 
further showing a proof-of-principle with the 
completion of phase I and II trials of patients 
with both melanoma and renal cell carcinoma 
[24]. The first phase III trial was completed in 
patients with untreated stage IV melanoma, ran-
domizing 322 patients to receive vitespen or the 
physician’s choice (PC) of standard therapy for 
melanoma. Notably, 61 of the 215 patients in the 
vitespen arm were not inoculated because the 
vaccine could not be prepared for them, high-

lighting the challenges of using autologous pro-
teins (rather than recombinant) in the creation of 
vaccines. Analysis demonstrated no improve-
ment in OS in vaccinated patients in either the 
intention-to-treat population (HR  =  1.16, 
p = 0.32) or the treated population (HR = 1.29, 
p = 0.25). Further exploratory analyses showed 
that patients with less disease burden (M1a and 
M1b) who received full treatment with vitespen 
(defined as 10 or more inoculations) had signifi-
cant improvement in OS compared to similar 
patients in the PC arm (HR = 0.45, p = 0.03) [25]. 
A phase I/II trial was planned in which patients 
with stage III/IV melanoma would receive 
vitespen along with ipilimumab [26], in the hopes 
that combination with a CPI will enhance effi-
cacy of the vaccine. Enrollment in this trial was 
not initiated due to operational issues, but there is 
still potential for future research into this 
combination.

 Seviprotimut-L (POL-103A)
Seviprotimut-L is comprised of multiple surface 
peptides from three allogenic melanoma cell 
lines, given with alum as an immunoadjuvant. 
This vaccine is created using a variation of tech-
nology that allows for isolation and purification 
of shed surface peptides by culturing tumor cells 
in a specific culture medium. A similar polyva-
lent vaccine created using this technology was 
studied in a phase II trial in which 38 patients 
with resected stage III melanoma were random-
ized to vaccine or placebo. Vaccinated patients 
had significantly increased median time to pro-
gression (1.6 vs. 0.6 year, p = 0.03) and a nonsig-
nificant increased median OS (3.8 vs. 2.7 year) 
[27]. A more recent phase II trial compared a tri-
valent and a quadrivalent vaccine, each produced 
in the same manner as Seviprotimut-L, to a null-
vaccine used as a control. In this trial, 116 patients 
with stage II and III melanoma were randomized 
to either one of the vaccines or placebo. RFS was 
better among patients receiving the quadrivalent 
vaccine (HR = 0.632, p = 0.095) and the trivalent 
vaccine (HR = 0.407, p = 0.0018) compared to 
null vaccine [28]. Based on these findings, the 
phase III MAVIS trial of seviprotimut-L has 
started and is currently enrolling patients with 
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Stage IIB-III melanoma after complete resection. 
Patients are randomized to the vaccine or pla-
cebo; the trial is estimated to reach completion in 
October 2018 [26].

 MAGE-A3
The MAGE-A3 protein is an ideal TAA, in the 
sense that it is expressed in very few normal adult 
tissues, but is expressed quite commonly in tumor 
cells with expression in up to 76% of melanomas 
[29]. The MAGE-A3 vaccine consists of a recom-
binant protein combined with one of two immu-
noadjuvants. Small preliminary studies showed 
MAGE-A3 to be immunogenic and induce anti-
tumor activity in multiple malignancies [30], 
including melanoma. A small phase II trial 
attempted to identify the best immunoadjuvant to 
accompany MAGE-A3  in melanoma patients. 
Seventy-five patients were randomized to receive 
MAGE-A3 plus either AS15 or AS02. Patients 
receiving the AS15 immunoadjuvant (a combina-
tion of QS21, monophosphoryl lipid A, and 
CpG7909, a TLR-9 agonist, in a liposomal for-
mulation) had improved immunologic response, 
longer median OS and higher PFS at 6 months 
[29]. Based on these results, MAGE-A3 was 
paired with AS15 in future trials. A phase III trial 
(the DERMA trial) was initiated to compare the 
vaccine to placebo. Investigators planned to 
enroll 1351 patients with stage IIIB-C melanoma 
for randomization. However, this trial was termi-
nated early when evaluation of the primary end-
points revealed a lack of efficacy in the vaccine 
group compared to placebo [26]. Despite early 
enthusiasm for the specific nature of this ideal 
TAA, the disappointing trial outcome demon-
strates the shortcomings of vaccines that rely on 
endogenous uptake and processing of a single 
protein and highlights the difficulty of generating 
an effective immune response to an administered 
protein.

 Viral-Based Immunotherapy

Oncolytic viral vaccines take advantage of the 
natural immunogenicity of viruses to initiate an 
immune response. Lysis of tumor cells in 

response to viral infection leads to release of 
tumor antigens and priming of antigen presenting 
cells against those antigens. The virus may be 
modified by the addition of a plasmid coding for 
an immunoadjuvant or a cytokine, eliminating 
the need for separate administration of these ther-
apies. The virus is then injected into the patient, 
where normal viral proteins induce a strong 
immune response and lead to the recruitment of 
antigen presenting cells. These cells are activated 
and subsequently process and present the viral 
proteins, to include the TAAs that have been 
selectively inserted into the virus. Thus, the 
immune system is primed against these TAAs 
and the tumors that express them.

 Vaccinia Melanoma Cell Lysates (VCML)
This vaccine concept is based on early research 
demonstrating that viral infection of tumors can 
induce long- lasting immunity to the tumor, which 
is particularly true of the vaccinia virus in human 
melanoma studies. Vaccine production involves 
infection of an allogeneic melanoma cell line with 
the vaccinia virus, with subsequent administration 
of the lysed cells that contain immunogenic viral 
components, in addition to melanoma TAAs. A 
series of phase II trials comparing interventions to 
historical controls, first evaluated VCML alone, 
and later, VCML with or without cyclophospha-
mide pretreatment. Compared to historical con-
trols, the trials demonstrated improved survival in 
patients treated with the VCML vaccine, regard-
less of pretreatment with cyclophosphamide [31, 
32]. In light of the evidence from these trials, a 
randomized, multicenter, phase III trial was per-
formed comparing VCML to no immunotherapy 
in 675 patients with stage IIB and III melanoma 
following surgical resection. At a median of 8 
years follow-up, there was an improvement in OS 
in the vaccinated group compared to controls, but 
this result was not significant (151 vs. 88 months; 
HR 0.81, p  =  0.068) [33], and no further trials 
using this technology have been initiated.

 T-VEC (OncoVEX)
Talimogene laherparepvec (T-VEC) is a viral 
vaccine derived from herpes simplex virus type 
1, which has been modified via the deletion of 
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viral genes to attenuate the pathogenicity of the 
virus, and to insert a gene encoding human 
GM-CSF. This results in increased recruitment of 
antigen presenting cells and the induction of 
tumor- specific T cell responses. T-VEC is admin-
istered as an intralesional injection, and early tri-
als confirmed replication and production of 
GM-CSF within the tumor. In a phase II trial, 50 
patients with stage IIIC and IV melanoma were 
treated with intratumoral T-VEC injection. An 
overall response rate of 26% was demonstrated 
with regression noted in both injected and non-
injected lesions, with durable responses found in 
some patients out to 31 months [34]. Based on 
these results, the phase III OPTiM study was 
developed to evaluate durable response rates and 
OS with T-VEC compared to GM-CSF alone in 
unresected, stage IIIB-IV melanoma patients. 
The trial enrolled 436 patients and when com-
pared to GM-CSF alone, those treated with 
T-VEC had an improved durable response rate 
(16.3 vs. 2.1%; odds ratio [OR] 8.9, p > 0.001) 
and improved OS (23.3 vs. 18.9 months; HR 
0.79, p = 0.051) with a mild toxicity profile. The 
beneficial effects on response rate and OS were 
most pronounced in pretreatment naive patients 
and those with stage IIIB, IIIC, and IV(M1a) dis-
ease [35]. In October 2015, the FDA approved 
T-VEC for use in unresectable cutaneous, subcu-
taneous and nodal melanoma lesions [36].

 Dendritic Cell Vaccines

DCs are the body’s most powerful and effective 
antigen presenting cells. Their function is to take 
up, process and present antigens to naïve T cells 
primarily in lymphoid organs. DC vaccines seek 
to enhance presentation of TAAs by priming the 
DCs in  vitro to selected antigens. This may be 
accomplished by exposing the DCs to a single 
selected antigen, multiple TAAs, autologous 
tumor RNA, or to autologous tumor components 
and allowing the DCs to select which epitopes 
are presented. This strategy permits the investiga-
tors to directly load DCs, instead of hoping for 
successful in vivo uptake and processing of the 
antigen by the patient’s DCs. As expected, the 

process of extracting, loading and re-introducing 
these cells to the patient can be expensive and 
time-consuming, limiting the broad applicability 
of this method of vaccine creation.

 DCaT-RNA
The DC loaded with autologous tumor RNA 
(DCaT-RNA) vaccine uses a different approach in 
the production of DCs that present a wide range of 
TAAs specific to a patient’s tumor. A sample of 
the patient’s melanoma is obtained and tumor 
RNA is extracted and amplified. Autologous 
peripheral blood monocytes are matured into DCs 
through the addition of cytokines and loaded with 
the autologous tumor RNA via electroporation. 
This, in turn, leads to expression of multiple 
TAAs. These loaded DCs are then administered 
intravenously. Early clinical trials of this vaccine 
demonstrated minimal side effects and favorable 
OS rates (93% 2-year and 70% 4-year survival) 
when given to resected stage III/IV melanoma 
patients at high risk of recurrence [37]. Given 
these outcomes and the high rates of metastasis 
and recurrence in uveal melanoma, a multicenter, 
randomized, phase III trial enrolling patients with 
resected monosomy 3 (a marker of highly aggres-
sive disease) uveal melanoma was begun utilizing 
the DCaT-RNA vaccine [26, 38]. This trial was 
subsequently terminated for futility.

 TLPLDC
The tumor lysate, particle loaded, dendritic cell 
(TLPLDC) vaccine is a novel DC technology. 
This technology transforms the ability to effi-
ciently produce a personalized DC vaccine by 
loading autologous tumor lysate into prepared 
yeast cell wall particles, which are naturally and 
efficiently phagocytized by isolated autologous 
DCs. The TLPLDC vaccine can be created in as 
little as 48 h using only a small amount of tumor 
(1 cm3) with less DCs and reduced costs com-
pared to previous DC vaccine technologies. 
TLPLDC achieves the same end as the dendrit-
oma technology by administering the full range 
of tumor antigens from a given patient’s tumor 
into the cytoplasm of the DC.  The efficacy of 
TLPLDC has been confirmed in an ongoing bas-
ket trial enrolling patients with a variety of solid 
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tumors, including melanoma [39]. Consequently, 
two trials have been initiated to further test the 
efficacy of the TLPLDC vaccine in melanoma. 
The first is a prospective, randomized, blinded, 
placebo-controlled, phase IIb trial of adjuvant 
TLPLDC in patients with fully resected stage III 
and IV melanoma to prevent recurrence. This 
trial has completed enrollment with120 patients 
randomized, and the first pre-specified interim 
analysis is pending. The second is a multicenter, 
phase I/IIa trial of TLPLDC in addition to stan-
dard of care CPI therapy in patients with meta-
static melanoma. Both of these trials are 
estimated to reach their primary endpoints in 
2018, with study completion in 2019 [26].

 Dendritoma
This technology aims to harness the effective 
antigen presentation generated when DCs are 
fused with tumor cells. Typically, this is per-
formed using established tumor cell lines, which 
limits the applicability to only patients express-
ing the TAAs found in those cell lines. It also 
requires time- consuming procedures for selec-
tion and expansion of the resulting fused cells. 
The dendritoma vaccine expands on this approach 
by using autologous DCs and tumor cells to form 
fused hybrid cells. This method does not require 
additional expansion and allows presentation of 
the full repertoire of TAAs expressed by that 
patient’s tumor. Early in  vitro human testing 
demonstrated that the dendritoma vaccine pro-
duces specific antitumor immunity via activation 
of autologous cytotoxic T cells that effectively 
lyse tumor cells [40]. A phase I/IIa trial of the 
dendritoma vaccine administered with IL-2 to 25 
Stage IV melanoma patients was initiated based 
on this early research. Patients who received at 
least three inoculations had improved OS com-
pared to those that received less than three (43.1 
vs. 16.7%. p = 0.02). Patients with no evidence of 
disease prior to the initiation of therapy had the 
most significant improvement in 5-year OS com-
pared to those with evidence of disease (80 vs. 
14%, p  =  0.005) [41]. While these results are 
encouraging, the multiple steps and expense of 
production limit the broader applicability of den-
dritoma technology.

 Tumor Cell Vaccines

Tumor cell vaccines rely on the basic premise 
that the immune system is primed against tumors 
following cell lysis (similar to the oncolytic viral 
model), after which APCs take up tumor antigens 
and present encountered epitopes to the patient’s 
T cells. These vaccines typically consist of allo-
geneic or autologous tumor cells that are inacti-
vated (irradiated) and modified to increase their 
immunogenicity. After injection, the patient’s 
immune system will select the most immuno-
genic epitopes from lysed cells in  vivo, thus 
priming the immune system against tumor cells 
bearing those same epitopes.

 Melacine
Melacine is a vaccine that is formulated from 
allogeneic tumor cells derived from two meta-
static melanoma cell lines. The vaccine is created 
by culturing these cell lines and mechanically 
disrupting them to create an allogeneic cell-free 
lysate containing numerous melanoma TAAs. A 
phase I clinical trial demonstrated Melacine to be 
well tolerated and capable of inducing humoral 
and cell-mediated immunity, with regression of 
melanoma lesions in some patients [42]. A phase 
III clinical trial randomized 689 stage II/III 
resected melanoma patients to either vaccine or 
observation. At a median follow-up of 12.1 years, 
there was no difference in RFS (p = 0.58) or OS 
(p  =  0.61). However, subset analysis limited to 
HLA-A2+ and/or HLA-Cw3+ patients revealed a 
significant advantage in vaccinated patients com-
pared to controls in both RFS (10- year 66 vs. 
54%, p  =  0.02) and OS (10-year 75 vs. 63%, 
p  =  0.01) [43]. These findings demonstrate the 
importance of identifying the appropriate target 
population for a vaccine and selecting patients 
with the appropriate biologic features. Additional 
trials using Melacine in this specific patient pop-
ulation will be required prior to FDA approval.

 Autologous DNP Vaccine
The autologous dinitrophenyl (DNP) vaccine is 
another approach that takes advantage of the fact 
that autologous tumor cells are an ideal source of 
a wide variety of patient-specific TAAs, increas-
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ing the likelihood of generation of an effective 
immune response. This vaccine is created through 
irradiation of intact, autologous tumor cells and 
modification of those cells with DNP, a hapten 
capable of rendering the cells more immunogenic 
to the patient’s immune cells. The autologous 
DNP vaccine was tested in stage III-IV mela-
noma patients after resection and lymphadenec-
tomy. Early trial results demonstrated a 5-year 
RFS rate of 45% and OS rate of 58% with a posi-
tive association between the development of a 
delayed-type hypersensitivity (DTH) response 
and 5-year survival (71 vs. 49%, p = 0.031) [44]. 
In a phase II clinical trial with extended follow-
up, the 214 enrolled stage III melanoma patients 
were noted to have a 5-year OS of 44% compared 
to 25% for similar patients undergoing conven-
tional therapy. For those who developed a DTH 
response (47% of patients), the 5-year OS was 
double that of DTH-negative patients (59% vs. 
29% respectively, p  <  0.001). Development of 
DTH was noted to vary with the vaccination 
schedule, underscoring the importance of deter-
mining an optimal dosing schedule [45]. A phase 
III trial combining this autologous DNP vaccine 
(now called M-Vax) with IL-2 in stage IV mela-
noma patients is planned (NCT00477906) [26].

 Canvaxin
Canvaxin is a polyvalent, irradiated, whole-cell 
vaccine derived from three allogeneic melanoma 
cell lines known to express greater than 20 com-
mon melanoma TAAs, including GM2, 
MAGE-A3, and MART-1. Phase II trials of adju-
vant Canvaxin in patients with resected stage III 
melanoma demonstrated higher median OS in 
vaccinated patients versus controls (56.4 vs. 31.9 
months, p = 0.0001). The vaccine therapy signifi-
cantly reduced the relative risk of death (0.64, 
p  =  0.0001) [46]. Based on these early results, 
two phase III clinical trials were initiated: one in 
patients with stage III melanoma that had been 
rendered clinically disease-free after surgery, and 
another in patients with stage IV melanoma (also 
rendered surgically disease-free). In both trials, 
patients were randomized to receive either 
Canvaxin and BCG as an immunoadjuvant, or 
placebo and BCG. BCG was given with the first 

two inoculations in each arm and omitted from 
subsequent inoculations. These trials were termi-
nated for lack of efficacy following the second 
interim analysis. The 5-year OS rates were 59.1% 
in the Canvaxin group and 67.7% in the placebo 
group for stage III melanoma patients (p = 0.04) 
and 39.6% and 44.9%, respectively, for stage IV 
patients (p = 0.245) [47].

 Combination Therapy

Overall, the results of vaccine trials have been 
disappointing; however, important lessons have 
been learned. In particular, several trials have 
shown vaccines to be more efficacious in 
patients with enhanced immune responses. 
Thus, maximizing the patient’s immune 
response to vaccines is vital to the success of 
future vaccine trials. One strategy for improving 
the response to vaccine therapy is the combina-
tion of vaccines and other immunomodulators, 
such as CPIs. A full discussion of CPIs in mela-
noma is beyond the scope of this chapter, but 
their use has clearly revolutionized this field. 
The success of CPIs in melanoma has led to a 
great deal of excitement for immunotherapy in 
general, especially in the treatment of mela-
noma. Combination with CPIs is the next natu-
ral step for melanoma vaccines.

While the generation of tumor-specific T cells 
through the administration of a cancer vaccine 
has been frequently accomplished, these vaccines 
have, in general, had disappointing clinical effi-
cacy. This is due, at least in part, to the highly 
inhibitory tumor microenvironment, leading to 
decreased effector cytokines and cytotoxic T cell 
inhibition. This T cell suppression is mediated in 
part by inhibitory receptors, such as PD-1 and 
CTLA-4. Blockade of these receptors by CPIs, to 
include nivolumab, pembrolizumab, and ipilim-
umab, can prevent T cell inhibition and help pre-
serve antitumor function. Thus, vaccines direct 
the patient’s immune response toward the mela-
noma cells, while CPIs help to counteract one of 
the tumor’s defense mechanisms against immune 
attack, ultimately leading to a more robust and 
targeted immune response.
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This combination therapy may not only 
increase the efficacy of vaccines, but also poten-
tially decrease the overall toxicity of treatment 
through the ability to use a reduced dose or dura-
tion of CPI therapy. While single agent CPI ther-
apy has reasonably low grade 3–4 toxicity of 
15%, the response rate is approximately 20%. 
Combined therapy can increase the response rate 
to more than 50%, and as many as half of these 
patients will experience grade 3–4 toxicity [48]. 
There are currently 59 phase I-III clinical trials 
combining a melanoma vaccine with another 
therapeutic modality listed on the ClinicalTrials.
gov registry, and there are likely many more com-
binations that are in the early stages of preclinical 
testing [26]. Many of these combinations have 
been successful in early clinical trials and, as dis-
cussed above, many vaccine trials are incorporat-
ing additional forms of immunotherapy in 
successive trials in an attempt to improve 
response rates while not dramatically increasing 
toxicity.

 Future Insights

Cancer vaccines are very well tolerated with min-
imal toxicity, making them quite attractive as part 
of multimodal treatment of cancer. While many 
of these cancer vaccines have shown promise in 
early trials, only two cancer vaccines, T-VEC 
(listed above) and Provenge (a DC-based vaccine 
for prostate cancer), proved effective enough in 
Phase III trials to be granted FDA approval. Each 
of the different vaccine strategies has advantages, 
and there has been some level of success in each 
category. However, new strategies such as combi-
nation with CPI and the use of personalized vac-
cines will likely dominate vaccine research 
moving forward.

Personalized vaccines, which often involve 
sampling the patient’s tumor and/or blood for 
the creation of the vaccine, have the benefit of 
priming a patient’s own DC to their specific 
tumor. Advances in technology and improve-
ment in the techniques involved in production of 
these personalized vaccines may lead to 
enhanced scalability of this particular approach 

to immunotherapy. This will provide a more 
specific vaccine for an individual patient, instead 
of relying on common TAAs. Along these lines, 
targeting “neoantigens” or mutated proteins 
expressed solely in tumors may prove to be an 
effective vaccine approach [49].

Another key factor necessary for the effective 
use of melanoma vaccines is to determine the 
correct patient population in which to administer 
these vaccines. Numerous studies have shown 
increased efficacy in patients with minimal dis-
ease (not surprising, given that immune mecha-
nisms may not be able to overcome a large tumor 
burden), or only in specific subpopulations, but 
not the trial’s broader target population. Results 
of many trials suggest that monotherapy with 
vaccines will likely provide the most benefit in 
the adjuvant setting, after standard of care sur-
gery has reduced the overall burden of disease. 
More specific subgroups of patients (such as spe-
cific HLA types) that are likely to benefit most 
from therapy will vary according to the specific 
vaccine.

Finally, current studies on vaccine therapy in 
conjunction with CPIs will help inform future 
decision-making regarding the ideal treatment 
regimen and allow the extension of vaccines from 
the adjuvant to metastatic setting. This combina-
tion therapy may serve to maximize the effect of 
personalized vaccines, permitting an effective, 
durable response of a patient’s T cells against 
their specific tumor. In such a way, we may be 
capable of optimizing the body’s own defenses 
against cancer, to create a lasting antitumor 
response with minimal side effects.
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Adoptive Cell Therapy 
for Melanoma

Jane Mills, Phillip Darcy, and David E. Gyorki

 Introduction

Melanoma has long been recognized as a strongly 
immunogenic cancer. The presence and density 
of a T cell infiltrate has been correlated with out-
come [1]. The ability to harness this adaptive 
immune response for therapy has long been 
attractive to clinicians treating patients with met-
astatic melanoma. The development of therapies 
targeting immune checkpoints including CTLA4 
and PD1 (discussed elsewhere) has seen immune 
therapies become first line treatment for many 
patients with metastatic melanoma. However, 
adaptive cell therapy predates the current era of 
immunotherapy and represents a very direct and 
individualized treatment modality where the anti-
tumor response is exploited and expanded to 
develop a personalized approach to therapy.

 Cellular and Molecular Principles 
in ACT

The human immune system is highly evolved to 
recognize, respond, and protect the host against a 
constant threat from infection and disease in the 
external environment (including the detection 
and elimination of malignant cells). The immune 
system may be broadly classified into two broad 
arms: the innate and adaptive immune systems. 
The adaptive immune system is capable of both 
specific antigen recognition and memory and it is 
these characteristics of antigen specificity and 
memory which make harnessing the adaptive 
immune system desirable for developing targeted 
cancer therapies.

The principal cells of the adaptive immune 
system relevant to ACT are T lymphocytes. The 
main focus of T cell-based therapies has been 
CD8+ cytotoxic T cells, but it is now understood 
that CD4+ T cells are also very important in tumor 
eradication [2–4].

T cells require three signals for activation of 
effector functions (Fig. 34.1):

 1. MHC recognition: the TCR must ligate with 
the appropriate MHC receptor. CD8+ T cells 
recognize MHC class I (MHC-I), expressed 
on all human nucleated cells. CD4+ T cells 
recognize and bind MHC class II (MHC-II), 
expressed on the surface of professional anti-
gen presenting cells (dendritic cells, macro-
phages, and B cells) [5].
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 2. Co-stimulation: the TCR-antigen-MHC com-
plex interaction is not sufficient to reach a sig-
nalling threshold to induce a T cell response. 
It requires a second signal from the APC, of 
which the B-7 molecule is most important, 
engaging with CD28 molecule on the T cell. 
This results in TCR signal amplification, pro-
liferation, and promotion of T cell survival. In 
the absence of co-stimulation, the T cell may 
be rendered anergic [6, 7].

 3. IL-2: IL-2 is produced by activated T cells in 
a paracrine fashion. It encourages antigen- 
specific T cell proliferation and activates 
effector functions [8, 9].

To avoid excessive activation and resultant 
collateral tissue damage, there are multiple 
mechanisms in place to dampen the response and 
return homeostasis. These mechanisms include 
both humoral (e.g.,cytokines IL-12) and cellular 

components, including inhibitory co-stimulation, 
e.g., CTLA4 and PD1, and regulatory T cells 
(Treg). These systems have been successfully 
exploited with novel immunotherapies (discussed 
elsewhere).

Adoptive cell therapy (ACT) involves the 
ex vivo identification and expansion of antitumor 
lymphocytes for the purpose of cancer therapy. 
The treatment has three primary components; 
non-myeloablative lymphodepletion (mainly 
using systemic chemotherapy), followed by 
expanded immune-cell infusion that is adminis-
tered in combination with appropriate growth 
factors to promote T cell survival and expansion 
in vivo [10, 11].

Expansion in  vitro allows optimization of T 
cell growth away from the potentially immuno-
suppressive tumor microenvironment [11]. This 
also allows for the optimization and modification 
of the host immune system to accept the immune 
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Fig. 34.1 Activation of T cells requires three signals [1]. 
Recognition of non-self antigen presented by MHC recep-
tors [2]. Costimulation of T cells from antigen presenting 
cells (APCs). This results in activation of T cells which 

in-turn produce cytokines, including IL-2 [3]. This acts in 
a positive feedback manner, enhancing and sustaining the 
T cell response. (Adapted from [13])
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graft and potentiate targeted immune cell prolif-
eration and effector response.

Cells for use in adoptive cell therapy may be 
derived from:

 1. Tumor-associated T lymphocytes (TIL)
 2. Genetically modified autologous T cells tar-

geted towards known tumor antigens, e.g., 
TCR and chimeric antigen receptor (CAR) 
directed therapies

 Immune Evasion Mechanisms

A hallmark of cancer is the ability of a growing 
tumor to evade a host immune response [12]. 
Tumor cells may acquire genetic defects in anti-
gen processing and presentation pathways, or 
develop reduced sensitivity to IFNγ or IFNα/β, 
thereby reducing sensitivity to immune-mediated 
elimination [13]. If tumor cells fail to express 
MHC-1 molecules, it renders them susceptible to 
eradication by NK cells. To avoid this, some 
tumor cells may lose the portion of MHC-1 capa-
ble of presenting antigenic peptide to T cells, 
retaining the residual molecule and thereby 
escaping elimination [5]. Genomic instability 
within tumor cells may result in tumor cell het-
erogeneity, with the loss or alteration of tumor- 
specific antigens that are no longer recognized by 
tumor-specific CD8+ T cells.

Alternatively, cells may also evade innate 
immune detection by changes in genetic expres-
sion that result in the loss of ligands for NK cell 
recognition required for effector function. They 
may also suppress the production of cytokines 
that promote dendritic cell maturation and anti-
gen presentation [13]. Tumor cells may evade 
apoptosis by upregulating antiapoptotic molecule 
expression (e.g., FLIP, BCL-2, BCL-XL). They 
can develop mutations that render them resistant 
to lysis by immune cells (e.g., mutations in recep-
tors for TRAIL, DR5, and Fas), and may express 
ligands on the cell surface to reduce the cytotoxic 
actions or induce apoptosis of T cells (e.g., 
B7-H1, HLA-G, and HLA-E) [13]. Tumor cells 
may also influence cells of the innate immune 
system by inducing changes in the microenviron-

ment through cytokine secretion (e.g., IL-10, 
VEGF). This, in turn, may induce antigenic toler-
ance of antigen presenting cells and inhibit NK 
cell mediated killing. IL-10 inhibits production 
of pro-inflammatory cytokines and hence limits 
immune cell recruitment [14]. Tumor cells may 
also secrete TGFβ and suppress T cell activation 
and effector functions, proliferation, and differ-
entiation [5, 13, 14]. TGFβ may also downregu-
late CD8+ expression of granzymes, perforin, and 
expression of Fas-L molecules, and hence impair 
effector functions [14].

Inflammation resulting from innate immune 
cell recognition of tumor cells may promote 
tumor initiation, promotion, and progression. 
TNFα may stimulate tumor cells to produce addi-
tional cytokines, e.g., IL-1 and IL-6, which act in 
a paracrine fashion to promote tumor growth, and 
increase resistance to the induction of apoptosis. 
Inflammatory cells produce reactive oxygen spe-
cies (ROS) that may result in DNA mutations and 
promote tumorigenesis and drive tumor progres-
sion [5].

 Melanoma-Associated Antigens 
Recognized by T Cells

The search and identification of tumor-associated 
antigens (TAAs) began after the discovery of 
endogenous tumor-reactive T cells. These T cells 
may be obtained from venepuncture with identi-
fication and culture of circulating T lymphocytes 
(CTL), or tumor infiltrating lymphocytes (TIL) 
that are obtained from the tumor itself [15].

Melanoma has been the signature tumor in the 
study and mapping of TAAs. The origin of the 
epitopes recognized by the T cell response are 
likely multifactorial. It is now known that mela-
noma has one of the highest rates of somatic 
mutations in human cancers. The initial methods 
of screening for mutations require tumor-reactive 
T cells obtained from expanding tumor- associated 
T cells. These were then tested against stable 
tumor cell lines in  vitro that were more easily 
established compared to other tumor types [15].

Initial studies that examined the molecular 
landscape of TAAs in melanoma were first 
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 published in 1989 by Thierry Boon and col-
leagues [15–17]. They identified genes encoding 
antigens using a labor-intensive process of 
screening tumor DNA libraries that were gener-
ated from melanoma tumor cells. After this, they 
measured the cytokine response when combined 
with tumor-reactive T cell clones from peripheral 
blood [16]. MAGE-1 was the first tumor-specific 
T cell epitope to be identified [18]. Since this 
time, multiple other tumor-specific antigens have 
been identified using more sophisticated screen-
ing methods that are now available. These screen-
ing methods include SEREX, comparative 
proteome analysis (proteomics), and gene expres-
sion profiling (microarray) [17]. Other techniques 
include RT-PCR and whole genome sequencing 
of the tumor to identify antigen expression and 
mutational signatures of tumor cells to generate 
and identify reactive T cells [19].

Tumor antigens may be classified into five 
broad categories:

 1. Tissue differentiation antigens, e.g., MART-1, 
gp100, CEA, CD19

 2. Tumor-germline antigens, e.g., MAGE-1, 
NY-ESO-1

 3. Normal proteins overexpressed by cancer 
cells, e.g., hTERT, EGFR, mesothelin

 4. Viral proteins, e.g., HPV, EBV
 5. Tumor-specific mutated antigens, e.g., 

ERBB2IP [15]

Adoptive cell therapy, using TCR targeting 
tumor-directed antigens and clinical trial out-
comes, will be discussed later during this 
chapter.

 Melanoma Is an Immunogenic 
Cancer

Melanoma, in particular, is recognized as a 
strongly immunogenic tumor, and combined with 
poor clinical outcomes and treatments with lim-
ited efficacy these attributes have made meta-
static melanoma an ideal platform to study 
immune-based therapies. Approximately 3% of 
patients with melanoma present with metastatic 

disease with no known primary source, and this is 
thought to represent clinical evidence of immu-
noediting as a result of tumor clearance by the 
immune system [20]. In some patients, a small 
patch of depigmentation (vitiligo) at a previous 
pigmented site, which may be the location of the 
primary tumor, may be evident [21].

Evidence for the immunogenicity of mela-
noma also extends from a case report in renal 
transplant recipients. One patient received a 
donor kidney from a patient whom had localized 
melanoma 16 years previously. Upon receiving 
the donor organ and standard immunosuppres-
sion, this patient went on to develop metastatic 
melanoma. Despite cessation of immunosuppres-
sion and interferon therapy, this patient died 22 
months after receiving the transplant [22]. The 
recipient of the second kidney also developed 
melanoma within the kidney but it did not metas-
tasize, with the patient rendered disease free after 
resection of the donor kidney. This supports evi-
dence for an immune equilibrium and tumor 
latency for melanoma in an immunocompetent 
individual. It also exemplifies the complex inter-
action between the same tumor and different host 
immune responses [21].

One explanation for the increased immunoge-
nicity of melanoma is attributed to the high rates 
of somatic mutations frequently present. The 
Cancer Genome Atlas (TCGA) program has 
recently published a large dataset using a multi- 
platform analysis to clarify the genomic expres-
sion of melanoma. They identified over 228,000 
mutations, with a median mutation rate of 16.8 
mutations/Mb. This is the highest reported muta-
tion rate for any cancer type [23]. In this paper, 
melanomas were classified into subgroups based 
on genetic expression. One subclass, designated 
the “immune subclass,” were found to overex-
press genes associated with immune cell subsets, 
signalling molecules, co-stimulatory and co- 
inhibitory immune checkpoint proteins, cyto-
kines, chemokines and their receptors. Patients 
with melanomas expressing this subtype were 
found to have a more favorable prognosis than 
other subtypes. In addition, as identified in previ-
ous studies, patients in this same cohort with 
high-density immune cell infiltrates were also 
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found to have significantly improved survival. 
There was a high concordance between TIL infil-
trate and immune subtype. Immune cell infiltra-
tion was correlated with improved patient survival 
that was independent of the genomic subtypes 
examined. The presence of a dense immune infil-
trate or an inflamed microenvironment correlates 
with a positive response to immunotherapy.

This chapter will now discuss the history and 
development, as well as results of clinical trials 
using ACT in melanoma. We will also discuss 
current strategies to optimize delivery and effi-
cacy of ACT and outline future directions in this 
expanding field of immno-oncology.

 History of ACT

The prognostic significance of the presence of a 
lymphocytic reaction within resected tumor spec-
imens has been recognized for almost 100 years 
[24]. In 1954, Billingham and colleagues per-
formed the first ACT using cells obtained from 
regional tumor-draining lymph nodes. However, 
successful lymphocyte growth in  vitro was not 
achieved until 1980, when IL-2 was identified as 
an important growth factor in the activation and 
proliferation of T lymphocytes. In 1984, IL-2 
was commercially produced and available for use 
in animals and humans [10].

The first successful studies in ACT utilized 
lymphokine-activated killer (LAK) cells (non- 
specific non-T and non-B lymphocytes) with 
high-dose IL-2. An initial study published in 
1985 was the first to demonstrate tumor regres-
sion and the potential of immune therapy in 
human cancer therapy [10]. However, follow-up 
studies reported similar response rates to patients 
treated with high-dose IL-2 alone [25]. Hence, 
attention was turned to the use of tumor infiltrat-
ing lymphocytes (TIL) which had demonstrated 
superior tumor cell killing of established mela-
noma compared to LAK cells in murine models.

ACT using TIL has been chiefly pioneered 
and championed by Dr Steven Rosenberg and his 
team at the National Cancer Institute (NCI), in 
Bethesda, Maryland, USA. The protocol is sum-
marized in Fig. 34.2. The Rosenberg group pub-

lished their initial trial with ACT-TIL for 
metastatic melanoma in 1988. In this study, 86 
patients with metastatic melanoma were treated 
with autologous TIL and high-dose, intravenous 
bolus IL-2. They achieved an objective response 
(OR) of 34% and five patients experienced a 
complete response (CR). Results were compara-
ble to outcomes using IL-2 alone (OR 31%) and 
IL-2-based biochemotherapy (OR 35%) [25–27]. 
Since this initial ACT trial, TIL protocols have 
been modified to include lymphodepleting che-
motherapy regimens. A recent report describes 
achieving an objective clinical responses in 52/93 
patients (56%), with a complete response seen in 
20/93 patients (22%) [28]. This technique has 
been reproduced in multiple centers with similar 
response rates [29–31].

Manipulation of the host prior to ACT transfer 
with non-myeloablative lymphodepletion tech-
niques is an important component for most ACT 
protocols. It results in the elimination of other cells 
in vivo that might compete with infused TIL for 
critical cytokines, further allowing for a more 
effective function of these transferred cells [32]. 
Lymphodepletion usually involves the use of the 
chemotherapy regimen of cyclophosphamide and 
fludarabine. Total body irradiation (TBI), in addi-
tion to the chemotherapy agents, has been used in 
some protocols, demonstrating enhanced tumor 
response rates in earlier studies [28]. However, 
there was no difference noted in more recent stud-
ies [33]. Using these techniques, ACT has demon-
strated high overall response rates ranging from 40 
to 72%, with long-term, durable, and potentially 
curative complete response rates of up to 40% [10, 
11]. In fact, in the 24% of patients from the National 
Cancer Institute who have achieved a complete 
response, there has only been a single recurrence 
after a median follow-up of over 5 years [28, 31].

ACT has several advantages over immuniza-
tion and other immunotherapy strategies and rep-
resents an example of highly personalized cancer 
therapy. T cells exhibit chemotaxis and are able 
to home to tumor sites throughout the body, 
including the brain, as they are capable of cross-
ing the blood–brain barrier [34]. If the cell 
 transfer undertaken in ACT contains memory T 
cells, an enduring response may be obtained [34]. 
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ACT only require a small population of antigen- 
specific tumor cells that can be expanded to large 
numbers for treatment [11].

ACT may be performed using various cell 
populations including:

 1. Tumor-specific T cells (TIL or circulating 
tumor cells).

 2. Genetically modifying peripheral blood T cells 
using tumor antigen-specific TCR or introduc-
ing chimeric antigen receptors (CAR) [32, 35].

 Tumor Infiltrating Lymphocytes 
(TIL)

TILs are a subset of patient T lymphocytes that 
are located and expanded from tumor stromal 
cells. They are potentially a heterogeneous popu-
lation capable of recognizing multiple tumor- 
specific antigens. However, they are incapable of 
eradicating the tumor due to inhibiting signals 
from other immune cells, tumor cells, and the 
surrounding tumor microenvironment. TIL can 

Tumour containing TIL

a

b

c

d

TIL

+ Chemotherapy

+/- TBI

Fig. 34.2 Protocol for adoptive cell therapy using TIL: 
(a) Retrieval of tumor sample and partition into 2  mm3 
fragments; (b) Tumor fragments cultured in vivo in pres-
ence of IL-2 to promote TIL proliferation. (c) rapid expan-

sion of TIL population in specialized flasks (d) reinfusion 
of expanded TIL population with administration of sys-
temic IL-2 +/− total body irradiation
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recognize and lyse autologous tumor cells, but 
are self-tolerant of antigens expressed on normal 
tissue [10].

After demonstrating successful elimination of 
metastatic tumor deposits in lung and liver using 
murine models [36], the first phase I clinical trial 
using TILs was performed in 1988 [10, 37]. This 
study examined 12 patients with advanced cancer 
of various tumor types and had resectable metas-
tases from which TIL were grown. They also had 
remaining residual metastatic disease in order to 
evaluate for a clinical response to treatment. 
Patients were treated with a single precondition-
ing dose of cyclophosphamide and then trans-
fused with varying numbers of TILs (109–1011 
cells) and IL-2. However, results were modest 
with a tumor response reported in only one 
patient with melanoma and one patient with renal 
cell carcinoma. The results from this trial led to 
further trials and have since focused on optimiz-
ing the lymphodepletion regimen, modulating 
cytokine delivery and dose, and experimentation 
with the nature of reinfused TIL, such as explor-
ing different subtypes and tumor antigen avidity 
[10, 38].

 Advantage of Using TIL

TIL therapy capitalizes and enhances the patient’s 
own adoptive immune system and specifically 
targets a unique and heterogeneous population of 
tumor antigens. They are HLA-matched for the 
patient, and may be tested for efficacy ex  vivo 
prior to reinfusion [39]. The tumor antigens rec-
ognized by the cultured TIL are highly diverse. In 
a series of patients treated at the Surgery Branch 
of the NCI, 56 unique antigens were identified 
among the patients, with no overlap seen between 
patients. Tumor antigens recognized may include 
gp100, MART-1, TRP-2, tyrosinase, and 
NY-ESO-1 as well as other tumor antigens not 
yet identified. These unidentified antigens 
account for >90% of TIL and are thought to be 
the result of epitopes of mutant self-proteins 
(e.g., signalling and housekeeping genes). TIL 
exhibit self-tolerance therefore limiting collateral 
injury to normal tissues and have demonstrated 

the highest tumor response rates, including a sig-
nificant complete response rate that is durable 
compared to other forms of immunotherapy [39].

 Generating TIL

The generation of TIL involves resecting a tumor 
deposit and establishing multiple individual 
microcultures growing in  vitro from single cell 
suspensions or 2 mm3 tumor fragments in media 
containing IL-2. TIL cultures typically reach sev-
eral million cells in 2–3 weeks and have the 
capacity to kill autologous tumor present within 
the individual cultures. A rapid expansion proto-
col (REP) using the T-cell stimulating antibody, 
OKT-3, is used to expand cell numbers and 
results in billions of cells available for patient 
transfusion. Response rates have correlated with 
total number of reinfused cells. The number of T 
cells infused may vary significantly between 
patients as they are often determined by the num-
ber of cells that can be manufactured during a 
REP [40], or a defined number of cells per kilo-
gram of body weight. Using REP, the TIL are 
expanded more than 1000-fold, achieving typical 
numbers of ~50  ×  109 [25]. However, as the T 
cells will continue to replicate and expand fol-
lowing infusion, the final cell number may be sig-
nificantly higher than the initial number delivered 
and patient-specific [41].

 Early Clinical Trials

The first clinical, phase II trial using TIL-based 
ACT for metastatic melanoma was performed in 
1988 [26]. Twenty patients with metastatic mela-
noma received varying doses of TIL and high- 
dose IL-2 (720,000  IU/kg) given every 8  h as 
tolerated. Patients were pretreated with a single 
dose of cyclophosphamide 36 h prior to TIL trans-
fusion. Eleven patients demonstrated objective 
tumor regression in multiple metastatic sites [26]. 
A subsequent trial involving 86 patients revealed 
an overall response rate of 34% [27]. Response 
rates did not vary among patients who had previ-
ously received treatment with IL-2 compared to 

34 Adoptive Cell Therapy for Melanoma



556

patients who were IL-2 naïve [10, 27]. Since this 
time, ACT has been performed on many patients 
at multiple institutions and modifications to these 
original protocols have been made to enhance T 
cell engraftment, in vivo activity, T cell prolifera-
tion, and survival of transferred cells.

 Modifications of ACT Protocols

 Lymphodepletion

Lymphodepletion prior to reinfusion allows 
manipulation and optimization of the host micro-
environment to support the transferred cells. 
Lymphodepletion was also associated with higher 
endogenous levels of cytokines IL-7 and IL-15, 
which are important for T cell survival [42]. 
These cytokines may improve expansion and 
activation of transferred T cells and suggest that 
endogenous immune cells may compete with the 
transferred cells for cytokines [10, 28]. 
Lymphodepletion enhances the activity of tumor- 
reactive CD8+ T cells and reduces populations of 
host CD4+CD25+FOXP3+ Regulatory T cells 
(TReg), which, in turn, may reduce the activation 
threshold of effector T cells [43, 44]. Additional 
explanations of enhanced activity following lym-
phodepletion include extravasation of enteric 
flora secondary to the chemotherapy and radio-
therapy regimes employed resulting in stimula-
tion of toll-like receptors [41, 42].

 Total Body Irradiation (TBI)

When immunodepletion was intensified by adding 
radiotherapy to chemotherapy regimens, the objec-
tive tumor response improved even more. In a 
paper published in 2011 by Rosenberg and col-
leagues, a non-myeloablative, lymphodepleting 
chemotherapy regimen was given in combination 
with 2 versus 12 Gy of total body irradiation (TBI). 
The latter was given to enhance lymphocyte deple-
tion prior to TIL infusion in patients with meta-
static melanoma. The chemotherapy regimen 
consisted of 2 days of cyclophosphamide (60 mg/
kg/day), followed by 5 days fludarabine (25 mg/

m2 per day). This was followed by TIL infusion or 
TBI for 2 or 12 Gy and TIL cell infusion. Patients 
receiving TBI also received 2 × 106/kg of autolo-
gous CD34+ hematopoietic stem cells harvested 
from a granulocyte colony stimulating factor 
mobilized apheresis performed at least 1  week 
prior to starting cyclophosphamide. The median 
follow-up time for patients without TBI (43 
patients), with 2 Gy TBI (25 patients), and with 
12 Gy TBI (25 patients) was 90, 58, and 41 months, 
respectively. Objective tumor responses were seen 
in 56% of patients. Responses were seen in all 
tumor-affected organs (including brain, lung, 
liver). Complete tumor response was seen in 12% 
of patients without TBI; 20% of those treated with 
2 Gy TBI, and 40% of patient treated with 12 Gy 
TBI.  A total of 19/20 patients with complete 
response remain free of disease, with some ongo-
ing responses lasting up to 82 months [28].

This trial was performed as sequential clinical 
studies comparing non-myeloablating chemother-
apy alone to the addition of 2 and 12  Gy 
TBI.  Subsequently, Goff et  al. performed a fol-
low- up clinical trial whereby patients with meta-
static melanoma were randomly and prospectively 
assigned to preparative chemotherapy regimen 
alone or combined with 1200  cGy TBI.  The 
objective and complete clinical response rates 
were then measured after treatment. They found 
the addition of TBI increased the rate of treatment 
toxicity and the need for ICU admission. There 
was no statistically significant change in complete 
response (CR) rates (24% for both groups, 12/50 
vs. 12/51  in the TBI group) or overall survival 
(OS; median OS 38.2 months compared to 36.6 
months in the TBI group). Although patients who 
received TBI had a greater proportion of partial 
responses (PR; 19/38 patients) than those who did 
not receive TBI (11/22), the duration of response 
was significantly shorter (median response dura-
tion 21 months vs. 10 months for TBI group) [40].

 Selected Versus Unselected

In early clinical trials, TIL were “selected,” mean-
ing they were tested for antitumor recognition by 
coculture assays against autologous tumor or mel-
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anoma cell lines. It was only the cultures that dem-
onstrated antitumor reactivity that were selected 
for REP expansion and clinical use. Using this 
protocol, TIL cultures were selected for expansion 
if they demonstrate IFNγ production when cocul-
tured with the tumor target [45]. This additional 
selection requires additional time and prevented 
some patients from undergoing TIL therapy if the 
TIL cultures were unable to demonstrate adequate 
antitumor activity. Additionally, some patients did 
not receive treatment if rapid disease progression 
caused significant performance status decline dur-
ing the growth of the TILs (4–6 weeks) [46].

More recent literature suggests that TIL grown 
for a shorter culture period (“young TIL”) have 
characteristics (e.g., longer telomere lengths, and 
CD27+) associated with higher proliferative 
potential and higher rates of tumor regression 
[33]. These “unselected” TIL spend less time in 
culture (10–18 days), and have shown similar 
efficacy rates in in  vitro testing. This was con-
firmed in an initial pilot study of 33 patients, 
demonstrating a 58% objective tumor response 
rate [47]. Similar results have been achieved 
using these techniques at other institutions 
around the world [30, 38, 48].

 High-Dose Versus Low-Dose IL-2

Original protocols, and indeed, most ongoing trials 
in TIL therapy, involve the administration of high-
dose IL-2 to encourage T cell proliferation and per-
sistence following cell transfer. Studies have been 
published examining the feasibility of utilizing 
lower doses of IL-2. Results from a pilot study by 
Ellebaek et al. in 2012 demonstrated complete and 
durable responses in patients with metastatic mela-
noma using ACT in combination with IL-2 deliv-
ered by subcutaneous low-dose injections of 2MIU/
day [49]. The authors reported significantly reduced 
toxicity compared to the standard regimen.

 N-Acetyl Cysteine

Activation induced cell death (AICD) is triggered 
by repetitive stimulation of the TCR and is an 

important regulatory process in developing 
peripheral tolerance and limits T cell self- 
reactivity. AICD may have a significant detri-
mental impact on the persistence of T cells 
in vivo. N-Acetyl cysteine (NAC) promotes accu-
mulation of intracellular glutathione and has 
been demonstrated to increase the functional 
capacity and proliferative potential of T cells 
[50]. A recent publication by Scheffel et al. dem-
onstrated improved persistence of transferred T 
cells, reduced tumor growth, and improved sur-
vival in murine models with the addition of 
n-acetyl cysteine (NAC) to TIL cultures during 
ex vivo expansion [51].

 Limitations of TIL

The main limitations of TIL therapy to date relate 
principally to the technical expertise, labor inten-
sity, biological and manufacturing facilities 
required for TIL production, and safe delivery of 
therapy to patients. Even when TIL therapy is 
available in highly select centers, production is 
limited in scale due to a number of key practical 
issues in T cell culture and expansion [48].

Current REP T cell expansion methods require 
large numbers of irradiated feeder cells. These 
feeder cells may be provided from the autologous 
patient or from multiple donors. When these 
feeder cells are obtained from multiple donors, 
however, there may be significant variations in 
potency between donors. This may be due to dif-
ferences in co-stimulatory molecules present on 
individual T cells [48]. This, in turn, may impact 
the yield and quality of TIL for patient treatment. 
Currently, there is no commercially available 
standardized, artificial antigen presenting cell 
(APC) available for this use. There are several 
groups working on the development of such a 
product [52].

Obtaining TIL often requires an invasive pro-
cedure, with resection of accessible tumor. For 
patients who do not have an easily accessible 
tumor, such as a subcutaneous nodule or deposit, 
the complications of resection are potentially 
greater. Some studies have shown successful TIL 
generation, however, from smaller samples 
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obtained using core biopsy [53, 54]. However, in 
some cases, a biopsy may not be achieved safely 
depending on the location of the tumor deposit, 
e.g., retroperitoneum, mediastinum, and pelvis. 
Alternatively, the adequate expertise to access 
these lesions, such as that from interventional 
radiology, may not be available in some 
institutions.

TILs are unable to be cultured in a moderate 
proportion (10–15%) of patients with melanoma, 
which limits this technology to a subgroup of 
patients. In addition, TIL production may take 
6–8 weeks. During this time, patients may clini-
cally deteriorate and miss the window for optimal 
therapy. Indeed, one-third of patients selected for 
this therapy were unable to complete treatment in 
one study [28]. Processes to reduce the time of 
TIL in culture need to be optimized in order to 
reduce the rate of attrition due to disease progres-
sion. Techniques to improve T cell persistence 
following ACT also require further investigation 
as this has been positively correlated on retro-
spective studies with improved patient tumor 
response [55].

Most TIL therapies to date involve the admin-
istration of IL-2. However, many of the adverse 
effects seen in patients undergoing ACT is attrib-
uted to the high dose of IL-2 administered in con-
junction with current transfusion protocols. 
Several trials are investigating the clinical impact 
on performing ACT using low- and intermediate- 
dose IL-2, as well as other cytokines. Results to 
date have demonstrated reduced treatment toxic-
ity, while maintaining partial and complete 
patient tumor responses [56, 57]. As a result of 
these limitations, TIL therapy is currently not 
FDA approved, and is only available in a few 
institutions in a clinical trial setting.

 Predictors of Successful TIL Therapy

Initial protocols included identification, isola-
tion, and expansion of tumor-specific cells capa-
ble of killing patient tumor in vitro; however, this 
step is no longer required. Instead, unselected 
and expanded TIL populations are reinfused, 
with these T cells known as “young TIL” [38, 

58]. The omission of tumor-specific selection 
increased the number of patients eligible to 
receive this treatment, is clinically effective, and 
assists in reducing the time from resection to 
treatment. A reduced duration of TIL culture, as 
well as shorter doubling times, has been associ-
ated with improved tumor response rates [11]. 
Telomere length of TIL has also been demon-
strated to positively correlate with tumor regres-
sion [11, 59]. Similarly, the number of 
CD8+CD27+ cells infused is correlated with a 
strong antitumor response. Both telomere length 
and expression of CD27 are markers of less dif-
ferentiated cells [42].

The presence of regulatory T cells 
(CD4+CD25+ FOX3+) has been demonstrated to 
reduce the tumor response in ACT [11]. Attempts 
have been made to reduce the number of regula-
tory T cells infused, or improving the ratio of 
CD8+/T regulatory cells. Persistence of infused 
TIL in peripheral circulation at 1 month is 
highly correlated with a significant antitumor 
response [42]. Future directions of TIL therapy 
may be to combine treatment with checkpoint 
inhibitors to enhance T cell activation and 
increase tumor cell vulnerability to immune 
attack [60].

 T Cell Engineering and Tumor 
Antigen Directed Therapy

As mentioned above, melanoma tumor cells are 
highly immunogenic. Tumor cells may produce 
tumor-specific antigens due to genetic mutations, 
impaired transcription, protein processing, and 
presentation that provide potential targets for 
immune-based therapies. T lymphocytes may be 
modified to express a desired T cell receptor 
(TCR) that is capable of recognizing tumor- 
specific antigens. The process by which foreign 
DNA is introduced into a cell by using viral vec-
tors is known as transduction. These lymphocytes 
are isolated from a peripheral blood sample 
drawn from a patient, expanded ex  vivo, and 
transfused back into the patient.

Tumor antigens may be classified into five 
broad categories:
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 1. Tissue differentiation antigens, e.g., MART-1, 
gp100, CEA, CD19, tyrosinase

 2. Tumor-germline antigens, e.g., MAGE-1, 
NY-ESO-1

 3. Normal proteins overexpressed by cancer 
cells, e.g., hTERT, EGFR, mesothelin

 4. Viral proteins, e.g., HPV, EBV
 5. Tumor-specific mutated antigens, e.g., 

ERBB2IP [15], β-catenins

When designing a targeted therapy, the over-
arching purpose is to maximize tumor elimina-
tion, minimize collateral damage to immediate 
and systemic normal tissues, and induce a dura-
ble response. Ideally, targeted tumor antigens 
should be:

 1. Tumor specific, i.e., are only expressed by 
tumor cells and are not present on normal 
tissue

 2. Immunogenic, i.e., are capable of generating a 
T cell response

 3. High prevalence and level of expression on 
tumor cells [15]

As the initial hunt for tumor-specific antigens 
involved a disproportionate examination of mela-
noma tumors, many of the first antigens discov-
ered were associated with pigment production 
and other constituent proteins overexpressed in 
tumor cells. However, TCR therapy was associ-
ated with significant toxicity due to “on target off 
tumor” activity. This phenomenon describes side 
effects due to activity against normal cells which 
express the target antigen. Targeting antigens 
involved in pigmentation resulted in severe skin 
rash, depigmentation, uveitis, and hearing loss 
[61]. Similarly, targeting CEA (which is overex-
pressed in many epithelial tumor cells), resulted 
in off-tumor activity in CEA-expressing normal 
cells scattered along the gastrointestinal tract 
resulting in severe colitis for some patients [62].

Tumor germline antigens, also known as can-
cer testis antigens, are expressed by some tumor 
cells and male germ cells in testis, but are not 
expressed in adult somatic tissues [63]. Epitopes 
of these antigens are not recognized by T cells in 
the testis, as these cells do not express MHC class 

I molecules. Therefore, these antigens are poten-
tial targets in ACT as theoretically “on target off 
tumor activity” is obviated. Since the initial iden-
tification of MAGE-A1 (Melanoma-Associated 
Antigen A1), multiple other genes in this family 
have been recognized and are clustered into three 
genetic groups, MAGE-A, -B, and -C, with their 
expression restricted to germ cells and tumors 
[64].

NY-ESO-1 is a germline antigen expressed by 
10–50% of metastatic melanomas as well as 
other tumors including breast, prostate, thyroid, 
ovarian cancer, and up to 80% of synovial sarco-
mas. NY-ESO-1 was the first target for TCR- 
directed anticancer therapy to demonstrate 
antitumor activity in clinical trials. In a clinical 
trial using autologous T cells transduced with 
TCR directed against NY-ESO-1 in patients with 
metastatic melanoma or synovial sarcomas dem-
onstrated objective clinical responses in 5 of 11 
and 4 of 6 patients, respectively. In patients with 
metastatic melanoma, two patients demonstrated 
complete tumor response that persisted greater 
than 1 year. Unlike trials using T cells with 
MAGE-A, MART-1, and gp100 reactive TCRs, T 
cells with NY-ESO-1 directed TCR did not dem-
onstrate on target tissue toxicities [65].

Several clinical trials have been performed 
examining the clinical effects of TCR targeting 
the MAGE-A family of antigens. However, 
despite tumor germline antigens theoretically 
restricted in activity to tumor cells, caution is 
warranted. Of note, clinical trials using TCR 
directed against these antigens have revealed sig-
nificant side effects resulting from “on target off 
tumor” activity in tissues that was previously 
unrecognized to express these receptors [66]. In a 
clinical trial using a TCR-specific for MAGE-A3/
A9/A12, 5/9 patients developed tumor regres-
sion. However, three patients developed severe 
neurologic side effects resulting in the death of 
two patients from previously unrecognized 
expression of MAGE-A12 in the brain [67]. In a 
second phase I clinical trial, patients were treated 
with a TCR targeting MAGE-A3 for melanoma 
or multiple myeloma, resulting in patient 
deaths from cardiotoxicity due to cross reactiv-
ity with the muscle protein titin [68]. These 
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cases highlight an important note of caution 
when implementing TCR directed therapies, as 
these side effects can be difficult to predict prior 
to clinical trials and may have severe conse-
quences for patients [66].

Oncogenic viruses are responsible for approx-
imately 15% of the worlds’ cancer burden. 
Oncogenic viruses may act directly (e.g., HPV, 
EBV, human herpesvirus 8, human T-cell leuke-
mia virus, and merkel polyoma virus), or indi-
rectly by producing chronic inflammatory state 
that may lead to tumorigenesis (e.g., hepatitis B 
and C) [69]. T cells specific for EBV have dem-
onstrated complete tumor regressions in patients 
with nasopharyngeal tumors and lymphoma 
associated with EBV [70, 71]. There are no 
known associated viral targets in melanoma and 
therefore this strategy will not be discussed here 
further.

 Limitations of TCR Therapy

TCR therapy with tumor directed antigens is an 
appealing form of immune-based cancer treat-
ment. It has many cases of clinical success to date, 
however, it is not without significant limitations. 
In addition to the hurdles outlined above, TCR 
directed therapy relies on MHC presentation of 
antigen by tumor cells. Many tumors evade 
immune recognition by downregulating expres-
sion of MHC. A mis-pairing between endogenous 
and transduced TCRs has also been described, 
which may result in potential self- reactive TCRs 
[72]. There are also questions regarding the safety 
of retroviral transduction that have the potential to 
insert and enhance dormant oncogenes. They can 
also cause “off target on tumor” activity that 
results in tissue destruction when TCR targets are 
present in normal tissue or cross-react with other 
antigens as outlined above [63].

 Chimeric T Cell Therapy

A chimeric antigen receptor (CAR) is a geneti-
cally engineered construct that combines the 
extracellular antigen binding domain with the 

intracellular signalling portion of a TCR (CD3ζ) 
and one or more co-stimulatory domains [45]. 
The “first generation” CARs linked CD3ζ or Fcγ 
signalling domains to the scFv recognizing tumor 
antigen. Second generation (incorporating CD28 
or 4-1BB signalling domains) and third genera-
tion CARs (including additional CD28, 4-1BB, 
and/or OX-40) have subsequently been devel-
oped. These have all resulted in improvements in 
T cell proliferation, persistence, and cytokine/
cytolytic function in vivo [73].

Although TCR-transduced T cells obtained 
from peripheral blood mitigates many of the limi-
tations and risks of ACT associated with using 
TILs, this technique also has significant limita-
tions. In particular, these T cells remain HLA- 
restricted. This means that the TCR is only 
activated when it recognizes non-self (MHC 
class I) or when it recognizes an antigen pre-
sented by the antigen presenting cell (APC) with 
the appropriate co-stimulation molecules (MHC 
class II). Many tumors may exploit this by down-
regulating or eliminating MHC expression, or 
produce inhibitory molecules which, in turn, fail 
to provide the necessary co-stimulation required 
to incite a response [10, 11, 74].

In contrast, CAR are not HLA-restricted and 
do not require an APC consort with additional co- 
stimulation to produce an effective T cell 
response. CARs are able to not only target pro-
tein antigens, but also carbohydrate and lipid 
antigens, as well as other antigens that may be 
recognized by an antibody [63, 75]. CARs are, 
however, restricted to extracellular antigens and 
cannot induce a response to intracellular pro-
cessed TCR antigens including MAGE and 
NY-ESO-1 tumor antigens [10, 76]. Monoclonal 
antibody therapies require a threshold of tumor 
antigen expression to be effective. In contrast, 
CAR T cells have demonstrated effective recog-
nition and effector functions against antigens at 
low levels. This is because the avidity of the 
receptor can be modified and is greater than the 
avidity of a bivalent antibody. This has been dem-
onstrated in osteosarcoma where the antigen, 
HER2, is expressed on up to 60% of tumors. This 
receptor is present at lower levels in other can-
cers, such as breast cancer, resulting in limited 
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activity against HER2 directed monoclonal anti-
body therapies (such as trastuzumab). In contrast, 
CAR T cells directed against HER2 have shown 
significant activity against sarcoma cell lines 
in vitro [77].

CAR T cells have shown significant clinical 
success in hematological malignancies, such as 
lymphoma, leukemia and multiple myeloma. The 
most impressive clinical response rates to date 
have been in CAR targeting CD19, a protein 
expressed in most B cell malignancies, with some 
studies demonstrating complete remission rates 
of 50–90% [45, 78]. To date, success using this 
technology has been somewhat limited in solid 
malignancies. This is thought to be due to the 
interplay with the immunosuppressive tumor 
microenvironment, such as cytokine secretion, T 
cell trafficking to the tumor, inhibitory signals 
from other T cells and myeloid-derived suppres-
sor cells [45, 73, 79]. Strategies to improve 
CAR therapy outcome include modifying T 
cells to express tumor-specific chemokine 
receptors, combining CAR therapy with anti-
angiogenic agents and reducing T regulatory 
cells by combining CAR therapy with precondi-
tioning lymphodepleting chemotherapy. 
Additionally, the combination of CAR T cells 
with checkpoint blockade with anti-CTLA-4 or 
PD-1 inhibitors is being examined in several 
clinical trials [45, 76, 80, 81].

Significant concerns were raised following the 
death of a patient treated with CAR T cells spe-
cific for HER2 antigen. This patient received 
non-myeloablative preconditioning chemother-
apy followed by an intravenous infusion of 1010 
autologous T cells transduced with a third gen-
eration CAR (containing CD28, 4-1BB, and 
CD3ζ signalling domains) and given in combina-
tion with IL-2. This patient developed severe 
respiratory distress within 15  min of receiving 
this infusion and despite aggressive resuscitation 
and supportive therapy the patient died 5 days 
later. Serum samples demonstrated high levels of 
inflammatory cytokines (IFNγ, GM-CSF, TNFα, 
IL-6, and IL-10) consistent with a cytokine storm. 
Authors speculated that this result was possibly 
due to the recognition of low levels of ERBB2 on 
lung epithelium [82].

A recent phase I/II clinical trial was conducted 
examining CAR T cell therapy directed against 
HER2 in patients with sarcoma. There was a total 
of 19 patients (16 with osteosarcoma, 1 with 
Ewing sarcoma, 1 with a primitive neuroectoder-
mal tumor and 1 with desmoplastic small round 
cell tumor) with HER2 positive tumors treated 
with a dose-escalating protocol of T cells trans-
duced with a second generation HER2-CAR. 
Four patients had stable disease for at least 3–14 
months, with a median overall survival of 10.3 
months (5.1–29.1 months). HER2-CAR T cells 
were detected 6 weeks post-infusion in 7/9 
patients who received greater than 1  ×  106/m2 
HER 2-CAR T cells, demonstrating persistence. 
Adverse effects were minimal, with only one 
patient on the highest dose of T cell infusion 
developed fever within 12 h of T cell infusion. 
This study demonstrates a safe dose of HER2- 
CAR T cells can be given to patients with can-
cer, and these cells demonstrate persistence 
in vivo [83].

 Future of Adoptive Cell Therapy 
in Melanoma

In the modern era, there is an abundance of treat-
ment options for patients with metastatic mela-
noma. The complexity of ACT and its limited 
accessibility to specialized melanoma centers has 
meant that its place in the therapeutic algorithm 
for patients with metastatic melanoma is not 
clearly defined. Future studies to better under-
stand the patient subgroup who are most likely to 
respond, as well as to define the response rates in 
patients who have progressed following check-
point inhibitor immunotherapy, are essential.

Furthermore, currently available methods of 
TIL culture involve open culture techniques 
requiring small cultures in plates, until estab-
lished populations of TIL are transferred into 
flasks or bags for population expansion. This 
process often requires large volumes of media, 
multiple steps in handling with concomitant 
risks of contamination. It also requires highly 
skilled technicians and is time, space, and labor 
intensive. If this process can be transformed 
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using closed system techniques and automated, 
it may better comply with regulatory require-
ments. This, in turn, may facilitate steps towards 
FDA approval, becoming more amenable to 
large- scale commercial production [48]. 
Several new devices are now available for T 
cell culture, such as the WAVE™ bioreactor 
(GE Healthcare) and G-REX rapid cell expan-
sion systems, which may aid the transition to a 
commercially feasible large-scale manufactur-
ing process [84, 85].

We still have many unanswered questions 
regarding optimal patient selection, despite many 
successes. Although the use of ACT is quite com-
plex and costly, it offers a very effective thera-
peutic option for patients with metastatic 
melanoma, with among the highest rates of long- 
term disease control. As the tumor-immune inter-
face becomes better understood, the combination 
of ACT with other immune therapies may be the 
key to increase the proportion of patients who 
benefit from these personalized therapies.
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 Introduction

Melanoma results from the malignant transfor-
mation of the melanocyte. This pigment produc-
ing cell, derived from the neural crest, resides in 
the epidermal–dermal junction in the skin but 
also in the eyes, mucous membranes, and a broad 
range of other tissues [1]. Over the last few years, 
it has been appreciated that the development of 
melanoma is often accompanied by an immune 
response [2]. Metastatic melanoma is currently 
treated and managed with two basic strategies. 
The first consists of targeting the oncogenic 
mutations driving tumor genesis [3]. The second, 
which is the subject of this chapter, is to exploit 
the immune system to control and eliminate the 
cancer.

 Exploiting the Immune Response 
for Cancer Therapy

While we think of immunotherapy as a recent 
advance in medicine, the immune response has 
been exploited to treat cancer since ancient times. 
As early as 2600 B.C., the pharaoh Imhotep had 
court physicians apply a poultice followed by 
incision to treat a tumor he had developed. The 
idea of using infection to treat superficial tumors 
was common in the eighteenth and nineteenth 
centuries in Europe [4]. Indeed, the French physi-
cian, Dussosoy, published an observation that 
infection resulted in the disappearance of a breast 
cancer. The small pox vaccine (which may have 
previously been discovered in China) developed 
by Edward Jenner in 1796 brought immunother-
apy to the forefront of modern medicine. 
William Coley, a New  York surgeon who is 
considered the founder of modern cancer 
immunotherapy, published his experiments 
regarding surgical infection and bacterial inoc-
ulation resulting in regression of cancer in the 
late nineteenth century [5].

With the development of chemotherapy in 
the 1930s and the eventual success of chemo-
therapy for some cancers in the 1950s and 
1960s, immunotherapy took a backseat during 
this time period. In 1957, Isaacs and 
Lindemann purified a protein from virally 
infected cells which appeared to “interfere” 
with, and prevent, subsequent viral infection 
[6]. This protein was called “interferon” and 
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subsequently tested in clinical trials of  cancer 
patients with moderate success. In 1982, 
Steven Rosenberg and coworkers at the 
Surgery branch of the NCI developed “lym-
phocyte activated killer” (LAK) cell therapy, 
which consisted of tumor lymphocytes grown 
in the lab, and transplanted back into patients 
with cancer, producing clinical regression of 
tumors and occasionally complete regression 
of all metastatic disease [7]. The Surgery 
branch also pioneered the therapeutic use of 
the cytokine, interleukin-2, for metastatic mel-
anoma, also capable of inducing a long lasting, 
and sometimes, complete, tumor regression in 
a select group of treated patients [8].

More recently, a major advance was the dis-
covery of the cytotoxic lymphocyte antigen-4 
(CTLA-4) by Golstein and colleagues in France 
[9], followed by the demonstration by James 
Allison that inhibiting CTLA-4 resulted in 
regression of tumor in mice models [10–12]. This 
CTLA-4 antibody was eventually developed 
commercially by Bristol-Myers and was eventu-
ally approved for treatment in the USA in 2009 
[13–15]. The concept of “taking off the brakes,” 
or of inhibiting checkpoints that normally hold 
back the immune response, received an even big-
ger boost when the PD-1 protein was discovered 
in Japan by Tasuku Honjo and colleagues 
[16–18].

The first anti-PD-1 clinical trial showed 
impressive clinical responses in cancers that 
were generally considered to be responsive to 
immune therapy, such as melanoma and renal 
cell cancer. There were also other cancer types 
that were responsive to anti-PD-1 therapy, such 
as head and neck and lung cancer, not previ-
ously considered to be immune responsive [19–
21]. There has much work over the last 2 decades 
that have definitively shown a pre-existing 
immune response that can be exploited thera-
peutically [22]. In other cancers that are associ-
ated with a weaker immune response, 
intratumoral therapy and other agents that might 
initiate an immune response could result in the 
specific activation of cytotoxic T-cells capable 
of becoming “unblocked” by immune check-
point inhibitors.

 The Immune System in Cancer

It is established that the host immune system 
plays a major role in controlling cancer, actively 
deleting and inhibiting the growth of cancer cells. 
This process has been called immunoediting, 
resulting in specific patterns of immune escape 
[23–26]. The immune system is composed of two 
major arms that are separated evolutionarily by 
millions of years [27]. The first arm of the 
immune system is the innate arm, which mobi-
lizes rapidly in response to foreign microbes, 
viruses, and even cancer cells. This arm is com-
prised of macrophages, neutrophils, dendritic 
cells, and natural killer (NK) cells.

The second arm of the human immune system 
is the adaptive arm, responding specifically to a 
foreign invader with the proliferation of T-cells or 
by producing specific antibodies by our B-cells. 
It is currently thought that the release of tumor 
antigens upon cell death (apoptosis) or cell turn-
over are endocytosed by antigen presenting cells 
(APCs). The APCs then mature and migrate to 
the regional lymph nodes, expressing the tumor 
antigens on their cell surface in an MHC- 
restricted fashion. This, along with other co- 
stimulatory signals, provides the necessary 
presentation to naïve T-cells to properly and spe-
cifically recognize the tumor antigens, resulting 
in T-cell activation and proliferation.

A portion of this process is thought to be stim-
ulated by the CTLA-4 antagonist, ipilimumab 
[28]. The activated T-cell then migrates to the 
tumor and upon antigen recognition, releases 
interferon, perforins, granzymes, and other cyto-
lytic substances that either damage or destroy the 
cancer cell. Cancer cells can escape this attack by 
exploiting a variety of pathways, including the 
expression of the ligand for PD-1 (PDL-1), 
indoleamine deoxygenase (IDO), production of 
arginase and the loss of MHC class-1 molecules 
necessary for proper T-cell recognition [29]. In 
addition, the stroma surrounding the tumor 
microenvironment can adopt an immunosuppres-
sive milieu, resulting in a diminished and sup-
pressed immune response. This is partially 
caused by polarizing macrophages and APCs 
towards a suppressive phenotype, better known 
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as a myeloid-derived suppressor cell (MDSC) 
[30–32]. Additionally, tumors actively utilize 
glucose and produce lactate which are also 
thought to be immune suppressive [33].

The status of the tumor microenvironment can 
be profiled utilizing a variety of laboratory tech-
niques. The simplest and most widely used tech-
nique is immunohistochemistry (IHC) for the 
PDL-1 protein. This was first used in the initial 
clinical trials of PD-1 and shown to correlate 
with the response rate to therapy with an anti- 
PD- 1 antibody [19]. The adaptive immune 
response can also be measured by IHC staining 
for CD3, CD4, CD8 T-cells, as well as NK cells, 
macrophages, and APCs [34, 35]. Recently, more 
sophisticated techniques allow for multiplex 
staining and fusion of images that can give a 
more detailed insight into the tumor microenvi-
ronment. A powerful technique used in many 
immunology laboratories is flow cytometry, 
which gives a very detailed picture of the func-
tional status of T-cells and myeloid cells both 
within the tumor and peripheral blood [36–38].

 Immunotherapy for Metastatic 
Melanoma

At present, immunotherapy forms the backbone 
of therapy for metastatic melanoma. For many 
years, it has been recognized that many mela-
noma tumors have immune infiltrates and occa-
sionally subject to spontaneous remissions. Some 
of the earliest immunotherapies, such as 
interferon- gamma and interleukin-2, were shown 
to have modest clinical activity which results in 
their FDA approval for use in advanced mela-
noma. However, the last decade has shown us 
that the use of immune checkpoint blockade has 
significantly changed our paradigm of treatment 
options.

 Checkpoint Inhibitors: Anti-CTLA4

The CTLA-4 protein, present on the surface of 
both CD4+ and CD8+ lymphocytes (as well as on 
suppressive regulatory T-cells, T-regs), is a criti-

cal negative regulator of immune activation [10–
12, 28]. It prevents T-cell co-stimulation by the 
CD28 protein, required for T-cell activation, 
along with T-cell receptor binding with APCs in 
an MHC-restricted fashion. The inhibition of 
CTLA-4 therefore drives co-stimulation, and in 
effect, increases T-cell activation by engaging 
naïve T-cells circulating through the lymph 
nodes. Early trials examining the efficacy of the 
CTLA-4 antibody, ipilimumab, showed signifi-
cant activity of this antibody in melanoma, as 
well as several other types of cancer [39]. 
Tremelimumab, developed by Pfizer, showed 
similar activity and confirmed the importance of 
this therapeutic target.

A pivotal Phase III trial of ipilimumab com-
pared to a vaccine, gp100, as well as a combina-
tion of ipilimumab and gp100 showed that 
ipilimumab was superior to gp100 alone. Of 
importance, it also showed a longer overall sur-
vival of those patients treated with ipilimumab, 
confirming its benefit in melanoma. This trial 
also illustrates an important advantage of 
immunotherapy, showing its durability of ben-
efit, previously exhibited with high-dose inter-
leukin-2 and adoptive lymphocyte therapy, and 
so far appears to be true of checkpoint blockade 
as well [13].

Given the emergence of clinical trials that 
examine the targeting of the CTLA-4 pathway, 
the toxicity and adverse event profile sustained 
by patients exhibit a unique profile of immune- 
related adverse events (irAEs) in patients receiv-
ing ipilimumab at both the 3 and 10 mg/kg doses. 
In the phase 3 study of ipilimumab administered 
alone, or with gp100 (NCT00094653), approxi-
mately 60% of patients treated with ipilimumab 
alone exhibited irAEs, with a frequency of 
10–15% of patients exhibiting grade 3 or 4 
irAEs [13]. The immune-related AEs of anti-
CTLA-4 therapies largely target the skin and 
gastrointestinal tract, but may range from mild 
to moderate side effects including rash, with the 
possibility of progressing to more severe side 
effects.

The most common side effect seen with 
patients treated with ipilimumab was diarrhea 
(warranting the administration of corticosteroids 
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and or infliximab for resolution). Furthermore, 
dermatitis, colitis, and immune-related hypophy-
sitis, hepatitis, pancreatitis, irodocyclitis, lymph-
adenopathy, neuropathies, and nephritis irAEs 
were reported with anti-CTLA-4 therapies [40]. 
Additionally, residual adverse events after treat-
ment discontinuation have also been reported, 
including vitiligo, diarrhea, colitis, and endocrine 
irAEs that required hormone replacement ther-
apy [13]. With this profile of immune-related tox-
icities, along with the increased propensity of 
patients to develop high-grade irAEs, providers 
administering anti-CTLA-4 therapies should 
closely monitor patients during each cycle of 
therapy, and beyond.

 Checkpoint Inhibitors: Anti-PD-1

While PD-1/PDL-1 antibodies are referred to as 
checkpoint inhibitors along with anti-CTLA-4 
antibodies, their mechanism of action is very dif-
ferent [41]. When activated effector T-cells 
attempt to kill cancer cells, they adaptively 
upregulate PDL-1 on their surface in an 
interferon- gamma dependent way. PDL-1 can 
bind to the PD-1 protein on the surface of T-cells 
and reduces their killing capacity. This downreg-
ulation of effector lymphocytes may be prevented 
by the use of PD-1/PDL-1 antibodies. The very 
first Phase I trial of the PD-1 antibody, nivolumab, 
showed an impressive response rate to treatment 
of patients with metastatic melanoma [42]. A sec-
ond PD-1 antibody, pembrolizumab, also showed 
a remarkable degree of activity in a similar group 
of patients [43]. Both of these agents showed 
objective response rates in patients with mela-
noma of 20–40%, with a much lower frequency 
of grade 3–4 adverse events compared to ipilim-
umab (10–15%) [21, 43]. Subsequent phase III 
trials showed a durable clinical benefit with 
improved ORR, OFS, and OS from both pembro-
lizumab and nivolumab administered as first-line 
therapies when compared to ipilimumab 
(KEYNOTE-006 [44], CheckMate 067 trials 
[45], respectively) or to chemotherapy (Keynote 
002) [43, 46–49].

In addition to the durable clinic benefit seen 
with anti-PD-1 therapies, the minimal adverse 
event profile compared to anti-CTLA4 therapies 
propelled the favorability of anti-PD1 therapies 
further. In a comparison between anti-PD1 ther-
apy with pembrolizumab compared to anti- 
CTLA4 therapy with ipilimumab, 10.1% of 
patients receiving pembrolizumab every 3 weeks 
(which is the current standard of care regimen) 
experienced grade 3 to 5 adverse events, com-
pared to 19.9% of patients receiving ipilimumab. 
Furthermore, the rate of permanent discontinua-
tion of study drug due to treatment-related 
adverse events was lower in the pembrolizumab- 
treated groups, compared to those who received 
ipilimumab (6.9% vs. 9.4%, respectively). The 
most common adverse events among patients 
treated with pembrolizumab included fatigue, 
diarrhea, rash, and pruritis. The most common 
immune irAEs observed among patients receiv-
ing pembrolizumab were hypothyroidism, hyper-
thyroidism, colitis, and hepatitis. In comparing 
the two treatment groups, hypothyroidism and 
hyperthyroidism were more frequently seen in 
the pembrolizumab-treated group, compared to 
colitis and hypophysitis within the ipilimumab- 
treated group [44].

 Checkpoint Inhibitors: Combination 
Therapies and Beyond

Given the antitumor activity seen with anti- 
CTLA4 and anti-PD1 agents as single agents, it 
made intuitive sense to next explore these agents 
in combination. Preclinical experiments con-
firmed that these agents were additive and possi-
bly synergistic when given together or 
sequentially. The Phase I trial of this combination 
confirmed the higher rates of clinical activity of 
this combination, but also revealed a much higher 
rate of toxicity, with grade 3–4 adverse events 
noted in 55% of patients [50]. A phase III trial 
examining the combination of ipilimumab and 
nivolumab was rapidly launched, comparing the 
combination to ipilimumab alone or to nivolumab 
alone (CheckMate 067) [45]. In this trial, recently 
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updated, the ipilimumab and nivolumab arm con-
tinues to outperform nivolumab, with both of the 
PD-1 arms showing a greater response rate when 
compared to ipilimumab alone. While the clinical 
benefits of objective response rates and 
progression- free survival has been clear, it comes 
with the cost to the patient of a higher degree of 
overall toxicity. Thus, efforts are underway to 
further identify those patients who will benefit 
the most from combination therapy, while eluci-
dating if there is a subgroup of patients who will 
do just as well with PD-1 monotherapy.

Of note, combination therapies have exhibited 
an increased toxicity profile compared to that seen 
with monotherapy. In a phase 3 study (CheckMate 
067, NCT01844505), treatment- related adverse 
events of any grade were reported in 95.5% of 
patients treated with nivolumab and ipilimumab, 
compared to 82.1% in the nivolumab alone group 
and 86.2% in the ipilimumab alone cohort. The 
most common adverse events reported in the com-
bination therapy cohort were diarrhea, fatigue, 
and pruritus. Furthermore, grade 3, 4, or higher 
treatment-related adverse events occurred at a 
higher rate in the nivolumab- plus- ipilimumab-
treated group (55.0%), versus the nivolumab 
alone (16.3%) and ipilimumab alone cohorts 
(27.3%). The most frequent treatment- related 
adverse events (grade 3 or 4) were diarrhea, coli-
tis, and increased alanine aminotransferase levels. 
Given this, while the increased propensity for 
adverse events in the combination therapy group 
need to be closely monitored and managed, many 
of the select adverse events were modulated with 
the utilization of immune-modulatory agents, 
such as corticosteroids [45].

Other checkpoint inhibitors are being actively 
explored in the clinic and research laboratory. 
The inhibitory checkpoints TIM-3 and LAG-3 
have a similar cell biology compared to PD-1, 
also expressed on CD8 T-cells. Antibodies to 
either protein have been generated and promising 
clinical data has been presented. A combination 
of LAG-3 and PD-1 antibody in melanoma 
appears to rescue some patients who have pro-
gressed on PD-1 alone or PD-1 combination ther-
apy. The T-cell stimulatory proteins, OX-40 and 

4-1BB can also be targeted by agonist antibodies 
and these agonist antibodies have also been tested 
in the clinic in Phase I trials with some efficacy. 
At present efforts are underway to combine these 
with PD-1 antibodies and to determine their 
spectrum of activity.

 Indoleamine Deoxygenase (IDO) 
and Kynurenine

Many other potential mechanisms of tumor immu-
nosuppression are exploited by several tumor 
types, including melanoma. One such mechanism 
that is moving to the center stage is the IDO path-
way. The enzymes, IDO and tryptophan deoxy-
genase (TDO), convert tryptophan into kynurenine, 
which is an essential nutrient and stimulant for 
T-cells [51]. Kynurenine is an agonist of the aryl 
hydrocarbon receptor (AHR), identified as having 
a marked immune suppressive effect upon T-cells 
and APCs. It also has a stimulatory effect upon 
T-reg cells [52–55]. Many tumors, including mela-
noma, appear to increase the expression of IDO in 
response to T-cell infiltration. This increased IDO 
expression can be inhibited by enzymatic inhibi-
tors. One of the first enzymatic inhibitors, epic-
adostat, has been explored in Phase I trials as a 
single agent. It showed minimal clinical when 
administered alone, however, in combination with 
either pembrolizumab or nivolumab, shows 
marked activity with objective responses in ~60% 
of patients treated.

In the preliminary reports of a small (N = 11 
patients) Phase I/II trial of epicadostat 
(incb024360) in combination with pembroli-
zumab, the ORR was 57%, with a disease control 
rate (DCR) of 86% and which included two com-
plete responders (CR) [56]. The most common 
adverse events of all grades were fatigue, diar-
rhea, rash, arthralgia, and nausea (majority were 
grade 1 or 2). The most commonly reported 
irAEs (grade 3 or above) were mucosal inflam-
mation and rash. Unlike the combination of ipili-
mumab and nivolumab, the IDO/PD-1 
combination does not appear to have as high an 
incidence of grade 3 or 4 toxicity.
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 Intratumoral Immunotherapy

While most of the immunotherapy agents dis-
cussed so far have been administered systemi-
cally, local immunotherapy approaches have a 
long history, as noted in the introduction. The 
advantage to the local delivery of immunother-
apy directly to the tumor is that such agents can 
be delivered directly into the tumor microenvi-
ronment. This, in turn, may result in the maximal 
activation of the local immune response as well 
as minimizing the systemic toxicity that is seen 
with other agents. For example, systemic inter-
leukin- 12 (IL-12) is quite toxic when delivered 
intravenously, while intratumoral administration 
is noted to have minimal systemic side effects 
and a much higher overall antitumor response 
[57, 58]. In a phase II trial (OMS-I100), electro-
poration of a plasmid vector containing the full 
length IL-12 gene (pIL-12) in patients with stage 
IIIB-IV melanoma, regression of at least one 
non-treated lesion was seen in 54% of patients 
(13/24). The best overall response rate, as mea-
sured by RECIST criteria in 29 evaluable patients, 
was 31%, with 10% of patients achieving a com-
plete response to therapy. The most common AEs 
reported were grade 1 or 2 pain at treatment site, 
with a single patient reporting grade 3 pain at the 
injection site. No grade 4 or higher AEs were 
reported [57]. Successful tumor regression and 
tolerable safety profiles of the intratumoral pIL- 
12 therapy suggests a tolerable and viable treat-
ment option given as a monotherapy for patients 
with stage IIIB-IV melanoma. Furthermore, the 
induction of antitumor immune-related events 
presents the possibility of combining such an 
intratumoral approach with other systemic immu-
notherapies, such as with anti-PD1/PD-L1.

Continuing the groundbreaking work previ-
ously performed by Coley and others, a disabled 
virus with a granulocyte macrophage colony stim-
ulating factor (GM-CSF) expression cassette, tali-
mogene laherparepvec (T-VEC) has been tested 
intratumorally in melanoma patients. This 
approach was found to have significant activity, 
producing objective responses in both injected 
and non-injected melanoma lesions [59]. 
Following the single arm phase II trial, a phase III 

trial was carried out comparing T-VEC to subcu-
taneous GM-CSF alone. In this trial, progression- 
free survival was significantly longer compared to 
GM-CSF alone, with the OS trending toward 
improvement, but not found to be statistically sig-
nificant in this study. In the phase III trial compar-
ing T-VEC to GM-CSF in patients with unresected 
stage IIIB to IV melanoma, the most common 
AEs seen with T-VEC therapy were chills, fatigue, 
and pyrexia. No fatal treatment-related AEs were 
incurred, and the only grade 3–4 AE in more than 
2% of T-VEC- treated patients was reported as 
colitis [60–62]. Given this, intratumoral therapy 
remains a viable and reasonable therapy for con-
sideration, expanding the reach of patients to 
those with unresectable stage IIIB melanomas.

 Adjuvant or Preventive Postsurgical 
Immunotherapy

It has been recognized for several decades that 
surgical resection of regionally advanced mela-
noma is often followed by either a local or sys-
temic recurrence months, or even years, later. The 
use of interferon, a cytokine produced by the 
immune system and subsequently cloned and 
tested in humans, was explored in three major 
prospective randomized clinical trials [63]. The 
first, the ECOG 1684 trial randomized patients 
with high-risk node negative or node positive mel-
anoma to either high dose interferon or observa-
tion alone. In this trial, the interferon arm was 
associated with a benefit in relapse-free survival 
(RFS) and overall survival (OS) [64]. The next 
trial, ECOG 1690 had three arms, two of which 
had interferon. Surprisingly, this trial failed to 
confirm the benefit of interferon in improving OS 
[65]. The next ECOG trial, 1694, showed a benefit 
of interferon in both RFS and OS, but the control 
arm here was the GMK vaccine, found to actually 
result in a worse outcome in this group of patients. 
Overall, it appears from a large meta- analysis of 
these and other interferon clinical trials that there 
is a benefit in RFS, with perhaps a modest benefit 
in OS, although much of this putative benefit lies 
within the interpretation of the data from the sum 
of the ECOG clinical trials [66].
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Multiple trials have examined the utility and 
efficacy of so-called melanoma “vaccines,” 
including killed, whole-cell, and melanoma 
lysate vaccines [67]. Unfortunately, none of them 
have shown clinical activity, with several possi-
ble reasons and conjecture as to their lack of ben-
efit in patients with advanced melanoma. 
Although unclear, it appears that the presence of 
tumor antigens alone may not be sufficient for the 
full activation of the host immune system [68].

The discovery of the CTLA-4 protein, along 
with the development of a blocking antibody, ipi-
limumab, has led to several clinical trials in the 
adjuvant setting for patients with resected stage 3 
disease. One of these trials, conducted by the 
EORTC, randomized 951 high-risk, node posi-
tive melanoma patients to either ipilimumab at a 
high 10 mg/kg dose level or to placebo [69]. This 
trial, with a recent update, showed a benefit in 
both RFS (26.1 vs. 17.1 months) and OS (add 
data here). The ipilimumab arm was associated 
with treatment-related deaths (1%) as well as a 
high (54%) incidence of serious or life- 
threatening toxicity. A more recent study, con-
ducted by ECOG, showed that a lower ipilimumab 
dose of 3 mg/kg had similar clinical activity and 
better tolerability compared to the higher 10 mg/
kg dose.

Recently, the PD-1 antibody, nivolumab, was 
compared to ipilimumab in a group of high-risk 
melanoma patients who had undergone complete 
resection [70]. The trial showed a marked benefit 
in RFS, with a notable lower incidence of grade 
3–4 side effects (14.4 vs. 45.9%) for the nivolumab 
arm. Based on this trial, it is very likely that PD-1 
antibodies will become the new standard first-line 
treatment for high-risk, resected patients with 
melanoma, replacing ipilimumab.

 Biomarkers to Target 
Immunotherapy

The tumor microenvironment clearly determines 
the response to immunotherapy. Given the 
numerous treatment options, biomarkers of 
response to treatment have become increasingly 
important to elucidate the genetic, molecular and 

immune cell marker composition of metastatic 
melanoma tumors.

Several biomarkers have been proposed as 
candidates to help guide future clinical decision- 
making by optimizing options for frontline or 
second-line therapies. Several biomarkers are 
actively being studied as primary or secondary 
endpoints of ongoing clinical trials, including 
PD-L1 tumor expression, T-cell receptor (TCR) 
sequencing and peripheral blood markers [71].

PD-L1 IHC assays have been approved for use 
as complementary diagnostic tests in melanoma 
[3], yet the PD-L1 tumor positivity threshold 
requires further standardization among the differ-
ent antibodies currently in use. For example, 
KEYNOTE-066 utilizes the Merck 22C3 anti-
body and denotes positive PD-L1 staining as 
≥1% of cancer cells. Given this, 80.5% of patients 
in the study had PD-L1 positive tumors [44]. 
Conversely, the Checkmate 067 study showed a 
different level of PD-L1 tumor expression, per-
formed using the Bristol-Meyers Squibb Dako 
28–8 antibody, with a positivity threshold of 
a ≥ 5% PD-L1 staining in ≥100 evaluable cancer 
cells. Here, 23.6% of patients in this study had 
PD-L1 positive tumors [45]. Given the variation 
in positivity between the two assays, PD-L1 
tumor expression requires further research and 
standardization prior to its use as a sole predictor 
of response to monotherapy with anti-PD1 
therapies.

Another active area of biomarker research lies 
in examining the tumor microenvironment. This 
provides a potent source of biomarkers that may 
help elucidate the optimal therapies given the 
tumor immune cell landscape. The microenviron-
ment also serves as a predictor of response to 
immunotherapy in the metastatic melanoma 
setting.

The presence of cells within the tumor micro-
environment expressing CD8, PD-1, and/or 
PD-L1 at the tumor invasive margin using IHC, 
together with TCR sequencing, has been pro-
posed as a biomarker assay to elucidate the 
responsiveness of patients to anti-PD1 monother-
apy. Tumor biopsies taken prior to anti-PD-1 
treatment with high CD8 and PD-1/PD-L1 
expression correlated to increased responsiveness 
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to therapy, as well as a more clonal TCR reper-
toire [3].

Additionally, quantification of immune cell 
markers in the tumor microenvironment using 
FACS may provide another valuable biomarker 
to predict response to immunotherapies. Prior to 
anti-PD-1 treatment initiation, the presence of 
CD8+/CTLA4+/PD1+ tumor infiltrating lym-
phocytes (TILs) within the tumor microenviron-
ment strongly correlated with an increased 
response rate (CR and PR) and PFS to anti-PD-1 
monotherapy. A relative abundance of CD8+/
CTLA4+/PD1+ TILs was significantly correlated 
with favorable responses (CR or PR) to anti-PD1 
monotherapy, whereas those patients with CD8+/
CTLA4+/PD1+ TIL counts below a relative 
abundance threshold of 20% were less likely to 
respond to anti-PD-1 monotherapy.[37]. 
Furthermore, those with a relatively low overall 
percentage of CD8+/CTLA4+/PD1+ TILs may 
derive clinical benefit from combination immu-
notherapy of nivolumab/ipilimumab [72].

Given this, the increased utilization of bio-
markers will remain crucial in guiding clinical 
decision making, both in the first- and second- 
line therapy setting. For now, the propensity of 
various patients to exhibit debilitating adverse 
events, the varying dosing schedules and the 
emerging combinations of treatments remain at 
the forefront of tailoring clinical decision mak-
ing. Further research and clinical trials are 
required to ascertain the efficacy of various treat-
ment algorithms, coupled with biomarker pro-
files to identify the optimal treatment regimen for 
each individualized patient.

 Conclusion
While the immune system is a very complex 
and multifaceted system, our improved under-
standing of the host immune system in 
response to cancer has allowed for the devel-
opment of effective immunotherapies capable 
of producing long lasting responses to therapy. 
This durability of response is unique to immu-
notherapy and offers a compelling advantage 
to patients. In the years to come, we anticipate 
continuing advances and in using the lessons 
learned with melanoma in other diseases.
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Immune-Related Adverse 
Toxicities and Clinical 
Management

Michael Constantin Kirchberger 
and Lucie Heinzerling

Immunoregulatory molecules such as cytotoxic 
T-lymphocyte antigen-4 (CTLA-4) and pro-
grammed cell death-protein 1 (PD-1) or its ligand 
(PD-L1) can mediate immune evasion by tumors. 
Immune checkpoint inhibitors (ICPIs) target 
these molecules, thus reactivating cytotoxic T 
cells, and augmenting immunologic reactions 
against tumor cells. However, this immune acti-
vation not only unleashes antitumor immunity, 
but also leads to autoimmunity that can lead to a 
plethora of immune-related symptoms.

These unique side effects during treatment 
with ICPIs are named immune-related adverse 
events (irAEs) and can potentially involve every 
organ system of the body, ranging from mild to 
severe [1–3]. Even fatalities due to e.g. colitis, 
myocarditis, and Guillain-Barré syndrome have 
occurred [4, 5]. Overall, irAEs are frequent and 
occur in 70–90% of the patients treated with 
ICPIs [6–8]. Anti-PD-1 therapies, such as 
nivolumab and pembrolizumab, induce grade 3/4 
side effects in 10–20% of patients, the anti- 
CTLA4 antibody, ipilimumab (3 mg/kg) in 27% 
[6, 9]. The incidence of irAEs when these anti-
bodies are combined, such as with nivolumab and 
ipilimumab, occurs in ~54% of treated patients 
[9]. Therapy discontinuation due to side effects 

occurs in 8.6%, 15.1%, and 38.3% for anti-PD1, 
ipilimumab, and the combination, respectively 
[9]. The higher frequency of 54% grade 3/4 AEs 
in the adjuvant setting, which employed a higher 
dose of 10  mg/kg ipilimumab and continuous 
administration of treatment, induced fatalities in 
1% of cases [4, 10, 11].

Organ systems most commonly affected are 
the skin, with manifestations such as a rash, pru-
ritus, and xerosis, the gastrointestinal tract with 
colitis, the liver showing an autoimmune hepati-
tis, endocrinopathies of the thyroid and pituitary 
gland, the lung with pneomonitis, and the heart 
with myositis [6–9, 11–15]. The type of adverse 
events is similar between the checkpoint inhibi-
tors; however, frequencies of induction of side 
effects in a specific organ can vary. For example, 
colitis being more frequently induced by ipilim-
umab than with anti-PD1 antibodies in 11.6 and 
1.3% of cases, respectively [9].

When checkpoint inhibitors are used in a com-
bined regimen, more than one organ system is 
involved with irAEs in about one-third of patients 
[16, 17]. Thus, when detecting one side effect, 
careful attention should be given to the occur-
rence of other side effects. Other ICPIs, such as 
anti-PD-L1 mAbs, may even improve toxicity 
profiles with lower incidence of grade 3/4 AEs in 
5–9% of patients treated with atezolizumab and 
5% grade 3 side effects in patients treated with 
avelumab [7, 18]. Table 36.1 shows an overview 
of the most common AEs under treatment with 
ICPIs. IRAEs occur frequently between 3 weeks 
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and 6 months after initiation of treatment [19, 
20]. However, a delayed occurrence of irAEs 
after discontinuing treatment has been observed 
and requires long- term follow-up after 
discontinuation.

 General Management of Adverse 
Events Associated with Immune 
Checkpoint Inhibitors

The successful management of AEs associated 
with ICPIs is based on education and good, open 
communication between the patient and the 
involved physicians. Before starting the treat-
ment, a thorough history and physical exam is 
essential in order to establish potential risk fac-
tors that could favor the emergence of AEs, such 
as autoimmune disease or prior cardiac disease 
[21, 22]. Patients and their caregivers must be 
informed of the possible AEs under treatment 
with ICPIs, and that early communication of new 
symptoms or deterioration of already existing 
symptoms is necessary to mitigate potential 
severe or, sometimes, life-threatening conse-
quences. Since there may be reluctance by the 
patient to report side effects for fear it would lead 
to treatment discontinuation, they should clearly 
understand that ICPIs are equally effective if 
treatment is discontinued due to side effects [23].

The most common AEs, such as gastrointesti-
nal (diarrhea, abdominal pain, blood in the stool, 
hepatic), cutaneous (rash, pruritus), endocrine 
(fatigue, nausea, loss of vision), and pulmonary/
cardiologic (shortness of breath, edema) should 
be carefully explained to all patients. A time- 
dependent manifestation of AEs has been 
reported [24, 25], but AEs can occur at any time, 
even months after the last treatment. However, 
the timing of the onset of AEs may be helpful to 
determine its etiology. In patients treated with 
nivolumab, the median onset of cutaneous irAEs 
was 5 weeks, gastrointestinal at 7 weeks, hepatic 
at 8 weeks, pulmonary at 9 weeks, endocrine at 
10 weeks, and renal AEs at 15 weeks [23]. The 
median onset of irAEs is similar in the combined 
therapy with anti-CTLA-4 and anti-PD-1 mono-
clonal antibodies (mAbs) [24]. In patients treated 

with ipilimumab, the onset of cutaneous irAEs 
usually appears during the first few weeks of 
treatment [19], with gastrointestinal irAEs often 
developing between weeks 5 and 10, hypophysi-
tis after 6 weeks, and liver toxicity between 
weeks 7 and 14 [25]. It must be mentioned that 
the sequence of checkpoint inhibitor therapy may 
influence the frequency of irAEs [19, 20, 26].

Algorithms for the general approach to AEs 
under ICPI are a useful tool for the management 
when symptoms occur [1–3, 24, 27–29]. Other 
etiologies to be included in the differential are 
progression of the tumor, infections and toxicity 
of other drugs. The mainstay of treating irAEs is 
immunosuppression with methylprednisolone (or 
equivalent). Steroid-refractory or steroid- 
dependent side effects should prompt escalation 
of immunosuppression with other immunosup-
pressants, such as infliximab for colitis [30], or 
mycophenolate mofetil for hepatitis [31]. The 
majority of irAEs responds well to corticosteroids 
and nearly all irAEs resolve under second- line 
immunosuppressive therapy. Exceptions include 
endocrinopathies which often require long-term 
hormone substitution and neurological side 
effects which often resolve with sequelae [1, 3]. 
The occurrence of irAEs with subsequent immu-
nosuppressive therapy does not seem to affect 
clinical response rates or median time to response 
[23, 32]. ICPIs can be continued in grade 1 irAES 
and may be restarted after recovery from grade 2 
or higher grade irAEs after assessing the risk/ben-
efit ratio. A general approach to the management 
of irAEs, as well as the most common irAEs 
encountered, is depicted in Table 36.2.

 Gastrointestinal Adverse Events

The most common gastrointestinal AEs are diar-
rhea/colitis (increase in the frequency of stools 
compared to baseline, abdominal pain and/or 
signs of colonic inflammation) that is observed in 
8–19% of the patients treated with anti-PD-1 
mAbs. It is seen in 23–33% of the patients receiv-
ing anti-CTLA-4 mAbs and in 44% of the patients 
undergoing dual therapy with anti-PD-1 and anti- 
CTLA- 4 mAbs [9, 13, 15, 33, 34]. Intestinal 
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Table 36.2 Management of common immune-related adverse events (irAE)

irAE Grade 1 Grade 2 Grade 3 Grade 4
General S: Mild/

asymptomatic
P: Outpatient care
Continue 
immunotherapy
Immunosuppression 
not recommended

S: Moderate 
symptoms
P: Outpatient care, 
monitor carefully
Delay immunotherapy
Screen for tumor 
progression or 
infections
Corticosteroids may 
be necessary

S: Severe symptoms
P: Hospitalization 
advised, consult organ 
specialist
Discontinue 
immunotherapy and 
discuss resumption 
based on risk/benefit 
ratio
Systemic 
corticosteroids 
(1–2 mg/kg/day), if no 
improvement within 2 
days consider 
escalation of 
immunosuppression
If symptoms resolve to 
grade 1, taper 
corticosteroids over 
1 month
Consider concomitant 
medication (e.g., 
prophylactic 
antibiotics)

S: Life-threatening 
symptoms
P: Urgent 
hospitalization 
required
Management as per 
grade 3 except for 
permanent 
discontinuation of 
immunotherapy

Gastrointestinal S: Diarrhea: <4 
bowel movements per 
day over baseline
Colitis: asymptomatic
P: Continue 
immunotherapy
Symptomatic 
treatment such as oral 
fluid and anti-motility 
agents (loperamide)

S: Diarrhea: 4–6 
bowel movements per 
day over baseline
colitis: abdominal 
pain, blood in stool
P: Delay 
immunotherapy, 
resume if symptoms 
improve to grade 1
If persists >5 days: 
0.5–1.0 mg/kg/day 
methylprednisolone 
and continue until 
symptoms improve to 
grade 1, taper steroids 
over at least 1 month
Sigmoidoscopy with 
biopsy, screen for 
infections

S: Diarrhea: ≥7 stools 
per day over baseline
colitis: Severe 
abdominal pain, 
medical intervention 
indicated, peritoneal 
signs
P: Discontinue 
immunotherapy
Admit patient to 
hospital for 
intravenous hydration 
and 1–2 mg/kg/day 
methylprednisolone, if 
no improvement after 3 
days, add infliximab 
5 mg/kg i.v. 
(contraindication: 
sepsis, perforation)
Sigmoidoscopy with 
biopsy, screen for 
infections
If symptoms improve 
to grade 1, taper 
steroids over 1–3 
months, infliximab 
may be re-administered 
at 2 and 6 weeks

S: Life-threatening, 
perforation
P: Management as 
per grade 3
permanently 
discontinue 
immunotherapy
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Table 36.2 (continued)

irAE Grade 1 Grade 2 Grade 3 Grade 4
Hepatitis S: ALT/AST 

ULN - 3× ULN and/
or total bilirubin up 
to 1.5× ULN
P: Continue 
immunotherapy
Screen for hepatitis 
(A, B, C), CMV 
(PCR from EDTA), 
haemochromatosis, 
excessive alcohol 
intake

S: ALT/AST 3–5× 
ULN and/or total 
bilirubin 1.5–3× ULN
P: Delay 
immunotherapy
Rule out tumor 
progression
Monitor liver 
function: if elevation 
persists, consider 
1–2 mg/kg/day 
methylprednisolone

S: ALT/AST 5–20× 
ULN and/or total 
bilirubin >3× ULN
P: Management as per 
grade 2 except that 
immunotherapy should 
be discontinued and 
corticosteroids initiated 
immediately
If no improvement 
after 3 days, add 
mycophenolate mofetil 
1 g BID
Consider hepatic 
biopsy for differential 
diagnosis

S: AST/ALT >20× 
ULN and/or total 
bilirubin >10× ULN
P: Management as 
per grade 3 except 
for 2 mg/day/kg 
methylprednisolone

Rash S: <10% BSA
P: Continue 
immunotherapy
Symptomatic 
management with 
anti-histamines for 
pruritus and topical 
steroids

S: 10–30% BSA
P: If rash persists 
despite management 
as per grade 1 or if 
intolerable, consider 
skin biopsy and 
delaying 
immunotherapy
Consider 0.5–1 mg/
kg/day 
methylprednisolone
Consult dermatologist

S: >30% BSA
P: 1 mg/kg/day 
methylprednisolone
Skin biopsy
Discontinue 
immunotherapy
Exclude TEN/SJS

P: Management as 
per grade 3
Permanently 
discontinue 
immunotherapy

Pneumonitis S: Asymptomatic, 
radiographic changes 
only
P: Consider delaying 
immunotherapy
Monitor for 
symptoms and screen 
for infectious 
diseases

S: Mild to moderate 
symptoms
P: Delay 
immunotherapy
Consider 
hospitalization and 
monitor symptoms 
daily
1–2 mg/kg/day 
methylprednisolone 
recommended, 
consider empiric 
antibiotics
Consider 
bronchoscopy and 
lung biopsy
If improving taper 
coticosteroids and 
resume 
immunotherapy if 
symptoms resolve 
completely

S: Severe symptoms
P: Discontinue 
Immunotherapy
Hospitalization
2–4 mg/kg/day 
methylprednisolone
Add prophylactic 
antibiotics
Bronchoscopy with 
lung biopsy/BAL
Consider additional 
immunosuppression 
(e.g., infliximab, 
mycophenolate 
mofetil, 
cyclophosphamide, 
intravenous 
immunglobulin)

S: Life-threatening 
symptoms
P: Urgent 
intervention required 
as per grade 3
Consider intensive 
care unit and 
intubation

(continued)
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 perforation due to autoimmune colitis may be 
fatal [4, 6]. Thus, careful assessment of gastroin-
testinal AEs without time delay is essential. For 
cases of diarrhea, the application of steroids 
should not be delayed. It is important to exclude 
other potential infectious causes, including bac-
terial (including Clostridium difficile) and viral 
pathogens as well as parasites.

Rectosigmoidoscopy and ileocolonoscopy 
can assess the full extent of inflammation and a 
biopsy can be performed for histopathologic 
assessment. Characteristic findings include a 
mixed inflammatory infiltrate in the lamina pro-
pria consisting of neutrophils, lymphocytes, 
plasma cells, and eosinophils. In contrast to 
inflammatory bowel disease, granulomas have 
rarely been described [35]. A less invasive 

 procedure is confocal laser endomicroscopy 
(CLE), an imaging technique for real-time 
high-resolution visualization of the mucosa 
depicting cellular details [36]. In CLE the  tissue 
is illuminated by laser and the reflected fluores-
cent light is detected potentially using contrast 
agents to enhance the images. An abdominal 
X-ray can exclude free air indicative of a bowel 
perforation. ICPI, treatment should be sus-
pended and methylprednisolone (0.5–1 mg/kg/
day or oral equivalent) should promptly be 
administered and symptoms should improve 
within days. Corticosteroids should be care-
fully tapered over 1 month to avoid recurrence. 
In severe and refractory cases, ICPI treatment 
must be stopped permanently, and immunosup-
pressive escalation with infliximab (5  mg/kg 

Table 36.2 (continued)

irAE Grade 1 Grade 2 Grade 3 Grade 4
Nephritis S: Creatinine > ULN 

and > 1–1.5× 
baseline
Proteinuria 1+, 
<1.0 g/24 h
P: Continue 
immunotherapy
Hydration and 
cessation of 
nephrotoxic drugs
Monitor creatinine 
weekly

S: Creatinine 
>1.5–3.0× baseline
Proteinuria 2+, 
1.0–3.4 g/24 h
P: Delay 
immunotherapy, 
resume if improves to 
grade 1
0.5–1.0 mg/kg/day 
methylprednisolone
Consider renal biopsy 
and rule out toxic or 
infectious etiology

S: Creatinine <3× 
baseline
proteinuria ≥3.5 g/24 h
P: Discontinue 
immunotherapy
1–2 mg/kg/day 
methylprednisolone

S: Life-threatening 
symptoms
P: Management as 
per grade 3

Thyroid S: Asymptomatic
P: Monitor

S: Symptomatic
P: Consider 
consulting 
endocrinology
Hypothyreodism: 
Levothyroxine
Hyperthyroidism: 
Nonselective 
beta-blocker (e.g., 
propanolol or 
atenolol), consider 
carbimazole and/or 
corticosteroids

S: Severe symptoms
P: Consult 
endocrinology and 
consider 
hospitalization
Management as per 
grade 2 except for 
1–2 mg/kg/day 
methylprednisolone

P: Management as 
per grade 3

Hypophysitis S: Asymptomatic
Hyponatremia
P: Diagnostic MRI
fasting cortisol

S: Symptomatic
P: Diagnostic MRI
Fasting cortisol
Substitute 
hydrocortisone 
20 mg—10 mg—0

S symptoms, P procedures, BAL bronchoalveolar lavage, BSA body surface area, SJS Steven-Johnson-Syndrome, TEN 
toxic epidermal necrolysis, ULN upper limit of normal
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i.v.) may become necessary. However, some 
cases can be refractory to corticosteroids and 
infliximab [30]. The reactivation of CMV has to 
be considered, since reactivation can also occur 
simultaneously to autoimmune inflammation of 
another organ as reported in a patient with auto-
immune colitis and CMV hepatitis [37]. Some 
centers use calprotectin in the feces as a marker 
for inflammation [38].

Subtitle: Autoimmune Hepatitis Grade 3/4 
immune-related hepatitis is seen mainly through 
elevated transaminases in 14–20% of the patients 
that are treated with the combination of anti-
CTLA-4 and anti-PD-1 mAbs, compared to 1–2% 
of patients treated with anti-PD1 monotherapy [9, 
28]. Patients with autoimmune hepatitis are often 
asymptomatic. After exclusion of other etiologies 
(progressive disease, viral or toxic hepatitis), 
treatment with corticosteroids is started. 
Refractory cases may require therapy with myco-
phenolate mofetil (500–1000  mg/twice daily). 
Asymptomatic pancreatitis with elevations of 
lipase and amylase (grade 3/4) occurs in up to 
15% of cases and the induction of exocrine pan-
creas insufficiency has been reported [1] as well 
as the development of diabetes mellitus. The latter 
can show a sudden onset with ketoacidosis [39].

 Cutaneous Adverse Events

Cutaneous AEs occur very frequently in patients 
undergoing treatment with ICPIs but rarely lead 
to treatment stopdiscontinuation of treatment. 
Manifestations include erythema, palmoplantar 
erythrodysesthesia, photosensitivity, pruritus, 
rash, and urticaria. Another less common drug 
reaction with eosinophilia, systemic symptoms 
(DRESS), and bullous skin eruptions has been 
described [40, 41]. Less than 1% of patients dis-
play severe cutaneous AEs (grade 3/4). However, 
since Stevens-Johnson syndrome (toxic epider-
mal necrolysis) has been observed [42–44], bul-
lous skin eruptions should be carefully worked up 
by a dermatologist [45]. Lichenoid skin reactions 
have been reported in 17–22% of patients under-
going therapy with anti-PD-1 mAbs, and can also 
involve the mucosa [45, 46]. Furthermore, occur-

rence of psoriasis, Grover’s disease, and pityriasis 
lichenoides chronica-like reaction has been 
observed [46–48]. Sicca syndrome has also been 
reported under therapy with ICPIs [49]. Most 
cases of dermatitis are mild and can be managed 
with urea- or glycerin- containing creams or 
lotions. Topical corticosteroids and oral antipru-
ritic agents are the pillars of managing cutaneous 
AEs. In grade 3/4 cutaneous AEs, skin biopsy 
should be performed to obtain the correct diagno-
sis, with administration of systemic corticoste-
roids when clinically appropriate.

 Endocrine Adverse Events

During treatment with anti-CTLA-4 and anti- 
PD- 1 mAbs, endocrine AEs of any grade occur in 
5–10% of patients [8, 50]. Mostly, the thyroid 
gland is affected with hypothyroidism (4–8%) 
and/or hyperthyroidism (1–5%) [51, 52]. Acute 
thyroiditis (1%) and hypophysitis (1%) are 
observed less frequently. Patients may present 
with symptoms such as constipation, dizziness, 
fatigue, hair loss, headaches, loss of peripheral 
vision, tachycardia, and weight gain or loss [1, 
2]. Type-1 diabetes mellitus (0.1%) can also 
occur, with associated symptoms such as increase 
in thirst, polyuria, and fatigue.

In cases of suspected thyroid AE, thyroid 
function tests, consisting of thyroid-stimulating 
hormone (TSH), thyroxine (free T4 or T4) 
and  triiodothyronine (T3) are recommended. 
Antithyroid autoantibody titers of thyroid per-
oxidase and thyroglobulin should be assessed. 
Hormone replacement therapy is required in 
most cases of immune-related hypothyroidism, 
whereas immunosuppressive therapy often does 
not influence the outcome. Hyperthyroidism, if 
symptomatic may be treated with carbimazole 
and/or selective beta-blockers (e.g., proprano-
lol). However, hyperthyroidism commonly 
resolves spontaneously with subsequent hypo-
thyroidism [53, 54] and the subsequent need of 
hormone replacement with thyroxine.

Hypophysitis occurs in 1–4% of patients 
treated with anti-PD-1 mAbs or ipilimumab [9, 
15] with a median onset at 11 weeks. Symptoms 
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are unspecific and include fatigue, decrease in 
libido, vision changes, and confusion. It is impor-
tant to exclude the development of a metastatic 
lesion to the brain. Hypophysitis can involve the 
anterior pituitary, notably the thyroid, adrenocor-
tical and gonadal axes [55, 56]. For screening, 
changes in electrolytes can be used and testing of 
the pituitary axis is recommended (morning cor-
tisol, ACTH, TSH, LH, FSH, prolactin, estradiol 
in women, and testosterone in men). An enlarge-
ment of the pituitary gland as seen with magnetic 
resonance imaging (MRI) scans may be observed, 
but not always present [50]. Subsequent hormone 
replacement with hydrocortisone is required in 
most cases.

 Neurologic Adverse Events

Neurological adverse events are considered rare 
and occur in about 3% of patients treated with 
ICPIs [4, 9, 15, 33, 57]. Patients may present 
with apathy, ataxia, cognitive impairment, dizzi-
ness, headache, myoclonus, paralysis, seizures, 
speech disorders, or tremor. Early neurological 
consultation is strongly recommended and stud-
ies such as MRI, lumbar puncture, and nerve 
conduction studies can complement the exam as 
indicated. Neurological AEs can occur late dur-
ing the treatment course, sometimes even after 
completion of treatment [58]. The median onset 
was at 13 weeks in an adjuvant ipilimumab trial 
[4]. The treatment with ICPIs should be with-
held. Immunosuppression with corticosteroids is 
frequently required and leads to significant 
improvement of symptoms in most cases. 
Some  patients develop permanent sequelae. 
Nevertheless, despite treatment with corticoste-
roids, plasmapheresis, intravenous immunoglob-
ulin, therapy-refractory AEs have been observed 
[3]. Again, cerebral metastases and infectious 
etiologies should always be considered.

Although anti-PD-1 mAbs less frequently 
induce neurological AEs, the spectrum of symp-
toms is very similar. Less than 1% of patients 
have shown balance disorders, demyelination 
[59], dysgeusia or hypogeusia, Guillain-Barré 
syndrome, hyperesthesia, insomnia or hypersom-

nia, lethargy, memory disorders, myasthenia gra-
vis [3], neuralgia, neuropathy (including facial 
nerve and abducens nerve paresis), optic neuritis, 
or seizures [60].

In patients treated with ipilimumab, peripheral 
neuropathies are the most common neurological 
AEs, occurring in 0.9% and 0.6% of patients, 
respectively [61]. Furthermore, aseptic meningi-
tis [62], cerebral edema with seizures, chronic 
inflammatory demyelinating polyneuropathy 
[63], cranial peripheral neuropathy [64], enteric 
neuropathy, fatal Guillain-Barré syndrome [5], 
granulomatous CNS inflammation [2], meningo-
radiculoneuritis, myasthenia gravis [63, 65], 
necrotic myelopathy [66], Tolosa-Hunt syndrome 
[2], and transverse myelitis [63] have all been 
observed. Systemic diseases can also be accom-
panied by neurological symptoms as shown by a 
report on neurosarcoidosis [67] affecting the sella 
turcica and pituitary stalk.

 Pulmonary Adverse Events

The most notable immune-related pulmonary 
side effect is pneumonitis. More uncommonly, 
sarcoidosis and pulmonary granulomatosis have 
been observed [68–72]. Immune-related pneu-
monitis under treatment with ICPIs is potentially 
life-threatening [73–76]. An incidence of up to 
2% has been reported in patients treated with 
anti-PD-1 mAbs or ipilimumab [13, 15]. The 
time to onset ranged from 9 days to 19 months 
and 86% of the cases improved or resolved with 
drug holding and/or immunosuppression. Severe 
cases were reported in 28% of patients, and five 
patients died due to pneumonitis [14].

Patients can present with symptoms such as a 
dry cough, shortness of breath, and inspiratory 
crackles. A chest CT scan and spirometry with 
measurement of the carbon monoxide diffusing 
capacity are useful for diagnosis and follow-up. 
Immune-related pneumonitis can present with 
ground-glass lesions and disseminated nodular 
infiltrates in the lower lobes [71, 76]. To rule out 
infections prior to treatment with corticoste-
roids, a bronchoscopy with bronchoalveolar 
lavage is advised. Viral infections with pneumo-
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cystis jirovecii, influenza, metapneumovirus, 
syncytial virus, or other atypical infections with 
Chlamydia, Legionella pneumophilia, and 
Mycoplasma pneumonia should be excluded. If 
immune- related pneumonitis is confirmed, most 
cases can be managed effectively with high-dose 
corticosteroids, potentially given together with 
antibiotics if the infectious workup still has to be 
completed.

 Renal Adverse Events

Adverse events affecting the renal system for 
patients undergoing treatment with ICPIs are 
rare. Nephritis, renal failure, and lupus nephritis 
have been observed in patients treated with ipili-
mumab [2, 77, 78]. Renal dysfunction occurred 
in less than 1% of the patients treated with 
nivolumab, but creatinine was elevated in up to 
22% of patients [33]. The median time to onset of 
renal adverse events ranges from 6 to 10 weeks 
[27]. For grade 1 toxicity, monitoring creatinine 
at least once a week without interruption of ICPIs 
is recommended. For grade 2/3, most patients 
will recover to grade 1 after withholding ICPIs 
and administering methylprednisolone 0.5–1 mg/
kg/day (or equivalent). A renal biopsy should be 
considered. In the case of grade 4 renal AEs, 
ICPIs should be permanently discontinued and 
high-dose corticosteroids administered.

Cardiologic Adverse Events

Despite absence of baseline cardiac symptoms 
and/or risk factors, cardiotoxicity may develop 
with a variable time to onset under treatment with 
ICPIs [22] and can manifest as myocarditis, heart 
failure, cardiomyopathy, heart block, and myo-
cardial fibrosis [22, 79–81]. Patients with a his-
tory of cardiac conditions should be closely 
monitored (inlcuding creatine phosphokinase 
measurement before each infusion) for deteriora-
tion of heart function. Prompt and adequate man-
agement of cardiac toxicity, including the 
administration of steroids, is essential in order to 
avoid a  potentially fatal outcome. Also myositis 

may occur in combination with cardiomyositis in 
about 1/3 of cases.

 Other Adverse Events

Ocular AEs are rare and include conjunctivitis, 
iritis, and uveitis. Consultation with an ophthal-
mologist and therapy with corticosteroid eye 
drops appears to be sufficient in most cases. 
Deterioration of symptoms or vision loss [2] 
should lead to discontinuation of treatment and 
oral or intravenous corticosteroids.

Hematologic AEs include red cell aplasia, 
autoimmune neutropenia, hemophilia A, and 
pancytopenia and may be lethal [82–84]. 
Arthralgia and myalgia may be observed in 
patients treated with ICPIs [15, 33]. Mild symp-
toms are treated with paracetamol or nonsteroidal 
anti-inflammatories. If not sufficient, low dose 
corticosteroids are often effective (e.g. Prednisone 
5 mg/day).

 Biomarkers

Currently, we are unable to predict which patients 
will experience severe side effects. Predisposition 
to developing IRAEs may be associated with the 
patient’s immunologic profile, such as their 
human leucocyte antigen (HLA) status [24]. 
Some irAEs like rash and vitiligo seem to be ben-
eficial for overall survival [85, 86]. In addition, 
response, as well as occurrence of side effects, 
may be associated with the microbiota-dependent 
immunomodulatory effects [87]. Importantly, 
cessation of ICPI therapy after occurrence is not 
associated with decreased overall survival com-
pared to patients who continue treatment.

 Summary

Checkpoint inhibitors induce side effects in all 
organ systems. Before initiation of therapy, 
patients and involved physicians have to be 
properly educated, with early patient reporting 
of potential AEs to their treating physician. 

36 Immune-Related Adverse Toxicities and Clinical Management



586

Patients should understand and not be reluctant 
to stop their therapy, knowing that discontinua-
tion due to side effects does not affect their 
long-term outcome. Baseline examinations and 
regular monitoring are essential to detect side 
effects early. Diagnostic workup with the exclu-
sion of other causes (tumor progression, infec-
tion, CMV reactivation) is essential, and if 
irAEs are detected, adequate therapy with 
prompt use of corticosteroids is crucial. In case 
of steroid-refractory side effects, diagnostic 
efforts have to be broadened and if no other 
causes are detected, immunosuppressive ther-
apy is then escalated.

Management of irAEs should be done as part 
of a multidisciplinary team and in cooperation 
with centers that are experienced in side effect 
management.
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Management of Non-melanoma 
Skin Cancers: Basal Cell 
Carcinoma, Squamous Cell 
Carcinoma

Sheila Jalalat, Corin Agoris, Neil Alan Fenske, 
and Basil Cherpelis

 Incidence and Trends 
for Nonmelanoma Skin Cancers

Non-melanoma skin cancer (NMSC) represents 
the most common malignancy in the United 
States, with incidence rates rising dramatically 
over the past two decades [1]. According to a 
recent study by Rogers et  al. (2015), using US 
national claims and survey databases, there was a 
100% increase in the incidence of NMSC from 
1992 to 2012. The exact incidence of NMSC may 
be difficult to determine, as a majority of them 
are treated in private offices and precise data of 
these neoplasms are not routinely included in 
state cancer registries leading to significant 
under-reporting. Similarly, discrepancies in diag-
nostic accuracy and criteria such as differentia-
tion between actinic keratosis (AK) and squamous 
cell carcinoma in situ (SCCIS) may also be a 
shortcoming in determining incidence. By and 
large, most reports describe that approximately 
75–80% of NMSCs are basal cell carcinoma 

(BCC) and up to 25% are SCC [1]. However, 
recent reports describe the ratio of BCC to SCC 
closer to 1.0. This newer data represents a shift 
from the historical ratio of 4:1, as previously 
mentioned. Although BCC is more common in 
the younger population, there is a disproportion-
ate rise in SCC in the aging population with 
chronic ultraviolet (UV) exposure, which is 
thought to account for the change in ratio. 
Nonetheless, NMSC poses a significant health 
concern and cost to society, and awareness of 
current trends is important for clinicians to rec-
ognize and treat patients appropriately.

 Risk Factors

There is significant overlap in risk factors among 
the various types of NMSC, distinctions among 
contributing risk factors including both genetic 
and environment exposures will be highlighted in 
the following discussion.

 UV Exposure

• UV radiation
 – UV exposure has been well documented in 

the pathogenesis of NMSC through the 
mechanism of inducing DNA mutations 
[2]. The type of exposure is an important 
distinguishing factor between the develop-
ment of SCC and BCC.  Cumulative, 
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chronic UV exposure in the early years of 
life increases the risk of individuals devel-
oping AKs and SCC. Whereas, periods of 
intense UV exposure and sunburns during 
an individual’s lifetime increase the risk of 
BCC development [3, 4].

• Indoor tanning
 – Exposure to artificial sources of UV radia-

tion has been shown to increase the risk of 
NMSC in individuals [5]. Those that were 
exposed were 2.5 times more likely to 
develop SCC and 1.5 times more likely to 
develop BCC than in unexposed controls [6].

 Ionizing Radiation

• Studies have shown that dose-related expo-
sure to ionizing radiation increases NMSC 
development years after exposure [7].

 – Occupations where radiation exposure is 
known, such as airline pilots, have shown 
to have an elevated risk of developing SCC 
and BCC [8].

 – Epidemiological studies report that patients 
are at enhanced risk of developing NMSC 
if they:
• are exposed to radiation by atomic 

bombs
• are bone marrow transplant recipients
• have received radiotherapy
• were treated with radiation for tinea 

capitis prior to the development of med-
ications in the 1950s

• were radiologic workers [7, 8]

 Immunosuppression

• The development of NMSC in the immuno-
suppressed organ transplant population is 
characterized by decreased immunity, carci-
nogenic effects of medications, human papil-
lomavirus (HPV) infection, and UV exposure. 
The incidence of SCC is 40–250 times greater 
than the general population, while BCC is 
5–10 times greater; contributing to significant 
morbidity and mortality in this population. 

Age at transplantation, degree of immunosup-
pression required, and length of immunosup-
pression are significant risk factors 
contributing to development of NMSC.  In 
addition, 70–90% of SCC lesions are found to 
contain various HPV strains [9, 10].

• Immunosuppressive drugs, used for purposes 
other than organ transplant, are found to be 
associated with increased risk of NMSC, par-
ticularly SCC. A study observing the effects 
of glucocorticoid usage reported that the 
length of exposure contributed to a twofold 
increase in SCC development [11].

• Individuals with human immunodeficiency 
virus (HIV) have been found to have increased 
rates of SCC [12]. An important clinical cor-
relation is the increased prevalence of HPV- 
associated anogenital warts, which are at 
increased risk of developing into SCC.

 Genetic

• Individual phenotype
 – Red hair color, fair skin pigmentation, 

decreased ability to tan, and freckling are 
all significant risk factors for development 
of NMSC [4].

• Xeroderma pigementosum is part of a group of 
disorders largely due to disorders of DNA 
repair. Sunlight exposure significantly 
increases the risk of developing NMSC and 
melanoma. Development of NMSC can be 
seen as early as 8 years of age in these indi-
viduals, and young adults are 4800 times more 
likely to have NMSC [13].

• Oculocutaneous albinism is part of a group of 
disorders in which there are varying degrees 
of pigmentation in an individual’s skin, eyes, 
and hair. Individuals are predisposed to devel-
oping NMSC (SCC in particular) and cutane-
ous melanoma [14].

• Epidermodysplasia verruciformis results from 
HPV infection of the skin. Individuals are at 
risk of developing SCC at an earlier age than 
the general population [15].

• Dystrophic epidermolysis bullosa is a type VII 
collagen mutation that leads to scarring and 
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predisposes individuals to SCC due to associ-
ated chronic nonhealing wounds [16].

• Nevoid basal cell carcinoma syndrome is 
associated with a mutation in the PTCH gene. 
Individuals with this condition are usually 
children presenting with BCC. Other variable 
physical features include palmar pits, odonto-
genic cysts in the jaw, calcified falx cerebri, 
frontal bossing, and rib deformity among oth-
ers [17].

• Bazex syndrome is a rare condition associated 
with primarily facial BCC. Presentation also 
includes follicular atrophoderma, hypotricho-
sis, localized hypohidrosis, milia, and epider-
moid cysts [18].

• Rombo syndrome and Bazex share many of 
the same features and predispose individuals 
to BCC. People with this disease present with 
hypotrichosis, blepharitis, peripheral telangi-
ectatic erythema, milia, and trichoepithelio-
mas [19].

 Medications

• In general, immunosuppressive medications 
increase the risk of developing skin cancer. A 
large cohort study has described an increased 
incidence of NMSC among patients with sys-
temically treated psoriasis, the majority of 
which were TNF-alfa inhibitors [20]. The 
study reported that NMSC rates, particularly 
SCC, were 42% higher among individuals 
ever exposed to a biologic [20]. Additionally, 
medications that are photosensitive, including 
but not limited to vandetanib, vemurafenib, 
and voriconazole, have all been shown to 
increase a person’s risk of developing SCC 
[21, 22].

 Chemical Exposures

• There have been multiple chemical com-
pounds associated with the development of 
NMSC including polycyclic aromatic hydro-
carbons, pesticides, asphalt, paraffin, and tar 
[23]. The correlation of arsenic exposure and 

development of SCC long after initial expo-
sure has been well documented, usually result-
ing in the development of palmoplantar 
arsenical keratosis. Arsenic has also been 
associated with the development of BCC [24].

 HPV

• HPV is known to infect epithelia of skin and 
mucosa leading to proliferative lesions com-
monly known as warts. Individuals with HIV 
or epidermodysplasia verruciformis and 
those who are immunosuppressed are at 
increased risk of HPV lesions developing 
into SCC [25].

 Other Risk Factors

• Other risk factors for developing NMSC, pre-
dominately SCC, include tobacco use, thermal 
burns, bone infections, and chronic ulcers or 
skin damaged by severe inflammatory skin 
diseases [21, 26].

 Education and Prevention 
of Nonmelanoma Skin Cancers

A focus on primary prevention by discussing the 
impact of sunlight exposure and by better educat-
ing the public in sun safe behaviors appears to 
have a positive effect in reducing the incidence of 
skin cancer [27]. In addition, reliable utilization 
of sunscreens has been shown to decrease the 
incidence of NMSC [28]. Although sun safety 
measures are vital, some patients require addi-
tional prophylaxis against developing skin can-
cers. Retinoids have been long used as prophylaxis 
against skin cancer development in solid organ 
transplant recipients and patients with multiple 
keratoacanthomas. They can also be used for 
those with nevoid basal cell carcinoma syndrome 
and those who develop multiple NMSCs due to 
their phenotype and harsh sun exposure history 
[29]. Other chemopreventive agents currently 
being explored include capecitabine, fluorouracil 
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(5-FU), difluoromethylornithine, and T4 
 endonuclease V [29–31]. Additional preventative 
agents that have been reported in the literature 
include polyphenolic antioxidants such as epigal-
locatechin gallate (found in green tea and grape 
seed extract), isoflavone, curcumin, silymarin, 
lycopene, vitamin E, beta-carotene, genistein, 
and selenium [21, 29]. Of recent news, oral nic-
otinamide (vitamin B3) has been shown to be 
safe and effective in reducing the rates of new 
NMSC and AK in high-risk patients by its pro-
tective effects against damage caused by UV 
radiation [32].

The main subtypes of cutaneous precancerous 
and cancerous lesions with corresponding treat-
ments that will be discussed include AK, SCC, 
SCCIS, and BCC.

 Actinic Keratoses

AKs represent a proliferation of atypical epider-
mal keratinocytes and are a known precursor to 
SCC.  The overall likelihood of transformation 
for one lesion is less than 1%; however, the sum-
mative risk increases over time without interven-
tion [33, 34]. Lesions are confined to the deeper 
portions of the epidermis and typically do not 
span the entire thickness. AKs are a common 
lesion seen in dermatology, making up 14% of 
dermatology visits [35]. AKs present on sun- 
exposed areas primarily in fair skinned individu-
als; areas include scalp, neck, dorsal surfaces of 
forearms and hands, and lower extremities. They 
develop as single or multiple scaly erythematous 
non-indurated macules with areas of adjacent 
skin showing signs of sun damage. Lesions are 
generally asymptomatic. Variants are the 
following:

• Classic: erythematous, scaled macules, pap-
ules, or plaques ranging from a few millime-
ters to 2 cm in diameter

• Hypertrophic: thick, hyperkeratotic scale on 
an erythematous base. Occasionally, they may 
develop cutaneous horns which may indicate a 
need for a biopsy to exclude the possibility of 
an underlying malignancy. It has been reported 

that approximately 9% of cutaneous horns 
have SCC at their bases [36]

• Atrophic: minimal surface change, pink 
slightly scaly macules or patches

• Pigmented: a subtype that is generally lacking 
associated erythema and has a hyperpig-
mented or reticulated appearance often resem-
bling lentigines [21]

• Lichenoid: often identified histopathologi-
cally, however, clinically can present as more 
erythema surrounding the base of a lesion and 
associated tenderness or pruritus [21]

• Actinic cheilitis (solar cheilosis): classically 
presents on the lower vermilion lip of individ-
uals with moderate to severe photodamage 
[21]

 Squamous Cell Carcinoma

SCCIS, commonly known as Bowen’s Disease, 
represents atypical keratinocytes that span the 
entire thickness of the epidermis. Lesions can 
either represent a progression of an AK or may 
arise de novo. Clinically, SCCIS presents as an 
erythematous scaly patch or slightly elevated or 
indurated plaque. The head and neck, followed 
by the extremities and trunk, are the most com-
mon sites for this type of skin cancer [21]. SCC 
represents the malignant proliferation of squa-
mous keratinocytes, which normally are nondi-
viding, fully differentiated cells. Malignancy can 
be due to progression of precursor lesions (AK or 
SCCIS) or may arise de novo. The natural course 
of SCC can vary from slowly enlarging to rapidly 
growing with associated symptoms such as pain 
and tenderness. High-risk SCC is more likely to 
metastasize [21]. Characteristics of high-risk 
SCC are outlined in Table 37.1.

Variants of SCC include:

• Keratoacanthoma (KA): papules that exhibit 
rapid enlargement, which, over a period of a 
few weeks, can evolve into a crateriform nod-
ule with a keratotic core. As a natural progres-
sion, they may slowly regress over a span of 
several months leaving an atrophic cicatrix 
[21, 37]. Clinical presentations include 
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 solitary, multiple, grouped, KA centrifugum 
marginatum, giant, subungal, intraoral, multi-
ple spontaneously regressing and generalized 
eruptive. KAs can be associated with genetic 
diseases, chemical exposure, immunosuppres-
sion, and HPV infection [38].

• Verrucous carcinoma: uncommon, well- 
differentiated variant of SCC commonly asso-
ciated with HPV infection. Clinically, 
verrucous carcinomas present as large, exo-
phytic verrucous tumors. They are considered 
a low-grade malignancy with rare metastatic 
risk [21].

 Basal Cell Carcinoma

BCC represents a malignant proliferation of basal 
keratinocytes that reside in the deepest layer of 
the epidermis. Basal cells are known to be the 
stem cells of the epidermis and normally function 

to regenerate skin. BCC lesions arise de novo and 
present with a large variety of presentations [21]. 
It is important to consider that a confounding fac-
tor when classifying BCC subtypes is the variety 
of histopathologic patterns that are associated 
with clinical subtypes. Characteristics of high- 
risk BCC are outlined in Table  37.1. Common 
variants are noted below:

• Nodular: the most common subtype represent-
ing approximately 50% of all BCC.  Lesions 
are typically described as a shiny, pearly pap-
ule with arborizing telangiectasia and, with 
time, developing a rolled border. Sites of pre-
dilection include the face, generally refraining 
from non-hair-bearing sites [21].

• Superficial: well-circumscribed erythematous 
macule, patch, or plaque with focal scale and 
slight induration. This type of BCC commonly 
favors the trunk and extremities.

• Morpheaform: a less common subtype, pre-
senting as a slightly elevated to sometimes 
atrophic appearing area of induration that is 
light pink to white, often resembling a scar. 
Biologically, these are more aggressive and 
exhibit local destruction [21].

• Fibroepithelial: a rare variant of BCC that is a 
flesh colored, sessile papulonodule resem-
bling a skin tag. This type of BCC often favors 
the trunk [21].

 Treatment of NMSC

The treatment of NMSC encompasses a variety 
of modalities ranging from surgical to nonsurgi-
cal. Well-documented treatment approaches are 
described in this text, while complete guidelines 
developed based on consensus of existing litera-
ture can be found by the National Comprehensive 
Cancer Network [39]. Treatment of NMSC 
begins with a thorough evaluation of the patient, 
which includes history, physical examination and 
biopsy. When eliciting the history, the clinician 
must keep in mind risk factors that may contrib-
ute to the development of the lesion. A full skin 
examination is required as well as lymph node 
examination in higher risk patients. Although a 

Table 37.1 High-risk NMSC [21, 95–100]

Location and 
size

Area L ≥ 2.0 cm; Area M ≥ 1.0 cm; 
Area H ≥ 0.6 cm

Depth of 
invasion

>0.2 cm (SCC only)

Histologic 
subtype

SCC: Sclerosing, basosquamous, 
small cell, poorly or 
undifferentiated, spindle cell, 
pagetoid, infiltrating, KA 
(centrofacial), single cell, clear cell, 
lymphoepithelial, sarcomatoid
BCC: Basosquamous cell, 
infiltrative, micronodular, 
metatypical, morpheaform

Differentiation 
and borders

Poorly differentiated; ill-defined 
border; perineural involvement

Health risk 
factors

Immunosuppression, organ 
transplant patients, genetic 
propensity

Secondary 
factors

Site of burns, chronic inflammatory 
process, osteomyelitis, or previous 
radiation

Key: Area L: low risk for recurrenc
e: trunk, extremities
Area M: middle risk for recurrence: cheeks, forehead, 
neck, scalp
Area H: high risk for recurrence: “mask areas” of face 
(central face, eyelids, eyebrows, periorbital, nose, lips, 
chin, mandible, preauricular and postauricular skin/sulci, 
ear, temple), genitalia, hands and feet
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physical examination will help guide a skin can-
cer diagnosis, proper biopsy technique is impor-
tant to establish a diagnosis even in an experienced 
clinician as the type of skin cancer and depth of 
invasion can be categorized into low- or high-risk 
cancers. The exception includes suspected AKs, 
as they are often treated without an initial biopsy.

 Surgical Treatment

Surgical approaches to NMSC include cryosur-
gery, electrodessication and curettage (ED&C), 
surgical excision, and Mohs micrographic sur-
gery (MMS). The efficacy, as well as strengths 
and weaknesses including clearance and recur-
rence rates, cosmesis, cost and postsurgical com-
plications of each treatment approach varies, and 
are discussed below.

 Cryosurgery

Cryosurgery technique involves the use of liq-
uid nitrogen to destroy cells via freeze-thaw 
cycles [40]. Most commonly used to treat AKs, 
well- defined superficial BCC and SCCIS [41]. 
Clinicians must confirm that the biopsy is suf-
ficient to assess the extent of the lesion and 
whether or not it can appropriately be treated 
with cryotherapy. Clearance rates with cryo-
therapy are most favorable when used on small 
(<1.0  cm), well-defined, previously untreated 
tumors that are in areas that exclude the medial 
canthus, nasolabial folds, postauricular folds, 
or the hair- bearing scalp [42]. Ideal margin and 
temperature to achieve appropriate destruction 
of the tumor are freezing at least 0.3–0.5  cm 
around the cancer at −50 to −60 degrees 
Celsius. Skin cancers often require a repeated 
freeze-thaw cycles to increase the ideal destruc-
tion [43].

 Actinic Keratoses

• Cryosurgery is a mainstay treatment for AKs. 
Although clinical experience plays a major 

role in determining duration of freeze, gener-
ally 5–7 s of freeze time with the open-spray 
technique will eliminate an AK.  A shallow 
crust forms after the procedure and falls off 
within 2 weeks [21].

 Squamous Cell Carcinoma In Situ

• Cryosurgery can be used to treat low-risk 
SCCIS under 2  cm [43]. The 5-year recur-
rence rate using cryodestruction was found 
to be 2.7% in a study, but has been reported 
to be as high as 10% in primary SCC mea-
suring between 0.5 and 1.2  cm in diameter 
[41, 44].

 Basal Cell Carcinoma

• There is limited evidence comparing cryosur-
gery to other surgical treatment modalities; 
however, evidence supports the use of cryo-
surgery for low-risk, superficial, BCC [45, 
46]. A more common treatment modality for 
nodular BCC is use of ED&C rather than 
cryotherapy because margins can be felt with 
the curette as nonrecurrent skin cancer is 
softer than healthy skin [47]. In lesions with 
ill-defined borders, cryosurgery is generally 
contraindicated, and MMS is more appropri-
ate [45].

Overall, cryosurgery is a quick and minimally 
invasive modality that offers good outcomes 
when used to treat low-risk lesions, especially in 
patients who wish to avoid invasive surgery. 
Local tissue reaction can lead to pain, post- 
inflammatory pigmentary changes, erythema, 
and scarring [42, 45]. A serious disadvantage to 
cryosurgery is the lack of margin control, which 
may ultimately result in the development of a 
recurrent carcinoma. The lesion that has been 
cryodestructed also has potential to become more 
extensive due to the lack of recognition within 
the fibrous scar [21]. For these reasons, most skin 
cancers are treated by excision or MMS which 
allows for margin control.
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 Electrodessication and Curettage

ED&C involves scraping lesional tissue with a 
curette, followed by application of an electric 
current to destroy remaining tumor cells. Use of 
ED&C is generally restricted to SCCIS, superfi-
cially invasive well-differentiated SCC <1 cm in 
diameter as well as superficial and nodular 
BCC. Due to the risk of metastases, excision or 
MMS is preferred for treatment of invasive SCC, 
rather than ED&C. Under local anesthesia, curet-
tage begins typically with a 0.3–0.4-cm curette to 
scrape the bulk of the lesion. Removal of a bulk 
of the tissue is possible due to the ability to feel 
the softer “feel” of the skin cancer while curet-
ting. This change in skin integrity is due to the 
decreased intracellular bonds of tumor cells com-
pared with noncancerous tissue, allowing the 
skin to easily break apart. Electrodessication, or 
alternatively heat cautery, then follows and 
destroys any residual tumor cells at the base and 
rim of at least 0.2  cm around the lesion. 
Electrodessication also provides hemostasis as an 
added benefit [48, 49]. For adequate treatment, 
three cycles are often performed [50]. Treatment 
using ED&C is generally contraindicated in 
lesions that are invasive, as well as those with 
complex morphology [51]. Recurrence rates are 
approximately 4% [52–56]. One important draw-
back to this technique is that it does not provide a 
specimen for histological assessment, and there-
fore is not an ideal treatment for high-risk lesions 
that need margin control. Another drawback for 
lesions treated with ED&C is that sites are left to 
heal by secondary intention, causing a scar that is 
often hypopigmented and potentially hypertro-
phic compared to a lesion treated with standard 
excision and closed by primary intention.

 Surgical Excision

Surgical excision involves the removal, usually in 
the form of an ellipse, around the lesion as well 
as an adequate, usually standard, normal tissue 
margin. Margins are commonly assessed postop-
eratively with formalin-fixed, paraffin-embedded 
tissue, though intraoperative frozen section can 

be performed as well [46]. This treatment modal-
ity is commonly performed for both SCC and 
BCC. The NCCN guidelines have reported that 
for low-risk BCC less than 2 cm in diameter, sur-
gical excision with at least a 0.4-cm margin 
should result in complete removal in more than 
95% of cases [50, 57]. The NCCN guidelines do 
not define a surgical excision margin recommen-
dation for high-risk BCC due to the wide vari-
ability of tumor histology, location, and patient 
factors [50].

For a well-differentiated SCC, smaller than 
2 cm, studies have shown that a minimum margin 
of 0.4 cm around the clinical border is appropri-
ate, with a ~5-year local recurrence rate ranging 
from 5 to 8%. A 0.6–1.0-cm margin is required 
for tumors 2 cm and larger. The aforementioned 
are for sites that do not include the ears, eyelids, 
lips, nose, and scalp, as well as involvement of 
deeper tissue including subcutaneous fat [58].

MMS is favored, especially in higher risk 
lesions and/or sites, deep margin involvement 
and recurrences, particularly cases that involve 
large margins in areas such as the face, hands and 
feet which may compromise cosmetic units and 
functionality [47, 59]. Possible disadvantages of 
a standard surgical excision are similar in nature 
to other surgical procedures such as increased 
cost, postoperative pain, longer times out of 
work, poor wound healing, scarring, and infec-
tion [47].

 Mohs Micrographic Surgery

MMS is a specialized technique that entails 
removing one thin layer of tissue at a time and 
intraoperatively reviewing the histologic speci-
men and margins for the presence of skin cancer. 
In doing so, 100% of the tumor margin can be 
assessed due to unique tissue preparation section-
ing; this is in contrast to the less than 2% tumor 
margin assessed utilizing the standard histologic 
technique [60]. This allows the tumor to be 
excised while minimizing removal of surrounding 
normal tissue and offering superior results in 
areas where normal tissue salvage is desired [60]. 
Use of this technique is guided by a number of 
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factors, most importantly risk stratification. 
Locations of tumors can be divided into three 
areas: low, medium, and high risk. High-risk areas 
include the ear, periauricular site, eyebrows, eye-
lids, nose, lips, chin, hands, nails, areola, genita-
lia, and ankles. Areas of medium-risk include 
head, neck, and pretibial surfaces. Low- risk sites 
include the trunk and extremities. Mohs is gener-
ally reserved for tumors arising in high- and 
medium-risk areas, aggressive tumors arising in 
low-risk areas as well as high-risk patients [61].

Overall, the unique technique of MMS can pro-
duce the highest cure rate with minimized scar out-
come compared to other surgical treatments [60]. 
MMS remains the gold standard for the surgical 
management of NMSC. Rowe et al. reviewed over 
10,000 cases of primary BCC treated with either 
standard surgical excision or MMS and revealed 
that long-term (>5 years) recurrence rates are 1.0% 
for MMS versus 10.1% for surgical excision [40]. 
Similar investigations have been documented for 
the treatment of SCC with recurrence rates of 3.1% 
for Mohs surgery versus 10.9% for surgical exci-
sion [41]. For high- risk primary NMSC, cryother-
apy and ED&C are inappropriate treatment choices 
given the high recurrence rates [42, 43].

 Non-surgical

Medical therapies, such as topical applications, 
have generally been reserved for lower risk lesions, 
most commonly for the treatment of AKs. On the 
other hand, while most patients with BCC and SCC 
are treated with surgical means, certain patient pop-
ulations present with aggressive and widespread 
disease, which makes treatment by conventional 
modalities difficult [62]. As such, chemotherapy is 
typically reserved for patients with metastatic or 
locally advanced disease that may not be amenable 
to surgical and/or radiation therapies.

 Topical Therapies for Actinic 
Keratoses

Cryotherapy is used in individuals with few 
lesions, whereas individuals with multiple lesions 

may benefit from field therapy with application 
of topical medication.

• 5-FU is a pyrimidine analogue that inhibits 
thymidylate synthase, an enzyme needed for 
DNA synthesis. The Food and Drug 
Administration (FDA) has approved 0.5 and 
5% topical preparations for use. Both prepara-
tions demonstrate similar outcomes with 
approximately 50% of patients achieving 
complete clearance when applied twice daily 
for 2–4 weeks [63]. Adverse local skin reac-
tions include erythema, erosions, and dryness 
[63].

• Imiquimod is an immune system modulator, 
specifically a toll-like receptor 7 (TLR-7) ago-
nist that promote a Th1-type immune response. 
Preparations approved by the FDA include 
2.5, 3.75, and 5%. Approximately 50% of 
patients achieve complete clearance with 
biweekly and triweekly applications for 16 
weeks [64, 65]. Studies have not shown a sta-
tistically significant difference between treat-
ment regimens [63]. Adverse local skin 
reactions are comparable to similar topical 
treatments including erythema, scabbing, or 
crusting and erosions or ulceration and are 
worse with prolonged regimens [64–66].

• Diclofenac is a nonsteroidal anti- inflammatory 
drug, shown to be effective by inducing cellu-
lar apoptosis [67]. Treatment consists of 
twice-daily application of 3% gel for 90 days. 
Although mixed results regarding clearance 
rates exist, diclofenac has been reported to be 
moderately efficacious with complete clear-
ance of no more than 30% [68]. Overall, the 
therapy is well tolerated with rash, pruritus, 
and dry skin as the most commonly reported 
adverse effects. Effects on the nervous system, 
such as paresthesia and hyperesthesia, though 
less common, have also been associated with 
diclofenac use [69, 70].

• Ingenol mebutate is an agent that induces cell 
death and is one of the newest therapies, 
approved in 2012. Treatment consists of appli-
cation of either 0.05 or 0.015% gel once daily 
for 2–3 consecutive days depending on the 
treatment site. Approximately 45% of patients 
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experience complete clearance [71]. Adverse 
events include local skin reactions including 
irritation, pain, and pruritus, most notable on 
day 3 and lasting up to 1 week after treatment 
[72, 73].

 NMSC

As previously alluded to, SCC and BCC have tra-
ditionally been treated with surgical approaches. 
However, with a marked increase in research and 
expansion of medical management strategies for 
NMSC, tailoring to patient’s preferences and 
comorbidities and considering alternative modal-
ities has come to the forefront.

 Topical Therapies for NMSC

• 5-FU has been approved for superficial BCC 
and SCCIS.

 – Superficial BCC: treatment regimen 
includes 5% solution applied twice daily 
for 3–6 weeks with complete clearance 
achieved in ~90% of individuals. 
Recurrence rates are ~10% [74].

 – SCCIS: treatment regimen includes 5% 
solution applied twice daily for 9 weeks 
yielding efficacy of 85%. A study found 
that 6 weeks is adequate to clear SCCIS in 
some patients; however, the authors con-
cluded that a 9-week treatment plan is 
likely appropriate to keep recurrence rates 
low, and that modifications can be made 
based upon individual responses [75].

• Imiquimod 5% has been approved for superfi-
cial BCC and SCCIS.
 – Superficial BCC: treatment regimen 

includes topical solution applied daily for 6 
weeks with 75–82% of individuals experi-
encing complete clearance. The recurrence 
rate for this type of treatment was found to 
be ~11% [76].

 – A few case studies have suggested imiqui-
mod efficacy in nodular BCC 70–88% of 
participants experienced clearance, how-
ever, treatment with this modality is gener-

ally not accepted nor is it FDA approved 
for these types of skin cancers [76–78].

 – SCCIS: treatment regimen includes 5% 
solution applied twice daily for 8  weeks 
yielding efficacy of ~80% [75].

• Ingenol mebutate has shown limited evidence 
for use in superficial BCC [79].

There are currently no FDA approved treat-
ment indications for intralesional therapy for 
NMSC as treatment regimens are variable and 
there is a limited research data on success.

• Therapies documented include methotrexate, 
bleomycin, 5-FU, and interferon.
 – Methotrexate injections have been studied 

to treat KAs. A small study was conducted 
using either 12.5 or 25 mg/mL until lesions 
are sufficiently infiltrated every 2 weeks. 
The study demonstrated ~90% efficacy 
after two treatments [80, 81].

 – Bleomycin injections have been studied in 
SCCIS, KA, and BCC using 0.5  mg/mL 
until lesions blanch. The frequency of 
injections varied in the study conducted. 
Treatment was found to have 100% effi-
cacy; however, follow-up studies are neces-
sary to confirm these results due to small 
sample sizes [80, 81].

 – 5-FU injections have been studied in BCC, 
KA, and SCC. 50 mg/mL was administered 
until lesion blanched, the average amount 
of weekly injections was 10. A small study 
conducted on BCC found 96% efficacy, 
while several publications on KA and SCC 
found similar efficacy of ~90% [80–82]. 
This treatment modality, and the use of 
methotrexate injections, may be useful in 
patients with multiple KA syndromes, as 
described previously in this chapter.

 – Recombinant interferon (INF), a type of 
cytokine involved in  local cell signaling, 
has been studied in BCC, KA, SCC, and 
SCCIS.  Treatment includes varying dos-
ages given 3 times per week with an aver-
age of 3 weeks of use. Several reports 
support its use in BCC management and 
results are as follows: INF alpha-2b 76%, 
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INF beta 68%, INF gamma 22%. Fewer 
studies have been published for use in KA, 
SCC, and SCCIS, which have demon-
strated ~90% efficacy; however, more stud-
ies are necessary to support these findings 
[80, 81].

 Radiotherapy

Radiation therapy (RT) has been employed as a 
nonsurgical primary treatment option for NMSC 
and as an adjuvant treatment for high-risk tumors 
[31]. A disadvantage of RT as a primary treat-
ment modality is that there is no histologic con-
firmation of tumor margins. As previously 
mentioned, patients may develop NMSC from 
the radiation treatment itself several years later 
after their treatment. Adjuvant RT is typically 
considered where there is a relatively high likeli-
hood of residual tumor present, despite surgical 
treatment or in patients who are not optimal sur-
gical candidates [31].

 Systemic Therapy

Systemic therapy is typically recommended as an 
adjuvant treatment if surgical resection of BCC 
and SCC yields a histologic specimen with con-
cerning characteristics such as positive margins, 
lymph node involvement, perineural or lympho-
vascular invasion, or if surgical and/or RT are 
deemed not possible in controlling the disease.

 Chemotherapy

Chemotherapeutic (CRT) agents most commonly 
used include cisplatin alone or combined with 
5-FU [83]. Given that these agents are nonselec-
tive, side effects of treatment can be quite signifi-
cant. A few case studies report that SCC deemed 
to be unresectable might benefit from neoadju-
vant RT and CRT. Therapies that have been docu-
mented in a series of case reports include 
cisplatin, bleomycin, methotrexate, 5-FU, and 
interleukin-22. Overall, there is limited evidence 

for their use in unresectable or metastatic SCC 
[84–87].

 Targeted Therapies

EGFR receptor-focused therapies have been 
under recent investigational studies, as it is 
known that SCC tumors overexpress such recep-
tors. Monoclonal antibodies including cetux-
imab, panitumumab, nimotuzumab and 
zalutumumab block the extracellular portion of 
the receptor, while small molecule tyrosine 
kinase inhibitors (TKIs) including gefitinib, erlo-
tinib, lapatinib, and afatinib disrupt the intracel-
lular signaling pathway. Currently, only 
cetuximab is FDA-approved for the treatment of 
head and neck SCC. In regard to BCC, hedgehog 
pathway inhibitors, including vismodegib and 
sonidegib, recently approved by the FDA for 
rare, unresectable BCC, have demonstrated 
appreciable response rates in the adjuvant and 
neoadjuvant setting [30, 88]. An overview of the 
pathway and currently approved inhibitors are 
discussed below.

Aberrant activation of the hedgehog-patched 
signaling pathway has been associated with the 
development of BCC. Critical components of this 
pathway include the PTCH gene, which when 
mutated, leads to production of an aberrant 
PTCH1 protein that normally binds and inhibits a 
seven-pass transmembrane G-protein receptor 
named Smoothened (SMO). Constitutive activa-
tion of SHH signaling by inactivating mutations 
in PTCH or activating mutations in SMO have 
been shown to lead to hereditary nevoid basal cell 
carcinoma syndrome. This complex pathway has 
been studied, leading to the discovery of 
Hedgehog pathway inhibitors like Vismodegib 
and Sonidegib, which bind SMO, preventing 
expression of transcription factors GLI1 and 
GLI2, inhibiting basal cell proliferation [21].

Vismodegib was approved in 2009; demon-
strating a response rate of 30% for metastatic 
BCC and 43% for locally advanced BCC.  The 
median duration of therapy for metastatic BCC is 
about 10 months. Common side effects reported 
include alopecia, dysgeusia, muscle spasms, 
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weight loss, fatigue, decrease in appetite, nausea, 
and diarrhea [88].

Sonidegib, a more recent SHH inhibitor, has 
also proven to be efficacious. Support for the use 
of sonidegib over vismodegib for locally 
advanced BCC is due to an increased objective 
response rate of 47%. However, sonidegib is less 
promising than vismodegib in metastatic BCC, 
only demonstrating a 15.4% response rate. Side 
effects are generally more tolerable and include 
elevation in creatine phosphokinase and lipase, 
high blood pressure, weakness, and muscle 
spasms [89].

 Immunotherapy

Recent advances in immunotherapy offer hopeful 
anticipation as a successful treatment of 
SCC.  Therapies that block the circumvented 
“immune checkpoints” effect may thus heighten 
antitumor effects [90]. The CTLA-4 inhibitor, 
ipilimumab, and PD-1 inhibitors including 
nivolumab and pembrolizumab work through 
these pathways to help block the immunosup-
pressive effects of cancers [90].

In short, for systemic therapy, the bulk of evi-
dence for oral therapy in NMSC appear to favor 
the neoadjuvant use of EGFR inhibitors for 
advanced SCC and adjuvant or neoadjuvant tar-
geted hedgehog inhibitors for advanced 
BCC. Although data supporting adjuvant or sys-
temic therapy in NMSC is limited, there are suf-
ficient reports in the literature to suggest systemic 
agent benefit.

 Other Treatments

Brachytherapy is becoming a more common 
method to treat SCC. Brachytherapy involves the 
direct application of a radioactive source to 
involved tissues. Given its recency and lack of 
long-term follow-up studies, long-term cure rate 
of brachytherapy is not yet known [91].

Photodynamic therapy is another treatment 
that involves the application of a photosensitizing 
agent on the skin followed by irradiation with a 

light source [92]. Currently, this treatment modal-
ity is approved by the FDA for the treatment of 
AKs, and rarely, for low-risk NMSC due to high 
recurrence rates [93, 94].

 Conclusion
In summary, given the incidence of NMSC is 
increasing in prevalence, full recognition of 
these potentially life-threatening diseases is 
critical. As this chapter has described, surgical 
management is the mainstay treatment of 
NMSC. Appropriate and careful selection of 
the optimal surgical intervention is crucial, 
with careful consideration given to patient-
specific factors, histologic features, as well as 
the risks versus benefits of the procedure. 
While a dermatologist primarily diagnoses as 
well as treats NMSC, a multidisciplinary team 
approach, especially in high-risk patients, is 
paramount for success.
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Management of Non-melanoma 
Skin Cancers: Rare Subtypes

Michael Saco, Neil Alan Fenske, 
and Basil Cherpelis

 Merkel Cell Carcinoma

 Introduction

Merkel cell carcinoma (MCC), originally referred 
to as trabecular carcinoma by Toker [1], is a rare 
and highly aggressive form of neuroendocrine 
skin cancer [2, 3]. There is still ongoing debate 
regarding whether or not MCC truly originates 
from Merkel cells, specialized touch receptors in 
the skin [4]. Regardless of its derivation, how-
ever, early detection and treatment of MCC are 
paramount in management.

 Epidemiology

The incidence of MCC in the United States 
increased from 0.22 per 100,000 in 1986 to 0.79 
per 100,000 in 2011. Additionally, the mortality 
of MCC increased from 0.03 per 100,000 in 1986 
to 0.43 per 100,000 in 2011 [3]. The increase in 
incidence has been attributed to multiple factors, 
including increased awareness of the clinical and 
histopathologic features of MCC resulting in 
more frequent and earlier diagnoses, as well as a 

greater proportion of individuals in the United 
States living into and past the eighth decade of 
life. Both incidence and mortality increased at a 
similar rate from 1986 to 2011, thus indicating a 
lack of improvement in MCC treatment options 
during this time period [3–5].

 Clinical Features

MCC in the United States is slightly more preva-
lent in men and it presents with a mean age of 
onset of 74.9 years in a predominantly Caucasian 
population [3]. Clinically, the typical appearance 
of MCC is a solitary, asymptomatic, rapidly grow-
ing red-pink to violaceous-blue nodule, although 
the lesion may be skin-colored or yellowish- 
white and can sometimes be tender. Additionally, 
the lesion may grow slowly or may not have any 
noticeable change in size [6]. MCC is most com-
monly located on the head and neck region, fol-
lowed by the extremities, all of which are areas 
of chronic sun exposure [7]. However, MCC can 
also arise in areas with less sun exposure, such as 
the trunk, buttocks, and genitalia [6].

Early detection and confirmatory biopsy of 
MCC are crucial in management. However, clini-
cians initially feel that more than half of lesions 
biopsied are benign, with the most common clin-
ical impression listed being a cyst or acneiform 
lesion. Other diagnoses in the clinical differen-
tial include lipoma, dermatofibroma, pyogenic 
granuloma, basal cell carcinoma, squamous cell 
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carcinoma, lymphoma, angiosarcoma, amela-
notic melanoma, and adnexal tumors. MCC is 
rarely listed in the clinical impression of biopsied 
lesions, thus potentially explaining the frequent 
delay in diagnosis [6].

 Risk Factors

Although Caucasian race represents a major risk 
factor for MCC, other variables that can increase 
the risk of MCC development usually do so by 
imparting some degree of immunosuppression. 
Namely, increasing age, chronic ultraviolet light 
exposure, solid organ transplantation, chronic 
lymphocytic leukemia (CLL), non-Hodgkin lym-
phoma (NHL) in men, ankylosing spondylitis, 
inflammatory bowel disease, Crohn’s disease, 
and acquired immune deficiency syndrome 
(AIDS) have all been shown to increase the risk 
of developing MCC [5, 8–11]. Studies pertaining 
to human immunodeficiency virus (HIV) infec-
tion and the risk of developing MCC, however, 
have been conflicting [5, 8].

Merkel cell polyomavirus, first reported in 
2008, is contained in approximately 80% of 
MCCs [12, 13]. Interestingly, Merkel cell poly-
omavirus has also been found in non-MCC cuta-
neous disorders and in normal-appearing skin of 
healthy individuals [14]. Research examining the 
role of Merkel cell polyomavirus in MCC patho-
genesis is ongoing, but reports of monoclonal 
integration of Merkel cell polyomavirus DNA 
into the host genome suggest that Merkel cell 
polyomavirus integration is an early event and 
not a result of secondary infection of MCCs [15].

 Pathology

On histopathology, MCC typically presents as a 
dermal nodule that can infiltrate into the subcuta-
neous fat and muscle. A grenz zone usually sepa-
rates the dermal nodule from the overlying 
epidermis, but ulceration can sometimes be seen 
and epidermotropism has rarely been reported. 
Tumor cells appear as sheets and cords of small, 
monotonous, oval, darkly staining blue cells with 

round to oval nuclei, finely dispersed chromatin, 
small nucleoli, abundant mitotic figures, apop-
totic cells, and scant cytoplasm [4, 16–19].

MCC can be difficult to distinguish from other 
poorly differentiated small blue cell tumors, such 
as melanoma, lymphoma, neuroblastoma, 
Ewing’s sarcoma, retinoblastoma, and small cell 
carcinoma of the lung. Additionally, MCC can be 
mistaken for basal cell carcinoma given the baso-
philic appearance of the tumor. While presence of 
a grenz zone, a high mitotic rate, abundant mitotic 
figures, apoptotic cells, and absence of peripheral 
palisading of nuclei can help to distinguish MCC 
from basal cell carcinoma, immunohistochemis-
try is often needed to differentiate MCC from the 
other aforementioned small blue cell tumors [4, 
16]. MCC is usually positive for cytokeratin 20 
(CK20) and pancytokeratins AE1/AE3, as well as 
several neuroendocrine markers, such as synap-
tophysin, neuron-specific enolase, and chromo-
granin A.  MCC is typically negative for S100, 
HMB-45, SOX-10, and Melan-A immunostains, 
thus differentiating it from melanoma. Positivity 
for CK20 and negative immunostaining for thy-
roid transcription factor 1 (TTF-1) strongly 
favors a diagnosis of MCC over small cell carci-
noma of the lung, which is typically CK20 nega-
tive and TTF-1 positive [4, 17, 20, 21]. Increased 
p63 expression in MCC may be associated with a 
poorer prognosis, although results from different 
studies have not been consistently supportive of 
this association [4].

 Treatment

Predicting survival and determining appropriate 
treatment for MCC begins with correct TNM 
staging [7, 22]. MCC has a high recurrence rate, 
with one study examining 240 patients showing 
locoregional recurrences in 30% of patients and 
distant metastases in 21% of patients [23]. 
Primary tumors ≤2  cm in diameter with no 
regional or distant metastases are associated with 
a five-year overall survival of 62.8%. The five- 
year overall survival drops to 54.6% in cases 
where the primary tumor is >2 cm in diameter in 
the absence of regional or distant metastases. The 
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five-year overall survival rate decreases to less 
than 40% if the primary tumor has invaded fascia, 
muscle, cartilage, or bone; if there is regional 
lymph node metastasis; or if there is evidence of 
in-transit metastasis. Distant metastasis (i.e., 
spread beyond regional lymph nodes) portends a 
very poor prognosis and is associated with a five- 
year overall survival of 13.5% [7, 22].

Per the National Comprehensive Cancer 
Network (NCCN) guidelines [22], complete sur-
gical excision of MCC remains the mainstay of 
treatment. Clinically apparent lymph nodes are 
defined as lymph nodes detectable through clini-
cal inspection, palpation, or radiologic imaging. 
Ideally, in all cases of MCC, a sentinel lymph 
node biopsy (SLNB) should be performed for 
patients without clinically apparent lymph nodes, 
and a fine-needle aspiration (FNA) or core biopsy 
should be performed for patients with clinically 
apparent lymph nodes. If the FNA or core biopsy 
is negative, an open biopsy should be considered, 
with the results of the open biopsy being treated 
the same as the results of a SLNB. SLNBs, FNAs, 
core biopsies, and open biopsies should all 
include immunostaining with CK20 and pancyto-
keratins AE1/AE3 as part of their evaluations. 
Regardless of the method of surgical excision 
chosen, SLNB should be performed prior to 
definitive excision of the primary lesion given the 
importance of SLNB status in MCC staging, 
prognostication, and in potentially contributing 
to regional control. However, the impact of SLNB 
on overall survival is unclear [7, 22–26]. Per 
NCCN guidelines, the standard method for surgi-
cal excision is wide local excision (WLE) with 
1–2 cm margins down to muscle fascia or peri-
cranium when possible [22]. However, many 
experts feel that WLE should be performed with 
2–3  cm margins given the propensity for lym-
phatic spread [27, 28]. Other methods of surgical 
excision, such as Mohs micrographic surgery, 
Mohs micrographic surgery with additional final 
margin assessment using permanent sections, 
and complete circumferential and peripheral 
deep margin assessment, may be considered for 
more extensive histologic margin assessment as 
long as they do not interfere with SLNB. In the 
setting of Mohs micrographic surgery, a debulked 

specimen of the central tumor should be sent for 
permanent sections to allow for accurate histo-
pathologic staging [22, 29].

In instances where the SLNB, FNA, core 
biopsy, or open biopsy is positive, complete 
lymph node dissection (CLND) with brain MRI 
and PET/CT scans of the neck, chest, abdomen, 
and pelvis are recommended to evaluate the 
extent of lymph node and visceral organ involve-
ment. If a PET/CT scan cannot be performed, CT 
or MRI with contrast is an acceptable alternative. 
Imaging can also be obtained whenever unresect-
able or metastatic disease is suspected based on 
the patient’s history or physical exam [22].

In order to achieve a potentially better out-
come, radiation therapy, whether treating the pri-
mary tumor site or draining nodal basin, is 
typically performed within a few weeks after sur-
gery and should not be delayed. Adjuvant radia-
tion to the primary tumor site is recommended in 
all cases of MCC.  However, observation of the 
primary tumor site without adjuvant radiation 
can be considered in immunocompetent patients 
if the primary lesion is <1 cm and widely excised 
with no lymphovascular invasion or other risk 
factors identified. Conversely, in instances where 
complete tumor excision is not possible, surgery 
would result in significant morbidity, or the 
patient refuses surgery, radiation monotherapy of 
the primary tumor site may be considered for 
treatment [22, 30–34].

Radiation therapy to the draining nodal basin 
is recommended in all cases where neither a 
SLNB nor a CLND has been performed. 
Radiation therapy to the draining nodal basin is 
not required when the SLNB is negative, but it 
can be considered in patients with profound 
immunosuppression and in patients at risk for 
having a false negative SLNB.  False negative 
SLNBs can be seen when SLNBs are performed 
incorrectly, SLN assessment is performed with-
out immunostaining with CK20 and pancyto-
keratins AE1/AE3, and when there is anatomic 
distortion of lymphatic drainage patterns due to 
previous WLE. Additionally, the frequent pres-
ence of multiple SLN basins and aberrant lym-
phatic drainage patterns in the head and neck 
region increase the risk of obtaining a false neg-
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ative SLNB in this anatomic region. Accordingly, 
if SLNB in the head and neck region is unsuc-
cessful, radiation therapy to the draining nodal 
basin can be considered to treat potential sub-
clinical disease. Radiation to the draining nodal 
basin is indicated when the SLNB is positive 
and a CLND is not performed. Of note, CLND 
is the preferred initial treatment for clinically 
apparent lymphadenopathy with MCC present 
on FNA, core biopsy, or open biopsy, followed 
by adjuvant radiation therapy if appropriate. In 
instances where a CLND is performed, adjuvant 
radiation therapy to the draining nodal basin is 
only indicated when multiple lymph nodes are 
involved or extracapsular extension is present 
[22, 30, 33, 34].

Chemotherapy for MCC is controversial and 
has not been shown to lead to improvement in 
overall survival [33, 34], although it may offer 
palliative benefit if the toxicities of the chemo-
therapeutic medications do not outweigh the pal-
liative benefits. While some physicians advocate 
for chemotherapy if a patient has at least one 
clinically or radiologically visible lymph node 
shown to be positive for MCC, others only use 
palliative chemotherapy in patients with meta-
static MCC. The most common chemotherapeu-
tic regimen used is cisplatin or carboplatin with 
or without etoposide, but topotecan has been 
used in elderly patients. The cyclophosphamide, 
doxorubicin, and vincristine regimen has become 
less popular since it can cause significant toxicity 
[4, 22].

In a phase II, noncontrolled study, pembroli-
zumab, an anti-programmed death 1 (PD-1) 
monoclonal antibody, was given to adult patients 
with advanced MCC who had received no prior 
systemic therapy [35]. Out of 25 patients 
assessed, a 56% objective response rate, defined 
as percentage of patients who had either a partial 
or complete response confirmed radiologically, 
was found with pembrolizumab. Both patients 
positive and negative for Merkel cell polyomavi-
rus responded to pembrolizumab. Moreover, 
whether or not the MCC being treated expressed 
PD-1 ligand (PD-L1) did not significantly affect 
response rate, despite the fact that pembroli-
zumab is a PD-1 inhibitor. The exact mechanism 

by which pembrolizumab treats MCC is still 
under investigation, and further research is 
needed to provide clarity [35].

Overall, given the complexity and aggressive 
nature of MCC, presenting the patient’s case at a 
tumor board and enrolling the patient into a clini-
cal trial are indicated if the patient has lymph 
node involvement detected either clinically or 
histopathologically, as well as in cases of distant 
metastatic disease [22].

Clinical follow-up visits for MCC patients are 
critical to monitor these patients since they are at 
high risk for recurrence. A total body skin exam 
and complete lymph node exam should be per-
formed every 3–6 months for the first 2 years after 
diagnosis and then every 6–12 months thereafter. 
Imaging studies, as previously explained, should 
be performed based on clinical judgment. 
However, more frequent clinical monitoring and 
routine imaging should be considered in high-risk 
patients, such as immunosuppressed patients [22].

Ultimately, it is the job of the dermatologist to 
diagnose MCC promptly and to monitor these 
patients closely for recurrences. Although derma-
tologists can surgically treat MCC, this should be 
done in coordination with the surgical specialists 
on the treatment team in order to not interfere with 
performing the SLNB if indicated. Tumor boards 
allow for an excellent multidisciplinary approach 
to patient care, providing a platform for dermatol-
ogists, pathologists, surgeons, oncologists, and 
radiation-oncologists to work together to provide 
an individualized treatment plan for the patient.

 Dermatofibrosarcoma Protuberans

 Introduction

Dermatofibrosarcoma protuberans (DFSP) is a 
rare, locally aggressive sarcoma that is of inter-
mediate malignancy. Although its derivation has 
been an issue of debate in the past, the current 
theory is that DFSP is of fibroblast origin. Its 
slow growth and nonspecific features often result 
in delays in diagnosis and treatment, making a 
high index of suspicion and adequate tissue sam-
pling crucial in management [36–38].
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 Epidemiology

The overall incidence of DFSP in the United 
States steadily increased from 3.1 per million 
person-years in 1973–1977 to 3.5 per million 
person-years in 1978–1982 and then 4.2 per mil-
lion person years in 1983–1987 [39]. Since then, 
the incidence has remained relatively steady, 
with the incidence rate from 2000 to 2010 calcu-
lated as 4.1 per million person-years [40]. 
Although the rate of local recurrence is relatively 
high, the 10-year relative survival is 99.1%. Older 
age and male gender have both been consistently 
associated with a higher all-cause mortality for 
DFSP [40, 41]. In one study [40], age was the 
strongest risk factor for increased all-cause mor-
tality, with a statistically significant increased 
risk starting at 40 years of age and continuing to 
dramatically increase over time. Relative to the 
19 years or younger group, the hazard ratios for 
all-cause mortality were 5.9  in the 40–59-year- 
old group, 30.9 in the 60–79-year-old group, and 
168  in the 80 years or older group. The hazard 
ratio for all-cause mortality in the 20–39-year- 
old group was 1.7, which approached, but did not 
reach, statistical significance [40]. Other factors 
that have inconsistently been associated with a 
higher all-cause mortality for DFSP include 
African American race, tumor size ≥3.0 cm, and 
anatomic location on the limbs and head [40, 41].

 Clinical Features

The majority of DFSP cases present between 20 
and 59 years of age, but they can occur at any 
age, from birth to beyond the ninth decade of life. 
DFSP has a 1.14 times higher incidence in 
women than in men, and incidence among 
African Americans is almost twice as high as the 
incidence in Caucasians [40].

The most common anatomic location for 
DFSP is the trunk, followed by the proximal 
upper and lower limbs and, less commonly, the 
head and neck region. Although rare, DFSP can 
also occur in the genital region and on acral sur-
faces [37, 40, 42]. DFSP characteristically pres-
ents as a slowly growing, solitary, asymptomatic, 

indurated plaque that may be red-brown, viola-
ceous, or skin-colored. As the plaque gradually 
enlarges over a period of months to decades, pro-
tuberant nodules develop within the plaque. The 
appearance of nodules within the plaque is often 
followed by accelerated growth, ulceration, 
bleeding, or pain. However, DFSP lesions may 
enlarge rapidly from onset. Other less common 
presentations of DFSP include the appearance of 
multiple primary lesions, a firm cutaneous nod-
ule, a yellow sclerotic morpheaform plaque, a 
soft depressed plaque, and skin discoloration pre-
ceding the appearance of a clinically apparent 
mass. DFSP lesions are typically 1–5 cm in size, 
but lesions as large as 30 cm have been reported 
and satellite nodules can develop.  While DFSP 
lesions are usually confined to the skin or subcu-
taneous tissue, they can be locally aggressive and 
invade underlying fascia, muscle, and bone [37, 
41]. Although metastasis of DFSP is rare, when 
metastasis occurs, it is usually via hematogenous 
rather than lymphatic spread. Accordingly, lymph 
node metastases are unusual. The lungs are the 
most common site of metastasis, with soft tissue 
and bone representing two other commonly 
reported sites of metastasis [42, 43].

Clinically, DFSPs can be mistaken for keloids, 
dermatofibromas, lipomas, sarcoidosis, mor-
pheaform basal cell carcinoma, desmoid tumor, 
morphea, or nodular fasciitis [37, 42].

 Risk Factors

The cause of DFSP is currently unknown, and 
proposed predisposing factors, including a his-
tory of trauma, have been extensively debated, 
with no firm consensus having been reached [37, 
39, 44].

 Pathology

On histopathology, DFSP has the appearance of a 
well-differentiated fibrosarcoma. DFSP typically 
presents as a dense dermal spindle cell prolifera-
tion embedded in varying amounts of thin, deli-
cate collagen fibers that destroys preexisting 
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structures (e.g., adnexae) and infiltrates into the 
subcutaneous fat. The cells that comprise the pro-
liferation are monotonous and have large nuclei, 
little pleomorphism, and a low to moderate num-
ber of mitotic figures. The deep dermal spindle 
cells are frequently arranged in cartwheel (cells 
radiating from a central acellular focus of colla-
gen) or storiform/mat-like (cells arranged into 
irregular, interwoven fascicles) patterns. DFSPs 
frequently penetrate deep into the subcutaneous 
fat, resulting in a honeycomb pattern of tentacle- 
like strands of tumor cells invading into the fat, or 
a multilayered sandwich pattern of spindle cells 
oriented parallel to the skin surface. Furthermore, 
longstanding or recurrent DFSPs may invade into 
underlying fascia, muscle, and bone. Hemosiderin 
deposition, multinucleated giant cells, foamy his-
tiocytes, and inflammatory infiltrates are uncom-
mon. Angiolymphatic invasion and necrosis are 
rare, but dilated vascular spaces, hemorrhage, 
and cystic changes may occasionally be present. 
Small amounts of stromal mucin may be seen, 
typically just below the epidermis when present. 
Depending on the extent of tumor invasion into 
the epidermis, the epidermis may be ulcerated, 
atrophic, or normal in appearance [37, 42, 44].

The central portion of the DFSP is typically 
more cellular than the periphery. At the periphery 
of the lesion, irregular tentacle-like projections of 
tumor cells diffusely invade the dermis and sub-
cutaneous tissue. Obtaining clear margins on 
excisions can be incredibly difficult because 
these peripheral extensions of neoplastic cells are 
significantly attenuated at their advancing edges 
and can potentially have a deceptively bland 
appearance that can be mistaken for normal col-
lagen. Accordingly, the excision margins for 
DFSP are often inadequate and the recurrence 
rate is relatively high [37, 42, 44].

Immunostaining can be helpful in the histo-
pathologic workup of DFSP.  Classically, DFSP 
can be distinguished from a dermatofibroma 
since DFSP typically stains positively for CD34 
and negatively for factor XIIIa, whereas the 
immunostaining pattern for a dermatofibroma is 
the opposite. Additionally, stromolysin-3 is typi-
cally strongly positive in dermatofibromas, but it 
is usually either negative or weakly positive in 

DFSPs [42, 45]. Of note, areas of fibrosarcoma-
tous change within DFSP can be negative for 
CD34, and most or all of the tumor may be CD34 
negative if there is a high proportion of fibrosar-
comatous change within the DFSP lesion [44]. In 
cases with equivocal lesions despite adequate tis-
sue sampling, additional immunostaining with 
apolipoprotein D, nestin, and cathepsin K can be 
used, as well as fluorescence in situ hybridization 
(FISH) or PCR for the characteristic transloca-
tion of collagen type I alpha 1 (COL1A1) on 
chromosome 17q22 with platelet-derived growth 
factor beta (PDGFB) on chromosome 22q13 to 
form the chimeric oncogenic fusion gene t(17;22)
(q22;q13) [38]. The COL1A1-PDGFB fusion 
gene has been found in 72–100% of DFSP 
lesions, including those with and without fibro-
sarcomatous change, depending on the series 
examined [46].

Several histologic variants of DFSP exist. 
Pigmented DFSPs, also known as Bednar tumors, 
contain a variable number of melanin-containing 
dendritic cells, comprise 1–5% of all DFSPs, and 
do not appear to differ from the classic type of 
DFSP in terms of prognosis. Other histologic 
variants that may also have a different appear-
ance clinically but do not seem to differ in terms 
of overall prognosis when compared to conven-
tional DFSPs include myxoid, myoid, atrophic, 
sclerosing, and granular cell DFSPs, as well as 
giant cell fibroblastoma, a DFSP variant typically 
seen in the pediatric population [37, 42, 44, 46]. 
However, 10–20% of DFSP lesions can develop 
foci of fibrosarcomatous change (DFSP-FS) and, 
consequently, tend to possess a more aggressive 
biologic behavior. Fibrosarcomatous changes 
include a characteristic fascicular, frequently her-
ringbone architecture, abundant cytologic atypia, 
increased mitotic rate (>5–10 mitoses per high- 
power field), hypercellularity, a compressive sub-
cutaneous infiltration pattern, high p53 and Ki67 
immunoreactivity, and focal or complete loss of 
CD34 expression [38, 43, 44, 46]. The designa-
tion of DFSP-FS is typically given if >5% of the 
surgical specimen possesses foci of fibrosarco-
matous change [38]. Clinically, DFSP-FS is asso-
ciated with a tumor size >4 cm, a median interval 
before diagnosis >5 years, and a much higher 
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incidence of muscle invasion relative to DFSP 
without fibrosarcomatous changes [46]. In a 2014 
systematic review [43], DFSP-FS, when com-
pared with DFSP without fibrosarcomatous 
changes, was found to have a significantly higher 
rate of local recurrence (29.8 vs. 13.7%), metas-
tasis (14.4 vs. 1.1%), and death from disease 
(14.7 vs. 0.8%). Interestingly, the rates of local 
recurrence, metastasis, and death from disease in 
DFSP-FS did not differ significantly based on the 
proportion of fibrosarcomatous change within the 
tumor [43].

The histopathologic differential diagnosis of 
DFSP includes fibrosarcoma, atypical fibroxan-
thoma, malignant fibrous histiocytoma, dermato-
fibroma, leiomyoma, leiomyosarcoma, and 
nodular fasciitis. These other lesions, however, 
typically differ from DFSP in terms of histopath-
ologic architecture and/or immunostaining pat-
terns. Superficial biopsy samples often lead to 
either misdiagnosis or an equivocal pathologic 
diagnosis, requiring repeat biopsies and delays in 
care. Accordingly, a punch or incisional biopsy, 
preferably of the deeper subcutaneous fat, is rec-
ommended in order to avoid sampling error. 
Moreover, biopsying only the periphery of a 
DFSP lesion may cause the lesion to be misdiag-
nosed as a benign neural tumor histopathologi-
cally since the aforementioned histopathologic 
description of the periphery of a DFSP lesion can 
be mistaken for a type of diffuse neurofibroma 
that can have a pattern of infiltration into the sub-
cutaneous fat similar to that seen in DFSP [37, 
38].

 Treatment

Treatment of DFSP is primarily surgical, with 
every effort made to obtain clear surgical margins 
regardless of the approach chosen. Radiation is 
generally avoided as first line treatment for DFSP 
due to the risk of inducing sarcomatous change 
and a more aggressive cancer. If Mohs micro-
graphic surgery, with or without obtaining an 
additional final margin for permanent section 
assessment, is chosen, debulking specimens 
should be examined to detect fibrosarcomatous 

transformation if present. Two other surgical 
options include complete circumferential and 
peripheral deep margin assessment (CCPDMA) 
and wide local excision (WLE) with at least 2 cm 
margins down to investing fascia of muscle or 
pericranium with clear histopathologic margins 
obtained when clinically feasible [38]. Reviews 
comparing Mohs surgery with WLE in terms of 
treatment of DFSP have shown that Mohs sur-
gery results in a lower recurrence risk and smaller 
postoperative defects. However, no difference in 
all-cause mortality between patients treated with 
Mohs surgery and patients treated with WLE has 
been shown [41, 46–50]. Moreover, assessing 
Mohs frozen sections for clear margins may be 
more difficult than assessing permanent sections, 
so many surgeons who treat DFSP with Mohs 
surgery will send a final stage after clearing the 
tumor with Mohs surgery for permanent section 
assessment [42]. Interestingly, although the 
National Comprehensive Cancer Network 
(NCCN) guidelines recommend at least 2  cm 
margins when WLE is used for DFSP treatment, 
WLE using 3 cm margins appears to be associ-
ated with a significantly lower risk of recurrence 
when compared to WLE using <3  cm margins 
[50]. Margin assessment may require both H&E 
sections and CD34 immunostaining in order to 
increase the likelihood of achieving negative sur-
gical margins. Irrespective of the surgical 
approach, extensive undermining and tissue 
movement to repair the surgical defect should be 
avoided or delayed until negative histopathologic 
margins are confirmed in order to prevent poten-
tial tumor seeding. An MRI with contrast may be 
needed for treatment planning if there is suspi-
cion for extensive extracutaneous spread.

If clear margins cannot be obtained surgically, 
radiation therapy extending 3–5 cm beyond the 
surgical margin is the preferred adjuvant therapy 
[38]. If the DFSP lesion is positive for the t(17;22) 
translocation, imatinib mesylate represents a 
potential alternative to radiation therapy; how-
ever, tumors without this translocation may not 
respond to imatinib therapy [38, 51].

Dermatologists should examine these patients 
every 6–12 months, focusing on the primary 
excision site for any evidence of recurrence. 
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Although metastasis is rare, the history and phys-
ical should also include assessment for any signs 
or symptoms that would prompt a more in-depth 
workup to rule out metastases (e.g., hemoptysis 
or other pulmonary symptoms in the event of 
lung metastasis). In patients who have had exten-
sive reconstruction, MRI with contrast may help 
detect early recurrence. In the event of recur-
rence, potential treatment options include resec-
tion with or without adjuvant radiation therapy, 
radiation monotherapy if radiation was not previ-
ously given and resection is not possible, and 
consideration of imatinib therapy for patients 
with unresectable disease with tumors positive 
for the t(17;22) translocation [38, 51, 52]. In 
patients with metastatic disease, a multidisci-
plinary consultation is warranted to coordinate 
treatment. Based on the specific clinical circum-
stances, potential treatment options include clini-
cal trials, imatinib, chemotherapy, radiation 
therapy, or resection when possible [38, 51, 52].

Management of DFSP with fibrosarcomatous 
changes (DFSP-FS) is primarily surgical, but a 
full discussion pertaining to treatment of 
DFSP-FS requires in-depth knowledge pertain-
ing to soft-tissue sarcomas that is beyond the 
scope of this chapter [53].

Dermatologists play an integral role in DFSP 
management, with initial diagnosis, margin- 
controlled surgical treatment, and continued 
monitoring for new lesions or disease recurrence. 
In cases with extensive lesions, a multidisci-
plinary approach that includes surgical oncolo-
gists and plastic surgeons performing the surgical 
excision and/or reconstruction can often benefit 
the patient. Depending on the clinical scenario, 
including radiation-oncologists and oncologists 
as members of the treatment team may be 
indicated.

 Atypical Fibroxanthoma

 Introduction

Atypical fibroxanthoma (AFX) is an uncommon, 
intermediate-grade, superficial fibrohistiocytic 
tumor. Although AFX has been considered a 

superficial variant of undifferentiated pleomor-
phic sarcoma (UPS, formerly known as malig-
nant fibrous histiocytoma), some physicians 
consider AFX and UPS to be two completely 
separate lesions. As of yet, a consensus has not 
been reached, and the debate continues to be con-
troversial [54, 55].

 Epidemiology

In one study, the incidence rate of malignant 
fibrous histiocytoma (MFH) from 1992 to 2004 
was 1.5 per 1,000,000 person-years, with a 
decline in the incidence of MFH starting in 2000 
[56]. The decline in MFH incidence may be due 
to the restructuring of nomenclature from the 
term MFH (which included AFX) into AFX and 
UPS as separate entities. Data from this same 
study showed that MFH had a male:female ratio 
of 4.7 and a 5-year relative survival of 89%. The 
data also indicated that MFH affects predomi-
nantly Caucasians since approximately 97% of 
the MFH cases reported in the Surveillance, 
Epidemiology, and End Results (SEER) Program 
Registries were in Caucasian patients. MFH most 
commonly occurs in the head and neck region, 
and less commonly on the upper extremities, fol-
lowed by the lower extremities and trunk. The 
incidence of MFH increased exponentially with 
age starting in the fourth decade of life, with 
more rapid increases noted during the fifth to 
sixth decades of life that continued to trend 
upward at a similar rate [56]. Given the contro-
versy pertaining to how AFX should be classified 
resulting in some AFX lesions being classified as 
UPS and vice versa, determining the incidence of 
AFX is incredibly difficult. This task is made 
even more difficult by the fact that, although 
MFH is reportable to SEER, AFX is not [56].

 Clinical Features

Demographic data pertaining to AFX is limited 
mostly to large case series. Approximately 80% 
of AFX cases occur on the head and neck (sun- 
exposed areas), while approximately 20% of 
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cases occur on the limbs and trunk (non-sun- 
exposed areas). AFX can also occur in unusual 
anatomic locations, such as the ocular surface, 
the cornea, the eyelid, and the ethmoid sinus. In 
one case series, AFX lesions on the head and 
neck were found to have a median age of 69, 
while lesions on the limbs and trunk were found 
to have a median age of 39. In this same case 
series, AFX lesions were found predominantly in 
Caucasians, regardless of anatomic location [54, 
57, 58]. Although the percentages have varied 
based on the case series, a consistent male pre-
dominance has been observed [54].

AFX typically presents as a solitary, red or 
pink, firm papule or nodule. The lesions are usu-
ally asymptomatic, but can sometimes ulcerate, 
bleed, or cause pain or pruritus. Lesion diameter 
is typically 1–1.5 cm, and most lesions are less 
than 2 cm in diameter. However, lesions as large 
as 10  cm in diameter have been reported. 
Extremity and trunk lesions are typically larger 
and have less defined borders; they may also 
grow more slowly and have a more nodular 
appearance relative to head and neck lesions [54, 
57, 59]. Rare cases of metastatic disease have 
been reported in the regional lymph nodes, lungs, 
liver, and peritoneum, as well as cutaneous or 
subcutaneous metastatic disease. Local recur-
rence of the tumor is often seen in cases of meta-
static disease. The estimated metastatic rate for 
AFX is approximately 0.5–4%. However, the 
true incidence of AFX is debatable since some of 
the tumors diagnosed as AFX may have actually 
been UPS lesions [54].

Since AFX has a nondescript appearance, the 
clinical diagnosis is rarely made preoperatively. 
The clinical differential diagnosis is broad and 
includes basal cell carcinoma, squamous cell car-
cinoma, pyogenic granuloma, and Merkel cell 
carcinoma. Pigmented AFX lesions can also 
mimic melanoma or pigmented basal cell carci-
noma [54].

 Risk Factors

Since AFX most commonly occurs on sun- 
exposed areas, ultraviolet radiation exposure 

likely plays a major role in the pathogenesis of 
AFX. Additionally, sites of chronic radiation der-
matitis from prolonged therapeutic or occupa-
tional exposure are at increased risk for 
developing an AFX, typically more than 10 years 
after a site has been irradiated. Immunosuppression 
seen in chronic lymphocytic leukemia, transplant 
patients, and patients with HIV or AIDS repre-
sents another potential risk factor for developing 
AFX [10, 54, 60, 61].

 Pathology

AFX is a dermal proliferation of pleomorphic 
spindle cells and epithelioid cells in varying pro-
portions admixed with multinucleated giant cells 
within a collagenous matrix and background 
solar elastosis. Atypical mitotic figures with 
severe pleomorphism and hyperchromatism are 
frequently observed. The lesion can sometimes 
be contiguous with the epidermis, and occasion-
ally, foam cells are present that can extend up to 
the epidermis. Conversely, the dermal prolifera-
tion may abut and be separated from the epider-
mis by a thin zone of collagen. The overlying 
epidermis is often thin and flattened or ulcerated 
[54, 61, 62].

On immunohistochemistry, AFX is typically 
positive for vimentin, alpha-1-antitrypsin, CD10, 
CD68, and procollagen 1. It is variably positive 
for CD99, CD117, LN-2 (CD4), CD31, CD34, 
SMA, and EMA. However, AFX is usually nega-
tive for HMB-45, S-100, Sox10, Melan-A, cyto-
keratins, and desmin [62, 63].

The histopathologic differential diagnosis 
includes similar-appearing spindle cell tumors, 
such as UPS, spindle cell squamous cell carci-
noma, desmoplastic melanoma, and leiomyosar-
coma. The majority of these tumors can be 
differentiated from AFX based on histopatho-
logic features or immunohistochemistry [61]. 
Distinguishing between AFX and UPS is more 
controversial, with some physicians relying on 
histopathologic features over immunohistochem-
istry, while others favor immunohistochemistry 
over histopathologic features in order to deter-
mine the diagnosis. A recent study comparing 
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169 AFX patients with 7 UPS patients found that 
LN2 (CD74), CD10, and ezrin immunostains 
were unable to distinguish AFX from UPS [64]. 
Currently, AFX is differentiated from UPS by its 
dermal location and its pushing growth pattern, 
whereas UPS invades the subcutaneous fat and 
deeper structures underneath. Since AFX is rarely 
on the clinical differential prior to biopsy, most 
biopsies are superficial shave biopsies with the 
tumor transected at the base. Accordingly, differ-
entiation between AFX and UPS is usually made 
postoperatively. However, development of recur-
rence or metastatic disease could potentially 
cause the diagnosis to be changed from AFX to 
UPS since AFX rarely metastasizes and UPS is 
an aggressive tumor [64].

 Treatment

Although there are no standardized guidelines for 
staging or treating AFX, no imaging is typically 
required and the primary treatment is surgical 
[61]. The reported local recurrence rate after sur-
gical treatment of AFX has ranged from 0 to 
16%. Lower recurrence rates have typically been 
reported with Mohs surgery compared to wide 
local excision (WLE), although the numbers used 
in comparative studies are relatively small. Two 
centimeter WLE margins are typically required 
to achieve clear margins, so Mohs surgery has 
been recommended by some authors to espe-
cially be used for head and neck lesions and in 
other areas where tissue sparing is crucial. Not 
enough data are available to determine if Mohs 
surgery is associated with an improved mortality 
compared to WLE [54, 58, 59, 65–69]. Also, no 
strong data are available to support performing a 
sentinel lymph node biopsy in patients diagnosed 
with AFX [61]. Radiation therapy is typically 
used as adjunctive treatment for recurrent or met-
astatic disease. Metastatic disease treatment 
needs to be tailored to the patient, with some 
patients requiring radical neck dissections, radia-
tion, parotidectomy, or systemic chemotherapy. 
Accordingly, patients diagnosed with metastatic 
AFX would benefit from a multidisciplinary 
approach to management, involving dermatol-

ogy, surgical oncology, medical oncology, radia-
tion oncology, and possibly plastic surgery [54]. 
Any patients diagnosed with AFX should have a 
total body skin examination performed at least 
every 6 months in order to check for recurrence at 
the surgical site, as well as for any new lesions 
and lymphadenopathy [54].

The rates of recurrence, metastasis, and mor-
tality associated with AFX are much less sub-
stantial relative to the aforementioned rates seen 
in UPS [70]. Moreover, although the primary 
treatment for UPS is still surgical, treatment with 
radiation and/or chemotherapy may also be nec-
essary. Further discussion regarding UPS treat-
ment is beyond the scope of this chapter [62].

 Sebaceous Carcinoma

 Introduction

Sebaceous carcinoma is a rare and aggressive 
malignancy derived from the adnexal epithelium 
of sebaceous glands. Due to some differences in 
biologic behavior based on anatomic location, 
sebaceous carcinoma is separated into ocular/
periorbital and extraocular/extraorbital types. 
Sebaceous carcinoma has been shown to have a 
high rate of recurrence after excision, and it also 
possesses the capacity for regional and distant 
metastasis [71, 72].

 Epidemiology

The incidence of sebaceous carcinoma among 
Caucasians is almost three times the rate seen in 
other racial groups, and more than 75% of 
patients are 60 years of age or older at the time of 
diagnosis. One study showed a statistically sig-
nificant 3.31% annual increase in the overall inci-
dence of sebaceous carcinoma from 2000 to 
2012, which was primarily due an increase in the 
incidence of sebaceous carcinoma among men 
during this time period [73]. The overall inci-
dences per 100,000 person-years of sebaceous 
carcinoma were 0.32 in men, 0.16 in women, and 
0.23 in men and women combined. From 2000 to 
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2012, five-year relative survival for all types of 
sebaceous carcinoma was 92.72% and 10-year 
relative survival was 86.98%. A higher all-cause 
mortality has been associated with male gender, 
African American race, and extraocular anatomic 
location [73]. Further studies should be per-
formed to support extraocular anatomic location 
as a risk factor for higher all-cause mortality, 
especially since periocular sebaceous carcinoma 
has been shown to have a 3% higher rate of nodal 
and/or distant metastasis relative to extraocular 
sebaceous carcinoma [73, 74]. Data are lacking 
to determine whether periorbital sebaceous carci-
noma has a greater risk of local recurrence than 
extraocular sebaceous carcinoma since most of 
the data pertaining to sebaceous carcinoma has 
historically focused on the periorbital rather than 
extraorbital subtype. However, certain histopath-
ologic features that are associated with a higher 
risk of local recurrence, such as pagetoid spread 
and multicentricity, are more commonly seen in 
periorbital sebaceous carcinoma than in the 
extraocular subtype [72, 75].

Although most cases of sebaceous carcinoma 
are not associated with Muir-Torre Syndrome 
(MTS), up to 30% of patients with MTS present 
with a sebaceous carcinoma. Accordingly, seba-
ceous carcinoma can be used as one of the diag-
nostic criteria for MTS. As a result of the defects 
in DNA mismatch repair genes and the resultant 
microsatellite instability seen in MTS, patients 
with MTS have an increased incidence of devel-
oping colorectal carcinoma, genitourinary 
tumors, breast carcinoma, and hematologic disor-
ders [72, 76].

 Clinical Features

The most common anatomic location of seba-
ceous carcinoma is ocular, but extraocular seba-
ceous carcinomas as a whole are more common 
than ocular sebaceous carcinomas. Upper eyelids 
are the most common location for periorbital 
sebaceous carcinoma. Extraocular sebaceous car-
cinomas are most commonly located in the head 
and neck region since this is where the greatest 
number of sebaceous glands are located. Less 

common cutaneous locations for sebaceous car-
cinoma include the trunk, extremities, and geni-
talia [71–73, 77].

Clinically, sebaceous carcinomas are difficult 
to diagnose given the diversity of their presenta-
tions, often leading to a delay in diagnosis aver-
aging between 1 and 2.9 years. Periorbital 
sebaceous carcinoma can be especially mislead-
ing, often easily mistaken for a chalazion, bleph-
aroconjunctivitis, or keratoconjunctivitis. It most 
commonly presents as a painless subcutaneous 
eyelid nodule, but can also present with eyelid 
thickening or, rarely, as a pedunculated eyelid 
mass. Given the subtlety of the presentation of 
periorbital sebaceous carcinoma, an eyelid 
biopsy is warranted in cases of recurrent chala-
zion, eyelid thickening or eversion, loss of eye-
lashes, and eyelid ulceration in order to rule out 
this neoplasm. Extraorbital sebaceous carcinoma 
typically presents as a painless yellow or pink 
nodule, but can also present as flesh-colored or 
red papules, nodules, or plaques. Clinically, the 
differential diagnosis includes benign sebaceous 
lesions, basal cell carcinoma, squamous cell car-
cinoma, Merkel cell carcinoma, and amelanotic 
melanoma [72].

Regional lymph nodes are the most common 
sites of metastasis. Distant metastasis can involve 
the lung, liver, bone, or brain, with most reported 
cases of distant metastasis developing within the 
first 2 years after initial treatment [72]. Although 
reported rates of regional and distant metastasis 
were historically high, more recent data esti-
mated that the rates of nodal and/or distant metas-
tasis were 1.4% for extraorbital sebaceous 
carcinoma and 4.4% for periorbital sebaceous 
carcinoma [74]. The most significant predictor 
for increased mortality is development of meta-
static disease, emphasizing the importance of 
prompt diagnosis and treatment [72].

 Risk Factors

Age has been reported to be a likely risk factor 
for developing sebaceous carcinoma since most 
cases occur in patients 60 years of age or older. 
Sebaceous carcinoma has been associated with 
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MTS, a history of irradiation, immunosuppres-
sion, and familial retinoblastoma. Sebaceous car-
cinoma has also been reported to occur within 
nevus sebaceous lesions, albeit rarely. Prior asso-
ciations with female gender and Asian race have 
not been substantiated in more recent studies, 
which instead support an increased incidence in 
Caucasian males [72, 73, 78].

 Pathology

Sebaceous carcinoma presents as a lobular, unen-
capsulated, dermally based collection of seba-
ceous cells and undifferentiated cells. The cells 
have a characteristic “frothy” appearance due to 
lipid granules in the cytoplasm, which stain posi-
tively with Sudan black and oil red 
O.  Cytologically, nuclear pleomorphism and 
hyperchromatism, as well as mitotic figures, are 
seen. Pagetoid spread and multicentricity, both 
features that may be associated with an increased 
risk of recurrence, are more commonly seen in 
periorbital sebaceous carcinomas than in extra-
ocular sebaceous carcinomas. Intraepithelial 
spread is another histopathologic feature that can 
potentially lead to an increased risk of local 
recurrence. Poor prognosis has been associated 
with pagetoid spread, multicentric origin, poorly 
differentiated or undifferentiated lesions, and 
angiolymphatic or perineural invasion. Other 
high-risk features specific to extraocular seba-
ceous carcinoma include tumor thickness >2 mm, 
Clark level ≥  IV, and primary site on the lip or 
ear. In contrast, tumors involving the eyelid or 
tarsal plate are considered high-risk features for 
periocular sebaceous carcinomas [72, 79].

The histopathologic differential diagnosis for 
sebaceous carcinoma includes benign sebaceous 
lesions and neoplasms that exhibit pagetoid 
spread, such as melanoma and squamous cell car-
cinoma in situ. Although differentiation between 
sebaceous carcinoma and benign sebaceous 
lesions is often based on differences in histopath-
ologic architecture and cytologic features, some 
cases can present a diagnostic challenge. In these 
scenarios, p53 and Ki-67 immunostains can be 
utilized, with sebaceous carcinoma more fre-

quently showing overexpression of these markers 
than sebaceous adenomas. Differentiation 
between sebaceous carcinoma and other malig-
nancies may require the use of immunohisto-
chemistry, with EMA, Cam 5.2, adipophilin, and 
perilipin largely replacing fat stains like oil red 
O, which have a decreased sensitivity after for-
malin fixation [71, 72, 80].

 Treatment

TNM staging differs based on whether the seba-
ceous carcinoma is of the periocular or extraocu-
lar subtype [72]. Unless patients are poor surgical 
candidates, surgery is the initial treatment of 
choice regardless of the patient’s stage at the time 
of diagnosis. Wide local excision (WLE) with 
5–6  mm margins is the standard treatment. 
Orbital exenteration is reserved for cases in 
which imaging shows unresectable orbital soft 
tissue invasion. WLE has been associated with a 
relatively high recurrence rate, ranging from 4 to 
28% over the past two decades. Mohs surgery for 
the treatment of sebaceous carcinoma has been 
associated with relatively lower recurrence rates 
overall, with some of the larger series reporting 
recurrence rates ranging from 0 to 11%. However, 
additional data is needed to make a more accurate 
comparison between WLE and Mohs surgery in 
the treatment of sebaceous carcinoma. Due to the 
tendency for intraepithelial spread seen with 
sebaceous carcinoma, some physicians have 
advocated evaluation of a final peripheral margin 
with permanent sections. Additional tissue may 
be taken and sent for permanent sections to con-
firm clear margins if deemed necessary by the 
operating surgeon. The benefit of excising addi-
tional tissue must be weighed against the 
increased morbidity that may result, especially in 
vital areas such as the eyelid. Locally recurrent 
disease is typically treated with surgical 
 re- excision and possibly adjuvant radiation. 
Unless patients are poor surgical candidates, 
radiation therapy is rarely used as a primary treat-
ment modality, especially since radiation therapy 
performed near the eye can cause a multitude of 
issues, including permanent vision loss [72, 75, 
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78, 81–85]. Shielding of the eye can help reduce 
these complications.

Although there have been differing opinions 
regarding whether or not to perform a sentinel 
lymph node biopsy (SLNB) for sebaceous carci-
noma, multiple authors have advocated perform-
ing a SLNB for periorbital sebaceous carcinomas 
>10 mm in diameter but not routinely for extra-
ocular sebaceous carcinomas. A positive SLNB 
necessitates complete regional lymph node dis-
section and adjuvant radiation given the aggres-
sive nature of this neoplasm [72, 74, 86–88].

As already mentioned, regional metastasis is 
typically treated with regional lymph node dis-
section followed by adjuvant radiation. 
Parotidectomy is included as part of the regional 
lymphadenectomy in cases of periocular seba-
ceous carcinoma. Given the potentially high mor-
bidity associated with radiation therapy, radiation 
should be reserved for recurrent tumors, meta-
static disease, or palliative therapy. Reports of 
chemotherapy used to treat metastatic sebaceous 
carcinoma are limited to a small number of case 
reports [72].

Little information is available regarding rec-
ommendations for imaging in cases of sebaceous 
carcinoma. A PET/CT scan should be considered 
in cases of a positive SLNB or palpable regional 
lymphadenopathy prior to performing a radical 
lymph node dissection. Advanced imaging can 
also be considered for both periocular and extra-
ocular sebaceous carcinoma if the aforemen-
tioned histopathologic high-risk features are 
present or if tumor diameter is >2  cm. Routine 
dermatologic monitoring is imperative, with fol-
low- up imaging to be performed at the discretion 
of an oncologist [72].

Given the association of sebaceous carcinoma 
with MTS, all patients diagnosed with sebaceous 
carcinoma should undergo immunohistochemis-
try to assess for loss of mismatch repair genes. 
Any cases with loss of mismatch repair genes 
should have genotyping for microsatellite insta-
bility and referral to a geneticist. However, in 
patients with a personal or family history of 
malignancy, a genetics referral is strongly recom-
mended regardless of the results of the aforemen-
tioned tests. Patients who are diagnosed with 

MTS should be encouraged to follow up with 
their primary care physicians to ensure that they 
are up to date on screening for malignancies 
associated with MTS [72].
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 Introduction

Merkel cell carcinoma (MCC) is a rare and very 
aggressive primary cutaneous carcinoma that is 
associated with a high risk of locoregional and dis-
tant spread and, hence, poor long-term survival. 
The therapeutic approach is often unclear, and con-
siderable controversy exists regarding its pathogen-
esis and optimal management. An increasing 
number of cases over the past two decades and the 
discovery of the Merkel cell polyomavirus (MCV) 
by Feng et al. have focused much more attention on 
this aggressive malignancy [1–5].

MCC was recognized as an entity in the 1970s, 
when its pathologic criteria were defined and its 
distinct clinical behavior was described. In 1972, 
Toker et  al. [1] described five patients with an 
unusual skin tumor in which trabeculae and cell 
nests in the dermis were the dominant histologic 
findings, and as a result he named it “trabecular car-
cinoma of the skin” [3, 4]. Owing to the discovery 
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of electron-dense neurosecretory granules in the 
tumor cells, the disease was classified as a neuro-
endocrine carcinoma [5]. A few more years 
passed before the immunohistochemical differ-
ences between these tumors were more fully 
defined, and this time MCC was given the name 
that remains today.

 Epidemiology

The overall age-adjusted incidence of MCC is 
0.24 per 100,000 person-years in United States, 
which is higher than the 0.13 per 10,000 person- 
year estimated rate in Europe. Most series show a 
greater risk in males with a male-to-female ratio 
of 1.4:1–2.3:1 [6]. The mean age of patients at 
the time of initial diagnosis is above 70 years [7]. 
It presents more commonly in white males and in 
immunosuppressed patients. The role of ultravio-
let light (UV) in the development of MCC is seen 
as having more of an immunosuppressive than a 
mutagenic or carcinogenic effect. According to 
the data from Surveillance, Epidemiology, and 
End Results (SEER) data for the time period of 
1986–2001, there was a threefold increase in 
MCC cases [2, 8, 9]. The age-adapted incidence 
of MCC underwent a statistically significant 
annual increase of 8% during this period. In east-
ern England, MCC prevalence has risen threefold 
over the last 10 years and is now similar to the 
highest reported rates from Western Australia 
[10, 11].

This rapid increase is more dramatic than that 
of the increasing incidence of cutaneous mela-
noma worldwide. Causative factors implicated 
are a variety of environmental and population 
factors, such as a higher incidence of UV expo-
sure and increasing numbers of immunosup-
pressed individuals within the population. 
Immunosuppression and immunodeficiency 
likely play an important role in the pathogenesis 
of MCC, with the incidence clearly higher in 
solid organ transplant recipients, most commonly 
those undergoing renal transplantation, as well as 
individuals with chronic lymphocytic leukemia 
(CLL), human immunodeficiency virus (HIV) 
infection, and acquired immunodeficiency syn-

drome (AIDS) [1, 3]. Patients with autoimmune 
diseases such as rheumatoid arthritis also are at 
an increased risk for developing MCC [11, 12].

The recent advancements in immunodiagnos-
tic techniques may have also contributed to the 
increasing numbers of diagnosed cases [2]. 
Indeed, the American Cancer Society has pre-
dicted that the incidence of MCC will exceed that 
of cutaneous T-cell lymphoma, with similar data 
reported for Australia [1, 5]. The Danish study 
[13] by the Epidemiology Research Department 
(1978–2006) revealed an overall MCC incidence 
of 2.2 cases per million person-years, and warned 
of the possible association between MCC and 
other cancers, particularly squamous cell 
carcinoma.

 Our Evolving Understanding 
of MCC Pathogenesis

Despite a marked improvement in our current 
understanding of the pathogenesis for MCC, the 
exact cellular mechanisms and genomic changes 
remain ill defined. There appears to be an asso-
ciation with various chromosomal abnormalities 
as well as perturbation along several cellular sig-
naling and apoptotic pathways. Among the most 
viable hypotheses to possibly explain the devel-
opment and malignant transformation of MCC 
the disease is the role of mast cells, specifically 
the hypermethylation of gene silencing of 
p14ARF, amino acid substitution in exon 10 of 
platelet-derived growth factor (PDGF) and, nota-
bly, the role of MCV [2, 14]. In this regard, recent 
evidence suggests that clonal integration of MCV 
is one of the main etiological mechanisms by 
which MCC develops. The most frequent factors 
and hypotheses related to the pathogenesis of the 
tumor seem to be as follows:

 1. The increasing evidence that sun exposure 
may also be a major independent etiological 
factor. MCC most commonly develops in 
areas of the skin that are exposed to the sun, 
such as the head and neck (H&N) [15] 
(Fig. 39.1). The role of UV light in the devel-
opment of this tumor is seen more as an 
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immunosuppressive effect, rather than as a 
mutagenic or carcinogenic effect. 
Pathogenetically, in addition to disturbed anti-
gen presentation, the induction of immuno-
suppressive cytokines such as interleukin-1 
and tumor necrosis factor-α, the isomerization 
of trans- to cis-urocanic acid, and the forma-
tion of reactive oxygen species are considered 
to be the main culprits [1].

 2. Multiple chromosomal abnormalities have 
been found in MCC, with the most common 
abnormality identified as a deletion of the 
short arm of chromosome 1 (1p36), which is a 
structural aberration found in up to 40% of 
MCCs. Aberrations in other chromosomes, 
such as loss of heterozygosity in band 3p21 
(an abnormality also reported in small-cell 
carcinoma), 10q23, and chromosome 13, have 
also been reported. [16, 17]. In MCC, the het-
erozygous loss of the long arm of chromo-
some 10 suggests that the tumor suppressor 

gene, PTEN, plays an important role in the 
transformation process of MCC.  A recent 
study using MCC tissue microarrays to mea-
sure the exposure of various proteins (espe-
cially matrix metalloproteinases) revealed 
that PTEN could scarcely be identified in the 
samples examined, which could indicate inac-
tivation of the second allele [5]. Other abnor-
malities also found in MCC include trisomy 1, 
6, 11, 18, and the deletion of chromosome 7 
[2, 18].

 3. From a molecular perspective, the primary 
mechanisms of transformation promoting 
MCC are still relatively unknown. It has been 
suggested that the rapid growth seen in many 
cases of MCC is associated with dysregula-
tion of various normal growth factor recep-
tors. Mutations in the TP53 gene have been 
observed in 14–33% of MCC, mostly con-
fined to MCV-negative cases [15, 19]. High 
expression of the bcl-2 proto-oncogene, 

Fig. 39.1 Clinical appearance of MCC in sun-exposed areas
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which is capable of inhibiting apoptosis, 
thereby promoting cell survival and contrib-
uting to tumor growth, was observed in 5 of 
19 patients with MCC, although no relation 
between gene expression and survival was 
observed [20].

 4. Finally, the discovery by Feng et  al. [21] in 
2008 that MCV was identified in 8 of 10 MCC 
tumors has provided yet another important 
clue as to the pathogenesis of MCC. MCV is 
most closely related to a lymphotropic poly-
omavirus found in African green monkeys, 
also unique in that it is the only polyomavirus 
known to naturally infect B-lymphocytes. 
Polyomaviruses are a group of icosahedral, 
double-stranded DNA viruses that encode a 
large tumor antigen oncoprotein known to 
cause tumors in animal models.

MCV infection usually occurs at a young age 
and establishes a clinically silent persistent infec-
tion [22]. MCV is thought to be part of the human 
skin microbiome and appears to be chronically 
shed from the skin in the form of assembled viri-
ons. The seroprevalence of antibodies specific to 
the capsid protein VP1 appears to increase with 
age, from approximately 40% in children up to 
over 80% in older individuals. In time, either due 
to prolonged sunlight exposure, viral genome 
replication in dermal cells, or infection of 
bystander Merkel cells, MCV genomes become 

integrated into the host genome [23]. The induc-
tion of matrix metalloproteinase through the nor-
mal aging process and prolonged UV exposure 
may favor active infection. Finally, immune 
downregulation by viral proteins allows MCV to 
establish a persistent infection [24].

It has been hypothesized that the rarity of 
MCV-positive MCC can be explained in terms of 
genomic instability. There are two likely distinct 
mutagenic steps that are believed to be required 
for MCC development. The first is the integration 
of MCV into the host genome, with the second 
being the prevention of autonomous viral replica-
tion by T antigen mutations [25, 26] (Fig. 39.2). 
The exact mechanism by which the MCV con-
tributes to the development of MCC has yet to be 
identified. MCV may likely contribute to tumori-
genesis via large T antigen (LTAg) inhibition of 
the tumor suppressor gene, Rb1, and enhanced 
oncoprotein gene stability and mTOR activation 
by small T antigen (sTAg) [27]. In MCC, MCV 
displays genomic integration and characteristic 
truncating mutations of LTAg, which render the 
virus replication-deficient but preserve the Rb 
binding site.

MCV-negative tumors exhibited a high muta-
tion burden associated with a UV-induced DNA 
damage signature [15, 18, 26]. These expression 
levels were strongly correlated with unfavorable 
clinical outcomes, further providing important 
insights in the effort to develop novel targeted 
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Fig. 39.2 Integration and replication of MCV into the host genome after sun exposition
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therapies for MCC [28]. MCV DNA-positive 
MCCs tend to show better prognosis, with some 
studies reporting fewer regional lymph nodes at 
the time of diagnosis compared to MCV DNA- 
negative MCCs [29].

Gonzalez-Vela et  al. found that MCV-
negative tumors had higher mutational loads 
with UV signatures and more frequent muta-
tions in TP53 and Rb compared to their MCV-
positive counterparts [15]. Surprisingly, despite 
important genetic differences, both exhibited 
nuclear accumulation of oncogenic transcrip-
tion factors such as the nuclear factor of acti-
vated T cells (NAFT), P-CREB, and P-STAT3, 
indicating commonly deregulated pathogenic 
mechanisms with the potential to serve as tar-
gets for therapy. A multivariable analysis identi-
fied P-CREB as an independent survival factor 
with respect to clinical variables and MCV sta-
tus in our cohort of MCC patients [15]. 
Table  39.1 shows these differences between 
MCV-positive and -negative tumors.

Serological biomarkers that may help predict 
prognosis and identify those patients at a higher 
risk of early relapse is a focus of much research 
currently. Samimi et al. found that the major cap-
sid protein (VP1) antibodies constitute a prog-
nostic marker associated with a favorable 
prognosis when detected at high levels at base-
line [30]. Conversely, the TAg antibodies were 

cleared in patients in remission, but showed 
higher titers in disease recurrence and were found 
to be a useful marker of disease progression when 
detected more than 12 months after diagnosis.

 Current Surgical Management

The mainstay for the initial surgical management 
of MCC is wide local excision of the primary 
lesion with a minimum of 2-cm margins in all 
directions [31–33]. However, as with melanoma, 
there is a trend toward smaller surgical margins, 
with Gillenwater et al. comparing 1, 2 cm mar-
gins for MCC measuring  <  1  cm in diameter, 
and found no statistical difference in  locore-
gional control or survival [34]. Sattler et al. also 
failed to show a statistically significant differ-
ence in disease- free survival (DFS) or overall 
survival (OS) when comparing with margins of 
1–3 cm [35].

Skin margins are determined by the tumor 
size, measured as the diameter of the lesion, and 
not Breslow’s depth as with melanoma. As with 
melanoma, the excision extends down to the fas-
cial plan (or galea for the scalp), with peripheral 
margins of at least 2 cm for lesions larger than 
2 cm in diameter and 1 cm margins for lesions 
<2 cm in diameter [2]. For larger residual defects 
that cannot be closed primarily, we will often per-
form these operations with our plastic surgeons 
who will assist with the most aesthetic and dura-
ble form of tissue reconstruction, whether this be 
a local rotational flap or free flap depending upon 
the location of the defect (Fig. 39.3).

Table 39.1 Differences between MCV-negative and 
-positive tumors

MCV-negative 
tumors

MCV-positive 
tumors

RB1, TP53 
mutation

+ More 
frequent
(almost 
exclusive)

− Less 
frequent

NOTCH1 and 
NFAT1 mutation

Nuclear 
accumulation

Nuclear 
accumulation

EGFR, KIT, and 
PIK3CA mutation

− +

CADM1 
expression

+ −

MAL expression − +

RB retinoblastoma, NAFT nuclear factor of activated T 
cells, EGFR epidermal growth factor receptor, CADM1 
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Fig. 39.3 Planning the surgical procedure and flap in 
MCC of the leg
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In addition to the proper surgical excision of 
the primary MCC, concomitant sentinel lymph 
node biopsy (SLNB) is performed [36]. The SLN 
identifies those patients requiring further surgical 
management of the affected nodal basin, mainly 
a completion node dissection (axilla or groin), 
with the addition of adjuvant of radiation therapy 
(RT). Regional lymph node metastases occur 
early in the disease course and frequently, so it is 
thought that MCC spreads in a similar way to 
melanoma, with SLNB the best means of detect-
ing subclinical nodal metastatic disease [36, 37]. 
Examination of the SLN’s should be examined 
by both hematoxylin and eosin (H&E) and IHC 
staining, including delayed, rather than intraop-
erative CK20 immunostaining [38]. Allen et  al. 
reported the largest single-institution series of 
MCC patients (n = 251) and showed that the inci-
dence of positive sentinel lymph nodes was inde-
pendent of tumor size [39].

Bichakjian et  al. recommended performing 
SLNB as the standard of care approach for all 
clinically lymph node-negative MCC patients 
[20]. The authors make a strong argument for this 
regional staging, citing a fairly consistent SLN 
positivity rate of ~ 20–30% in clinically N0 
patients. Clinically palpable lymph nodes, found 
to be positive by fine needle aspiration biopsy at 
presentation, is a strong indicator of poor out-
come and reduces the 5-year overall survival rate 
to less than 50% [36]. Furthermore, the presence 
or absence of lymph node-positive disease is a 
strong predictor of OS and DFS in MCC, regard-
less of tumor size. Kachare et  al. demonstrated 
that the early diagnosis of clinically occult nodal 
disease by SLNB is associated with a therapeutic 
advantage in MCC-specific survival [40]. 
Therefore, SLNB has become routine for patients 
with no clinical or radiological evidence of nodal 
disease [41]. Patients with a negative lymph node 
status confirmed by SLNB have better survival 
rates than patients.

Patients found to have a positive SLN should 
then undergo a completion lymph node dissec-
tion (CLND), adjuvant nodal radiation therapy 
(RT), or both. In the face of a positive SLN, fur-
ther surgical management of the regional nodal 
basin with a CLND is considered the standard of 

care worldwide. However, therapeutic comple-
tion nodal dissection of the regional nodes 
appears to minimize, but not entirely eliminate, 
the risk of subsequent node recurrence and in- 
transit metastases [38, 39]. An emphasis on nodal 
disease in the current American Joint Committee 
on Cancer (AJCC) [42] staging system has 
evolved to include an approach for identification 
of micrometastatic nodal deposits. For similar 
reasons, the seventh edition of the TNM [43] 
staging system for MCC has replaced the 
Memorial Sloan Kettering Cancer Center system. 
The AJCC staging system separates those with-
out or with nodal involvement into stage II and III 
disease, respectively, and thereafter depending on 
the presence of micrometastases or macrometas-
tases. The staging system recognizes a distinction 
between micrometastases confirmed by SLNB or 
elective lymph node resection (3A), or macrome-
tastases (3B) that include any detectable in- transit 
metastases. Implementing the AJCC system by 
pathological staging criteria of regional disease 
remains a challenge, as it suggests a greater pro-
portion of patients would require SLNB or pro-
phylactic neck dissection [36].

 Surgical Management 
and Approach for Head and Neck 
MCC

MCC located in H&N should be given special 
consideration, as in this anatomical area outcomes 
are poorer than in MCC located elsewhere, possi-
bly due to smaller margins, a less predictable 
draining pattern of the lymphatics and other intrin-
sic tumor-related factors [44, 45]. Bichakijian 
et al. margins smaller than 1 cm, showing similar 
local recurrence rates compared to larger margins 
of > 1-cm (9 vs. 10%, respectively) [20]. Recent 
studies have found that over- expression of TP53 
(an oncogene associated with poorer prognosis) 
and P53 mutation can be related to ultraviolet B 
radiation exposure, resulting in aberrant protein 
P53 activation [15, 19]. In such cases, it is impor-
tant to employ a good staging protocol at diagnosis 
so as to manage the neck properly. Narrow mar-
gins of the face, nose, eyelids, or lips in order to 
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preserve optimal cosmetic outcome must be care-
fully balanced with the higher priority goal of suc-
cessful locoregional control of the MCC.  Such 
cases should be discussed and approached in a 
multidisciplinary fashion, involving the expertise 
of the facial plastic surgeons and others prior to 
proceeding to the operating room. Morand et al. 
report two cases of MCC in the nasal vestibule. 
One patient refused complete nose ablation, opt-
ing for primary RT in its place. The other patient 
was treated with Mohs surgery [46]. Snow et al. 
report three cases of MCC of the nose: one cutane-
ous and two originating in the nasal mucosa. The 
prognosis of the mucosal cases was poorer at 12 
months of surveillance, which the authors suggest 
may be due to the greater access to internal vascu-
lar and lymphatic channels [47]. These studies 
should be viewed with caution, as such standard-
ized approaches utilizing acceptable treatment 
guidelines remain the standard of care for all cases 
of MCC.

Regarding SLN mapping, Fritsch et  al. 
reported that SLN-positive status was not an 
independent prognostic factor for predicting DFS 
due to different lymphatic pathways and behavior 
in the H&N [44]. However, the study by Sadeghi 
et  al. did not show any difference between the 
H&N and other parts of the body in terms of the 
prognostic value for SLN status [48]. Protocols, 
anesthetic considerations, and a multidisciplinary 
approach must be considered, though each patient 
must be considered individually due to the 
aggressiveness required to achieve local and 
regional control [46].

 The Role of Radiation Therapy 
in Treating MCC

The role of RT in MCC management has been 
widely described as an important part of the com-
prehensive management of MCC [36]. MCC is 
indeed sensitive to radiation therapy, shown to be 
effective at eradicating microscopic disease, both 
at the primary site and regional nodal basin. 
Bichakjian et  al. [20] described a distinction 
between adjuvant RT to the primary site, RT to the 
regional lymph node basin, or both. Controversial 

results regarding this treatment strategy have been 
reported, and great heterogeneity has been seen. 
The question of whether primary MCC should be 
followed by adjuvant RT to the surgical bed will 
remain unanswered until higher level evidence 
becomes available. Based on what is known, after 
wide local excision of smaller primary lesions 
(<2  cm in the largest dimension) leaving clear 
margins, adjuvant RT to the primary site can most 
likely be omitted [38, 44, 49–52]. Retrospective 
studies of adjuvant radiotherapy suggest benefit 
on survival for tumor region in stage I and II, with 
significant improvement in  local and regional 
control [53–56]. Although certainly not consid-
ered an optimal approach to managing the pri-
mary MCC, the use of RT as a definitive treatment 
to the primary MCC without surgical resection 
has been reported [36, 57].

As described previously, the most consistent 
predictor of survival for MCC patients to date is 
the presence or absence of MCC within the 
lymph nodes. Most studies examining this issue 
suggest that patients have a better outcome when 
the regional lymph node basin is both studied 
(with SLNB) and treated (surgically and with 
RT) [20, 44]. Current consensus guidelines from 
the NCCN recommend routine use of adjuvant 
nodal RT when the SLN is found to be positive, 
has not been performed or when patient presents 
with clinically positive regional nodes.

Controversy exists, however,  when SLBN is 
found to be negative on final pathology. Lymph 
node recurrence is most often indicative of 
delayed manifestation of micrometastatic disease 
present at the time the primary tumor is treated 
[20]. Some authors recommend elective nodal 
RT in clinically negative nodes and/or in the 
absence of SLBN results [36, 58]. This point is 
also highlighted in a study by Kokoska et al. [59], 
which reported a recurrence rate of 0% (0 of 11 
patients) when CLND was performed compared 
with 91% (20 of 22 patients) without CLND, 
finding a recurrence rate of 15% with RT and 
90% without. However, because the morbidity of 
the nodal surgery could be unacceptable from the 
perspective of both the patient and the multidisci-
plinary tumor board, then RT to the lymph node 
basin has to be considered (Fig. 39.4).
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Fang et  al. reported that CLND and RT are 
equally effective in patients with micrometastatic 
disease [60]. However, it should be noted that 
more than half of the patients who underwent a 
CLND subsequently underwent adjuvant RT. A 
meta-analysis comparing resection and resection 
plus radiotherapy found that RT significantly 
lowered locoregional recurrence rates [20, 61]. 
For patients with extensive lymph node disease 
or extracapsular lymph node extension, adjuvant 
RT after CLND should be strongly considered 
[36].

 Adjuvant Therapy for MCC: 
Chemotherapy 
and Immmunotherapy

The role of chemotherapy in the treatment MCC 
is mostly focused upon treating those patients 
with stage 4 metastatic MCC, and is therefore 

considered palliative in most cases. However, 
adjuvant chemotherapy and immunotherapy has 
been recently examined more closely, showing 
some promising results.

 Adjuvant Chemotherapy Setting

Although no phase 3 clinical trials have demon-
strated that adjuvant chemotherapy has an impact 
on OS, it may play a role in certain situations for 
those patients at a high risk of locoregional recur-
rence or distant metastasis, as in the presence of 
positive surgical lymph nodes, positive surgical 
margins, bulky mass, or rapidly expanding dis-
ease (evidence level 3) [62, 63].

From 1997 to 2001, the Trans-Tasman 
Radiation Oncology Group conducted a phase 2 
clinical trial involving 53 patients with MCC and 
high-risk locoregional disease [63] High-risk 
locoregional MCC was defined as a relapse after 

MCC surgical treatment
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Moh´s
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Tis (in situ)
T1

( <2 cm)

1cm margin

T2
(2-5 cm)

T3
(>5 cm)
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T4 (invasion of muscle,
fascia or bone) 

SLNB mandatory

negative positive

Lymphadenectomy +/- RT to the
primary site and/or lymphatic chain

Vigilance +/- RT to the
primary site and/or lymphatic chain

MCC biopsy Diagnostic imaging Metastatic disease
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Fig. 39.4 MCC multidisciplinary decision algorithm. Recommended surgical margins, SLNB timing and multidisci-
plinary team interventions
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initial treatment, surgically positive lymph nodes, 
primary tumor larger than 1-cm in diameter, gross 
residual disease after surgery, or occult primary 
tumor with positive nodes. Patients received 
locoregional RT with a planned treatment regimen 
with carboplatin-etoposide as a radiosensitizing 
agent. With a median follow-up of 48 months, the 
3-year OS, locoregional control, and distant con-
trol were 76%, 75%, and 76%, respectively [63].

The most extensive data supporting chemora-
diotherapy (CRT) come from another retrospec-
tive study of 4815 patients with MCC of the 
H&N region [64]. In this analysis, there were 
1995 patients managed with surgery alone, 2330 
with postoperative RT, 393 with postoperative 
CRT, and 97 with postoperative chemotherapy 
alone. OS rates with adjuvant RT (hazard ratio 
[HR] 0.80, 95% CI 0.70–0.92) or CRT (HR 0.62, 
95% CI 0.47–0.81) were significantly improved 
compared to surgery alone. However, no benefit 
was observed with postoperative chemotherapy 
alone, producing a worse OS than surgery with-
out adjuvant therapy (HR 1.74, 95% CI 1.10–
2.75). In subset analyses, adjuvant CRT was 
associated with improved OS compared with 
adjuvant RT in patients with positive margins 
(HR 0.48, 95% CI 0.25–0.93), tumor size ≥3 cm 
(HR 0.52, 95% CI 0. 30–0.90), and male sex (HR 
0.69, 95% CI 0.50–0.94). For patients with node- 
positive disease, there was a trend toward 
improved OS with CRT compared with RT alone 
(HR 0.67, p = 0.07). Further prospective trials are 
needed to confirm the observed benefit of CRT 
and also to determine their applicability to MCC 
occurring in other sites.

 Adjuvant Immunotherapy

Checkpoint inhibitor immunotherapy (IT),  such 
as pembrolizumab or nivolumab, is showing tre-
mendous promise in patients with metastatic 
MCC. Another form of immunotherapy with ipili-
mumab, which blocks the CTLA-4 receptor and 
important negative regulator of T-cell-mediated 
anti-tumor response, is being evaluated in several 
clinical trials for MCC patients who have under-
gone definitive surgical resection (NCT02196961).

 Advanced Disease

 Chemotherapy
Although only 2% of MCC patients are diag-
nosed with advanced disease, approximately one- 
third will develop metastases at some point 
during the course of their disease [8]. There are 
no randomized trials or prospective studies exam-
ining the role of chemotherapy in MCC patients 
with distant metastases. However, there are stud-
ies looking at the role of chemotherapy in indi-
vidual cases or small series of MCC patients, 
with variable response rates reported of short 
duration [65]. Due to morphological and immu-
nohistochemical similarity with neuroendocrine 
tumors and small-cell lung carcinoma, similar 
chemotherapy treatment regimens have been pre-
viously used, including cyclophosphamide, 
methotrexate, 5-fluorouracil, cisplatin, etoposide, 
doxorubicin, procarbazine, dacarbazine, strepto-
zotocin, and nitrogen mustards.

The most extensive results on the utility of 
chemotherapy in stage 4 MCC patients come 
from a retrospectively analyzed series of 103 
patients with distant metastases [65]. Patients 
were treated with a wide range of chemotherapy 
regimens, with the combination of doxorubicin 
and cyclophosphamide obtaining a complete 
response rate of 38% and a partial response rate 
of 30%, achieving an improvement in DFS and 
OS [65]. Combinations containing cisplatin have 
led to a 55% overall response, and those based on 
cyclophosphamide and adriamycin had a 69% 
response rate [66, 67]. Schemes consisting of 
more than one drug are a reasonable option for 
patients with a good performance status, given 
the lack of effective therapies for metastatic 
MCC.

 Immune Checkpoint Blockade
An improved understanding of the host immune 
system and tumor microenvironment has resulted 
in some promising new treatment modalities 
designed to stimulate the host immune system to 
selectively and robustly destroy metastatic 
MCC.  Recently, such personalized, targeted 
approaches have focused upon the programmed 
cell death protein 1 (PD-1) pathway. The main 

39 Management of Non-melanoma Skin Cancers: Merkel Cell Carcinoma



632

checkpoint inhibitors that have been examined in 
recent, early phase clinical trials are:

Pembrolizumab: In a phase II study, 26 patients 
with metastatic MCC were treated with pembroli-
zumab (2 mg/kg every 3 weeks); no patients had 
received prior systemic therapy for their advanced 
disease. Objective responses were observed in 14 
of 25 evaluable patients (56%), including four 
complete responses and ten partial responses. 
With a median follow-up of 33 weeks, only 2 of 
14 patients (14%) had relapsed, and the 6-month 
rate of PFS was 67%. Responses were observed in 
10 of 16 patients (62%) whose tumors were posi-
tive for the MCV and in four of the eight patients 
whose tumors were virus negative [68].

Nivolumab: A case report has also docu-
mented a response to nivolumab, another anti-
body targeting PD-1. The patient was started on 
off-label therapy with nivolumab, 3 mg/kg intra-
venously every 2 weeks, which was made avail-
able through a patient assistance program. Two 
weeks after completion of the fourth cycle of 
nivolumab, CT showed a marked reduction in 
tumor burden. The patient’s pain resolved and he 
continues on nivolumab without any significant 
adverse events [69].

Avelumab: A monoclonal antibody that binds 
to the PD-1 ligand (PD-L1). At the 2016 American 
Society of Clinical Oncology meeting, results of 
a phase 2 clinical trial were presented for 88 
patients with metastatic MCC treated with ave-
lumab (10 mg/kg every 2 weeks). There were 28 
objective responses (32%), 8 of which were com-
plete (9%). Responses appeared to be durable, 
and the PFS and OS at 6 months were 40% and 
69%, respectively. Immune-related toxicity was 
consistent with that seen with other PD-1 and 
PD-L1 checkpoint inhibitors [70]. Other immune- 
mediated strategies against MCC under evalua-
tion are: paclitaxel+IL-2 (NCT02054884), 
cellular adoptive IT, activated NK cells 
(NCT02465957), and other immunostimulatory 
strategies, such as talimogene laherparepvec 
(T-VEC) (NCT02819843).

 Somatostatin Receptor-Based Therapy
Like other neuroendocrine tumors, MCC pos-
sesses receptors for somatostatin. These recep-

tors can be demonstrated in vivo by somatostatin 
receptor-based diagnostic imaging (indium-111) 
pentetreotide single-photon emission computed 
tomography or gallium-68 DOTATATE positron 
emission tomography scanning. Positive uptake 
on somatostatin receptor-based diagnostic imag-
ing also identifies patients who might benefit 
from peptide receptor radioligand therapy with 
compounds such as lutetium-177 DOTATATE. 
Somatostatin analogues, such as octreotide, can 
be used [71]. Other analogues such as pasireotide 
or lanreotide are also being studied in ongoing 
clinical trials (NCT01652547 and 
NCT02351128).

 Targeted Therapies

In parallel, efforts have shown cases the efficacy 
of targeted therapy inhibiting disease-driving 
mutations of BRAF [72]. The mammalian target 
of the rapamycin (mTOR) pathway is a master 
regulator of protein synthesis and is frequently 
found to be dysregulated in human cancers. 
Likewise, mTOR is found to be upregulated in 
MCC [73]. Rapamycin and its analogues are allo-
steric inhibitors via mTORC inhibition. 
Sirolimus, temsirolimus, everolimus, and deforo-
limus are also members of this family. 
Underscored by the clinical inefficacy of alloste-
ric inhibitors, more potent inhibitors of the active 
site of mTOR kinase, such as PP242, WYE-354, 
Ku-0063794, and INK128, have been developed 
[74]. Based on its high potency, INK128 
(MLN0128) is currently being used in an open- 
label dose-escalation study in patients with 
advanced solid tumors (NCT01058707). The sur-
veillance pathway PI3K/AKT could also be tar-
geted in MCC [73], and report of a single case 
that responded to idelalisib, a selective PI3Kδ 
inhibitor, has shown remarkable therapeutic effi-
cacy in B-cell hematologic cancers, have been 
made recently. A standard dose of idelalisib 
(150  mg twice daily) was initiated. One week 
after the initiation of idelalisib, shrinkage of the 
liver lesion was visible on PET-CT.  Repeat 
PET-CT performed 3 months later did not show 
tumor in patient’s liver, suggesting a complete 
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clinical response to idelalisib. The patient did not 
have substantial side effects. [75]. Imatinib 
mesylate failed in a phase II trial. Median 
progression- free survival was 1 month (95% CI: 
1–2 months). Median overall survival was 5 
months (95% CI: 2–8 months). One patient 
achieved a partial response and another had pro-
longed disease stabilization while receiving treat-
ment. The majority of patients progressed rapidly 
within 1 to 2 cycles of treatment [76].

Other tyrosine-kinase inhibitors have been 
studied, revealing responses in individual cases 
to such as therapies as pazopanib [77]. 
Cabozantinib (XL184), another inhibitor of mul-
tiple receptor tyrosine kinases, is being used in a 
phase II trial in MCC (NCT02036476).

 Future Directions

Newer approaches to advanced disease are 
required given the short duration of response 
seen with standard chemotherapy regimens. 
Patients with stage 4 MCC should be enrolled 
into a clinical trial whenever feasible. Efforts to 
identify novel targets are currently being evalu-
ated in vitro and in vivo [78]. Decreased apopto-
sis is evident in MCC regardless of MCV status. 
YM-155 has been shown to downregulate surviv-
ing expression and promote apoptosis in MCC 
xenograft tumors. YM-155, a survivin suppres-
sor, is cytotoxic to MCV-positive MCC cells 
in vitro at nanomolar levels. One MCV-positive 
MCC xenograft (MS-1) failed to significantly 
respond to YM155, which corresponds with 
in  vitro dose-response activity. Combination 
treatment of YM155 with other chemotherapeu-
tics resulted in additive but not synergistic cell 
killing of MCC cell lines in vitro. These results 
suggest that survivin targeting is a promising 
therapeutic approach for most but not all MCV- 
positive MCCs [79].

Molecularly targeted approaches based upon 
emerging data regarding the expression of vari-
ous receptors and signaling pathways may even-
tually offer some benefit. For patients with distant 
metastatic disease, data suggest a high response 
rate with checkpoint inhibitors, such as pembro-

lizumab. Patients with advanced MCC should be 
referred for participation in PD-1 inhibitor-based 
IT trials whenever possible. Advances in the 
knowledge of the relationship between the 
immune system and MCC should open up an 
even wider range of possible treatments for MCC 
patients.
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