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FOREWORD
Despite recent advances in both diagnosis and treatment, cutaneous melanoma
continues to represent a significant clinical challenge. In the United States, approximately 87,000 new melanomas will be diagnosed in 2017 and over 9,700 people
are expected to die as a result of their disease. Unfortunately, the incidence of melanoma continues to rise. Although genetic risk is certainly involved, environmental
risks are increasingly modifiable and, with enhanced outreach and knowledge
sharing, a reduction of the incidence of cutaneous melanoma is a reasonable goal.
Admittedly, melanoma is a preventable disease for many patients.
This book, edited by Drs. Farma and Ward, gathers a diverse and accomplished group of authors with expertise in both clinical and scientific aspects of
melanoma development, diagnosis, and treatment. An exhaustive review of the
entire spectrum of cutaneous melanoma is presented, including its epidemiologic background, diagnostic strategies, updated treatment approaches, and
long-term management. Many of the therapeutic options developed in recent
years have generated newfound enthusiasm among clinicians caring for patients
with advanced disease. However, proper workup at the time of initial diagnosis
is paramount, and patient outcomes can definitively suffer if the appropriate
staging is compromised. As such, clinicians involved in the diagnosis or treatment of cutaneous melanoma must be familiar with the importance of available
screening options, methods of clinical or histologic diagnosis, and the staging
ramifications of disease discovery. This book provides a robust review of each of
these elements and is recommended to anyone involved in the study or treatment of cutaneous melanoma.
Anthony J. Olszanski, RPh, MD
Vice Chair, Department of Hematology/Oncology
Director, Phase 1 Developmental Therapeutics Program
Director, Medical Oncology Melanoma Program
Fox Chase Cancer Center
Philadelphia, Pennsylvania
November, 2017
DOI: http://dx.doi.org/10.15586/codon.cutaneousmelanoma.2017.fr
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PREFACE
As surgical oncologists working at a tertiary cancer center, we have seen major
advances and recent changes in how we evaluate and treat patients with melanoma. Melanomas can present anywhere in the body and affect all age groups. We
see all stages of melanoma and are seeing more advanced melanomas than ever
before. Historically, surgery was the mainstay of therapy for most melanomas
with few systemic options. However, through research advances and clinical
trials, radiation and targeted immunotherapy have changed how we evaluate and
manage melanoma patients. Nonetheless, there is much more that needs to be
discovered through research and innovation in order to improve outcomes and
increase awareness.
The purpose of this book is to provide an up-to-date, concise, multidisciplinary overview of the epidemiology, pathology, and current evidence-based
treatment options for patients with all stages of melanoma. These aspects are
presented in two sections: epidemiology and pathophysiology, and therapy and
management. In section 1, five chapters provide a comprehensive overview of the
epidemiology, heterogeneity, and biology of melanoma. In section 2, six chapters
discuss the various treatment options and surveillance recommendations for
afflicted patients.
We greatly appreciate the efforts of our internationally recognized melanoma
contributing authors for their time, experience, and knowledge. We hope to provide helpful, relevant information for all physicians and researchers who may treat
patients with melanoma in hopes of improving knowledge and improving the
overall care of these patients.
William H. Ward, MD
Jeffrey M. Farma, MD, FACS
Department of Surgical Oncology
Fox Chase Cancer Center
Philadelphia, Pennsylvania, USA
November, 2017
Doi: http://dx.doi.org/10.15586/codon.cutaneousmelanoma.2017.pr
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Epidemiology of Melanoma
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MARTIN A. WEINSTOCK1,2,4,5 • EUNYOUNG CHO1,2,3
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Hospital and Harvard Medical School, Boston, MA, USA; 4Center for
Dermatoepidemiology, Department of Veterans Affairs Medical Center,
Providence, RI, USA; 5Department of Dermatology, Rhode Island Hospital,
Providence, RI, USA
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Providence, RI, USA. E-mail: natalie_matthews@brown.edu
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Abstract: Melanoma is a potentially lethal cancer that is most commonly cutaneous. The worldwide incidence of melanoma has risen rapidly over the course of
the last 50 years. Its incidence is greatest among fair-skinned populations, and in
regions of lower latitude. Incidence is greater among geriatric populations, but
melanoma is also among the most common cancers found in adolescent and
young adult populations. In fact, it is one of the leading cancers in average years
of life lost per death from disease. Melanoma incidence varies by sex, which is also
associated with differences in melanoma anatomic site. Similar differences by
region, ethnicity, age, and sex are observed in mortality rates of melanoma. In the
setting of rising incidence and mortality, melanoma bears a heavy health and economic burden. Attributable costs are several billion in nations with greater melanoma incidence. Preventative strategies have been implemented in multiple
high-risk regions with variable success. It is imperative that research efforts

In: Cutaneous Melanoma: Etiology and Therapy. William H. Ward and Jeffrey M. Farma (Editors),
Codon Publications, Brisbane, Australia. ISBN: 978-0-9944381-4-0; Doi: http://dx.doi.
org/10.15586/codon.cutaneousmelanoma.2017
Copyright: The Authors.
Licence: This open access article is licenced under Creative Commons Attribution 4.0
International (CC BY 4.0). https://creativecommons.org/licenses/by-nc/4.0/
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achieve better understanding of the risk factors and etiology of disease, with the
goal to halt and reverse the progressive trend of rising incidence and mortality
from melanoma.
Key words: Epidemiology; Incidence, Melanoma; Mortality; Prevention

Introduction
Melanoma is a malignant tumor that arises from uncontrolled proliferation of
melanocytes—pigment-producing cells (1–4). While the most common form
of melanoma is cutaneous, it can also arise in mucosal surfaces, the uveal tract,
and leptomeninges. This chapter will focus on cutaneous melanoma.
Malignant melanoma is the most lethal form of skin cancer (5–7). Historically,
melanoma was a rare cancer, but in the last 50 years its incidence has risen
faster than almost any other cancer (8–11). In 2017, approximately 87,110 individuals are predicted to be diagnosed with melanoma in the United States alone
(6, 9). While it still represents less than 5% of all cutaneous malignancies, melanoma accounts for the majority of skin cancer deaths (5, 6, 9). If melanoma is
diagnosed in its early stages, resection of the lesion is associated with favorable
survival rates. However, melanoma is an aggressive malignancy that tends to
metastasize beyond its primary site (7, 12). Once melanoma is advanced, surgery
is no longer sufficient and the disease becomes more difficult to treat (7, 12–14).
Long-term prognosis after metastasis is grim; median survival with treatment,
including treatment with immunotherapeutics like Ipilimumab, ranges from 8 to
12 months (6, 13, 14). However, more recently developed combined immunotherapeutic treatments with radiation can improve survival further to several
years (13).
In addition to the considerable burden to public health, the annual costs of
melanoma management are substantial (15). In the United States alone, the annual
costs of melanoma treatment have risen by 288% in less than a decade. As new
expensive pharmacologic treatments come to market, costs will likely rise at even
greater rates. Melanoma comprises $3.3 billion of the total $8.1 billion in all
direct skin cancer annual costs (16). Indirect costs associated with melanoma are
estimated to be as high as over $3.5 billion annually (17). As incidence and mortality rises, costs for treatment and indirect care are projected to concurrently
rise (15). However, as more preventative strategies are implemented to combat
rising incidence, melanoma-related costs may improve with the potential of cutting economic burden by $2.1 billion a year (11).
To combat this cancer, population-based strategies have been implemented to
reduce incidence through prevention (18). Epidemiological study has allowed
investigators to better characterize which populations are most greatly affected,
how they are affected, and what can be done to modify and improve upon prevention, treatment, and management strategies. Incidence, prevalence, and mortality
studies reflect health and economic burden of disease. Incidence and prevalence
includes all individuals that will and currently are receiving treatment, management, monitoring, and disability services as a result of their melanoma. These statistics underscore the demand and challenges of melanoma prevention and care,
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as well as the continued need for epidemiologic surveillance. The aim of this chapter is to highlight changing trends in melanoma occurrence and mortality, and how
these rates have influenced or been influenced by prevention strategies.

Incidence
Worldwide incidence of melanoma has steadily increased over the last several
decades (5, 9–11, 19, 20). Annual incidence has risen as rapidly as 4–6% in many
fair-skinned populations that predominate regions like North America, Northern
Europe, Australia, and New Zealand (10, 21–33). Increases in incidence rates vary
considerably across populations of different ethnicity and geographical location,
and even within populations across age and gender (6, 7, 9, 19, 34, 35). These
differences are important to consider to avoid masking true trends in melanoma
incidence.

ETHNICITY
Melanoma demonstrates greater variation in incidence rates across different ethnic
groups than that of most cancers (9). Melanoma is disproportionally reported
among fair-skinned Caucasian populations (6, 9, 36, 37). This variation is partly
attributable to decreased photoprotection from reduced melanin (38). The
increased melanin barrier in darker-pigmented individuals decreases both ultraviolet (UV) A and B radiation through the skin (38–40). UV radiation is known to
induce both cell death and malignant transformation of skin cells; it is considered
the paramount risk factor for melanoma (41–46). Compared to fairer-skinned
people, UVB radiation through the epidermis is diminished by approximately
50% in darker-skinned people (38), and UVA transmission through the dermis
decreases from 27 to 4% at 314 nm and 47 to 14% at 400 nm (39).
Within the United States, differences among melanoma incidence by race are
well-illustrated (11). The United States has a comprehensive cancer database.
The United States Cancer Statistics (USCS) provides official federal cancer incidence statistics in 49 states and the District of Columbia (99.1% of the US population) using data from the National Program of Cancer Registries and the
Surveillance, Epidemiology, and End Results (SEER) program (6). Of the 65,647
melanomas reported in the United States from this database, the overall annual
age-standardized rate (ASR) of melanoma incidence was 19.7:100,000 cases
(11). Non-Hispanic Caucasians accounted for the greatest incidence of ASR at
24.6:100,000 cases, followed by American Indian/Alaska Natives at 4.3, then
Hispanics at 4.2, Asian/Pacific Islanders at 1.3, and lastly African Americans at
1.0 (6, 11). Although melanoma does disproportionally affect Caucasian populations, the incidence of disease can vary considerably depending on the geographic location of the population (47).

GEOGRAPHY
Incidence of melanoma varies by geographic location among people of the
same ethnicity (47–50). Differences in geography can translate to differences
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in atmospheric absorption, latitude, altitude, cloud cover, and season—all
variables that influence incident UV radiation. In 1956, Lancaster found
increasing melanoma mortality rates with increasing proximity to the equator,
a phenomenon he termed the “latitude gradient” (47, 49, 51). Since then, similar trends of melanoma incidence have been reported around the world
(Figure 1) (42, 48). In the lowest latitudes, melanoma annual incidence ASRs
tend to be higher than that of ASRs in higher latitudes (Figure 1) (9). In 2012,
of the 184 countries evaluated by the International Agency for Research on
Cancer (IARC), the highest reported incidence rates for melanoma occurred in
New Zealand (ASR = 35.8:100,000 cases per year), followed closely by Australia
(ASR = 34.9:100,000 cases per year) (9). The following countries with elevated
incidence ASRs were all of higher latitudes, including Switzerland (20.3:100,000
cases per year), the Netherlands (19.4:100,000 cases per year), Denmark
(19.2:100,000 cases per year), Norway (18.8:100,000 cases per year), and
Sweden (18.0:100,000 cases per year) (Table 1) (9). While these countries are
at high latitudes, a north–south gradient of incidence rates has been observed,
even among the northernmost Scandinavian nations (9, 52, 53). Similar observations have been made among Caucasian populations in the United States
(54, 55), New Zealand (56), and other nations (48).
In Australia, those who live closer to the equator, and thus have a higher
degree of sun exposure, have higher incidences of melanoma (57). Queensland,
a predominately tropical state in Australia (latitude 27°S) has higher melanoma
rates than New South Wales (latitude 34°S) (24, 57, 58). An inverse latitude
gradient is observed in Europe (59). Within Europe, melanoma incidence is 3- to
6-fold higher in northern countries in Scandinavia than in southern countries
like Spain and Italy (Table 1) (9). The differing incidence rates between northern

Incidence ASR
Both sexes

Melanoma of skin
4.2+
1.6–4.2
0.89–1.6
0.48–0.89
<0.48
No data
Source: GLOBOCAN 2012 (IARC)

Figure 1 Worldwide melanoma age-standardized annual incidence rate by geography. Agestandardized rate (ASR) by world is expressed per 100,000 persons (9). Reproduced with
permission.
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and southern Europe could be partly attributed to different pigmentation characteristics that predominate the populations of each region. The fairer-skinned
populations in Scandinavia and darker olive-skinned populations in southern
Europe reflect patterns of melanoma incidence discussed previously about
ethnicity (9).
Other European populations, such as those in the United Kingdom, Germany,
Austria, and France, report melanoma ASRs in the range of 14.6–9.9:100,000
cases per year (Table 1) (9). The predominantly non-Caucasian populations of
Africa, Asia, and the Pacific, and the mixed populations of Central and South
America, consistently report melanoma rates less than 4:100,000 per year
(Table 1) (9). Despite the geographic location of many Asian nations being near
the equator, the incidence among Asians has remained largely unchanged and
minimal. An unchanged Asian incidence, as with the case of the incidence in
countries in Southern Europe and Africa, is likely attributed to a homogeneous
darker-pigmented population (9).

TABLE 1

Melanoma Annual Incidence by Worldwide
Region and Country (N > 1000 persons) in
Descending Order of ASR

Population

N

New Zealand

2473

55.4

35.8

3.9

14,738

53.8

35.1

3.75

12,265

53.5

34.9

3.72

Australia/New Zealand
Australia

Crude Rate

ASR (W)

Cumulative Risk

14,980

39.7

29.8

3.23

Switzerland

2484

32.1

20.3

2.05

The Netherlands

4804

28.7

19.4

1.95

Denmark

1596

28.5

19.2

1.91

Norway

1506

30.4

18.8

2.02

Sweden

2911

30.7

18

1.9

23,311

23.2

14.6

1.51

United Kingdom

14,445

23

14.6

1.49

United States of America

69,109

21.9

14.3

1.55

74,515

21.3

13.8

1.5

Czech Republic

2194

20.8

12.6

1.35

Finland

1208

22.4

12.6

1.34

Belgium

1941

18

12.1

1.19

Oceania

Northern Europe

Northern America

Table continued on following page
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TABLE 1

Melanoma annual incidence by worldwide
region and country (N > 1000 persons) in
descending order of ASR (Continued)

Population

N

Crude Rate

37,419

19.7

12.1

1.24

1111

14.4

11.4

1.26

Germany

16,884

20.6

11.4

1.2

Italy

Western Europe
Israel

ASR (W)

Cumulative Risk

10,012

16.4

11.4

1.09

France (metropolitan)

9871

15.6

10.2

1.04

Austria

1334

15.8

9.9

0.99

Canada

5382

15.5

9.6

1.02

191,066

15.3

9.6

1.01

100,442

13.5

8.6

0.89

19,247

12.2

8.1

0.81

Hungary

1117

11.2

7.1

0.73

Serbia

1016

10.3

7.1

0.76

Spain

5004

10.7

6.9

0.7

Portugal

1101

10.3

6.7

0.66

South African Republic

1858

3.7

4.5

0.51

More developed regions
Europe
Southern Europe

7

4.5

0.49

1924

3.3

4.2

0.47

Poland

2583

6.7

4.1

0.45

Russian Federation

8717

6.1

4.1

0.44

Ukraine

2792

6.2

4

0.44

Romania

1121

5.2

3.5

0.38

Colombia

1488

3.1

3.3

0.38

39

3.2

3.3

0.34

Central and Eastern Europe
Southern Africa

Micronesia/Polynesia

20,465

18

3.3

3.1

0.27

232,130

3.3

3

0.33

Argentina

1460

3.6

2.9

0.31

Brazil

6172

3.1

2.8

0.3

South America

10,956

2.7

2.5

0.27

Latin America and Caribbean

13,731

2.3

2.2

0.23

Turkey

1552

2.1

2.1

0.23

Mexico

2031

1.7

1.8

0.19

Micronesia
World

Table continued on following page
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TABLE 1

Melanoma annual incidence by worldwide
region and country (N > 1000 persons) in
descending order of ASR (Continued)

Population

N

Crude Rate

ASR (W)

Cumulative Risk

Middle Africa

1085

0.8

1.7

0.22

Western Asia

3255

1.4

1.7

0.18

Central America

2403

1.5

1.6

0.17

Sub-Saharan Africa

6057

0.7

1.3

0.15

32

0.7

1.2

0.15

Eastern Africa

1970

0.6

1.1

0.13

Middle-East and Northern
Africa (MENA)

3830

0.9

1.1

0.12

Africa

6632

0.6

1.1

0.13

41,064

0.7

0.8

0.08

Central African Republic

Less developed regions

1078

0.3

0.6

0.07

Japan

1371

1.1

0.6

0.06

China

9814

0.7

0.6

0.05

Eastern Asia

12,127

0.8

0.5

0.05

Asia

21,830

0.5

0.5

0.05

2354

0.4

0.4

0.05

575

0.3

0.4

0.05

4094

0.2

0.3

0.03

2103

0.2

0.2

0.02

0

0

0

Western Africa

South-Eastern Asia
Northern Africa
South-Central Asia
India
Western Sahara

9

0

Countries excluded from table include those with annual incidence <1000 persons per year (9).
ASR = Age-standardized rate (world), expressed per 100,000 persons. N = estimated annual incidence (9).

National figures allow for global comparisons of melanoma incidence.
However, marked variances in melanoma incidence can be masked within countries that boast heterogeneous populations. These countries include the United
States, New Zealand, Australia, Israel, and South Africa. Variances in melanoma
incidence within a country can also be masked when nations span many degrees
of latitude, like Australia. In all countries, melanoma rates are the highest among
the fairest-skinned Caucasian residents (5, 9, 11). Conversely, lower incidence is
seen among those with darker skin (6, 9, 11).
Differences in altitude have also been suggested to play a role in melanoma
incidence. In countries with both high and low-latitude locations, regions of
higher altitude have been associated with higher melanoma incidence (60–63).
Similarly there are significantly higher incidence rates among individuals who
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regularly partake in high-altitude activities like mountaineering (64). UV irradiance is associated with higher altitude. However, with higher altitude there
are also changes in ozone absorption, decreased cloud cover, and increased
surface reflectance from snow cover which can all also increase UV radiation.

AGE
Worldwide melanoma incidence ASRs climb steadily and peak at the seventh and
eighth decades of life (Figure 2) (9). This trend is seen among most high-risk
populations, including individuals in Australia and New Zealand (23, 65), and
Northern Europe (28, 30). Incidence in the United States, however, peaks at the
sixth decade of life (6). Americans aged between 55 and 74 comprise 44.9% of all
diagnosed melanomas in the United States (6). While melanoma incidence is
lower among people <40 years of age, it is one of the most common cancers diagnosed among adolescent and young adults (66, 67). In the United States, melanoma is the second most common cancer among women aged between 20 and 29
(6). Similarly, melanoma is among the most commonly diagnosed cancers in
young adults worldwide (9, 68).

SEX
Melanoma affects women and men differently. This is in part reflected by differences in melanoma incidence by population (Figure 3) (9). When age is taken
into account, adolescent and young adult women are more susceptible to melanoma than men (67–69). This may be in part due to the widespread use of
indoor tanning among females, which is associated with increased melanoma
risk (70–72). However, after the age of 40, rates reverse, and melanoma incidence among men is greater than that of women (6, 67–69). Overall, men are
more susceptible to melanoma. Some posit that this increased susceptibility seen

ASR (per 100,000 persons)

30
24.7

25
20

16.5
13.7

15
10.3
10
5
0

0
0–14

1
15–39

2.8
40–44

4

45–49

5.7

50–54

7.4

55–59

60–64

65–69

70–74

75+

Age (years)
Figure 2 Worldwide age-standardized annual incidence of melanoma by age.
ASR = Age-standardized rate (world), expressed per 100,000 persons (9).
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Melanoma of skin
ASR (W) per 100,000, all ages
Male
Australia/New Zealand

Female
40.3

5.9
14

Northern Europe

16.1

Northern America

11.5

Western Europe

10.2

More developed regions

Southern Africa
Melanesia
Polynesia
World
Micronesia
South America
Western Asia
Middle Africa
Central America
Eastern Africa
Less developed regions
Caribbean
Western Africa
Eastern Asia
South-Eastern Asia
Northern Africa
South-Central Asia

GLOBOCAN 2012 (IARC) (24.4.2017)

1.6

2.6

1.2

2

1.3

2

1.2

1.6
4.5
2
5
1.6
3.4
2.1
4
1
3.3
0.9
4
1
2.9
1
1.8
0.6
1.4
1
1.9
0.6
0.8
0.6
0.8
0.4
0.8
0.3
0.6
0.5
0.6
0.4
0.5
0.3
0.3
0.2
0.3
0.2

Central and Eastern Europe

60

2.4

2.5

8.1

Southern Europe

40

20

30.5

1

15.4
12.2
12.8
9.3
8.3

4.6
1.4
3.7
0.8
3.8
2.3
2.7
0.7
2.8
0.6
2.1
2.2
0.6
1.6
0.5
2
1.5
1.3
0.4
1.3
0.9
0.7
0.3
0.7
0.2
0.6
0.5
0.5
0.3
0.3
0.2
0.4
0.2
0.2
0.1

0

20

40

60
Incidence
Mortality

Figure 3 Melanoma age-standardized annual incidence and mortality rate by sex, world region,
and development. ASR = Age-standardized rate (world), expressed per 100,000 persons (9).
Reproduced with permission.

among men may be in part androgen driven (43, 72, 73). This difference in incidence by sex is exemplified in the United States with annual incidence ASRs of
29.2:100,000 cases in men compared to 17.3:100,000 cases in women (6).
In fact, this increased incidence rate among men is observed across all ethnicities
in the United States with ASRs (per 100,000 cases) of 33.1 for non-Hispanic
Caucasian males and 19.9 for non-Hispanic Caucasian females, 5.0 for Hispanic
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males and 4.7 for Hispanic females, 1.6 for Asian/Pacific Islander males and 1.2
for Asian/Pacific Islander females, and 1.1 for African American males and 1.0 for
African American females (6). The only exception is among American Indian/
Alaska Natives in which the ASR is 4.3:100,000 cases for men and 4.9:100,000
cases for women (6).
Historically, higher-latitude, lower-incidence populations in Scotland and
Canada have reported substantially higher rates among females (27, 74). In
Scotland, incidence of melanoma among females has been reported to be 2-fold
higher than in males (74). Conversely, melanoma incidence is higher among men
than women in most mid- to low-latitude populations like in the United States,
Australia, and New Zealand (6, 9, 75). Overall, increases in melanoma incidence
among men have since changed the lead women once had over men in high-
latitude, low-incidence populations; men generally exceed women in these

regions now (Figure 3) (9, 27, 28).

ANATOMIC DISTRIBUTION
Among Caucasian populations, melanoma is more frequently reported on the
backs and shoulders of men and the lower limbs of women (76–80). For both
sexes, given that these body site locations are associated with lower sunlight exposure, these findings have been used as supportive evidence for the intermittent UV
exposure theory (81, 82). This theory posits that intermittent and intense sun
exposure places individuals at increased risk for melanoma (81, 82). However,
populations in low-latitude regions like Australia do not demonstrate similar patterns of distribution (83). Instead, Australians of both sexes most frequently
report melanoma on high sun-exposed anatomic regions like their head and neck
(83, 84). If risk of melanoma per unit area of skin is compared, the face is reported
most frequently among both sexes (83). This calculation is made by adjusting for
the surface areas of the body sites being compared (83). The next most frequently
found sites for melanoma, when adjusting for surface area, are the shoulders,
upper arms, and backs of women, and the shoulders and backs of men (83). The
lowest rates of melanoma are found on the buttocks of both sexes, and the female
scalp (76, 85).
Also, when considering age, melanomas that develop on the trunk occur more
often in the fifth to sixth decades of life, whereas melanomas that develop in high
UV-exposed body regions, like the head and neck, occur more commonly in the
eighth decade (75, 86–89).

PREDICTIONS AND TRENDS
For decades, melanoma incidence has progressively risen and is projected to continue to rise across the world (5, 9–11, 19, 20). Conversely, mortality rates have
not always followed a similar trend (6, 9). The diverging trends between melanoma incidence and mortality has led some to question whether there is a true
melanoma epidemic, or rather if increases in incidence represent improved
screening techniques (5, 90).
Those who argue that increased incidence is largely attributable to increases
in diagnosis cite the high percentage of diagnosed melanoma in situ (6, 22, 91).
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In the United States, the annual incidence of melanoma in situ is 9.5% (91). Some
clinicians within the United States have suggested reclassifying nonmalignant
diagnosis of melanoma to address, in part, inflated incidence (92). Increased
number of biopsies has also been attributed to the increasing incidence of
melanoma (92).
Some investigators suggest that increased screening and biopsy alone cannot
account for the dramatic changes observed in incidence (5, 20). For example, in
the United States, increases in melanoma incidence has been demonstrated across
all melanoma thickness classifications, independent of socioeconomic status,
which some argue is a surrogate marker for health care access and screening
(5, 20). Similarly, others have found corresponding increases in incidence of
aggressive melanoma subtypes, like nodular melanoma, and increases in later
staged tumors (93). Taken together, these findings suggest that while increased
diagnoses may play a role in increasing trends of melanoma incidence, there is
also a true increase in incidence worldwide.

Mortality
Melanoma mortality trends are variable and, as with incidence, are influenced by
geography, ethnicity, age, and sex (11, 19, 65, 67, 68, 94, 95). Melanoma mortality rates have marginally increased among fair-skinned populations (19, 32,
68, 96). Like with melanoma incidence, among fair-skinned populations,
melanoma mortality rate is highest in low-latitude regions (Figures 3 and 4)
(9). In high-risk regions like New Zealand, Australia, North America, and
Europe, mortality rates historically increased until the 1980s (97, 98), peaked
between 1988 and 1990, and then gradually maintained a slow increase (19,
32, 56, 68, 96, 99, 100). Over the last decade, mortality rate has steadily
increased at 1.5% in the highest observed countries of New Zealand and
Australia (19). In Scandinavia, mortality rate has also steadily increased over
the last decade, with annual ASR in Norway at 6 × 10−5 per person and 4 × 10−5/
person in Sweden (19). In the United Kingdom, mortality rate has risen
steadily at 1.59% per year (19). The US mortality rate has slowed to a 0.20%
annual increase (19). Similar trends have also been reported in East Asian
populations (101).
Within ethnically heterogeneous countries like the United States, variations in
melanoma mortality among population subgroups have been observed (94). NonHispanic African Americans have lower cause-specific mortality than non-
Hispanic Caucasians (HR = 0.7, 95% CI = 0.6–0.8) (94). However, after controlling
for stage and site at diagnosis, gender, and age and decade of diagnosis, nonHispanic African Americans fare worse than non-Hispanic Caucasians in causespecific mortality (94). Overall, 5-year survival is lower for African Americans
than non-Hispanic Caucasians as well (22, 26). In fact, over the last decade,
5-year survival rate has decreased among African Americans, whereas it has
increased among Caucasian populations (22). Some attribute this discrepancy in
ethnicity in part to socioeconomic inequities (94).
Discrepancies in age and sex are also observed in melanoma mortality rates
(Figure 3) (6, 9, 33). Worldwide, males have greater mortality rates than
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Mortality ASR
Both sexes

Melanoma of skin
1.4+
0.79–1.4
0.48–0.79
0.21–0.48
<0.21
No data
Source: GLOBOCAN 2012 (IARC)

Figure 4 Worldwide melanoma age-standardized annual mortality rate by geography. Agestandardized rate (ASR) by world is expressed per 100,000 persons (9). Reproduced with
permission.

females (Figure 3) (9, 33). In the United States, mortality is greater among men
than in women of all races with the annual ASR of deaths being 4.0:100,000
cases in men compared to 1.7:100,000 cases in women (6). This increased
incidence of ASR is observed in 4.3:100,000 cases for non-Hispanic Caucasian
males compared to 1.8:100,000 cases for non-Hispanic Caucasian females and
1.4:100,000 cases for American Indian/Alaska Native males and 0.5:100,000
for American Indian/Alaska Native females (6). ASR is 1.0:100,000 cases for
American Hispanic males and 0.6:100,000 cases for American Hispanic
females; 0.5:100,000 cases for African American males and 0.4:100,000 cases
for African American females; and 0.4:100,000 cases for American Asian/Pacific
Islander males and 0.3:100,000 cases for American Asian/Pacific Islander
females (6). Similarly, with annual melanoma incidence, annual melanoma
mortality is the greatest among individuals beyond their seventh decade worldwide (9, 33). Conversely in the United States, mortality peaks at between ages
75 and 84, and then declines when individuals are aged >84 (6).

Prevention
In the setting of rising global incidence of melanoma, health agencies across
nations with substantial burden of disease have launched campaigns that aim to
promote prevention. Prevention strategies that have been implemented range
from primary prevention methods to reduce sun exposure and enforce stricter
labeling protocol for sunscreens (18, 102), to secondary prevention methods like
full-body visual skin exams (103).
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PRIMARY PREVENTION
Nationwide efforts to reduce UV exposure have been attempted with variable success across high-incidence countries like the United States, the United Kingdom,
Norway, Australia, and New Zealand (19, 102, 104, 105). In the United States,
the indoor tanning industry accrues $3 billion per year in profit (106). Attempts
have been made by the US Surgeon General to promote sun protection polices
like mandatory sun protection factor (SPF) labeling on sunscreens, recommendations for use of broad spectrum sunscreen SPF 15+, and discouraging indoor
tanning. Despite more rigorous attempts to regulate indoor tanning, 7.8 million
women and 1.9 million men still engage in tanning device activity (70, 102). In
the United Kingdom, a nationwide campaign, SunSmart, was launched in 2003
in an effort to reduce the rapid rise in melanoma incidence (107). As part of their
campaign, SunSmart highlighted UV reducing methods like wearing sunscreen
with SPF 15+, wearing protective clothing and hats, and staying indoors during
high incident UV hours (107). Despite concerted efforts, melanoma incidence in
the United Kingdom has continued to increase (9). Population-based investigations found that British residents continued to partake in high-risk behaviors and
that men from lower socioeconomic groups were at the greatest risk for UV exposure (107). In Norway and Sweden, national campaigns have also been launched
in an effort to address rapid rises in melanoma incidence (104, 105). Similar to
the United Kingdom and the United States, there has been limited and varied success with their preventative measures (104, 105). Australia, however, has demonstrated one of the most successful responses to nationwide melanoma prevention
efforts (19, 108). Historically, Australia has had the highest melanoma incidence
rates in the world (9). In the 1980s, the Australian government launched a massive melanoma education campaign, SunSmart (what the British later adopted for
themselves). Sunsmart was integrated into primary school curriculums and permeated community forums and workplace training (108). In the decades since
launching the SunSmart campaign, melanoma incidence rates in Australia have
slowed, and within younger birth cohorts, incidence has even decreased (9, 19, 108).
Australia is no longer the global leader in melanoma incidence (9).

SECONDARY PREVENTION
The predominant method of secondary prevention of melanoma is visual skin
examination. Among the largest efforts to promote standardized screening,
Germany launched the Skin Cancer Research to Provide Evidence for Effectiveness
of Screening (SCREEN) in Northern Germany (109). After a year of implementing
the program, a 48% reduction in melanoma mortality was found in SCREEN
regions compared to neighboring communities (109). There was an overall
decrease in mortality from 1.7 deaths per 100,000 cases to 0.9 deaths per 100,000
cases (109). This decrease in mortality was not observed in regions that did not
implement SCREEN (109, 110). There are few other nationwide campaigns that
promote secondary prevention. Australia has integrated bolstered screening measures as part of their overall screening campaign (103). In the United States, the
national Preventative Services Task Force (USPSTF) deemed that there was insufficient data available to recommend visual skin exams (111). In a systematic evidence review, the Agency for Healthcare Research and Quality on the behalf of the
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USPSTF examined >12,500 scientific abstracts and 450 articles and reported that
they were unable to find any evidence on the potential harms or benefits of screening to conclusively make a recommendation (111). Continued efforts must be
made to better understand prevention methods and their effects on melanoma
incidence and mortality.

Conclusion
Global melanoma incidence and mortality continues to rise (9). While its incidence is over 10-fold lower than that of other skin cancers (6), its capacity to
rapidly metastasize and affect younger patients makes melanoma a significant
health and economic burden on society (5, 6, 21). In the United States alone, the
estimated attributable health care cost in 2020 to melanoma is $4.58 billion
(112, 113). Among high-risk populations, melanoma incidence will likely continue to rise in the geriatric subpopulation (6). However, incidence trends among
younger individuals are hopeful, with some trends stagnating and some even
decreasing in high-risk populations (19, 58, 103). In high melanoma incidence
nations like Australia, melanoma rates have largely stabilized (9, 19). This is also
true of mortality rates (9, 19). Hopefully, as these trends continue to be monitored,
rates will decrease further. Although melanoma incidence has not slowed in other
high-incidence regions like Northern Europe, a similar decrease should be expected
to follow if continued concerted efforts are launched toward melanoma prevention
campaigns. Nevertheless, continued surveillance is necessary. As the average age of
nationwide populations is projected to increase in the United States, the United
Kingdom, and Northern Europe, there may be a continued increase in melanoma
incidence. It is imperative that primary and secondary methods of prevention are
implemented and studied. National health campaigns can look to countries like
Australia for examples of successful skin cancer prevention. Ultimately, preventative measures must take the cornerstone in melanoma control.
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Abstract: In this chapter, two South African population groups, White and Black
African, are compared with regard to cutaneous melanoma (CM). The incidence
of CM in Black Africans is about 10% of that in Whites, explained at least in part
by the protection offered by cutaneous melanin. The incidence has probably risen
in Whites over the past 40 years but seems to be unchanged in Black Africans.
The commonest CM subtype in Whites is superficial spreading; it occurs on various body sites, the most frequent being the trunk in males and the lower leg/hip
in women. Most CMs in both male and female Black Africans are found on the
lower leg and/or hip with a significant proportion being acral lentiginous melanoma, a subtype rarely seen in Whites. Risk factors including exposure to the sun,
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trauma, human immunodeficiency virus infection, albinism, age, and genetics are
summarized and are likely to differ between the two population groups. The stage
of CM at diagnosis tends to be more advanced in Black Africans than in Whites
and, similarly, the survival rates are considerably lower in Black Africans. Reasons
for the differences in CM between the two population groups are suggested.
Key words: Incidence; Mortality; Skin color; Subtypes; Sun exposure

Introduction
While surveys in several developed countries have provided accurate data on the
incidence of cutaneous melanoma (CM), the resulting mortality, and the changes
in these parameters over time, information from South Africa is sparse in
comparison. Although reports on the epidemiology of CM in South Africa were
published in the 1970s and 80s, they comprised small numbers of patients, generally attending single hospitals or clinics in one part of the country. It has
remained difficult to obtain accurate figures since then, mainly due to the lack of
a reliable reporting system while the country has undergone huge political, economic, and demographic changes. However, it is of considerable interest to assess
what information is available as South Africa represents a subtropical country
containing a multiethnic population, whose skin color ranges from deeply pigmented to fair. In this chapter, the geography of South Africa is described first,
together with an explanation regarding the population groups found in this country. This section is followed by descriptions of the incidence and body sites of CM
in South Africans, risk factors for CM development, the age and stage of CM at
diagnosis, and mortality data. Comparisons are made throughout between the
White and Black African population groups.

South Africa
GEOGRAPHY
South Africa is situated at the southern tip of Africa, spanning the midlatitudes
from 22° to 34°S, and is divided into nine provinces (Figure 1). Its topography
varies from coastal plains at sea level to mountain peaks reaching over 3000 m
above sea level. There is a plateau at an average altitude of 1200 m, known as the
Highveld, across the center of the country. High atmospheric pressure over
the Highveld frequently results in relatively cloudless skies and, together with the
altitude, contributes to high solar ultraviolet radiation (UVR) levels. As an illustration of the variation in the climate between the northern and southern provinces,
Table 1 shows the temperature, UV Index, and the number of hours of sunshine
per day in winter and summer in Cape Town (representing the South Highveld)
and Pretoria (representing the North Highveld). These conditions, combined with
an outdoor lifestyle, lead to the potential for excess solar UVR exposure, depending on personal phenotypic characteristics and behavior in the sun.
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Figure 1 The Provinces of South Africa (map drawn by M. Naidoo, Council for Scientific and
Industrial Research, included with permission).

TABLE 1

Weather Conditions in Cape Town and
Pretoria (1, 2)
Cape Town

Pretoria

Latitude
Altitude

34°S
0–300 m

26°S
1339 m

Average hours
sunlight per day

Summer
Winter

10.2
6.8

9.1
8.6

UV Index

Summer
Winter

9–10
2–3

11+
4–6

Average day-time
temperatures (°C)

Summer
Winter

26
19

30
21

Average night-time
temperatures (°C)

Summer
Winter

15
8

18
5
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POPULATION GROUPS
South Africa’s multiethnic population comprises individuals across all six
Fitzpatrick skin phototypes (3). The population is officially grouped into Black
African, Colored (mixed European [White] and African ([Black] or Asian ancestry,
with skin color ranging from pale to dark brown), Asian/Indian and White. The
2016 national census indicated that 80.8% were Black African, 8.6% Colored,
8.0% White, and 2.6% Indian/Asian (4). The mid-year population in 2016 was
55.9 million (4). The prevalence of several infections in South Africa is among the
highest in any country in the world, particularly human immunodeficiency virus
(HIV) and tuberculosis (TB). The total number of people living with HIV was
estimated at approximately 7 million in 2016 (5). The incidence of TB in 2015
(including those with HIV and TB co-infections) was 834 per 100,000 people.
South Africa is one of six countries that accounted for 60% of the new cases of TB
in 2015 worldwide (5).
Historically, legislation restricted access for Black Africans to South African
cities, but even before the repeal of the Pass Laws in 1986, the rates of rural–urban
migration had increased (6). Official government projections estimate that
between 2011 and 2016, the provinces of Gauteng and Western Cape experienced an inflow of 1.5 million migrants, of whom many were from the Eastern
Cape and Limpopo (7). It is likely that reduced personal sun exposure, which is a
recognized risk factor for some subtypes of CM, may occur with urbanization.
This could be due to more time spent indoors, fewer outdoor occupations, particularly subsistence farming, and the city environment such as tall buildings and
narrow streets providing more shade.
The South African National Cancer Registry (NCR) was established as a
pathology-based cancer reporting system, although mandatory reporting was
only legislated in 2011. Prior to this, private health laboratories withheld cancer
reports from 2005 to 2007 owing to concerns regarding voluntary sharing of
confidential patient data. While private health care reporting to the NCR
decreased by 28% from 2005 to 2007, it is estimated that this represented a minimal impact (net decrease of <4%) on overall cancer reporting (8). The mismatch
between observed and estimated number of cancers mainly impacted on affluent
South Africans in all population groups who used private health laboratories
since less affluent people tended to receive government-provided care.

Incidence of CM in the White and Black African
Population Groups
Table 2 lists the studies that have monitored the incidence of CM in the two population groups. It is clear that the incidence is approximately 20 times higher in the
White African population than in the Black African population. It is recognized
that epidermal melanin provides protection against the development of skin cancer, including CM. This endogenous sun protection factor (SPF) has been estimated at up to 13.4 SPF in African Americans (17). The incidence is higher in
White men than in White women, and very slightly higher in Black African
women than in Black African men.
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TABLE 2

Studies in Which the Incidence of Cutaneous
Melanoma (CM), Diagnosed by Histopathology,
in the Black African and White Populations of
South Africa has been Calculated
Location

Number of
CM cases

Age-standardized annual
incidence of CM per
100,000 persons

Reference

Years of study

Isaacson (9)

1966–1975

Soweto

83

Black male, 0.72; Black
female, 0.87

Saxe et al. (10)

1990–1995

Cape Town

759

White all, 24.4; White male,
27.5; White female, 22.2

Jessop et al. (11)

2001–2003

Cape Town

443

White male, 36.9; White
female, 33.5

South African
Melanoma Advisory
Board (12)

Not stated

Cape

Norval et al. (13)

2000–2004

National

3413

White male, 20.5; White
female, 16.5; Black male,
1.0; Black female, 1.2

National Cancer
Registry of South
Africa (14)

2000

National

1506

White male, 16.7; White
female, 13.1; Black male,
1.1; Black female, 1.4

National Cancer
Registry of South
Africa (15)

2012

National

1312

White male, 15.9; White
female, 12.7; Black male,
0.8; Black female, 1.1

2008–2012

Northern
Cape

135

White male, 15.8; White
female, 11.8; Black male,
0.2; Black female, 0.5

York et al. (16)

27

Not stated

All Caucasian, 69

The earliest study on incidence, published in 1979, was based on a small
number of cases in Black Africans living in Soweto, a township close to
Johannesburg with an estimated population of 1 million people (9). This was followed by two studies in Whites in Cape Town which showed an increase in incidence in both men and women when figures from 1990 to 1995 were compared
with that from 2001 to 2003 (10, 11). Reported data from all of South Africa
indicate that the incidence in the White population is similar to that found in
European countries (18) and in Black Americans in the United States (19). Norval
et al. (13) found no change in incidence in either the White or the Black African
populations between 2000 and 2004, and similarly there was no increase in the
national figures published by the NCR when 2000 figures (14) were compared
with 2012 figures (15). It should be noted that the South African Melanoma
Advisory Board in 2009 estimated the incidence of CM in Caucasians in the Cape
as 69 per 100,000 (12). This figure is among the highest in the world and is

CP-003.indb 27

11/01/18 9:28 pm

28

Melanoma in the South African White and Black Populations

similar to current estimates in Australia (20). The basis of the Board’s statement is
not clear and no updates have been published since 2009.
Thus, at this point in time, there is some uncertainty about whether there
might have been an upward trend in the incidence of CM in the White population in South Africa over the past 30 years, but little or no indication of an
increase in Black Africans. More recent data than that of 2012 are urgently
required. Second, while the risk of CM is considerably lower in Black
Africans than in Whites, they make up about 80% of the population and
therefore a considerable health burden is implied.

Body Sites and Subtypes of Melanoma in the White and Black
African Population Groups
The percentage of CMs occurring on four body sites in the White and Black
African populations in 2000–2004 in South Africa has been calculated in one
study (13) and is shown in Table 3. It can be seen that there was a reasonably even
distribution throughout the body in White males and females although, as also
reported by Saxe et al. (10), in Whites living in Cape Town, the trunk was the
predominant site in males and the lower limb and/or hip in females. The situation
was markedly different in Black Africans as more than two-thirds of the CMs
occurred on the lower limb and/or hip in both sexes. In confirmation, earlier
surveys of Black Africans found CMs predominantly on the lower limb and sole
(9), the sole and palm (21), and the foot (22). Such a distribution implies that the
risk factors for CM development may differ between the White and Black African
population groups in South Africa.
Superficial spreading melanoma (Figure 2) is the commonest subtype in the
White population of South Africa (9, 10). Data from the NCR in 2000–2004
revealed that, when reported, the percentage of melanomas presenting as acral
lentiginous melanoma (ALM) (Figure 3) was 16.6% in the Black African population compared with 0.8% in the White population (13). These figures are comparable with those reported in a US study which found that 16.7% of melanomas

TABLE 3

The Percentage of Cutaneous Melanoma
Occurring on Four Body Sites in the White and
Black African Populations of South Africa,
2000–2004 (13)
White male

White female

Black African
Male

Black African
Female
8.3

Head

24.5

13.1

12.0

Trunk

37.1

22.8

12.4

6.6

Upper limb and/or shoulder

18.2

23.0

6.9

12.7

Lower limb and/or hip

20.4

41.1

68.7

72.3
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Figure 2 Superficial spreading melanoma on trunk of White male patient. Photograph supplied
by Dr. W. Visser, Cape Town.

were ALM in Black Americans and only 1% of the melanomas were ALM in Whites
(23). A study of 47 melanomas in Black Africans attending a referral center in
Cape Town over a 14-year period (approximately 1980–1994) demonstrated that
72% were ALM, 21% were nodular, and 6% were superficial spreading (22).
Hudson et al. (22) investigated plantar melanomas occurring in Black African and
White patients in Cape Town between 1972 and 1985. In this period, plantar
melanoma accounted for 2.1% of all the CMs in White patients, and for 73% of
all CMs in Black African patients. ALM occurred in 56% of the former group but
in 71% of the latter group, again demonstrating that ALM predominates in the
Black African population.

Risk Factors for Melanoma in South Africa
The risk factors are complex, likely to be interrelated, and differ between population groups and anatomical site. In addition, the generation of CM is multistep,
with more than one pathway being involved (reviewed in 24). One common route
starts as a naevus (mole, which is a benign proliferation of melanocytes) with slow
progression to melanoma in situ. This can then develop a vertical growth phase,
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Figure 3. Acral lentiginous melanoma on the sole of a Black African female patient. Photograph
supplied with permission from the patient.
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invading into the dermis with the potential to metastasize. The other common
route does not involve the naevi; the lesions arise spontaneously and are
aggressive.

SUN EXPOSURE AND NAEVI
Solar UVR represents the major identified environmental factor with risk depending on the pattern of exposure. This differs between the subtypes of CM and has
led to the hypothesis of “divergent pathways” (25). It is thought that people with
few naevi tend to develop CM on body sites that are chronically exposed to the
sun and show marked solar elastosis. Such sites include the face, neck, and dorsal
surface of hands. Conversely, those with a high number of naevi, indicating a
propensity to melanocyte proliferation, tend to develop melanomas on body sites,
such as the trunk and legs. Such areas have intermittent patterns of sun exposure,
including sunburn, with no solar elastosis. These pathways have been demonstrated
in a large number of epidemiological and observational studies (26–28) based on
Caucasians in many countries worldwide, although none have included data from
South Africa. In addition, the risk of CM, as a result of sun exposure in people
with hyperpigmented skin, is not clear. One analysis revealed a higher incidence
of melanoma in Black Americans at lower latitudes of residence and higher mean
annual UV Index in the United States, although this correlation was only significant for men (29). However, another survey of 11 cancer registries in the United
States found that a higher mean UV Index was associated with an increase in
melanoma incidence in Whites with some evidence for a latitude gradient in incidence. In contrast, there was no significant correlation between the UV Index and
melanoma incidence in Black Americans (30). Therefore, while solar UVR is a
critical risk factor in those with fair skin, it may be considerably less, or even of
no importance, in those with pigmented skin.
With regard to ALM in particular, it would seem unlikely that exposure to the
sun is directly involved as these tumors occur predominantly on the sole of the
feet, palm of the hand, and the nail bed. However, such exposure could have systemic effects via the release of circulating immune mediators that downregulate
immune responses generally (31). In addition, the pre-existing naevi on acral
surfaces in deeply pigmented skin may represent a risk factor for melanoma development (32, 33). It has been reported that almost all Black people have melanocytic naevi with an average of 8.3 per person and a higher number in those with
darker skin. They are predominantly acral. Approximately, one-quarter of the
naevi occur on the palms and one-quarter on the soles, often near the junction
between the pigmented dorsal and the nonpigmented plantar and palmer surfaces
(34). As these are common sites for CM development in Black individuals, such
naevi may constitute a premalignant state in those with deeply pigmented skin.

TRAUMA
As shown in Table 3, a high percentage of melanomas occur on the lower limb
and/or hip in both Black African men (68.7%) and women (72.3%), and a higher
incidence of ALM is found in Black Africans compared with the White population. These differences between the two population groups could be explained by
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previous trauma being a risk factor in Black Africans and of less importance in
Whites (32, 33). Trauma to the legs and soles could occur due to burns, scars,
insect bites, and walking on bare feet.

HIV INFECTION
Currently, the estimated HIV prevalence rate in South Africa is approximately
19.2% of the total population, with a marked difference between population
groups. In Black Africans, the prevalence is 15% while it is 0.3% in Whites (35).
At present, almost half of those infected with HIV are being treated with antiretroviral therapy (ART) which will reduce mortality rates and may also reduce the
increase in prevalence that has occurred in recent years. As persistent infection
with HIV leads to a reduction in circulating CD4+ T-lymphocytes, immunodeficiency, opportunistic infections, and eventually AIDS, there is the potential for an
increased risk of melanoma development in HIV-infected individuals. In addition,
about 11% of HIV-infected individuals receiving ART in sub-Sahara Africa are
older than 50 years, a time of increased susceptibility to a range of tumors (36).
There is a wide range of HIV-associated malignancies, mostly linked with infectious agents such as Kaposi sarcoma with human herpes virus-8, Burkitt lymphoma with Epstein–Barr virus, and squamous cell carcinoma of the skin with
human papillomavirus. Therefore, there is interest in determining whether HIV
infection increases the risk of CM. A meta-analysis of studies performed in
six countries in 2007 involving half a million patients, probably all Caucasian,
indicated that the standardized incidence rate for melanoma was 1.24 per 100,000
in HIV/AIDS patients compared with uninfected controls (37). Another metaanalysis, 7 years later, compared the risk of melanoma in patients with HIV/AIDS
living in North America and Europe before ART became available and after 1995
when ART was in common use (38). In about half of the included studies, an
adjustment was made for ethnicity on the basis of skin color (White, Black, and
other). It was found that the pooled relative risk for the association between HIV/
AIDS pre-ART was 1.28 and post-ART was 1.50, when adjusted for ethnicity,
compared with uninfected control groups. Thus, there is evidence that HIV infection does increase the risk of melanoma. As far as we are aware, no studies have
been undertaken to monitor the relative risk of melanoma in White and Black
African people with HIV/AIDS in South Africa.

SEX
A balance between the genders in Caucasians in the incidence of CM has been
recorded in countries with high UV Indices, but a predominance of females over
males in places with lower UV Indices (39). As seen in Table 2, the incidence of
CM is higher in men than in women in the White population group in South
Africa and is only slightly higher in women than in men in the Black African
population group. It is possible that there are more White men than women in
South Africa who have outdoor occupations, who might wear fewer clothes than
women, and who use less personal photoprotection than women. Whether any
gender difference in incidence or body site distribution goes beyond societal
differences is uncertain at present (40, 41).
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AGE
The incidence of most common cancers increases with age in both males and
females worldwide. This is thought to be due to the many genetic changes involved
in carcinogenesis, in addition to age-related reductions in the efficacy of the
immune system. With regard to South Africa, among 595 Whites diagnosed with
primary CM, the median age at diagnosis was 51 years in women and 56 years in
men (10). Age-specific rates increased with age among the study sample with the
steepest trends in the age group of 55 years and above. Another study reported
that the mean age at presentation of melanoma among Black Africans in Cape
Town was 60.5 (22), while data from the NCR indicated that the mean age in both
Black African and White South Africans was approximately 55 (13). No significant difference between Black Africans and Whites in the percentage of the cases
presenting under the age of 40 was demonstrated, indicating that age as a risk
factor did not differ with skin color (13). In those patients living in Cape Town
who developed CM on the sole of the foot or nail bed, the mean age was 56 (range
19–83) in Whites and 60.9 (range 30–83) in Black Africans (42). Therefore, there
is no significant age difference between these two population groups with regard
to this subtype of melanoma.

ALBINISM
Oculocutaneous albinism (OCA) is a group of congenitally inherited developmental disorders which affect the generation of pigment in the skin, iris, and hair.
In South Africa, the commonest type in the Black African population is OCA2 in
which the skin color is creamy white with yellow and/or light brown hair. The
estimated prevalence of OCA2 in South Africa is 1 per 3900 but is considerably
higher than this in some tribes (43). While people with OCA have a greatly
increased susceptibility to nonmelanoma skin cancers (NMSC: squamous and
basal cell carcinomas), most developing by age 20–30 years, they rarely present
with CM. For example, no melanomas were found in 111 OCA patients in
Johannesburg, of whom 25% had NMSC (44) and only one had an ALM in 86
OCA patients in Northern Tanzania (45). Most recently, it was reported that none
of the 16 patients with OCA in Bloemfontein had a current or previous diagnosis
of CM, although the majority had dendritic freckles on sun-exposed skin and
were diagnosed with NMSC (46). The reason for very low frequency of melanoma in OCA may include under-reporting, especially as at least half are amelanotic (47). In addition, the life expectancy in those with OCA may not be long
enough for the CM to become apparent, or the OCA2 skin color, although pale,
may still offer some protection against the mutagenic effects of solar UVR in
melanomagenesis.

GENETICS
Genetic susceptibility to CM is recognized and indeed a study in Sweden
calculated that the familial risk for offspring of affected parents is about 2.6
times or higher if a parent has been diagnosed with CM when aged younger
than 50 (48). Overall, it is estimated that 21% of the susceptibility to CM is due
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to genetic factors (49). A complex range of genes is involved such as CDKN2A
(a regulator of cell division) and MDm2 (a negative regulator of the p53 tumor
suppressor protein). Other genes may confer a lowered risk of CM development
(50). We have not found any studies comparing the genetic makeup of the
White and Black African populations in South Africa, and so the contribution of
inherited gene mutations in these groups as risk factors for CM is unknown at
present.

Stage of Melanoma at Diagnosis in the White and Black
African Population Groups
The stage of disease at diagnosis tends to be lower in Whites compared with Black
Africans. Among 44 White South Africans, for example, 40 presented with Stage
I melanoma of the foot, two with Stage II, one with Stage III, and one with Stage
IV disease (51). An almost equal number of Black Africans were diagnosed with
melanoma at Stage I (n = 30) compared with Stages II, III, and IV combined
(n = 34) (22). A similar but much larger survey in the United States indicated that
16.7% of Black Americans and only 3.9% of Whites presented at Stage IV (23).
Lodder et al. (52) reported that, out of 170 Black South Africans with ALM in
Pretoria, 55 were Stage I, 90 were Stage II, and 25 were Stage III at the time of
presentation, indicating the relatively advanced stage of disease at initial diagnosis.
This point is further emphasized by 58% of the tumors being greater than 40 mm
in at least one dimension on initial examination (52).
Recent evidence suggests that CM is being detected earlier, as indicated by
low-stage depth increasing by 72% annually among patients in private and public
health care systems in the Northern Cape Province (16). This remains to be validated in other provinces, especially given the known difficulties in early diagnosis
in darkly pigmented skin types that typically lead to late presentation and the
likelihood of more advanced presentation (53). Moreover, access to treatment is
very poor in the public sector. This could also be related to a lack of clinical dermatology training among general practitioners. An inability to pay for appropriate
treatment also contributes to more advanced stages of disease at presentation. In
addition, the melanoma subtypes occurring in Black Africans may be more aggressive than in Whites, and there are likely to be significant differences in socioeconomic status and lifestyle behaviors between the two population groups.

Mortality Data for Melanoma in the White and Black African
Population Groups
To date, there is little precise information on the causes of mortality in South
Africa, although GLOBOCAN, which provides estimates of cancer incidence,
mortality, and prevalence worldwide, reported 513 deaths due to CM in 2012
(54). One early study found that the 5-year survival rate in Black Africans with
CM was 20% compared with 42% in the White population group (21). In Pretoria,
44 Black African patients out of 63 with CM died within a mean of 1 year of
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presentation, while 16 were alive after a follow-up of 5 years (22). A 15-year
study in Pretoria included 175 Black African patients, most of whom presented
with ALM at an advanced stage (52). There were 128 documented deaths, of
which 35 patients died from melanoma within 1 year of presentation. At 3 years,
92% were dead or had residual disease.
Late presentation and the malignant nature of ALM, with its propensity to
metastasize, are likely to lead to poorer prognosis in Black Africans compared
with White patients. Furthermore, the lack of self-examination and screening for
cultural and financial reasons, plus the shortage of clinical facilities for many
Black African people, particularly in rural areas, may be contributing factors.

Conclusion
The risk of developing CM is considerably less in the Black African population
than in the White population in South Africa. Also, the common subtype of
melanoma is superficial spreading in Whites, while ALM predominates in the
Black Africans. A range of factors that may increase the risk of CM includes exposure of the skin to the sun, the presence of naevi, body sites of trauma, HIV
infection, sex, age, and the occurrence of albinism and genetics. These are likely
to differ markedly between the two population groups. The stage of CM at diagnosis tends to be more advanced in the Black Africans than in the Whites, with
an associated reduced survival rate. Reliable published data on all these aspects
are sparse and almost entirely lacking in recent years. In particular, it is important to ascertain if the incidence of CM in the White population is increasing,
and whether improved public awareness about the dangers of CM is leading to
earlier detection in all population groups. Finally, as Black Africans represent
around 80% of the South African population currently, even the low incidence in
this group implies considerable social and financial costs.
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Introduction
Melanoma is the most common malignant type of all skin neoplasms. Although
current clinical, biochemical, and histological methods provide insights into disease behavior and outcome, melanoma is still an unpredictable disease. Once
metastasized, it remains a fatal neoplasm with scarce therapeutic options, despite
current progress in immunomodulatory therapy. Therefore, significant efforts
still need to be made in finding suitable biomarkers that could aid or improve its
early diagnosis, its correct staging, the discrimination of other pathological conditions, as well as indicate patients’ prognosis or the most appropriate personalized therapeutic regimes. On the other hand, well-defined diagnostic markers
are strictly necessary to avoid the apparent overdiagnosis of melanoma. This
chapter provides an overview of the literature on recent efforts in cutaneous
malignant melanoma biomarker research. A PubMed database search was performed in March 2017 using key words and phrases such as “biomarker,” “serum/
plasma/tissue biomarker,” “biomarker analysis,” “immunohistochemistry,” linked
to the key words “melanoma,” “malignant melanoma,” and “metastatic melanoma”. Regarding earlier literature, the authors refer to two very comprehensive
review articles on protein and nonprotein biomarkers in melanoma published in
2012 by our group (1) and, more recently, in 2015 by Karagiannis et al. (2), with
the latter, however, also mostly referring to the literature before 2013 (113 out of
130 citations).

Biomarkers in Malignant Melanoma: A Current Status
Melanoma incidence and mortality have been steadily increasing in almost all
countries, especially in fair-skinned populations. Exemplarily, 2013 German
incidence rates (mortality rates) of cutaneous melanoma were 19.1 (3.0) per
100,000 males and 17.4 (1.7) per 100,000 females, with cutaneous melanoma responsible for about 1.3% of all cancer deaths (Association of
Population-based Cancer Registries in Germany, GEKID; http://www.gekid.de).
Considering variations between countries, 5-year survival for people of all
races diagnosed with primary cutaneous melanoma <1.5 mm in depth is
about 90%, amounting to 99% for local disease. The 5-year survival for people diagnosed with mucosal and intraocular melanoma is about 70%. However,
5-year survival is only 60–65% if the disease is spread within the region of the
primary melanoma, dramatically dropping to below 10% if widespread. Albeit
screening campaigns and intensive public health programs resulting in
decreasing incidence rates, especially in younger age groups, incidence and
burden of melanoma continue to rise. This is mainly due to the aging population, continued high recreational sun exposure habits, changing climate
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patterns, and increasing environmental contamination with carcinogenic
agents (1, 3). Thus, sensitive screening, early detection of high-risk groups
and personalization of therapy are the major principles of melanoma control.
In this regard, biomarkers represent molecular attributes of the individual
patient that will not only allow for detection and diagnosis but also answer
questions about the biologic behavior of the tumor and metastases, mechanisms of resistance, and/or sensitivity to therapy. Prospectively, melanoma
therapy will substantially be improved by the use of biomarkers that will (i)
offer the potential to identify and treat melanoma before it is clearly visible or
symptomatic, (ii) facilitate easy detection without even minimal surgical procedure, and (iii) serve as candidates for population-based screenings. In this
regard, this chapter summarizes and critically discusses the current trends
and perspectives in malignant melanoma biomarker research.
Melanoma biomarkers can be divided into different categories. Most of them
show higher expression in melanoma cells than in normal tissue and, therefore,
are used as diagnostic markers. Other biomarkers may serve as prognostic or
predictive markers because of their increased expression in advanced stages of
disease, as indicators of treatment response or of disease recurrence during
follow-up (4). Moreover, melanoma progenitor and/or stem cell markers are of
potential use for identification of cell subpopulations that exhibit critical properties like high carcinogenicity, metastatic potency, and treatment resistance. The
ideal biomarker should be a metabolically and analytically stable molecule detectable and/or quantifiable in the blood or other body fluid compartments, which are
accessible through minimally invasive procedures. This biomarker should allow
for the diagnosis of a growing tumor in a patient or for the prediction of the likely
response of a patient to a certain treatment, even earlier or better than by applying
clinical imaging modalities. Thereby, the biomarker must exhibit sufficient sensitivity and specificity in order to minimize false-negative as well as false-positive
results (1, 4).
At this moment, no ideal biomarker exists in the field of melanoma. Pathological
characteristics of the primary melanoma, for example, tumor thickness (Breslow
index, Breslow thickness), mitotic rate, and ulceration are important prognostic
factors (5). However, these characteristics can only be determined after localization and biopsy or surgical resection of the tumor. Regarding the points mentioned above, either circulating melanoma cells or melanoma-associated
extracellular molecules provide suitable noninvasive analytical access. Melanoma
cells release many proteins and other molecules into the extracellular fluid. Some
of these molecules can end up in the bloodstream and hence serve as potential
serum biomarkers. From a pathobiochemical point of view, these biomarkers
comprise molecules, including enzymes, soluble proteins and/or antigens,
melanin-related metabolites, and circulating cell-free nucleic acids, released by
(i) necrosis, (ii) active secretion, and (iii) ectodomain membrane shedding (1)
(Table 1). These molecules exhibit different prognostic and predictive values in
melanoma diagnosis, staging, and treatment monitoring (1, 4, 6, 7). On the other
hand, biomarkers obtained from histological and immunohistochemical analyses
of biopsy material play a very important role in melanoma management. Therefore,
novel results and promising trends in this field also have been considered in this
chapter.
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TABLE 1

Enzymes

Secreted
proteins/
antigens

Potential Biomarkers in Malignant
Melanoma
Biomarker

Correlation with

Major laboratory
methodologies

LDH

prognosis, tumor stage,
survival rate

photometric assay,
meta-analysis#

(1)

Tyrosinase

poor prognosis, survival
rate, overall survival

RT-PCR, nested
RT-PCR

(1)

Cox-2

Breslow index, tumor
progression

IHC

(1)

MMP-1, MMP-3

disease-free survival

IHC

(1)

MMP-9

disease, poor prognosis

ELISA

(1, 26)

MMP-2
MMP-12
MMP-23
MT1-MMP
TIMP-1
IDO
Cathepsin K
CD10
Legumain

tumor progression
overall survival
progression-free survival
tumor progression
disease-free and overall
survival
overall survival
disease
overall survival
overall survival

TMA, IHC
IHC
IHC
IHC
ELISA
HPLC
IHC
cytomorphology,
IHC
IHC

(27, 28)
(31)
(32)
(30)
(26)
(79)
(34)
(33, 35)
(36)

VEGF

tumor stage, survival,
tumor progression

ELISA, RT-PCR

(1)

VEGF-C, VEGFR-3

tumor burden

ELISA

(1)

Osteopontin

Breslow index, survival,
poor prognosis

IHC, TMA

(1)

Galectin-3

poor prognosis, tumor
progression

IHC, ELISA

(1)

YKL-40

tumor stage, tumor
progression, poor
prognosis

ELISA

(1)

MIA

survival poor prognosis

ELISA

(1)

C-reactive protein

survival tumor
progression

IP

(1)

sICAM, sVCAM

survival

ELISA

(1)

CEACAM

tumor stage, tumor
progression, overall
survival

IHC, ELISA

(1)

CYT-MAA

tumor progression

ELISA

(1)

MAGE

tumor progression

RT-PCR

(1)

MART-1

tumor stage

RT-PCR

(1)

TA90

survival, recurrence

ELISA

(1)

References§

Table continued on following page
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TABLE 1

Potential Biomarkers in Malignant
Melanoma (Continued)
Major laboratory
methodologies

References§

tumor stage, survival,
recurrence

ELISA, LIA

(47, 50)

S100A2

tumor progression
(negative correlation)

Northern blot

(1)

S100A4

tumor progression

IHC

(1)

S100A6

survival

Northern blot

(1)

S100A8/A9

tumor progression

IHC, ELISA, FC

(67, 70)

S100A13
S100P

tumor progression
tumor progression

MS, IHC
IHC

(65, 66)
(1, 80)

Progenitor/
stem celllike markers

SOX protein family

disease

IHC

(74, 75)

Metabolites*

5-S-cysteinylDOPA

poor prognosis,
response to treatment

HPLC

(1)

l-DOPA/l-tyrosine

tumor burden, tumor
progression

HPLC

(1)

6H5MI2C

Breslow index

HPLC

(1)

miRNA-221

Breslow index

RT-PCR

(1)

miRNA-29c

overall survival

RT-PCR

(1)

S100 Proteins

Nucleic acids

43

Biomarker

Correlation with

S100B

The table was modified according to Ref. (1) (cf. references therein).
Biomarker abbreviations: 6H5MI2C, 6-hydroxy-5-methoxyindole-2-carboxylic acid; CEACAM, carcinoembryonic
antigen-related cell adhesion molecule 1; Cox-2, cyclooxygenase-2; CYT-MAA, cytoplasmic melanoma-associated
antigen; L-DOPA, L-3,4-dihydroxyphenylalanine; IDO, indoleamine-2,3-dioxygenase; LDH, lactate dehydrogenase;
MAGE, melanoma-associated antigen-1; MART-1, melanoma antigen recognized by T-cells 1; MIA, melanoma inhibitory
activity; MMP, matrix metalloproteinase; sICAM, soluble intercellular adhesion molecule 1; sVCAM, soluble vascular cell
adhesion molecule 1; TA90, tumor-associated antigen 90; VEGF, vascular endothelial growth factor; YKL-40, heparinand chitin-binding lectin YKL-40 (syn. human cartilage glycoprotein-39).
Method abbreviations: ELISA, enzyme-linked immunosorbent assay; FC, flow cytometry; HPLC, high performance
liquid chromatography; IHC, immunohistochemistry; IP, immunoprecipitation; LIA, luminescence immunoassay; MS,
mass spectrometry; RT-PCR, reverse transcription polymerase chain reaction; TMA, tissue microarray.
*Metabolites of melanin synthesis pathways, #meta-analysis based on AJCC melanoma staging database (5).
§The references given in the table refer to original articles, which describe novel biomarkers, and were published
between 2012 and 2017. The original articles on melanoma biomarkers that have been described before 2012 were
discussed in detail in Refs. (1) and (2).

LACTATE DEHYDROGENASE
Lactate dehydrogenase (LDH, EC 1.1.1.27) is a ubiquitous enzyme catalyzing
the conversion of pyruvate to lactate. This reaction is essential when oxidative
phosphorylation is disrupted, for instance, in anaerobic conditions and in hypoxia
(8), and the latter is quite common in fast-growing tumors with high consumption of nutrients and oxygen. In the American Joint Committee on Cancer (AJCC)
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staging system, serum LDH is the only serum biomarker that was accepted as a
strong prognostic parameter in clinical routine for melanoma, classifying those
patients with elevated serum levels in Stage IV M1C (4, 5). In the recent past, the
role of LDH as a prognostic factor and as a marker for treatment response has been
confirmed further. In a meta-analysis of 76 studies on the prognostic role of LDH
in solid tumors, including 12 melanoma studies from 1998 to 2014, Petrelli and
colleagues confirmed that high serum LDH concentration is associated with lower
overall survival in melanoma patients (9). Recent studies analyzed the suitability
of serum LDH as marker for outcome of advanced melanoma patients after treatment with immunomodulatory drugs. In this regard, baseline serum LDH was
demonstrated to be a strong predictive factor for overall survival after ipilimumab
treatment in metastatic melanoma (10). The authors further concluded that longterm benefit of ipilimumab treatment was unlikely for patients with baseline
serum LDH greater than twice the upper limit of normal. An independent study
showed that low baseline serum LDH is associated with favorable outcome of latestage melanoma patients treated with ipilimumab and, therefore, confirmed that
baseline serum LDH is a strong marker for prognosis in advanced melanoma (11).
The suitability of serum LDH as a predictive factor was also demonstrated for
therapy with further immunomodulatory drugs, anti-programmed death receptor-1 (anti-PD-1) antibodies pembrolizumab and nivolumab (12). The authors
documented that anti-PD-1-treated patients with a relative reduction of serum
LDH compared with their baseline LDH achieved partial remission. On the other
hand, patients with an increased serum LDH level compared with the baseline
LDH showed progressive disease. They conclude that serum LDH is a useful
marker not only at baseline but also during treatment in patients treated with antiPD-1 antibodies in advanced melanoma. Despite many promising results, there
are also some limitations in measuring LDH as a melanoma biomarker. First of all,
LDH is not an actively secreted enzyme. Thus, LDH is only released through cell
damage and cell death, which occur more frequently in malignant neoplasms.
However, there are also false-positive values through hemolysis; hepatocellular
injuries like hepatitis, myocardial infarction, and muscle diseases; and other infectious diseases with high amounts of necrotic cells (4). Moreover, LDH is nonspecific for melanoma and elevated levels are also found in many other benign and
malignant diseases.

TYROSINASE
An indicator for the presence of circulating melanoma cells and increased probability of the occurrence of metastases is the detection of tyrosinase (EC
1.14.18.1) mRNA in peripheral blood. Although the serological analyte actually
is a nucleic acid isolated from circulating melanoma cells, in the literature tyrosinase often is considered as an enzyme biomarker in melanoma (1, 4). The
enzyme itself is constitutively expressed in melanocytes and melanoma cells and
is involved in the biosynthesis of melanin catalyzing the oxidation of l-tyrosine
to l-3,4-dihydroxyphenylalanine (l-DOPA) and of l-DOPA to DOPAquinone.
Due to the fact that tyrosinase mRNA is detected through nested reverse transcription polymerase chain reaction (RT-PCR), the analytical sensitivity is very
high. It is possible to detect one melanoma cell among 106 normal blood cells.
In the last decades, however, tyrosinase mRNA expression was determined in
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many different studies, resulting in a wide range of variability (30–100%). One
reason might be the transient presence of tumor cells in the bloodstream. On the
other hand, nonstandardized protocols for PCR-based techniques contribute to
the observed variability, lower sensitivity, and different thresholds for melanoma
cell detection. In order to overcome these limitations, complementary analysis of
other nucleic acid–based markers should be considered. Salvianti et al. assessed
the diagnostic value of a tumor-related, methylated, cell-free DNA marker, the
hypermethylated Ras association domain family 1 isoform A promoter, in melanoma
patients (13). This marker showed good predictive capability in discriminating
melanoma patients (in situ, invasive, and metastatic) and healthy controls.
Particularly, when jointly considered with circulating tumor cells analyzed both
for size and tyrosinase mRNA expression, a higher sensitivity of the detection of
positive cases in invasive and metastatic melanomas was obtained. Alternatively,
determination of tyrosinase as a tissue biomarker also has been taken into
account. In this regard, Lin et al. very recently presented a novel methodology
using scanning electrochemical microscopy for mapping expression and distribution of the Type 3 copper protein tyrosinase in tissue microarrays of skin
biopsies taken from melanoma patients (14). Interestingly, the progression from
a homogeneous tyrosinase distribution in Stage II to a more heterogeneous pattern in Stage III was clearly visualized. Of note, the scanning electrochemical
microscopy is not limited by the presence of optically interfering species, such
as melanin. The authors conclude that this methodology might be implemented
as a complementary prognostic technique for diagnosing metastatic and nonmetastatic melanoma stages.

CYCLOOXYGENASE-2
Another enzyme marker of interest is cyclooxygenase-2, which, in theory, should
be analytically accessible by measurement of certain circulating or urinary eicosanoid products of the enzyme reaction (1). Cyclooxygenase-2 is the inducible
isoenzyme of cyclooxygenases (prostaglandin-H-synthases, EC 1.14.99.1) whose
overexpression is implicated in a number of inflammatory or inflammation-
associated processes, including tumor inflammogenesis, angiogenesis, metastasis, and radiosensitivity (15). The enzyme catalyzes the conversion of arachidonic
acid into prostaglandin H2 (PGH2). PGH2 afterward is converted to a multitude
of eicosanoids, for example, other prostaglandins like PGE2, prostacyclin, and
thromboxanes, depending on definite downstream synthase and/or isomerase
pathways present in various cell types. These eicosanoids act as potent paracrine
and endocrine mediators of metabolic processes via G-protein-coupled receptors
not only in homeostasis but also in inflammatory and neoplastic processes.
Regarding those cyclooxygenase downstream enzymes, special attention was
paid to microsomal PGE2 synthase-1 (EC 5.3.99.3). Very recently, Kim et al. suggested a prognostic and predictive value of this enzyme in melanoma (16).
However, although eicosanoid analytics made an enormous leap, particularly by
progress of liquid and/or gas chromatography and mass spectrometry, a quantitative melanoma-specific profiling of plasma or urinary eicosanoids seems remote.
Therefore, recent research focuses on analysis of intracellular expression of
cyclooxygenase-2 in melanoma tissue specimens. In this regard, Kuźbicki et al.
established an immunohistochemical scoring algorithm showing some value of
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cyclooxygenase-2 as negative prognostic marker, directly correlated with other
negative prognostic factors in melanoma such as tumor thickness, ulceration,
and lymph node metastasis (17). In a retrospective analysis in metastatic lymph
node samples obtained from melanoma patients, Panza et al. demonstrated that
when cyclooxygenase-2 expression rises above a certain threshold level, it is a
negative prognostic factor for human metastatic melanoma (18). They conclude
that differentiation of cyclooxygenase-2 expression in more detail would help to
delineate when cyclooxygenase can be defined a negative prognostic factor.
Others demonstrated cyclooxygenase-2 to be a useful immunohistochemical
marker for the differentiation of melanoma from benign melanocytic lesions in
the oral cavity (19). Among others, these observations substantiate findings that
suggest cyclooxygenase-2 expression and/or activity as both a pathogenic key
player and a promising molecular target in melanoma (20). The latter, besides
pharmacological targeting, offers a rationale for developing novel radiotracers for
noninvasive imaging and functional characterization of cyclooxygenase-2 in
melanoma. Particularly, the development of an appropriate radiotracer for positron emission tomography would provide substantial impact to the melanoma
biomarker approach (21). It should be mentioned here that the development of
imaging biomarkers and quantitative imaging techniques has been identified as a
major and auspicious approach to move toward personalized treatment strategies.
To remain with cyclooxygenase-2 as one example, quantitation of this enzyme’s
functional expression by imaging is assumed to be a predictive marker for radioresistance and chemoresistance and, in turn, for therapy response, particularly
under hypoxic conditions (21). In the case of other target molecules, such as
membrane receptors or melanin, functional imaging of molecular markers can be
combined directly with targeted therapies (22).

MATRIX METALLOPROTEINASES
The human matrix metalloproteinase (MMP) family comprises 25 members in
five groups: collagenases, gelatinases, stromelysins, membrane type MMPs
(MT-MMP), and others. MMPs are directly implicated in almost every biological
process involving matrix degradation and remodeling, for instance, in embryogenesis, normal tissue maintenance (angiogenesis, wound healing), and in
pathologies such as chronic inflammatory diseases and cancer. MMPs not only
degrade and process components of the ECM but also mobilize the release of
growth factors from degraded matrix and cleave proteins that block growth factors (23, 24). Melanomas express a number of MMPs that are often associated
with disease progression, and key roles are mostly (25) assigned to MMP-2 and
MMP-9 (26). Indeed, findings differ in some ways. In a tissue microarray and
immunohistochemistry study comprising 482 melanoma tumor and 149 nevi
biopsies, Rotte et al. found that strong MMP-2 (EC 3.4.24.24) expression is associated with significantly poorer survival of melanoma patients but is independent
of tumor thickness and ulceration (27). In contrast, Kamyab-Hesari et al. immunohistochemically analyzed 24 consecutive primary melanoma samples and
found that MMP-2 expression correlates with tumor thickness in melanoma and
is an independent predictive factor for lymph node involvement (28). However,
in a different study, MMP-2 was found to be expressed in 96% of the analyzed
uveal melanoma patients but showed no significant difference between
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metastatic and nonmetastatic groups (29). In a study with patients in Stages I–III
versus controls, MMP-2 expression in blood samples was similar in both groups.
On the other hand, serum MMP-9 (EC 3.4.24.35) was higher in melanoma
patients than in controls. However, the authors found no association between
MMP-9 concentration and clinicopathological parameters, such as disease-free
survival and overall survival (26). Recently, the potential of further MMPs as
melanoma biomarkers and possible immunotherapeutic targets was investigated.
MT1-MMP (EC 3.4.24.80; syn. matrix metalloproteinase-14), an activator of
MMP-2, was found to be higher expressed in primary melanoma than in nevi,
and its expression continues to increase during melanoma progression and portends poorer patient outcome (30). MMP-12 (EC 3.4.24.65; syn. macrophage
metalloelastase) was also found to be increased in cutaneous melanoma compared to normal skin and was significantly associated with invasion and
metastasis. Furthermore, patients with high MMP-12 level had unfavorable overall survival (31). Finally, increased MMP-23 (EC 3.4.24.-) expression in primary
melanomas is inversely associated with the presence of tumor infiltrating lymphocytes, suggesting a role for tumor-derived MMP-23 in the suppression of
antitumor immune responses (32).

OTHER ENZYME MARKERS
Other potential enzyme markers of melanoma currently under research, accessible mostly via immunohistochemical approaches of tissue specimens, comprise
the proteases cathepsin K (EC 3.4.22.28), CD10 (EC 3.4.24.11; syn. neutral
endopeptidase and/or neprilysin), and legumain (EC 3.4.22.34; syn. asparaginyl
endopeptidase) (33–36). However, on the basis of only few current data, their
usefulness as biomarkers still is difficult to estimate. Caution also should be considered for the enzyme aldehyde dehydrogenase 1 (ALDH-1, EC 1.2.1.’3’), which
has been proposed not only as a promising therapeutic target but also as a biomarker of stem cell–like cells for certain human cancers, including melanoma
(37, 38). Of interest, very recently, Taylor et al. demonstrated ALDH-1 to be an
independent prognostic factor in melanoma, with results based on a score derived
from immunohistochemical staining (39).

ENDOGENOUS ENZYME INHIBITORS
Tissue inhibitor of metalloproteinases (TIMPs), which are natural endogenous
inhibitors of MMPs, including TIMP-1, also play a significant role in tumor development. TIMPs participate in the degradation of extracellular matrix, angiogenesis, apoptosis, differentiation, as well as in proliferation of normal and tumor
cells (40). In this regard, patients with melanoma at Stages I–III in comparison
with the control group had significantly higher median concentrations of serum
TIMP-1, and this increase had an effect on disease-free survival and overall survival. Regarding MMP-9, the authors did not observe significant correlation
between concentration of TIMP-1 and depth of invasion, clinical stage, or nodal
status (26). Some attention also has been paid to other protease inhibitors, namely,
maspin (serpinB5) and serpinB1, which both are members of the serine protease
inhibitor superfamily. Loss of melanoma maspin has been suggested to contribute
to disease progression and metastatic dissemination, but this subject is of
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controversial debate (41, 42). SerpinB1 has been suggested as an indicator of
chemotherapy response. Willmes et al. reported experimental and clinical data on
serpinB1 expression, demonstrating that melanoma Stage IV patients showing
strong serpinB1 protein expression in tumor tissue are likely to benefit from
cisplatin-containing chemotherapy regimens. Moreover, serpinB1 protein expression was proved to be predictive for the outcome of cisplatin-based chemotherapy
in melanoma (43).

S100 PROTEINS
The S100 family of calcium-binding proteins gained importance as both potential molecular key players and biomarkers in the etiology, progression, manifestation, and therapy of neoplastic disorders, including malignant melanoma.
Twelve S100 family members are expressed in melanoma: four exhibit no
change in expression (S100A8, S100A9, S100A10, and S100A11); one is
downregulated (S100A2); and seven are upregulated (S100A1, S100A4,
S100A6, S100A13, S100B, and S100P) (44). So far, different S100 tumor markers have been tested as prognostic factors (1, 45–47), and in vivo studies have
confirmed that S100B, S100A4, and S100A9 contribute to melanoma progression and may be therapeutic targets (44). S100B protein is highly specific and
increased levels are registered in 74–100% of patients with Stage IV melanoma
(48, 49). Several studies confirmed a positive correlation between advanced
stage of disease and disease-free survival (48, 50, 51). Wevers et al. showed that
S100B level in Stages IIIB–IIIC patients also has a strong association with melanoma prognosis. Here, preoperative measurements of S100B and S100B measured on postoperative day 2 showed the strongest association with disease-free
survival. For disease-specific survival, the preoperative S100B level seems to be
the strongest independent predictor (52). S100B is further suggested to be a
useful marker to monitor response to chemo- and immune-chemotherapy in
metastatic malignant melanoma (53). Abusaif et al. were interested in determining whether S100B is able to monitor and predict objective tumor responses
and tumor progression in vemurafenib-treated patients (54). Here, the S100B
level during treatment with vemurafenib showed an initial response, but
repeated measurements of S100B did not seem to be sufficient for detecting
tumor progression and is thus not an alternative compared to computed tomography. Another prospective study demonstrated that S100B level during
response to dabrafenib or vemurafenib treatment is of prognostic value. Here,
patients with high S100B levels showed a shorter progression-free disease (55).
In patients with lesions of Breslow thickness >1 mm, Swiss and German guidelines recommend S100B quantification every 3–6 months for the first 1–5
years, and every 6–12 months for years 6–10. Serum concentration appears to
correlate with Breslow thickness and tumor burden measured under RECIST
(Response Evaluation Criteria In Solid Tumors) 1.1 (8). Reports show that all
Stages IIIB–IV patients with S100B higher than 0.13 µg/L had metastases, and
all had distant metastases if S100B was higher than 1.6 µg/L (8). Stages of
malignant melanoma and the relative hazard of death increased 5-fold when
circulating S100B exceeded 0.6 µg/l (48). Only the European Society of Medical
Oncology (ESMO), German and Swiss guidelines recommend serum S100B as
the most accurate serologic test for follow-up having better specificity for

CP-003.indb 48

11/01/18 9:29 pm

Belter B et al.

49

progressive disease versus LDH (8, 56–58). In the United States, serum S100B
is not used routinely because the prognostic value is limited to advanced and/
or disseminated melanoma, and LDH is the predominant serum marker (58).
S100A4, also called metastasis-associated protein, is universally overexpressed
in a variety of tumor entities and is an independent marker for tumor progression, invasion, metastasis, poor survival, and prognosis (1). S100A4 influences
cell motility, inflammation, angiogenesis, and apoptosis due to interaction
between tumor cells and their microenvironment (59–64). However, extracellular S100A4 seems to be of major importance in this context and, therefore,
may possibly serve as a blood marker. Besides some initially promising results
on the use of S100A4 serum levels as a prognostic marker in melanoma, the
greatest problem might be that of low serum protein concentration which
impedes clinical relevance (1). An attractive approach for the treatment of
cancer seems to be the blocking of extracellular S100A4 with a neutralizing
monoclonal antibody, leading to abolished endothelial cell migration, tumor
growth, and angiogenesis in vivo in a melanoma subcutaneous xenograft model
(60). S100A13, another promising prognostic marker for melanoma, is proposed to be an indicator of the angiogenic switch that facilitates disease progression. Massi and colleagues found expression in dysplastic nevi and in
primary and metastatic melanoma with increasingly higher correlation in more
aggressive and/or advanced tumors (Breslow thickness and Clark’s level) (64).
A proteomics study reported S100A13 to be elevated in cisplatin-resistant melanoma cell lines (65). There is also a correlation between S100A13 expression
and chemotherapy resistance vis-à-vis dacarbazine and temozolomide in
human melanoma tumors (66). Here, low or no expression of S100A13 could
be a valuable marker to identify melanoma patients responding to chemotherapy. The calcium-binding proteins S100A8 and S100A9 can dimerize to form
calprotectin, the release of which during tissue damage has been implicated in
inflammation and metastasis (67). The calprotectin is one of the many proinflammatory mediators released from UVR-exposed keratinocytes. S100A8/A9
stimulates cell proliferation and migration via the pattern recognition receptor
RAGE (receptor for advanced glycation end products) (68). Because of the
RAGE expression in melanocytes and melanoma cells, calprotectin seems to be
an activator in these cells and it is a potential target for intervention in melanomagenesis (69). The latter should also be considered regarding interaction of
S100A4 with RAGE (61, 62). Another study presented evidence for S100A8/A9
as a novel predictive marker for ipilimumab treatment of metastatic Stage IV
melanoma patients. A pronounced upregulation of S100A8/A9 serum levels
could be detected in nonresponding patients already after the first ipilimumab
infusion, and a decrease as compared with baseline levels in responding melanoma patients (70).

PROGENITOR AND/OR STEM CELL–LIKE MARKERS
Animal models have demonstrated that, aside from the aforementioned markers,
other proteins can be detected in circulating melanoma cells. Some of them possibly represent melanoma progenitor and/or stem cell–like markers. This includes
ATP-binding cassette (ABC) multidrug transporters and the neuroepithelial intermediate filament nestin (1, 6). In this regard, immunohistochemical analysis of
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nestin performed by Akiyama et al. in various melanoma specimens revealed a
positive association of nestin expression with advanced disease (71). However, in
this study, compound nevi also showed high expression of nestin. Among
progenitor cell markers of interest are also SOX (Sry-related HMG-Box gene)
proteins. Some represent nuclear transcription factors in the differentiation of
neural crest progenitor cells to melanocytes, while others are more versatile regulators of stem and progenitor cell fate (72, 73). The immunohistochemical profile
of SOX10 was used to detect metastatic melanoma in sentinel lymph nodes with
high sensitivity and specificity and is supposed to be a reliable marker for supplementing other immunohistochemical stains, like S100B or melan-A (74). On the
other hand, SOX10 staining cannot discriminate melanoma metastasis from
nodal nevi (74). In contrast, there is evidence that suggests that SOX2, besides
nestin, can effectively differentiate nodal melanocytic nevi from metastatic melanomas and, thus, may serve as a powerful diagnostic adjunct in melanoma staging
(75). The differing value of these SOX protein family members as markers well
reflects the excessive heterogeneity of melanoma. The same is applicable for
many other melanoma biomarkers. These results, in part, in conflicting observations, essentially complicate a final evaluation. As an example, the value of two
other stem cell–like markers, CD271 (nerve growth factor receptor) and CD133
(syn. prominin-1), both of which have been recognized recently as crucial
molecules driving melanoma initiation and metastasis, has not been clarified
(76–78). Other proteins considered as melanoma biomarker candidates are given
in Table 1. Furthermore, various nonprotein b
 iomarkers are potential targets for
melanoma biomarker research. Those comprise metabolites of the melanin synthesis pathways, originating from the amino acid l-tyrosine, and cell-free nucleic
acids (1).

NONPROTEIN BIOMARKERS
MicroRNAs (miRNAs) are small, single-stranded noncoding RNAs that regulate gene expression in normal cellular processes, and alterations in miRNAs
are involved in several pathologies such as cancer ((1, 81), cf. references therein).
Due to their stability, detectability in serum, and easy analytical accessibility,
they may also be considered as useful biomarkers in malignant melanoma
(81). Alterations in the expression of miRNAs and their targets are discussed
as risk factors and prognostic factors in malignant melanoma (81). In serum
samples of melanoma patients, Kanemaru et al. found significantly higher
miR-221 levels than in healthy controls and miR-221 levels were correlated
with tumor thickness. Moreover, a longitudinal study revealed a tendency for
the miR-221 levels to decrease after surgical removal of the primary tumor, and
to increase again at recurrence (82). In another study, Nguyen et al. analyzed
paraffin-embedded archival tissue and found miR-29c expression significantly
downregulated in Stage IV melanoma compared to early-stage melanoma.
Furthermore, in lymph nodes from Stage III melanoma patients, higher expression of miR-29c was found to be a significant predictor of improved overall
survival (83). However, further data concerning miRNAs in patient samples
are needed to better assess the potential of miRNAs as biomarkers in melanoma genesis and progression.
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Conclusion
All these markers offer the potential to predict the risk of progression to metastatic disease states, treatment resistance, and disease relapse. Lack of sufficient
sensitivity, specificity, and accuracy are the most relevant limitations of bloodbased melanoma biomarker in clinical use. Given the heterogeneity of malignant melanoma, this is taking on a special significance. In contrast, a cluster of
biomarkers for one disease would be a better diagnostic tool with much higher
sensitivity, specificity, and clinical accuracy. Therefore, new investigations
called “proteomic profiling” or “multimarker profiling” focus on the identification of multiple co-expressed biomarkers or signature biomarker patterns
which allow early detection, staging, therapeutic monitoring, and prognostic
predictions (7, 84–88). This approach can be adopted for both serum and tissue specimens. In addition, multimarker analyses of circulating tumor cells
could be more useful for monitoring therapy response in melanoma patients
and for providing prognostic information relating to overall survival (89, 90).
Identification, establishment, and validation of the optimal combination of
biomarkers for multimarker profiling is a challenge and the subject of currrent
research in the melanoma field.
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Abstract: The heterogeneity and plasticity of aggressive melanoma presents formidable challenges in the design of current therapies. Plasticity is defined as the
phenotype of cancer cells expressing properties normally related to stem cells,
including the expression of genes associated with multiple cellular phenotypes
and appearing as undifferentiated, embryonic-like cells. The multipotent phenotype of these tumor cells, expressing vascular, embryonic, and cancer stem cell
(CSC) capabilities, offers new insights into their functional adaptation and resistance to current therapies. This chapter highlights major advances in research that
(i) help clarify the underlying challenges associated with angiogenesis inhibitor
therapy; (ii) discuss important implications of the discovery of reactivation of the
normally dormant Nodal embryonic signaling pathway that underlies the CSC
phenotype, unregulated tumor growth and metastasis, and resistance to current
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therapies; and (iii) demonstrate the advantage of using combinatorial strategies to
effectively target heterogeneous melanoma subpopulations to eliminate relapse
and disease progression.
Key words: Chemoresistance; Heterogeneity; Melanoma; Nodal; Plasticity

Introduction
Tumor heterogeneity presents a significant conundrum pertinent to the design of
effective therapeutic approaches that mitigate residual disease and progression to
metastasis. The complexity of this issue has not been fully appreciated until the
dawn of genomic analysis and the revelation of various subpopulations of tumor
cells within a tumor lesion expressing multiple phenotype-specific genes and
diverse protein markers, especially prevalent in aggressive melanoma (1). At first,
these findings seemed enigmatic; however, they prompted further experimental
studies into the biological and clinical relevance of a multi-potent or plastic tumor
cell phenotype. Most noteworthy, patients with metastatic disease were relapsing
following conventional therapies, which strongly suggested the critical need for a
refocused approach utilizing targeted therapies.
After years of clinical trials, preventive sunscreen advocacy, and personalized
targeted therapies, metastatic melanoma remains the most aggressive and deadly
type of skin cancer. In advanced-state metastatic disease, the latest statistics reveal a
median overall survival of less than 6 months (2). FDA-approved agents have
included a spectrum of products ranging from conventional chemotherapy such as
dacarbazine (DTIC) (3), to ipilimumab—a monoclonal antibody that targets the
regulatory checkpoint CTLA-4 in T-cells (4), in addition to inhibitors of mutationally activated BRAF (BRAFi) (5, 6), which have been used in combination with
trametinib, an inhibitor of the mitogen-activated, extracellular signal–regulated
kinase inhibitor (MEK) (7). Additional therapeutic approaches have recently
included agents that target the programmed death 1 pathway (8). Despite these
noteworthy advances in treatment strategies, an urgent clinical need remains to
achieve improved progression-free and overall survival. However, one of the most
difficult challenges to address is cellular heterogeneity within aggressive tumors, as
depicted in Figure 1. First-line therapies can target portions of a primary tumor, but
residual disease can arise from subpopulations of cancer cells with stem cell properties.
Metastatic disease can arise from the expansion of cancer stem cells (CSCs) with
drug resistance properties, which are not targeted by current therapies. Acquiring a
better understanding of the molecular underpinnings of the subpopulations that
express a plastic phenotype—and may appear as vascular and embryonic in
nature—will lead to the development of new cancer interventions.

Melanoma Vascular Phenotype
The pioneering work of Dr Judah Folkman with respect to tumor angiogenesis
initiated a critical paradigm for strategically targeting the blood supply to tumors,
and guided the pharmaceutical industry to develop antiangiogenesis agents with
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Figure 1 Tumors are comprised of heterogeneous subpopulations of melanoma cells. Generally, a
diagnosis from a primary tumor biopsy is based on a “snapshot” of the cellular makeup of a
small portion of the tumor mass. Analysis of the cellular composition of the biopsy reveals
biomarkers which inform the type of the best front-line therapies suited for treating the
tumor. With reduction in the mass of the tumor, cells unaffected by the initial treatment
remain and can lead to a relapse of the tumor. Additional biopsies can then lead to secondline treatment regimes. Of note, CSCs, such as those expressing the embryonic morphogen
Nodal, that are present in the primary tumor can expand and demonstrate multidrug
resistance and lead to linear progression and relapse of the tumor.

the goal of inhibiting growth through nutrient starvation (9). However, as disappointment grew over the outcomes of angiogenesis inhibitor clinical trials,
researchers took a closer look at the molecular signature of tumor cells that
appeared resistant to this new class of agents. In the case of melanoma, there was
confounding molecular evidence, indicating that aggressive melanoma cells
express multiple cellular phenotypes, including those closely associated with
endothelial cells, epithelial cells, and stem cells—suggesting an unusual plasticity
with uncertain significance (1, 10). From a purely scientific perspective, these
results were fascinating at the time but fostered serious questions and concerns
about cell-type-specific markers that were used to characterize tumor cells versus
normal cells. Essentially, depending on the marker selected, melanoma cells could
masquerade as endothelial cells because both cell types express endothelial-
specific proteins. Most noteworthy, during histopathology examination, tumor
cells could be underestimated or at worst go undetected.
When the functional relevance of vascular markers was tested in melanoma
models, this resulted in the surprising observation that aggressive melanoma cells
expressing endothelial markers can form de novo, perfusable, vasculogenic-like
networks in three-dimensional culture (3-D), which we named vasculogenic or
vascular mimicry (11, 12). Ultrastructural analysis of these networks revealed a
remarkable similarity between tumor cell–formed vessels versus endothelial lined
vessels, with the exception of the basement membrane lining (13). In tumor cell–
formed vessels, blood passes through basement membrane–lined vascular networks with tumor cells sitting exterior to the membrane matrix, while traditional
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vessels support blood flowing through endothelial cells lining the vasculature with
the basement membrane exterior to the cells. The light microscopic morphological characterization of VM in patient tumors showed matrix-rich channels containing plasma and RBCs lined by melanoma cells, and noteworthy poor clinical
outcome in patients where VM was identified (14). Because VM is associated with
the aggressive tumor cell phenotype and advanced stage disease, it is hypothesized that this extravascular perfusion pathway serves as a growth advantage and
escape route for rapidly growing tumor cells.
When the concept of VM was first presented, it was considered quite controversial (15, 16). However, with the persistent lack of success of angiogenesis
inhibitors, the VM paradigm received a serious, second look. Particularly noteworthy was the critical experiment conducted by our laboratory and collaborators, which consisted of a side-by-side comparative analysis of the effects of
endostatin (a classical angiogenesis inhibitor) on endothelial cell formation of
angiogenic networks versus melanoma cell–formed VM networks (17). In this
straightforward experiment using 3-D cultures, the data revealed the inhibitory
effect of endostatin on angiogenesis as expected, but melanoma VM was unaffected. This observation prompted further assessment of the underlying molecular mechanisms that might help explain the noteworthy differential response. We
chose to specifically measure the integrin α5-subunit (the endostatin target)
expression in human endothelial cells and human metastatic melanoma cells, and
found a high level of integrin α5-subunit expressed (at the gene and protein levels)
by endothelial cells and little to no expression of this endostatin target by melanoma tumor cells.
These results provided a substantial explanation for the failure of angiogenesis
inhibitors in targeting tumors containing VM pathways, especially prominent in
aggressive disease states. Shortly after this revelation, VM was officially adopted as
one of the vascular supply routes contributing to the tumor vasculature (18),
which would eventually prompt the design of more rational, targeted vascular
disrupting agents. This strategic approach was further informed by microgenomics studies conducted by our laboratory consisting of a comparative molecular
analysis of laser capture microdissected networks formed during angiogenesis
versus melanoma VM (19). These findings revealed factors contributing to tumor
plasticity, in addition to documenting important differences and similarities in
angiogenesis compared with VM, especially the heterogeneous subpopulations
engaged in various aspects of VM. Most noteworthy, new targets for vascular disruption were discovered in this study, which supported the development for a
new class of agents.

Melanoma Embryonic Phenotype
The microgenomics study contributed valuable insights into the key players
responsible for VM functionality and also introduced a new avenue of investigation in our laboratory focused on understanding the implications of the
embryonic phenotype of melanoma, which feature prominently in sustaining
plasticity. This direction was also supported by developmental biology findings
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showing that cytotrophoblasts engage in VM during the formation of the placenta (20), and accentuated the notion that tumors can recapitulate early
developmental events. To gain a broader perspective of the melanoma embryonic phenotype, a molecular comparative analysis was performed on human
embryonic stem cells (hESCs) and human melanoma cells expressing the
aggressive, multipotent phenotype. These studies revealed the robust expression of a Nodal embryonic signaling pathway in melanoma cells, which was
present in the aggressive phenotype but not in the nonaggressive phenotype
(21, 22).
Since this was the first description of Nodal in cancer, we searched the literature for information pertaining to its possible function and found the primary
resource to be developmental studies (23). Nodal is a powerful embryonic morphogen belonging to the TGF-beta superfamily. It is critical in the maintenance
of hESC pluripotency, as well as axis formation and L-R patterning. Nodal can
act in an autocrine and paracrine manner, and is largely restricted to embryonic
tissues and mostly lost in normal tissues. While hESCs and aggressive, multipotent melanoma cells share Nodal expression in common, only hESCs express
the natural inhibitor of Nodal—called Lefty, also a member of the TGF-beta
superfamily. Our findings revealed that while Nodal is reactivated in aggressive
tumor cells, Lefty is mostly silenced through methylation (24). These observations gave us additional clues relevant to aggressive melanoma cells and the
underlying embryonic phenotype. We postulated, and then confirmed, that
Nodal expression contributes to the growth of melanoma tumors, and this
embryonic signaling pathway is unregulated due to the absence of Lefty, allowing uncontrolled proliferation (22). We also hypothesized that Nodal is a master
plasticity gene, based on its quintessential role in hESCs, and we tested this
theory by downregulating Nodal expression in melanoma cells and observed a
direct impact on phenotype. Specifically, when the melanoma cells no longer
expressed Nodal, they acquired a more normal melanocytic phenotype, downregulated their vascular phenotype, were unable to engage in VM, and had a
diminished capacity to form tumors (21).
The translational relevance of the Nodal finding was further validated by our
laboratory and others using patient tissues and immunohistochemistry (IHC)
analyses. Nodal was found to be associated with advanced stages of melanoma,
breast, prostate, pancreatic, ovarian and colon cancer, in addition to glioblastoma
and neuroblastoma (25). Collectively, these results supported the potential of
Nodal as a valuable prognostic biomarker and promising new target to inhibit
tumorigenicity and metastasis (26). To pursue this concept, we tested the effects
of anti-Nodal antibody therapy on melanoma mouse models injected with metastatic tumor cells. The results showed a reduction in tumor growth at the primary
site of orthotopic injection, and a reduction in lung tumor burden in the experimental metastasis model (25, 27, 28). Although these studies were promising, this
approach using monotherapy to target only Nodal-expressing melanoma cells did
not completely inhibit tumor formation. These data, together with FACS analyses
revealing only a minor percentage of melanoma cells actually express Nodal, persuaded us to reevaluate our approach to effectively target aggressive melanoma,
which led us to more carefully consider the CSC phenotype in subpopulations of
melanoma.
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Cancer Stem Cell Phenotype
Guided by the implications of CSCs, as illustrated in Figure 1, expanding their
influence during tumor progression because they are able to survive current therapies, we hypothesized that the melanoma cells expressing Nodal would also
express a well-characterized CSC marker, CD133, also associated with drug resistance (29). We employed SmartFlare™ technology to selectively sort and study
the functional relevance of Nodal subpopulations existing within heterogeneous
melanoma cell lines (30). The results indicated that melanoma subpopulations
selected for Nodal expression concomitantly expressed CD133 and displayed significant tumorigenic growth in soft agar compared with nonselected cells.
These experiments stimulated a line of inquiry specifically focused on the
question of whether current therapies for metastatic melanoma patients were targeting Nodal. Starting with dacarbazine (DTIC), FDA approved in the 1970s, we
discovered that the residual tumor cells surviving treatment are strongly Nodalpositive (31). However, a combinatorial approach of treating with DTIC followed
by anti-Nodal antibody treatment was most effective in causing cell death, accompanied by the expression of cleaved PARP (an apoptosis marker). Further support
for the critical need of new therapeutic approaches, also revealed in this study,
showed prominent IHC Nodal localization in patient tissues before and after
DTIC treatment. Despite DTIC failing for most patients, it is still used as the frontline therapy in many cases.
Melanoma patients, like many others with cancer, could benefit from targeted
therapies as part of the era of personalized medicine. However, despite advances
in the field, the heterogeneity of melanoma—especially the CSC subpopulations
expressing Nodal and drug resistance markers—complicate our ability to mitigate
relapse and progression to metastasis with current therapeutic options. To address
this clinical challenge, our laboratory and collaborators examined whether melanoma patients treated with BRAFi therapy experienced a change in the Nodalexpressing tumor cells. The results showed that BRAFi treatment failed to affect
Nodal levels in matched melanoma patient samples before and after therapy—
that preceded their eventual death due to disease (32). These data encouraged us
to perform an experimental assessment using a mouse model with tagged human
metastatic melanoma cells, comparing groups treated with monotherapies of
BRAFi or anti-Nodal mAb or a combination of both versus controls. The results
clearly demonstrated the efficacy of using the combinatorial approach of BRAFi
plus anti-Nodal mAb, compared with monotherapy and control. These data provide a promising new strategic approach using front-line therapy together with
targeting a CSC-associated molecule—Nodal.

Conclusion
The heterogeneity and plasticity of aggressive melanoma present formidable challenges in the design of current therapies. However, recognizing that cancer cells
can reactivate normally dormant embryonic pathways to exacerbate tumorigenicity and metastasis may present a unique therapeutic opportunity. The multipotent

CP-003.indb 62

11/01/18 9:29 pm

Hendrix MJC et al.

63

phenotype of aggressive melanoma cells—with vascular, embryonic, and CSC
capabilities—offers new insights into their functional adaptation and resistance to
current therapies. Considering that aggressive tumors utilize multiple mechanisms to survive and metastasize, it seems prudent to use evidence-based reports
to develop combinatorial strategies to effectively target heterogeneous melanoma
subpopulations—to eliminate relapse and disease progression.
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Abstract: Ulceration is an important prognostic factor for patients with
melanoma and also a predictive marker for the response of adjuvant immunestimulating therapy. A consensual definition and accurate assessment of ulceration is therefore crucial for proper staging and clinical management, but can be
difficult even between experienced pathologists. The definition of ulceration is
stated differently in the available literature but is generally understood as loss of
epidermal matrix. Thinning of the epidermis, also termed consumption of the
epidermis (COE), is associated with ulcerated lesions and correlates with
enhanced tumor cell proliferation in nonulcerated melanoma. These results suggest that COE may be a proliferative precursor of ulceration, characterized by
erosive growth into the epidermal layer (infiltrative type) or expansive growth
that may stretch and eventually disrupt the epidermis (attenuative type), which
is reflected in the histopathology. We have no means to determine the dynamic
changes of human ulcerated melanoma or to determine whether these wounds
have re-epithelialization (RE) potential. However, the presence of reactive hyperplasia (REH) and changes indicating RE associates with increased density of
neutrophils and may herald resolved or late-stage ulcerations. Combining the
extent of ulceration (> or <70% of the total tumor length) and the presence of
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epidermal involvement (COE, REH, and/or RE) stratifies prognosis more accurately and supports the relevance of including these factors in the definition of
ulceration and to define ulceration of a primary melanoma as loss of epidermis
with evidence of a host response (infiltration of neutrophils or fibrin deposition)
and thinning, effacement, or REH of the surrounding epidermis.
Key words: Consumption of epidermis; Neutrophils; Prognosis; Proliferation;
Ulceration

Introduction
Patients with ulcerated melanoma form a subgroup with shorter disease-free and
overall survival than patients with nonulcerated melanoma (1, 2). The presence of
ulceration upstages patients with localized melanoma by both subcategories and
stages and is included as an independent prognostic factor defining the T-stage in
the American Joint Committee of Cancer’s melanoma staging criteria (1, 2).
Patients with ulceration form a subgroup whose survival is significantly improved
when they are treated with adjuvant immunotherapy (3, 4) compared with observation alone. Accurate assessment of ulceration is therefore crucial for proper
staging and clinical management but can be difficult even for experienced pathologists. There is currently no evidence-based definition of ulceration and no consensus in the published literature. The American Joint Committee on Cancer
(AJCC) has defined ulceration as the absence of an intact epidermis overlying a
major portion of the primary melanoma based on microscopic examination of the
histologic sections (5). Other studies have defined ulceration as full-thickness loss
of epidermis associated with a host reaction (infiltration of neutrophils and/or
fibrin deposition) (6). Interestingly, a former study showed that the interobserver
reproducibility increased by defining ulceration as full-thickness epidermal defect
(including absence of stratum corneum and basement membrane), with evidence
of a host response (i.e., fibrin deposition, neutrophils) and thinning, effacement,
or reactive hyperplasia (REH) of the surrounding epidermis (7).
In this chapter, ulceration is defined as full-thickness loss of epidermis overlying melanoma tissue, in which epidermal loss was associated with a host reaction
(infiltration of neutrophils and/or fibrin deposition) (8). Characteristics of the
surrounding epidermis were coded and analyzed separately, aimed at a better
understanding of the biology and impact of these changes, allowing better stratification of ulcerated melanoma.

Consumption of the Epidermis:A Possible Precursor of
Ulceration That Associates with Increased Tumor Cell
Proliferation
Cleft formation (CF, gap formation in the dermal/epidermal junction) and consumption of epidermis (COE, general thinning of the epidermis) are interesting
phenomena as they may indicate early structural changes and be possible
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precursors of ulceration. CF correlates with an increased Breslow thickness and to
the presence of ulceration (8). However, either the presence, type, or the extent of
CF had prognostic impact (8). The visualized CF could be due to several factors:
artifacts, increased proliferation and thereby erosion of hemi-desmosomes, or
cell–cell adhesion loss. Nineteen percent of the tumors displaying CF are sealed
with CD34-positive endothelial cells in the dermal/epidermal junction (9). This
indicates that the presence of CF could also be due to blocked and dilated vessels
of the superficial plexus. In 72% of the tumors, CF associates with infiltrative
epidermal growth of melanoma cells and focal thinning of the overlying epidermis, which may be a possible precursor of focal ulceration (9).
COE has been defined as thinning of the epidermis—attenuation of basal and
suprabasal layers and loss of the normal rete-ridge configuration in areas overlying melanoma tissue (10)—and its presence is reported in between 37 and 86%
of all melanomas (8, 10–12) (Figure 1). COE can be detected in thin melanomas,
but its likelihood rises with increasing Breslow thickness, and only 18% of thin
melanomas (<1 mm) and 46% of the thicker melanomas (2–4 mm) had COE (8).
There was a strong correlation between COE and ulceration, with 25% of nonulcerated melanomas and 52% of the ulcerated tumors showing presence of COE
(8). These figures are in line with those reported in other studies (11, 13).
Consumption was first defined and introduced as an important factor for differentiating melanomas from Spitz nevi (10), whereas Walters et al. showed a correlation between COE and ulceration (11). In this latter study, COE was frequently
found at the edges of ulcerated areas and it was thought of as an early step in the
progression toward ulceration (8).
The biology behind COE is not clear, but theoretically thinning of the epidermis may be tumor cells proliferating into the epidermis (infiltrative type) or expansive growth that stretches the epidermis thin (attenuative type) (8, 14) (Figure 2).
Supporting these hypothesis, tumors with COE displayed 37% increased tumor
cell proliferation compared with tumors of normal epidermal configuration (9),
when only the nonulcerated melanomas are analyzed. COE was associated with
increased Breslow thickness, nodular melanoma, and age over 50 years, but after
adjusting for these factors the proliferative index in tumors with COE was still
significantly increased (9). It is therefore suggested that COE is a proliferative precursor of ulceration, in which increased proliferation may either erode or stretch
the epidermis thin and finally ulcerate it (14). There was no increased inflammatory response (cd163+ macrophages or cd66b+ neutrophils) associated with COE,
supporting a noninflammatory drive of proliferation (9). In contrast with this possible erosion of epidermis, total loss of epidermis and an ulcer are associated with
a robust inflammation response (15), with a vital reaction with neutrophils or
fibrin being suggested as important in the definition of ulceration.

Melanomas with Re-Epithelialization and Reactive Epidermal
Hyperplasia May Herald Late-Stage or Resolved Ulcerations
The presence of a thin epidermis under or at the edges of a scab can be seen
as a possible instance of re-epithelialization (RE), and enlargement of epidermis or elongated rete-ridges as reactive epidermal hyperplasia (8) (Figure 1).
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Re-epithelialization
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Figure 1 An illustration of the different types of epidermal involvement. (A) Consumption of
the epidermis, defined as general epidermal thinning (involving >2/3 of the epidermis) and
loss of rete-ridge configuration in areas with direct contact to underlying melanoma tissue.
(B) Possible re-epithelialization, a thin, few-layered epidermis under or at the edges of a scab.
(C) Reactive epidermal hyperplasia, enlargement of epidermis, with increased epidermal
layers and elongated rete-ridges. (Adapted from Am J Clin Pathol 2014;142(6):845–856.)

These phenomena are described phases during wound healing, seen subsequent
to ulceration and wounding (16). A vital reaction with neutrophils and/or fibrin
and the presence of epidermal changes may therefore be important characteristics
distinguishing tumor-induced ulceration from traumatic disruption of epidermis,
related to the surgical or preparation procedure. Scratching as a traumatic ulceration may be impossible to distinguish from tumor-induced ulceration though, as
these lesions would present a vital reaction of the underlying melanoma tissue,
with unknown biological and prognostic impact. There is no means to determine
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the dynamic changes of human ulcerated melanoma or whether these wounds
possess the ability of RE. However, the presence of REH and changes indicating
RE has been found associated with ulceration and observed in 13% of melanoma
(8). In addition, the density of cd66b+ neutrophils was increased by 18% in
tumors presenting RE and reactive epidermal hyperplasia compared with tumors
with no evidence of the described characteristics (9). It therefore seems reasonable
to suggest that these melanomas may possess prolonged, late-stage, or resolved
ulcerations.

Ulceration Is a Heterogeneous Phenomenon of Which Both
the Type and Extent Matters
Studies have found that the extent of ulceration seemed to stratify prognosis more
accurately than the mere presence or absence of ulceration (6, 17–19). In a recent
study of localized melanoma, Hout et al. subdivided ulcerated melanoma into
excessive (>5 mm or >70%) or minimal/moderate ulcerations (<5 mm or <70%).
This provided additional prognostic information, and showed that excessive ulceration had a significantly negative effect on melanoma-specific survival (6). In line
with this, a detailed analysis of ulcerated melanomas in 179 patients compared with
207 patients with nonulcerated melanomas found that excessive ulceration, measured as percentage of the total tumor length (>70%), was an independent predictor of poor survival compared with minimal/moderate ulceration (<70%) (8).
While the prognostic impact of the extent of ulceration is supported by the
literature, the prognostic impact of the type of ulceration is less clear. Two different types of ulceration have been described; an infiltrative type in which infiltrative growth erodes the epidermal layer or an attenuative type, defined as expansive
growth, that stretches and eventually disrupts the epidermal layer (14) (Figure 2).
One study reported that an attenuative type of ulceration is an independent
predictor of poor melanoma-specific survival as compared with both an infiltrative type and nonulcerated lesions (8). The histological type (superficial spreading
vs. nodular) was found to have no independent prognostic value; however, it correlated significantly with the type of ulceration (8). After adjustment of the histological type, an attenuative type of ulceration retained its independent significance
(8). Combining the described pattern of ulceration with the presence of COE, an
attenuative type of consumption demonstrated independent prognostic value, in
line with the prognostic impact of the attenuative type of ulceration (8). Fair to
good interobserver reproducibility of the type of ulceration is reported; however,
in a clinical setting, this marker might be difficult to implicate (8). Distinction
between the different patterns of epidermal infiltration is interesting, though, as it
may reflect important differences in the biological nature or tumor microenvironments. Infiltrative ulceration has been characterized by increased and erosive
growth into the epidermal layer, which may disrupt cellular adhesion (14, 20).
This is in contrast to melanomas with an attenuative type of ulceration which
show minimal epidermal erosion; however, expansive growth of melanomas may
stretch and eventually disrupt the epidermis (14, 20). Cramer et al. suggest that
intraepidermal growth and erosion may be a marker of more mature melanoma
cells as opposed to more immature and dermal oriented melanoma cells (21).
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Figure 2 An illustration of the type of epidermal involvement and ulceration in melanoma.
(A) Infiltrative ulceration with melanoma cells that infiltrate and erode the epidermal layer.
(B) Attenuative ulceration where nodular growth stretches and eventually disrupts the
epidermal layer, with minimal epidermal infiltration. (Adapted from Am J Clin Pathol
2014;142(6):845–856.)

The Extent of Ulceration and Changes of the Surrounding
Epidermis Have a Prognostic Impact
AJCC has defined ulceration as the absence of an intact epidermis overlying a
major portion of the primary melanoma based on microscopic examination of the
histologic sections (1, 5). However, by including full-thickness epidermal loss,
with evidence of a host response and thinning, effacement, or REH of the surrounding epidermis into the definition of ulceration the interobserver reproducibility increased (6). The described association between the biological markers
(proliferation and inflammation) and the prognostic impact of the histopathological changes further supports the relevance of including epidermal changes into
the definition.
Combining the presence of epidermal involvement (COE, RE, or reactive
epidermal hyperplasia) and the extent of ulceration, patients with a normal epidermis and patients with minimal/moderate ulceration without epidermal
involvement have equivalent 5-year survival rates, while patients with minimal/
moderate ulceration with epidermal involvement and patients with excessive
ulcerations, both of which are independent prognostic factors, have significantly
poorer survival in multivariate analysis (8) (Figure 3). The extent of ulceration
and involvement of the surrounding epidermis (COE, RE, and reactive epidermal
hyperplasia) is therefore suggested as a useful marker allowing better stratification
of ulcerated melanoma.
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Figure 3 Kaplan–Meier survival curves, illustrating the prognostic impact of the extent of
ulceration and the involvement of the surrounding epidermis. Combining the extent of
ulceration (as percentage of the ulceration length over the total tumor length, > or <70%) and
epidermal involvement (presence of either consumption of epidermis, re-epithelialization, or
reactive epidermal hyperplasia) provided additional prognostic information. (Adapted from
Am J Clin Pathol 2014;142(6):845–856.)

In conclusion, a consensual definition of ulceration is pivotal for proper staging, and clinical management and ulceration is defined as full-thickness loss of
epidermal matrix, with evidence of an underlying host reaction (infiltration of
neutrophils) and thinning (COE), effacement (RE), or REH of the surrounding
epidermis.

Conclusion
Ulceration is an important prognostic factor for patients with melanoma and interestingly also a predictive marker for the response of adjuvant immune-stimulating
therapy. A consensual definition and accurate assessment of ulceration is therefore
crucial for proper staging and clinical management. COE, defined as thinning
of epidermis, involving >2/3 of the epidermis correlated with increased levels of
tumor cell proliferation (Ki67/MelanA) compared with tumors demonstrating
normal epidermal configuration and is suggested as a proliferative precursor of
ulceration. We have no means to determine the dynamic changes of human ulcerated melanoma or to determine whether these wounds have a RE potential. However,
the presence of reactive hyperplasia, and changes indicating re-epithelialization,
associated significantly with increased density of cd66b+ neutrophils when
compared with tumours that have no evidence of these changes; this may indicate
prolonged, late-stage or resolved ulcerations. An attenuative type of epidermal
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involvement thought of as expansive growth that stretches the epidermis thin and
eventually causes 
disruption was independently linked with poor melanoma-
specific survival, in contrast to an infiltrative type that may erode the epidermis thin
and leave it ulcerated. The type of ulceration may have an interesting biological
explanation but is more difficult to implement in a clinical setting. The extent of
ulceration (including >70% of the tumor length) and involvement of the surrounding epidermis (COE, reactive epidermal hyperplasia, and RE) provided more accurate prognostic information than the mere absence or presence and is suggested to
be useful markers allowing better stratification of ulcerated lesions.
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Abstract: Cutaneous melanoma is responsible for the vast majority of skin
cancer-related deaths in the United States. Known risk factors include genetic
defects, environmental exposures, and a combination of both. Among environmental risks, exposure to ultraviolet rays is the most important and the most
modifiable risk factor. Several genetic syndromes involve increased risk of
melanoma, including xeroderma pigmentosum, familial atypical multiple moles
and melanoma syndrome, BRCA2 mutation, and congenital melanocytic nevi.
Although the necessity of implementation remains controversial, the most effective melanoma screening technique is the whole-body skin examination. Typically,
melanoma lesions are incidentally discovered during routine skin examination
using the “ABCDE” mnemonic. Once suspected, questions pertaining to the sites
of potential metastasis should be asked and excisional or partial biopsy should be
considered. The primary histologic subtypes of melanoma include superficial
spreading, lentigo maligna, nodular, acral lentiginous, desmoplastic, and amelanotic. Melanoma staging is completed via clinical and histologic assessment using
the American Joint Committee on Cancer TNM system. Delayed or deficient elements of initial melanoma evaluation can limit patient outcomes and increase
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disease-related mortality. Clinicians involved in the diagnosis or treatment of
cutaneous melanoma must be familiar with the available screening options, key
steps of diagnosis, and the staging ramifications of disease discovery.
Key words: ABCDE system; Clinical presentation; Diagnostic strategies; Melanoma;
Staging

Introduction
Despite the important progress seen in the treatment of oncologic diseases over
the past few decades, the incidence and mortality associated with malignant melanoma continues to increase (1). Among the most common malignancies in the
United States, the incidence of melanoma currently ranks fifth overall when compared to other common cancers (2). As a result of its aggressive behavior and
diagnostic challenges, it is responsible for the vast majority of skin cancer-related
deaths. This chapter will focus on appropriate screening considerations for melanoma, clinical approaches to diagnosis and confirmation, and updated staging
guidelines to facilitate subsequent therapy (1).

Screening Considerations
ETIOLOGY OF DISEASE DEVELOPMENT
Cutaneous melanoma evolves from aberrant melanocytes located within the
basal layer of the epidermis. These melanocytes are responsible for the production of melanin, a substance which absorbs potentially harmful ultraviolet (UV)
radiation. Left unchecked, UV radiation affects integumentary cells by causing
direct damage to individual DNA strands. Although UV-induced DNA damage is
normally repaired by specific DNA repair mechanisms, genetic or environmentally derived errors within this repair complex can lead to the formation of an
invasive melanoma (3, 4).

GENERAL RISK FACTORS
Like most other neoplastic conditions, known risk factors of melanoma include
genetic defects, environmental exposure, and a combination of both (5). Although
multiple genetic syndromes incur a significantly increased risk for the development of cutaneous malignancy (discussed later), inherited phenotypic traits
associated with melanoma include fair skin, light hair, red hair, freckles, and light
eye color. Unsurprisingly, a positive family history is a strong risk factor for the
evolution of this disease. As the number of first-degree relatives with melanoma
increases, so does the risk of developing the disease (6). Patients with one firstdegree relative with melanoma are 1.7 times more likely to be diagnosed with
melanoma, whereas two first-degree relatives incur a nine-fold increase in risk. In
addition, as patients with a positive family history grow older, the cumulative risk
of melanoma also increases (7).
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Regarding environmental risks, UV exposure is the most important and the
most potentially modifiable risk factor contributing to the development of melanoma. Compared with those with chronic and continuous exposure, patients with
intermittent, more intense exposure to the sun are at much higher risk (4). A history of sunburns, specifically blistering sunburns in childhood and adulthood,
can be associated with approximately twice the baseline risk of melanoma development (5). Significant UV radiation exposure before the age of 35 significantly
increases the risk of melanoma (7). Although UV-A sunlight has certainly been
implicated as a cause of melanoma (e.g., tanning salon-related UV radiation),
most skin damage is actually caused by UV-B rays (4).
Chronic immunosuppression represents another exposure-related risk factor
for melanoma development. Such immunosuppression may be the result of an
existing neoplastic condition. For example, approximately 5% of patients with a
personal history of melanoma will be diagnosed with a second melanoma (6). In
addition, patients with a personal history of nonmelanoma skin cancer have more
than a fourfold relative risk of developing melanoma. Other causes of chronic
immunosuppression may result from pharmaceutical agents used in the treatment
of AIDS, chronic lymphocytic leukemia, non-Hodgkin’s lymphoma, or patients
with organ transplantation (7).

POPULATIONS AT INCREASED RISK
As discussed previously, several genetic syndromes involve a significantly increased
risk of melanoma development. These conditions include xeroderma pigmentosum (XP), familial atypical multiple moles and melanoma (FAMMM) syndrome,
BRCA2 mutation, and congenital melanocytic nevi (7, 8). XP, an autosomal recessive condition in which UV-related DNA repair mechanisms are deficient, carries
an approximately 1000-fold increase in the risk of melanoma. Sun avoidance and
regular self-skin examinations are mandatory, as is frequent surveillance by a dermatologist with extensive XP experience (6, 7).
FAMMM syndrome, also known as the B-K mole syndrome, is caused by germline mutations in CDKN2A (6). An autosomal dominant condition, FAMMM syndrome has incomplete penetrance. Diagnosis is determined through family history
and is confirmed when at least two first-degree relatives have both melanoma and
multiple dysplastic nevi. Interestingly, overall survival is similar to that of sporadic
melanoma (7). Families with a suspected diagnosis of FAMMM should undergo
frequent skin examinations and should complete a genetics consultation to evaluate for CDKN2A mutation. As CDKN2A mutations are also associated with pancreatic cancer, extensive documentation of the family history is mandatory in these
patients, and screening for other associated malignancies should occur (6).
More widely associated with inherited breast and ovarian carcinomas, a BRCA2
mutation nearly triples the risk of cutaneous melanoma development. A tumor
suppressor gene, mutations in BRCA2 also degrade cellular DNA repair mechanisms. As BRCA2 mutations can also lead to prostate and pancreatic cancers,
potential patients should similarly undergo genetics or risk assessment evaluations following the documentation of a thorough family history (8).
The presence of congenital melanocytic nevi also increases the risk of melanoma development, with larger lesions having the highest risk. These lesions can
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be either followed closely or removed prophylactically. Since melanomas that
occur within congenital melanocytic nevi usually develop before the age of 10,
prophylactic removal of these lesions should be considered early in life (7).

SCREENING RECOMMENDATIONS
The most effective melanoma screening technique is the whole-body skin examination (WBE). WBE involves a review of the entire cutaneous surface of a disrobed patient by the treating provider. Despite the proven efficacy of this
approach, completion of this screening technique is less common than preventative screening modalities used in the early detection of other malignancies. The
implementation of the WBE as an annual melanoma screening tool in the United
States has been controversial (1, 9). Although many within the dermatology and
oncology communities have called for the institution of routine melanoma
screening recommendations, the United States Preventative Service Task Force
(USPSTF) stopped short of endorsing annual screening WBEs as an effective prevention measure in 2016 due to insufficient evidence. Because of the paucity of
data examining potential screening-related harms or program feasibility concerns
in the United States, the USPSTF limited its support for WBE as a recommended
intervention for patients at particularly high risk of cutaneous malignancy (10).
Despite the recommendations issued by the USPSTF, evidence does exist which
supports the concept of widespread screening to facilitate early melanoma detection and decreased mortality (11). One of the most cited study examining the
feasibility and efficacy of a population-based melanoma screening program is
the SCREEN project in Northern Germany. Begun in 2003, this program involved
the screening of over 360,000 patients by physicians of various specialties who had
completed an 8 h WBE training course. The SCREEN project resulted in a 30%
increase of melanoma detection within the study population and an approximately 50% decrease in melanoma-related mortality compared with the rest of
Germany (12). Another study with similar findings was performed in Australia in
2008. This case-control study demonstrated a 38% increase in the probability of a
thin melanoma (<0.75 mm) being identified and that pre-diagnosis WBE screening leads to a 14% risk reduction of thick melanoma (>0.75 mm) diagnosis (5).
Although broad consensus is lacking regarding routine melanoma screening in
the United States, many dermatologists, oncologists, and primary care providers
have incorporated annual WBEs into their practices and institutional preventative
care programs. In addition, there is uniform agreement that patients at increased
risk of melanoma should absolutely undergo yearly WBE, ideally at the hands of
a dermatologist. Such patients include those with albinism, XP, a family history of
melanoma, a personal history of skin cancer and individuals on chronic immunosuppressive medications (7).

Clinical Diagnosis
PATIENT HISTORY
Typically, melanoma lesions are incidentally discovered during routine skin examination (5). Occasionally, patients may be alerted to the presence of a concerning
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Fitzpatrick Classification of Skin Types I through VI

Type I

Type II

Type III

Type IV

Type V

Type VI

White skin.
Always
burns,
never tans.

Fair skin.
Always
burns,
tans with
difficulty.

Average skin
color.
Sometimes
mild burn,
tan about
average.

Light-brown
skin. Rarely
burns. Tans
easily.

Brown skin.
Never
burns. Tans
very easily.

Black skin.
Heavily
pigmented.
Never
burns, tans
very easily.

nodule by persistent itching, bleeding, or crusting of a pigmented lesion.
Unfortunately, most melanomas are asymptomatic and may only cause the aforementioned symptoms of local inflammation after growth progression has
occurred (7). Once the diagnosis is suspected, questions pertaining to sites of
potential metastasis should be included in the history. Potential indicators of
metastatic spread may include seizures, headaches, vision changes, coughing,
hemoptysis, shortness of breath, dyspnea, changes in bowel habits, new-onset
back pain, or any systemic symptoms ( fevers, chills, night sweats, weight loss,
etc.). Other concerning items within a patient’s history that should alert the
examining physician include a past medical history of cutaneous malignancy,
chronic sun exposure, history of blistering sun burns, use of tanning salons, family history of melanoma, pancreatic cancer, other familial syndromes, or a procedural history of prior skin biopsies. Finally, it should be noted that patients with
fair skin (Fitzpatrick type I) are at increased risk of melanoma compared with
those with darker skin (Fitzpatrick type VI) (Table 1) (13–15).

PHYSICAL EXAMINATION FINDINGS
During a clinical examination, any pigmented lesion with features contained
within the “ABCDE” mnemonic should be considered suspicious for melanoma (Figure 1). Developed for both physicians and patients to recognize
characteristics often associated with melanoma, the ABCDE system includes
Asymmetry, Border irregularity, Color variegation, Diameter larger than 6 mm,
and Evolution or timing of the lesion’s growth. Should such a lesion be identified, the surrounding area should be assessed for possible satellite lesions or
in-transit metastatic foci (7). Once a concerning lesion is thoroughly assessed,
the remaining cutaneous surfaces (i.e., scalp, perineum, interdigital space,
genitalia, and subungual regions) should be closely inspected for the presence
of any additional lesions of suspicion. All lesions with a benign appearance
should be documented and all lymph node basins should be palpated for
lymphadenopathy (14).
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Asymmery

Border

Color

Diameter (>6mm)

Evolution or
Elevation

Figure 1 ABCDE System for Diagnosis of Melanoma.

Diagnostic Strategies
Once a suspicious lesion is assessed and properly documented, biopsy and histologic review should be considered. Sampling of the lesion in question can be
performed through several methods, including excisional biopsy and partial
biopsy. As previously discussed, vertical depth of invasion is among the most
important prognostic factors in melanoma diagnosis. Thus, excisional biopsy of
the entire specimen with narrow margins is the most effective way to facilitate
proper diagnosis and treatment planning. This approach is supported by the
American Academy of Dermatology and has long been preferred as the biopsy
technique of choice by surgical oncologists involved in the definitive treatment of
this disease process.
Alternatively, partial biopsy may be performed and is typically completed via a
punch or shave technique. A punch biopsy, if properly positioned, may be advantageous since the provision of a full-thickness sample is possible (14). However, this
technique often requires suture-based closure, which lengthens the encounter.
Despite its frequent use among dermatologists and primary care physicians, partial
biopsy performed via the shave technique has previously raised doubts regarding
staging accuracy and histologic interpretation due to its ability to transect a segment of the lesion in question. Despite historical resistance, a properly performed
shave biopsy is easy to execute, typically does not require cutaneous suturing, and
can be quickly completed in a busy outpatient setting (14, 16). A recently published, multi-institutional, retrospective study of 600 patients challenged decades
of surgical dogma. This study demonstrates that partial biopsy for melanoma does
not adversely affect disease-free survival or overall survival and rarely results in the
need for repeat biopsy. The authors conclude that partial biopsy is safe and should
be performed by primary care providers and specialists alike. Therefore, it is
reasonable to complete either excisional or partial biopsy when concerning lesions
are encountered (16).

HISTOLOGIC CONFIRMATION
Diagnostic confirmation involves routine histologic analysis by the receiving
pathology department (14). Microscopic findings including cytologic atypia,
amplified cellularity, and the number of dermal mitotic figures should be noted in
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an effort to distinguish benign disease from malignant melanoma. Established
guidelines recommend the formal reporting of Breslow thickness (mm), histologic
subtype; dermal mitotic rate; peripheral margin status; deep margin status; and
the presence or absence of histologic ulceration, microsatellitosis, tumor infiltrating lymphocytes, cellular regression, angiolymphatic invasion, vertical growth
phase, neurotropism, and pure desmoplasia. In addition, Clark’s levels of anatomic staging should be reported for lesions <1 mm in thickness. By combining
the reported histologic features with a patient’s gross clinical findings, the proper
diagnosis can be achieved and ambiguity avoided (13).

DISEASE TYPES AND PROGNOSTIC FACTORS
The primary histologic subtypes of melanoma include superficial spreading, lentigo
maligna, nodular, acral lentiginous, desmoplastic, and amelanotic (Table 2) (17).
In situ melanoma is considered Stage 0 and occurs when tumor cells are microscopically identified but have not penetrated the epidermis (18). Comprising
approximately 70% of confirmed melanomas, the superficial spreading subtype is
the most common type and arises from an existing nevus. The lentigo maligna
subtype is less common, typically demonstrates slow progression, and frequently
appears in sun-exposed areas (face, head, etc.). Nodular melanomas are characterized by the absence of a radial growth phase, variable presentation, and robust
vertical invasion. Acral lentiginous melanomas have a higher incidence in patients
with darker skin pigmentation and frequently occur on the palms, soles, and subungual spaces. Desmoplastic melanomas are uncommon lesions that are typically
seen in elderly patients and feature limited spindle or atypical cells. Possibly the
most challenging subtype in terms of diagnosis, amelanotic melanomas have a
characteristic absence of pigmentation and are considered rare (14).

TABLE 2

Melanoma Subtypes

Subtype

Frequency

Characteristic

Superficial spreading

70%

Arises from existing nevus.

Nodular

5%

Absence of a radial growth phase, variable
presentation, and robust vertical invasion.

Lentigo Maligna

4–15%

Typically demonstrates slow progression, and
frequently appears in sun-exposed areas
(i.e., face, head, etc.)

Acral lentiginous

5%

Has higher incidence in patients with darker
skin pigmentation and frequently occur on
the palms, soles, and subungual spaces.

Amelanotic

4%

Characteristic absence of pigmentation and
are considered rare.

Desmoplastic

Less than 4%

Rare melanoma seen in older adults that is
characterized by scant spindle cells and
minimal cellular atypia.
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Melanoma Staging
Initially, the proper staging of melanoma is the result of clinical assessment and
histologic confirmation. The American Joint Committee on Cancer TNM system
is used with resultant clinical and pathologic staging assignment (Table 3) (18).
Once the index lesion has been histologically confirmed as melanoma, additional
characteristics that contribute to the T (tumor) stage include overall tumor thickness, presence of ulceration, and the presence of mitosis in lesions <1 mm in
thickness (T1)(14, 19).
N (nodal) stage is determined by the number of involved lymph nodes. As
previously discussed, nodal status should be initially assessed at the time of preoperative clinical examination. If palpable lymphadenopathy is encountered,
nodal status should be confirmed via ultrasound-guided fine needle aspiration. If
no clinical evidence of nodal involvement is present preoperatively, sentinel
lymph node biopsy (SLB) should be performed at the time of surgery for all

TABLE 3

Melanoma Staging

Stage

Classification

5-year survival

Stage 0

Tis: Melanoma in situ

>98%

Stage I (A/B)

T1a: <0.8 mm and nonulcerated
T1b: ≥0.8 mm or <0.8 mm with ulceration
T2a: >1.0–2.0 mm without ulceration

97–92%

Stage II (A, B, C)

T2b: >1.0–2.0 mm with ulceration
T3a: >2.0–4.0 mm without ulceration
T3b: >2.0–4.0 mm with ulceration
T4a: >4.0 mm without ulceration
T4b: >4.0 mm with ulceration

81–53%

Stage III (A, B, C, D)

N1a: 1 clinically occult (in SLN biopsy)
N1b: 1 clinically detected
N1c: Presence of in-transit, satellite, and/or
microsatellite mets
N2a: 2–3 clinically occult (in SLN biopsy)
N2b: 2–3, at least 1 clinically detected
N2c: 1 clinically occult or detected, with
in-transit, satellite, and/or microsatellite mets
N3a: 4 or more clinically occult (in SLN biopsy)
N3b: 4 or more, at least 1 of which clinically
detected, or presence of any number of matted
nodes
N3c: 2 or more clinically occult or clinically
detected with in-transit, satellite, and/or
microsatellite mets

78–40%

Table continued on following page
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Melanoma Staging

Stage

Classification

5-year survival

Stage IV

M1a: Distant metastasis to skin, soft tissue
including muscle, and/or nonregional lymph
nodes. LDH not recorded or unspecified
M1a(0): LDH not elevated
M1a(1): LDH elevated
M1b: Distant metastasis to lung with or without
M1a sites of disease. LDH not recorded or
unspecified
M1b(0): LDH not elevated
M1b(1): LDH elevated
M1c: Distant metastasis to non-CNS visceral sites
with or without M1a or M1b sites of disease.
LDH not recorded or unspecified
M1c(0): LDH not elevated
M1c(1): LDH elevated
M1d: Distant metastasis to CNS with or without
M1a, M1b, or M1c sites of disease. LDH not
recorded or unspecified
M1d(0): LDH not elevated
M1d(1) LDH elevated

20–15%

Adapted from Gershenwald JE et al. AJCC cancer staging manual. 8th ed. Amin MB, editors. Chicago, IL: American
Joint Committee on Cancer; 2017. p. 563.

lesions >1 mm in thickness. In addition, SLB should be considered for lesions
between 0.76 and 1.0 mm thickness when high-risk features are present (lymphovascular invasion, high mitotic count, ulceration, etc.). Current guidelines do
not recommend SLB for lesions ≤0.75 mm thick (20).
M (metastatic) stage is assigned based on the presence or absence of metastatic
disease and, if present, is further classified by the location (skin, lymph nodes,
viscera, lungs, or increased serum lactate dehydrogenase). Melanoma without
nodal or distant metastases is classified as Stage I or Stage II, depending on the
depth of vertical invasion. Stage III disease includes patients with either gross or
microscopic lymph node metastasis and Stage IV disease includes patients with
evidence of distant metastasis (13, 14, 19, 21).
Unlike other solid malignancies, the use of cross-sectional imaging
and serum laboratory analysis to facilitate initial clinical staging is not routinely recommended outside of Stage IV disease (22). However, computed
tomography (CT) (with or without positron emission tomography [PET])
and magnetic resonance imaging (MRI) should be considered for all patients
with specific symptoms, Stage III disease, or even Stage II melanoma with
high-risk features. In the setting of Stage IV melanoma, CT imaging of the
chest, abdomen, and pelvis should be obtained, and a brain MRI can be considered (13, 21).
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Conclusion
As discussed in the subsequent sections of this book, treatment options for
advanced stages of cutaneous melanoma have significantly expanded in recent
years. Although many of these new interventional approaches have injected much
prognostic optimism into the field as a whole, it must be emphasized that delayed
or deficient elements of the initial melanoma evaluation process can limit patient
outcomes and increase disease-related mortality. Clinicians involved in the diagnosis or treatment of cutaneous melanoma must be familiar with the importance
of available screening options, the key steps of clinical and histologic diagnosis,
and the staging ramifications of disease discovery. Improvement in these areas will
reduce disease incidence and progression, and may afford increased hope to
patients afflicted with cutaneous melanoma.
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Abstract This chapter discusses the surgical principles in the management of
melanoma. Surgery remains the mainstay of treatment of primary melanoma,
and in the majority of cases it is curative. Appropriate surgical management is
critical for the diagnosis, staging, and optimal treatment of both in situ and invasive primary cutaneous melanoma. Surgical management is dependent on the
stage of the disease, and therefore this chapter evaluates localized, regional, and
metastatic disease. The concept of sentinel lymph node biopsy is discussed
along with its benefits, pitfalls, and prognostic significance. Furthermore, several important surgical issues are discussed, including the extent of surgical
margins, Mohs micrographic surgery for melanoma in situ, and the role of
metastasectomy.
Key words: Lymphadenectomy; Lymph node; Melanoma; Sentinel node biopsy;
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Introduction
The incidence of melanoma is increasing worldwide, with most cases diagnosed
at an early stage. However, unlike many other cancers, the mortality rate for melanoma remains stable largely as a result of decreasing mortality among younger
individuals and increasing mortality among older individuals. Surgery remains
the mainstay of treatment of primary melanoma, and in the majority of cases it is
curative. Appropriate surgical management is critical for the diagnosis, staging,
and optimal treatment of invasive primary cutaneous melanoma. The goals of
surgery include histologic confirmation of the diagnosis, accurate microstaging,
followed by appropriate excision of the margin around the primary site to minimize the risk of local recurrence. This chapter describes the surgical management
of the primary site, the regional lymph node basin, as well as surgical options for
distant disease.

Surgical Treatment of Localized Disease
Surgery remains the best option for cure in localized, invasive melanoma, with an
overall 5-year survival rate of 92% (1). Wide local excision is the current standard
of care for localized cutaneous melanoma. This wide excision contrasts to a narrow excision (1–2 mm) used to biopsy a lesion clinically suspicious for m
 elanoma.
A biopsy will provide the pathologist with a specimen that can then be examined
to confirm the diagnosis of melanoma and determine the Breslow thickness. The
margin required when carrying out a wide local excision is determined by the
Breslow thickness. When carrying out a wide local excision, the excised specimen
should extend down to the level of the underlying muscular fascia. Currently,
there is no evidence to suggest that excising the underlying fascia leads to improved
outcome (2).

REVIEW OF CURRENT GUIDELINES FOR EXCISION
Standards are well established for peripheral margins of excision (Table 1). These
guidelines are based on data from randomized controlled trials. The excision
margins are measured intraoperatively on the skin. Current guidelines for
melanoma in situ recommend a 5 mm–1 cm peripheral margin. For large melanoma, in situ surgical margins >0.5 cm may be necessary to achieve histologically negative margins. A 0.5-cm margin for lentigo maligna melanoma in situ on
the head and neck often results in an incomplete excision (4). This is often managed as a staged procedure, where histological clearance is confirmed prior to
definitive reconstruction. A depth of excision that includes subcutaneous fat is
generally sufficient for melanoma in situ (5).

MOHS MICROGRAPHIC SURGERY
Mohs micrographic surgery (MMS) is a surgical procedure which involves
stepwise tangential excision of specimen margins up to normal-appearing skin,
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TABLE 1

Recommended Margins for Surgical
Excision

Tumor thickness

Recommended clinical marginsa

In situ

0.5–1.0 cm

≤1.00 mm

1.0 cm

1.01–2.00 mm

1–2 cm

2.01–4.00 mm

2.0 cm

≥4.01 mm

2.0 cm

aGuidelines

93

from National Comprehensive Cancer Network on Melanoma 2016 (3).

followed by immediate microscopic examination of the entire surgical margin.
In contrast to surgical excision, MMS allows for the examination of 100% of
the peripheral margins. Despite the advantages of MMS as a tissue-sparing
procedure, controversy surrounds the use of frozen sections to identify malignant melanocytic cells (6). Pathological difficulties encountered include:
vacuolated keratinocytes mimicking melanocytes, processing artifact, and

dermal inflammatory cells that may obscure the melanocytes in frozen sections (7). MMS is a useful approach for clinically ill-defined lentigo maligna
lesions; however, its use is not generally supported for invasive melanoma.
Although the literature is controversial, enough studies exist with 5-year
follow-up to suggest this approach is superior to traditional surgical excision
in ill-defined lentigo maligna lesions (8). The central component of the tumor
specimen should always be sent for permanent section assessment to rule out
an invasive component. Mohs is not an acceptable modality for invasive
melanoma.

Clinically Negative Regional Lymph Nodes
SENTINEL LYMPH NODE BIOPSY
Concept
Since its introduction in 1992, Sentinel Lymph Node Biopsy (SLNB) has
become an established investigation in melanoma (9). Lymphatic mapping
and SLNB is the standard approach for the management of patients with
melanoma in whom there is a substantial risk of regional node metastasis.
The concept behind lymphatic mapping is that sites of cutaneous melanoma
have stepwise patterns of lymphatic spread and that one or more nodes are
the first to be involved with metastatic disease within a given lymph node
basin. If the s entinel lymph nodes are not involved, the entire basin should
be free of tumor (10).
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Indications
Sentinel node biopsy is indicated for melanomas ≥1.0 mm in Breslow thickness.
There is no consensus regarding the application or clinical implications of SLNB
in patients whose melanomas are <1 mm in thickness, and indications continue
to evolve (Table 2). Based on available evidence, high-risk patients with melanomas between 0.75 and 1.00 mm in thickness may be appropriate candidates to
be considered for SLN biopsy; however, there is little rationale in performing
SLNB on the overwhelming majority of patients with melanomas <0.75 mm in
thickness (14).

Sentinel node sensitivity and specificity
Morton et al. reported the sensitivity rate of SLNB as 95.3% overall: 99.3% for the
groin, 95.3% for the axilla, and 84.5% for the neck basins (15). Reported rates of
SN metastasis are 12 to 20% for 1- to 2-mm melanomas, 28 to 33% for 2- to
4-mm melanomas, and 28 to 44% for melanomas thicker than 4 mm (16). The
rate of false-negative SLNB in thin melanomas was reported in a recent metaanalysis to be 12.5% (17). Current standard therapy for patients with a positive
SLNB is completion dissection of all involved nodal basins. The recent DeCOGSLT trial showed for patients with micrometastatic sentinel node disease (metastases <1 mm diameter), no survival benefit was present comparing nodal
observation and completion lymphadenectomy (18).

TABLE 2

Current Guidelines for Performing
SLNB

Guideline
National Comprehensive Cancer Network Practice Guidelines (NCCN) (3):
“In general, SLNB is not recommended for primary melanoma <0.75 mm thick. For
melanomas 0.76–1.00 mm, SLNB may be considered in the appropriate clinical
context”
National Institute of Clinical Excellence (NICE) (11):
“Do not offer imaging or sentinel lymph node biopsy to people who have stage IA
melanoma or those who have stage IB melanoma with a Breslow thickness of 1 mm
or less”
American Society of Clinical Oncology and Society of Surgical Oncology Joint
Clinical Practice Guideline (ASCO/SSO) (12):
“Available evidence does not support routine SLN biopsy for patients with melanomas
that are T1 or <1mm Breslow thickness although it may be considered in selected
high-risk cases”
Such high-risk factors may include Breslow thickness >0.75 mm, ulceration, or mitoses
≥1/mm2
European Society for Medical Oncology (ESMO) (13):
“SLN biopsy should be performed for tumour thickness of >1mm and/or ulceration”
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Benefit
A positive SLNB is the best predictor of recurrence and survival in patients with
clinically node negative cutaneous melanoma (19). Indications for performing
SLNB is a balance between the likelihood of finding a positive SLN, the risk of the
procedure, as well as the likely benefits that will accrue to the patient from the
knowledge of their SLN status (14). It selects appropriate patients for completion
lymph node dissection with potential for regional disease control. It also identifies
a homogenous group of patients who may benefit from adjuvant therapy and
enrollment in clinical trials.

Potential risks
Sentinel node biopsy carries significantly less risk of complications compared to
lymph node dissection. Sentinel node biopsy has an overall complication rate of
5% (20). Potential complications include infection (1%), lymphedema (0.7%),
hematoma/seroma (2%), and sensory nerve injury (0.2%) (20). Furthermore,
there is a risk of incorrectly biopsying a node which is not the sentinel node for
the primary site, that is, a false-negative sentinel node. This is relatively high in
head and neck melanomas, with a false-positive rate of 18–29% reported in some
studies (21).

The multicenter selective lymphadenectomy trial
The landmark Multicenter Selective Lymphadenectomy Trial-I (MSLT-I) is the
largest trial comparing the use of SLNB and elective lymph node dissection
(ELND) to observe patients with intermediate thickness melanomas in determining prognosis and its impact on survival (15, 22). Long-term data from the
MSLT-I show improved 10-year disease-free survival but fail to show improved
melanoma-specific survival (22). The MSLT-I reported their morbidity associated
with SLNB to be 10.1%, with nearly half of these complications from seroma or
hematoma, followed by infection (4.6%) and wound dehiscence (1.2%) (15).
The recent MSLT-IIR trial showed that complete lymph node dissection, following
a positive sentinel node biopsy, increased the rate of regional disease control
and provided prognostic information but did not increase melanoma-specific
survival (23).

Elective Lymph Node Dissection
There are two different approaches toward lymphadenectomy: prophylactic or
ELND of the regional nodes draining the primary tumor versus delayed lymphadenectomy only when recurrences occur in the nodal basin (24). Opponents of
ELND consider prophylactic excision of lymph nodes unnecessary because the
incidence of histologically positive regional nodes at the time of resection of the
primary melanoma in patients with clinical Stage I disease is only 20% (25).
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Prior to the introduction of SLNB, ELND was advocated as an approach to the
regional lymph nodes. However, the success of SLNB in predicting regional
lymph node involvement has obviated a possible role for ELND. Multiple prospective randomized trials were conducted to evaluate the role of ELND, but
these did not confirm a substantial survival benefit from ELND (26). ELND
should not be considered in treating patients with melanoma.

Clinically Apparent Regional Lymph Nodes
THERAPEUTIC LYMPHADENECTOMY
Regional lymph node involvement can be diagnosed cytologically using either
fine needle aspirate or image-guided biopsy. Therapeutic lymphadenectomy is the
preferred treatment in patients with regional clinical lymph node involvement
from melanoma (27). The 10-year survival rate in patients with metastatic involvement of regional lymph nodes is approximately 20–40% (28). The tumour burden within the regional lymph node is an important prognostic factor, with a high
nodal involvement associated with a poorer outcome (28). Since melanoma has a
high risk of involvement of multiple regional lymph nodes within a nodal basin,
a complete regional lymphadenectomy, rather than partial dissection or sampling,
is necessary (29). In the axillary basin, a complete dissection (levels I, II, and III)
should be carried out. The role of a deep ilioinguinal dissection is controversial,
since no survival benefit has been demonstrated with the addition of a more
extensive dissection (30). Some surgeons choose to include a deep ilioinguinal
dissection to the superficial inguinal node dissection when the highest superficial
node (Cloquet’s node) contains metastatic melanoma. However, this practice is
disputed, and not standard of care (30).

SURGICAL CONSIDERATIONS
In the head and neck region, lymph nodes at risk for metastatic melanoma include
the parotid, cervical (levels I through V), and post-auricular and occipital nodal
basins. Typically, lesions in the face and anterior scalp drain to the parotid and
cervical levels I–IV (31). Lesions in the posterior scalp drain to cervical levels II–V,
and occipital and post-auricular basins (31). Most frequently, a functional neck
dissection is performed, thereby preserving the internal jugular vein, sternocleidomastoid muscle, and the spinal accessory nerve.
Axillary lymphadenectomy should involve lymphatic clearing of levels I–III.
This can be achieved through an S-shaped incision with attention during dissection to protect the axillary vein, and the long thoracic, thoracodorsal, and medial
pectoral nerves.
Inguinal lymphadenectomy involves dissection of the superficial (inguinal) with or without the deep (ilioinguinal) nodes. Access is through a straight
incision just below and parallel to the inguinal ligament, with extensions onto
the abdomen laterally or down the thigh medially if needed. The superficial
nodes lie within the femoral triangle (bounded by the adductor longus muscle
medially, the sartorius muscle laterally, and the inguinal ligament superiorly).
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A sartious muscle transposition to protect the femoral vessels is often carried
out to protect against postoperative wound problems, especially if adjuvant
radiotherapy may be necessary (32). More recently, minimally invasive inguinal lymphadenectomy can be carried out, which obviates the need for routine
sartorius muscle transposition (33).

In Transit Metastatic Disease
In transit metastatic disease includes any skin or subcutaneous metastases that are
more than 2 cm from the primary lesion but are not beyond the regional nodal
basin (34). Satellite metastases are defined as lesions occurring within 2 cm of the
primary tumor. In the absence of distant metastatic disease, surgical excision is
the treatment of choice when feasible. Regional chemotherapy in the form of isolated limb perfusion (ILP) or isolated limb infusion (ILI) is reserved for unresectable recurrent disease. ILP allows higher concentrations of drugs to be administered
to the affected limb without systemic toxic effects. This is done by surgically separating the inflow and outflow, of the affected limb, from the rest of the body (35).
ILI involves percutaneously placed venous and arterial catheters to allow infusion
of chemotherapy via an arterial catheter, and a pneumatic tourniquet is used proximally to isolate the extremity (36). ILI differs from ILP in that ILI circulates blood
in an affected extremity at a much slower rate than ILP and for only 30 min, and
hyperthermia is not achieved (35). There are no randomized controlled trials
comparing ILP to ILI, but recent studies showed the overall response rate was
higher with ILP than with ILI (79% in 294 patients vs. 64% in 313 patients), but
ILP resulted in more grade 5 toxicity (37). If neither surgery nor regional chemotherapy is appropriate, radiation therapy may provide palliative benefit.
Furthermore, talimogene laherparepvec (T-VEC) is an option to treat unresectable, injectable, cutaneous, dermal, subcutaneous, or nodal metastases for patients
with limited visceral disease (38).

Surgical Treatment of Metastatic Melanoma
The introduction of effective systemic therapies (e.g., BRAF/MEK, Anti-CTLA4,
and PD-1 inhibitors) for patients with metastatic melanoma has altered the
approach to management of patients with metastatic disease (39). Surgical metastasectomy plays a role in carefully selected patients who have limited sites of
metastatic disease, either at first presentation of metastatic disease or if they have
had a high-quality response to immunotherapy or potentially molecularly targeted
therapy (40).
For in transit or satellite metastases confined to skin and subcutaneous tissue,
the most appropriate management is complete excision with a small margin (41).
Although widespread metastatic disease usually develops in most cases, complete
resection of metastatic disease is associated with prolonged survival in up to 40%
of cases (42). Symptomatic, easily resected metastases are also appropriately
resected in a palliative setting, even in patients with multiple other sites of
disease.
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Conclusion
Surgery remains the best option for cure in localized, invasive melanoma, with an
overall 5-year survival rate of 92%. MMS is a useful approach for clinically illdefined lentigo maligna lesions; however, its use is not generally supported for
invasive melanoma. Sentinel node biopsy is indicated for melanomas ≥1 mm in
Breslow thickness.
Therapeutic lymphadenectomy is the preferred treatment in patients with
regional lymph node involvement, with a 10-year survival rate in approximately
20–40% of patients with metastatic involvement of regional lymph nodes
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Abstract: Although melanoma is a relative radioresistant tumor, radiation therapy
(RT) remains a valid and effective treatment option for the management of melanoma. RT as a primary treatment is often offered in well-defined situations, such
as medical inoperability, lentiginous melanoma, mucosal melanoma, and ocular
melanoma. Adjuvant RT following lymphadenectomy in node-positive melanoma
patients prevents local and regional recurrence; however, the role of adjuvant RT
remains controversial and underutilized due to lack of overall survival benefit. On
the other hand, RT is highly effective in providing symptom palliation for metastatic melanoma and is widely used. Advanced RT technologies such as stereotactic radiosurgery (SRS) and stereotactic body radiotherapy (SBRT) can achieve
excellent local control with minimum toxicities. They are commonly used in the
management of brain, lung, spine, and liver metastases. Most recently, it is under
active investigation on combining RT with new systemic options, such as targeted
therapy, or immunotherapy. The advancements in the treatment of patients with
melanoma highlight the importance of multidisciplinary management in this disease. Radiation therapy will continue to be one of the key therapeutic options.
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Introduction
In the United States, in 2016, there were 76,380 new cases of melanoma and
10,130 deaths (1), and the incidence and mortality have been steadily increasing
over the past decades (1, 2). Surgery remains the mainstay of treatment for most
patients, particularly for patients with early stage disease. Radiation therapy, on
the other hand, plays an active role in the management of patients with advanced
stages of the disease. Definitive radiation therapy is suited for certain well-defined
situations, including medical inoperability, lentigo maligna melanoma (LMM),
mucosal melanoma, and ocular melanoma. For patients with node-positive disease, adjuvant radiation therapy (RT) following lymphadenectomy effectively
prevents local and regional recurrence. For patients with advanced stage and
metastatic disease, RT is highly effective in providing symptom palliation.
Radiation therapy also plays a role in conjunction with systemic therapy, such
as BRAF inhibitor, or immune therapy to achieve additive or even synergistic
benefit. The comprehensive management of patients with melanoma warrants a
multidisciplinary approach. Radiation therapy will continue to be one of the key
therapeutic options.

Historical Perspective
RT works by inducing DNA damage in cancer cells. Historically, melanoma had
been deemed a radioresistant tumor. This notion is derived from in vitro clonogenic cell death assay demonstrating a broad shoulder. Based on linear quadratic
model, the broad shoulder in cell survival curves indicates high repair efficacy at
low dose. The high repair capacity of melanoma cells is due to efficient enzymatic system, high proliferation capacity, poor cell differentiation, hypoxiainduced radioresistant stem cells, and abnormal apoptosis due to p53 functional
attenuation (3–5). This broad shoulder in cell survival curve also indicates an
increased sensitivity to higher dose per fraction (6, 7). Conflicting initial 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) directly compared two dose schemes. In this trial,
137 patients with measurable metastatic melanoma were randomized to 32 Gy
in 8 Gy per fraction weekly versus 50 Gy in 2.5 Gy daily fractions. No difference
in clinical response rate was observed (8). There have been multiple additional
retrospective studies evaluating various hypofractionated regimens, which
showed similar outcomes in all the regimens (9–12). Nonetheless, hypofractionated radiation with 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.
On the other hand, there have been significant advancements in RT with evolution of imaging techniques, such as high-resolution computed tomography
(CT), magnetic resonance imaging (MRI), positron emission tomography (PET),
as well as advances in radiation delivery techniques. Two-dimensional techniques
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Figure 1 Examples of SRS and SBRT treatment plans for melanoma metastasis: A) stereotactic
radiosurgery (SRS) for multiple brain metastases; B) stereotactic body radiotherapy (SBRT) for
lung metastasis; C) SBRT for adenral metastasis; and D) SBRT for spine metastasis.

evolved to 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) have allowed for
even more precise RT delivery while sparing normal tissues and decreasing associated toxicity (13). High precision with patient immobilization, imaging guidance, and steep dose gradient allows for high-dose treatment delivery, which is
most suitable for melanoma. Stereotactic radiosurgery (SRS) and stereotactic
body radiation therapy (SBRT) are two examples of high-dose radiation therapy
with high precision delivery (Figure 1). SRS refers to a precisely delivered single
large dose of radiation achieved by multiple noncoplanar beams converging on a
radiographically defined target (14). For this type of RT delivery, there is a steep
decline of radiation dose just outside the target volume, thereby limiting the dose
to normal critical structures. It is commonly used for treating melanoma brain
metastasis. SBRT refers to high dose per fraction precise RT over approximately
2–5 treatment sessions. This dose fractionation scheme is particularly useful
for patients with oligometastatic disease, such as lung, bone, liver, or adrenal
metastasis.
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Definitive RT for Lentiginous Patients
Lentigo maligna (LM) is the most common melanocytic malignancy of the head
and neck. It has the potential for dermal invasion and development into invasive
LMM (15). LM and LMM have slow growth rates and are associated with less
potential for metastatic disease. While surgery is generally the treatment of choice
for these lesions, the population most frequently affected are elderly patients who
may not be optimal surgical candidates (16). To confound this, surgical option
may also be limited due to the location and size of the lesion. Definitive RT has
been used as a primary treatment modality for these patients with good long-term
local control with acceptable cosmetic and functional outcomes (17–21). A recently
published pooled analysis of eight studies with 349 patients with LM treated with
definitive RT showed a 5% local recurrence rate (22). A majority of the patients
who recurred were successfully salvaged with further RT, surgery, or other treatments. Another analysis of 454 patients from 10 studies demonstrated a mean
recurrence rate of 11.5%, with the majority of studies having follow-up of more
than 20 months (23). The side effects of radiation treatment are commonly mild,
including pigment change, telangiectasia, and erythema (22). Definitive radiation
therapy is a safe, well-tolerated, and effective treatment for LM and LMM.

RT in Mucosal Melanomas
Mucosal melanomas are rare, as compared to cutaneous melanomas. Primary
sites of origin include the head and neck, anorectum, and vulvovaginal regions.
It is uniquely different from cutaneous melanoma with respect to epidemiology,
etiology, pathogenesis, and prognosis (24). They are clinically aggressive; even
with aggressive surgical interventions, local recurrence can occur in 29–79% of
patients (25–27). Therefore, adjuvant treatment, in particular radiation therapy,
has been investigated with mixed results. A majority of the data pertains to head
and neck mucosal melanomas and the addition of postoperative RT offers a local
control benefit. The local recurrence rates with adjuvant radiation ranges from
15 to 30% (27–29). Despite the local control benefit of adjuvant radiation,
there is no impact on overall survival, likely due to the high risk of systemic
relapse (28–33).
Many patients present with unresectable lesions due to location and proximity
to critical structures, particularly in the head and neck. Definitive radiation has
been investigated in such setting. In a retrospective series of 28 patients with
mucosal melanoma of the nasal cavity and paranasal sinuses, definitive RT was
given to a dose of 50–55 Gy in 15–16 fractions 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% (33). The
authors also noted that there was an increase in the local control and survival in
patients who received a hypofractionated regimen with a dose per fraction greater
than 3 Gy (33). Based on these findings, patients with unresectable mucosal melanoma, primary RT should be attempted for patients with localized disease.
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Definitive RT for Ocular Melanomas
Ocular melanoma is a rare but potentially devastating malignancy arising from
the melanocytes of the uveal tract, conjunctiva, or orbit; it represents less than
5% of all melanoma cases in the United States (34). Historically, enucleation of
the eye has been the definitive treatment for patients with ocular melanoma.
Over the past several decades, RT has become 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 external beam radiation therapy
(EBRT) or episcleral plaque brachytherapy (35).
Brachytherapy has been used to treat intraocular tumors since 1930 (36). The
custom-designed plaque is temporarily sutured to the sclera overlying the tumor.
The plaque remains in place for 2–5 days, depending on the type of radioactive
source. Preliminary experiences of episcleral brachytherapy used the high-energy
isotope, cobalt-60 (60Co) (37). Currently, iodine-125 (125I) is the most commonly
used isotope, but other low-energy isotopes, such as iridium-192, cesium-131,
protactinium-103, and ruthenium-106/rhodium-106, have also been used (ABSOOTF 2014) (38). The Collaborative Ocular Melanoma Study established the role
of plaque brachytherapy in the management of ocular melanoma (39). This is a
12-year study that demonstrated relative equivalence of 125I plaque (85 Gy) compared with enucleation in the prevention of metastatic melanoma for mediumsized choroidal melanoma. Plaque brachytherapy was effective in sterilizing the
gross tumor, with local control being achieved in approximately 90% of patients.
Only 5% of the patients require enucleation due to radiation-induced toxicities
(39). Radiation-induced ocular injury is 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 (40). 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 (41).
In terms of EBRT, proton therapy is most commonly used for the treatment of
ocular melanoma. Compared to plaque therapy, proton therapy has advantages in
treating larger tumors. A large, single institution study comparing proton beam
with enucleation showed no apparent difference in long-term survival (42, 43).
Favorable 5-year and 10-year local failure rates of 3.2% and 4.3%, respectively,
were observed (43). For uveal melanoma, doses of 60 Gy delivered in four daily
fractions of 15 Gy have been highly effective (44). Based on an analysis of 2069
patients treated at Harvard Cyclotron Laboratory and Proton Therapy Center at
Massachusetts General Hospital between 1975 and 1997, a 15-year local control
rate is 95% and the rate of eye preservation is 84%. A meta-analysis of 8809
patients with uveal melanoma included 7457 patients treated with charged particle therapy and 1352 patients with brachytherapy or enucleation. The rate of
local recurrence was significantly lower with charged particle therapy than with
brachytherapy (odds ratio 0.22) (45). However, there was no advantage with
respect to mortality or enucleation when comparing particle therapy and brachytherapy (45). Dose reduction may be important for toxicity reduction in particle
therapy as it is in brachytherapy, and a prospective randomized trial of lower-dose
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(50 Gy) versus standard dose (70 Gy) proton radiation for small-to-moderate
sized uveal melanoma showed no differences in a 5-year local or systemic recurrence or visual acuity loss, suggesting lower dose may be acceptable moving forward (44). In the past decade or two, linear accelerator (LINAC) stereotactic RT
(SRT), or SRS with either LINAC or gamma knife has been investigated for its
potential as an alternative option to proton beam (46–53). The initial experiences
showed that SRT and SRS offer a noninvasive alternative to enucleation and
brachytherapy in the management of uveal melanoma, with similar outcome to
proton beam therapy (46–53).

Adjuvant RT for Cutaneous Melanomas
The role of RT in patients following surgical excision of cutaneous melanoma is
multifaceted. With respect to adjuvant RT to the primary lesion, this is typically
offered to patients who are at high risk for recurrence. Adjuvant RT to the primary
site plays a role in the management of patients with desmoplastic neurotropic
melanoma (DNM) as well as patients with lesions of the head and neck. Other
indications for adjuvant radiation include tumor thickness >4 mm, ulceration,
satellitosis, positive surgical margins, and mucosal origin (54).
There is a long history of adjuvant radiation after surgery to reduce local
recurrence rate. The initial experience dated back to 1950s when patients
thought to be at high risk of relapse were treated with brachytherapy or orthovoltage x-rays to the primary site (55). Subsequently, multiple retrospective
studies further defined the role of adjuvant radiation. In 1981, Princess Margaret
Hospital published a retrospective experience with 37 patients who underwent
surgical resection of head and neck melanoma followed by adjuvant RT (56).
This study provided an insight into the importance of radiation dose fractionation, as they found patients who received fractions greater than 4 Gy had
improved local control (71% vs. 25%). A report from 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 (57). RT was delivered in a hypofractionated fashion to a total
dose of 30–36 Gy in 5–7 doses over 2.5 weeks. The recurrence rate at 6 months
was 11% in this cohort of 174 patients; this was compared with surgical data
from the same time period which suggested that RT may have superior local
control. However, there is no overall survival benefit due to high rate of distant
failure (57).
With respect to patients with desmoplastic or neurotropic histology, data suggest that RT may offer a significant local control benefit. A retrospective analysis
from Moffitt Cancer Center examined 277 patients with nonmetastatic desmoplastic melanoma who were treated with surgery with and without RT (58). 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 negative pathologic features (such as Breslow
depth >4 mm, perineural invasion, or positive resection margins). Additional
prospective data are needed to further clarify the role of adjuvant RT in desmoplastic or high-risk melanoma patients.
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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 (TROG) (www.
ClinicalTrials.gov, NCT00975520). This is a 2-arm, randomized 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 outcome of this trial is time to local relapse with the hypothesis
that RT will improve local control in this select patient cohort.

Adjuvant RT for Regional Nodal Metastases
Adjuvant radiation after surgery decreases the risk of local recurrence for patients
at high risk of regional failure after lymph node dissection. The high-risk factors
include multiple positive nodes, large clinically palpable lymph nodes, extracapsular extension, and recurrence after prior lymph node dissection (54, 59–63).
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 (60). The 5-year local recurrence rate was 10% in patients who
received adjuvant radiation versus 41% in those patients who did not receive RT
(P < 0.0001). High level of evidence was provided by Phase III trial run by the
Australia and New Zealand Melanoma Trials Group and Trans-Tasman Radiation
Oncology Group. In this trial, 250 patients with positive nodes who were deemed
high risk were randomized 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 positive 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 observation (18% vs. 33%), but no benefit was observed with respect
to relapse-free survival or overall survival (64).

Role of Palliative RT for Melanomas
Radiation therapy is highly effective for symptom palliation for melanoma distant
metastasis. Common indications for palliative RT include pain, mass effect, tumorrelated hemorrhage, and local irritation from skin or subcutaneous lesions (65).
New RT techniques, such as SRS and SBRT, can achieve high probability of local
control with very limited toxicity. SRS and SBRT are also preferred due to the relatively radioresistant nature of melanoma, and as a result improved efficacy can be
achieved with higher dose per fraction. Ablative doses of RT such as those used in
SBRT or SRS can be quite effective in the treatment of patients with limited number of metastases, or oligometastasis (66). Observed 5-year survival in patients
with resectable metastases can be as high as 15 to 41% in the setting of few sites
of distant metastases (67–70). In two series of patients from the University of
Rochester, patients with 1–5 metastases (mainly breast, lung, and colon primary)
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were treated with SBRT and the local control rate was reported to be 77% at
2 years (71). Duke University reported on a similar protocol and demonstrated a
2-year local control rate of 52.7% (72). SBRT for oligometastatic disease is a reasonable consideration for melanoma patients. There are currently eight open clinical trials investigating the use of SBRT in metastatic melanoma, most of which use
a combination of an immune checkpoint inhibitor (www.ClinicalTrials.gov). This
area of study is expected to significantly evolve in the coming decade.
Melanoma is the malignancy with the highest rate of brain metastasis, which
occurs in more than 50% of patients with advanced melanoma (73). Intracranial
disease progression is the cause of death in 20–54% of patients with disseminated
melanoma (74). Despite advances in systemic therapy and surgical and radiation
techniques, the prognosis of patients with brain metastasis remains poor. The
median survival of these patients is 4.4 months and the 5-year survival rate is
approximately 3% (75). Overall survival may be extended by effective locoregional
treatment. Surgery, whole brain radiation therapy (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 modality (76, 77). Historically,
WBRT is the de facto treatment for brain metastases. It can improve intracranial
disease control and delay neurological decline (78). The most commonly prescribed dose schedule is 30 Gy in 10 fractions. Melanoma is considered a less
radiosensitive tumor, and the local control with WBRT is poor. The estimated local
control rate with WBRT at 6 months and 12 months are 37 and 15%, respectively
(79), and the overall survival is unsatisfactory at 2–5 months (80). Besides dismal
prognosis, WBRT is also associated with significant side effects, particularly high
risk of neurocognitive decline (81, 82). Recently, there has been a paradigm shift
toward more focused radiation treatment. For patients with limited brain metastases, SRS can be used as an alternative to WBRT without compromising overall
survival, and with reduced neurocognitive impairment (83–86). Due to better
response of melanoma to large radiation fraction dose, SRS treatment significantly
improved the local control rate of melanoma brain metastases compared to those
that were treated with WBRT (87, 88). The 12-month local control rate with SRS
is about 65% (85–88). More impressively, SRS also contributes to improved overall
survival from 4 months to 6–8 months as compared to WBRT (85, 89, 90). As a
result, SRS alone should be considered the standard of care for patients with
limited brain metastases (up to 10 brain metastases) and size suitable for SRS
(usually ≤4 cm in diameter). Evaluation is ongoing as to whether the maximum
number of lesions can be safely and effectively treated with SRS alone (91–93).
Bone metastases are common in patients with advanced melanoma. Bone
metastases are important causes of morbidity and mortality in clinical practice
and impair quality of life by causing pain, pathological fracture, spinal cord compression, bone marrow failure, and severe hypercalcemia. Approximately, 70% of
bone metastases involve vertebrates, with thoracic and lumbar levels being the
most common involvement sites. EBRT is a well-established treatment for vertebral metastases. Multiple prospective studies showed a pain response rate of
50–90% (94–98). RT achieves improvement in pain control in more than 65% of
cases and re-calcification is observed in the areas with bone destruction on
radiographs obtained a few months after treatment. There is no consensus on
dose and fraction of palliative RT and many studies have been conducted to compare total dose and fraction (e.g., 8 Gy times 1, 10 Gy times 3, or 5 Gy times 4).
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No difference was detected between longer and shorter therapies in any of the
randomized studies including larger series (97, 99). As a result, 8 Gy in singlefraction RT was suggested as the standard of care for the palliation of uncomplicated painful bone metastases in the recent American Society for Radiation
Oncology (ASTRO) guidelines (98, 100). However, conventional RT is limited by
the low tolerance of the spinal cord and cauda equina, leading to subtherapeutic
dose delivery for tumor control, particularly for melanoma. Local control for
bone and/or spine metastasis treated with SRS and/or SBRT is also very favorable
(70–90%) (101–106). SBRT treatment also has the advantage of better and more
durable pain control for bone metastasis. A large series of 500 patients (including
melanoma patients) with spinal metastasis who received single-fraction SRS
treatment showed a long-term tumor control of 90%, and long-term pain control
of 85% (107). A study focused on melanoma patients also showed axial and
radicular pain improved in 27 of 28 patients (96%) treated with radiosurgery
(99).
Melanoma has a marked predilection for the liver, particularly, ocular melanoma. Liver metastasis can occur in 15–20% of metastatic cutaneous melanoma
(108, 109), and up to 95% of metastatic ocular melanoma (110, 111). With either
type of melanoma, liver metastasis is attributed to a grim prognosis and is often the
cause of death (112, 113). For those with chemorefractory liver metastases, liverdirected therapy is a preferred approach to reduce tumor burden and prolong overall survival. Unfortunately, only a very small subset (~9%) of patients are eligible for
resection (114, 115). Treatment options for unresectable hepatic metastatic melanoma have historically been poor. Recent studies utilizing Yttrium-90 (90Y) radioembolization have led to encouraging results (114, 116–118). This is a special form
of radiation that was initially established for the treatment of hepatocellular carcinoma and liver metastasis (119–121). The first study in 2009 by Kennedy et al. on
11 uveal melanoma patients reported a strikingly high response rate of 77% with a
1-year survival of 80% (119). Further experiences suggest that it is an effective and
safe option for managing hepatic metastasis from melanoma, with a high response
rate (partial response and stable disease) in 80–90% (116–118, 122, 123). Given
the hypervascular and aggressive nature of melanoma liver metastases, locoregional
treatment with selective internal radiation therapy (SIRT) appears to be a reasonable approach at reducing disease progression. Median overall survival ranges from
7.6 to 10.1 months, substantially improved over the expected >3 month historical
benchmark (124). However, large, randomized trials are warranted in order to
validate radioembolization for melanoma liver metastasis.

RT with Concomitant Agents
There have been substantial recent advancements in the management of advanced
stage melanoma, such as BRAF inhibitor and immunotherapy (125–127). This
stimulates the interest of combining such agents with radiation.
BRAF mutations occur in approximately 40–70% of patients, leading to constitutive and uncontrolled cell proliferation, as well as deregulated apoptosis (128,
129). The development of BRAF inhibitors (i.e., vemurafenib, dabrafenib) has led
to a significant improvement in the overall survival among patients who harbor
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this mutation (125, 130, 131). Interestingly, BRAF inhibitor was found to have
radio sensitization effect (132, 133). However, the radiosensitization effect of
BRAF inhibitor also increased the risk of skin toxicities with radiation (133–136).
Due to the minimum skin dose from SRS, several studies that evaluated BRAF
inhibitor with SRS for patients with brain metastases reported favorable outcome
(137–139). Studies that directly compared outcomes of patients treated with SRS
alone and SRS with BRAF inhibitor suggest that there indeed may be a survival
benefit of combination therapy (140–142). However, it seems that because of
the radiosensitization effect, increased toxicity other than skin toxicity may also
be induced, such as radionecrosis (141). As a result, consensus guidelines from the
Eastern Cooperative Group (ECOG) were recently published documenting severe
toxicities reported in 27 publications in which patients received a BRAF inhibitor
in combination with RT. Based on this review, recommendations for combination
therapy include holding BRAF inhibitor 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. More prospective trials are
necessary to further clarify the optimal timing of BRAF inhibition with RT (143).
In recent years, there is great enthusiasm on the combination of RT with
immunotherapy for patients with metastatic melanoma. Recent advances have
demonstrated the efficacy of immunotherapy in the treatment of melanoma (126,
127). Several immune therapy strategies have achieved great clinical success in
metastatic melanoma, resulting in overall survival improvement (126, 144–149).
There are multiple rationales to support the combination of radiation with immunotherapy, and such a combination may lead to a synergistic effect. Radiation is a
promising immunological adjuvant and a complex modifier of the tumor microenvironment. Radiation-induced damage in the tumor and normal tissue is affected
by various regulatory immune mechanisms (150). Radiation, in particular hypofractionated radiation, can induce the expression of checkpoints, such as PD-L1,
PD-L2, and CTLA-4 (151–153). Hence, removing the immune inhibition leads to
enhanced tumor control effect. RT promotes tumor cell death, releasing tumor
debris and tumor antigens. Radiation treatment has the capacity to prime an adaptive T-cell-mediated immune response, through mechanisms that enhance antigen
presentation, activation of dendritic cells, and cross-presentation of tumor-associate
antigens (154–156). Besides local effect, radiation may also impact systemic
response. Abscopal effect refers to the infrequently reported tumor regression of a
secondary site following RT to a separate primary site (157–161). One recent
report analyzed 21 patients with advanced melanoma treated with ipilimumab followed by RT and observed an abscopal response in 11 patients (52%) with the
median time of 1 month from RT to response. Median overall survival 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 (160). This effect is believed mediate through immune
response. Seromic analysis and immunologic correlates of the abscopal effect in a
patient with melanoma showed antigenic targets with increased antibody responses
following RT (159). Recently, Hiniker et al. reported the result from a prospective
trial including 22 patients with Stage IV melanoma treated with palliative RT and
four cycles of ipilimumab. The primary objective is assessing safety and efficacy of
this combination (162). RT was delivered within 5 days following initiation of
immunotherapy. The combination of treatments was well tolerated without
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unexpected toxicities. Three patients had complete responses and three had partial
responses, suggesting further investigation of the combination of RT with immunotherapy in patients with Stage IV melanoma (162). Similarly, early experiences
also showed that dramatic responses have also been shown in the combination of
RT with PD-1 or PDL-1 blockade in patients with advanced melanoma (163).
Currently, sufficient evidence on the optimal RT dose, schedule, and temporal relationship with immune therapy is lacking. Great efforts are dedicated to address
these questions; currently there are multiple open clinical trials evaluating various
combinations of RT (EBRT, SRS, SBRT, or radiospheres) with immunotherapy
(ipilimumab, nivolumab, atezolizumab, etc.) (www.ClinicalTrials.gov).

Perspectives and Conclusions
RT clearly will continue to play an important role in the management of melanoma. With the advances in the more effective systemic therapy and immune
therapy, there is great enthusiasm for combining radiation with systemic therapy.
Currently, only a few small studies reported the combination of radiation and
immune therapy. Early data suggest that such strategies may improve treatment
outcome but also increase adverse effects. There are currently several open clinical
trials evaluating various combinations of RT with immunotherapy. The optimal
combination, timing, and fractionation schedule of radiation will be further
defined with the results of these ongoing trials. However, it is clear that further
advances in the treatment of melanoma will be multidisciplinary.
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Introduction
The development of immune checkpoint inhibitors has transformed the treatment of melanoma (1). Immune checkpoint inhibitors were the first class of
therapy shown to improve the overall survival for patients with advanced
melanoma. In fact, long-term, durable tumor regression has become a reality for
some patients. However, only a subset of melanoma patients respond to immune
checkpoint inhibitors, highlighting the need to identify biomarkers that are
predictive of response and to develop strategies that overcome resistance. T-cell
activation is a complex process that begins with the binding of a specific T-cell
receptor (TCR) to its cognate peptide-MHC complex presented on the surface
of an antigen-presenting cell (APC). Full T-cell activation requires co-stimulatory
signals. CD28 is the major co-stimulatory receptor on T-cells, and by interacting
with B7 family ligands CD80 and CD86 on APCs, CD28 promotes enhanced
proliferation, IL-2 production, and T-cell survival (2) (Figure 1). In addition,
T-cell activation involves the carefully balanced integration of a number of
co-inhibitory signals delivered by immune checkpoint receptors. Immune

checkpoints are a critical control mechanism to turn off T-cell responses and
prevent destructive inflammation. The most extensively studied immune checkpoint receptors are cytotoxic T-lymphocyte-associated protein-4 (CTLA-4) and
programmed cell death p
 rotein-1 (PD-1).
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Figure 1 Activation and control of T-cell responses. Interaction of the T-cell receptor (TCR, dark
blue) and accessory molecule (CD4 or CD8, pink) on the T-cell with peptide-MHC
(purple:light blue) on the APC together with co-stimulatory molecule CD28 (yellow) on the
T-cell with CD80 or CD86 (dark green) on the APC results in T-cell activation. Immune
checkpoints CTLA-4 (orange) and PD-1 (red) are expressed on T-cells after activation and
serve to dampen T-cell responses. Treg cells also suppress T-cell functions. CTLA-4 and PD-1
are targets of immunotherapeutics in melanoma. Blockade of these immune checkpoints
augments antitumor T-cell responses.
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Biology of CTLA-4
Initially cloned in the 1980s, CTLA-4 is a member of the immunoglobulin (Ig)
gene superfamily with homology to CD28 (3). CTLA-4 is expressed on the surface
of activated T-cells and regulatory T (Treg) cells. CTLA-4 inhibits T-cell activation
during the priming phase of immunity (4–6) (Figure 1). Like CD28, CTLA-4
binds to the B7 ligands CD80 and CD86 on APCs, but unlike its homologue,
CTLA-4 binds these ligands with a much higher affinity and does not deliver a
positive signal (4, 6–8). Thus, CTLA-4 competitively inhibits the CD28:B7 interaction, leading to attenuation of co-stimulatory signaling. In addition, CTLA-4expressing cells have been shown to capture and degrade CD80 and CD86 from
the APC surface (9). The mechanism of action of CTLA-4-mediated T-cell suppression involves the inhibition of IL-2 production and blockade of cell cycle
progression in T-cells following initial activation (5).
The expression of CTLA-4 is tightly regulated and dependent on T-cell activation. Unlike CD28, which is constitutively expressed by all T-cells, CTLA-4
expression is absent from naïve T-cells (10). CTLA-4 is only expressed after T-cell
activation with transcript levels becoming detectable 1 h after TCR stimulation
(10) and cell surface expression at the immunological synapse showing up 24–48
h post stimulation (6). Furthermore, the strength of T-cell stimulation is directly
proportional to the level of CTLA-4 expression (11). In this way, CTLA-4 functions as a T-cell intrinsic inhibitory feedback mechanism that plays a vital role in
shutting down T-cell-mediated immune responses. The critical importance of
CTLA-4 in the control of T-cell-mediated immunity has been demonstrated in
knockout animals, where CTLA-4-deficient mice develop a fatal lymphoproliferative disorder characterized by rapid T-cell proliferation and extensive tissue damage, resulting in death at 4 weeks of age (12, 13).

CTLA-4 IN CANCER
It was hypothesized that CTLA-4 could inhibit T-cell-mediated antitumor
immune responses by attenuating tumor-specific T-cell activation before these
T-cells have been able to eradicate tumors, and that blockade of CTLA-4 would
enhance T-cell-mediated antitumor immunity by removing this inhibitory signal. In mice, antibody-mediated blockade of CTLA-4 induces complete tumor
rejection and immunologic memory in several murine models of cancer (14). In
addition, preclinical murine studies have shown that CTLA-4 blockade synergizes with radiation therapy (15), chemotherapy (16), molecularly targeted therapy (17), and tumor vaccination (18) to eradicate established tumors. Mechanistic
studies in mice have shown that CTLA-4 blockade increases the ratio of effector
T-cells to Foxp3+ Treg cells in tumors (19). Blockade of CTLA-4 on Treg cells is
critical to CTLA-4 blocking antibody therapy. CTLA-4 plays a major role in Tregcell-mediated immunosuppression. Genetic ablation of CTLA-4 on Treg cells
results in fatal autoimmunity and is sufficient to induce tumor regression in
some models (20). In addition, maximal antitumor activity of CTLA-4 blockade
requires engagement of CTLA-4 on both effector and Treg-cell populations
(21). Furthermore, anti-CTLA-4 monoclonal antibodies of particular isotypes,
such as IgG1, induce depletion of intra-tumoral Foxp3+ Treg cells through
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antibody-dependent cell-mediated cytotoxicity by Fcγ receptor-expressing macrophages within the tumor microenvironment (22). This activity likely contributes to antitumor efficacy.

CTLA-4 BLOCKADE IN THE TREATMENT OF MELANOMA
Based on the promising antitumor activity of CTLA-4 inhibition in preclinical
cancer models, several CTLA-4-blocking antibodies have been developed.
Ipilimumab is a fully human monoclonal antibody of the IgG1 isotype that binds
CTLA-4, preventing it from interacting with its ligands (23). Based on encouraging results in early clinical studies of ipilimumab for metastatic melanoma, ipilimumab was advanced into Phase III trials. In the first Phase III study, previously
treated patients with unresectable Stage III or Stage IV melanoma were treated
with ipilimumab alone, ipilimumab with a glycoprotein 100 (gp100) melanomaspecific peptide vaccine, or gp100 alone (24). This study demonstrated improved
overall survival in patients receiving ipilimumab (10.1 months for ipilimumab
alone and 10.0 months for ipilimumab and gp100, compared with 6.4 months for
gp100 alone) and led to the FDA approval of ipilimumab for patients with late
stage, unresectable melanoma. The overall response rate, including complete and
partial responses, was 10.9% for ipilimumab, 5.7% for ipilimumab and gp100,
and 1.5% for gp100 alone. A subsequent study demonstrated a median overall
survival benefit of ipilimumab plus dacarbazine compared to placebo and dacarbazine (11.2 months vs. 9.1 months) in previously untreated metastatic melanoma patients (25). Overall response rates were 15.2% for ipilimumab and
dacarbazine versus 10.3% for placebo and dacarbazine. In addition, ipilimumab
therapy has demonstrated promising results in a Phase II study of melanoma
patients with brain metastases, who have historically been a difficult patient population to treat (26). Pooled analysis of overall survival data of Phase II and
Phase III trials including previously treated and treatment naïve advanced melanoma patients revealed a median overall survival of 11.4 months with a plateau in
the survival curve at 22% at 3 years, demonstrating the durability of responses to
ipilimumab (27). Ipilimumab is also efficacious in the adjuvant therapy of Stage III
melanoma patients with pathological involvement of regional lymph nodes. In a
Phase III study of Stage III melanoma patients who have undergone complete
surgical resection, ipilimumab improved both the 5-year recurrence-free survival
(40.8% vs. 30.3% with placebo) and the 5-year overall survival (65.4% vs. 54.4%
with placebo) (28), resulting in the FDA approval for ipilimumab for the adjuvant
therapy of melanoma.
Based upon preclinical studies discussed above, the mechanism of action of
ipilimumab is enhancing T-cell-mediated antitumor immunity through blocking
an inhibitory receptor on effector T-cells and depleting Treg cells. Analysis of preand posttreatment TCR expression from melanoma patients reveals that ipilimumab treatment leads to the expansion of T-cell clones not detected before therapy
and only rarely boosts the expansion of T-cell clones present before therapy (29).
In this way, ipilimumab is thought to broaden the repertoire of responding melanoma-
specific T-cells. In addition, IFN-γ is central to the antitumor activity in CTLA-4
blockade, and anti-CTLA-4 treatment increases IFN-γ production by T-cells in
both mouse models and patients (30, 31).
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A second CTLA-4-blocking antibody, tremelimumab, has been developed.
Tremelimumab is a fully human anti-CTLA-4 monoclonal antibody of the IgG2
isotype. Despite promising early clinical data in melanoma, tremelimumab failed
to hit its primary endpoint of improved overall survival in comparison to standard
of care chemotherapy for patients with previously untreated, unresectable Stage
III or Stage IV melanoma (32). As a result, clinical development for melanoma was
halted, but evaluation of tremelimumab in other cancers is currently ongoing.

TOXICITY OF CTLA-4 BLOCKADE
Given the ability of ipilimumab to enhance T-cell responses, ipilimumab treatment is associated with mechanism-based, immune-related adverse events. An
early Phase II dosing study demonstrated a dose-dependent increase in immunerelated adverse events with increasing ipilimumab dose (18% Grade 3 [severe] or
Grade 4 [life-threatening] immune-related adverse events at 10 mg/kg vs. 5%
Grade 3 or Grade 4 immune-related adverse events at 3 mg/kg) (33). Subsequent
Phase III trials evaluated ipilimumab doses of 3 mg/kg and 10 mg/kg. The FDAapproved dose for melanoma treatment is 3 mg/kg every 3 weeks for four doses.
In clinical trials, additional doses were given for stable disease or objective
response. In the initial Phase III trial of ipilimumab at 3 mg/kg in patients with
advanced melanoma, all immune-related adverse events developed during the
induction and reinduction periods (24). Immune-related adverse events were
generally reversible when managed with vigilant monitoring and systemic corticosteroids, as documented in the Risk Evaluation and Mitigation Strategy associated
with the FDA approval. In the initial Phase III study of ipilimumab treatment of
advanced melanoma, 17.4–22.9% of patients receiving ipilimumab experienced
Grade 3 or Grade 4 treatment-related adverse events, with 10.2–14.5% of patients
experiencing Grade 3 or Grade 4 immune-related adverse events. In addition,
there were 14 treatment-related deaths, 7 of which were associated with immunerelated adverse events. The most common sites for immune-related adverse events
were the gastrointestinal tract and skin; 5.5–7.6% of ipilimumab-treated patients
experienced Grade 3 or Grade 4 gastrointestinal immune-related adverse events,
including diarrhea and colitis, and 1.5–2.3% of ipilimumab-treated patients had
Grade 3 or Grade 4 skin immune-related adverse events, including pruritus, dermatitis, and vitiligo. Less frequently, patients experienced immune-related adverse
events involving the endocrine system (hypothyroidism, hypopituitarism,
hypophysitis, and adrenal insufficiency) or liver (hepatitis). Deaths associated
with immune-related adverse events were a result of septicemia, bowel perforation, liver or multi-organ failure, or Guillain–Barre syndrome. In the second
Phase III trial of ipilimumab treatment of advanced melanoma, treatment-related
Grade 3 or Grade 4 adverse events occurring in 56.3% (41.7% due to immunerelated adverse events) of patients receiving ipilimumab (10 mg/kg) and dacarbazine were increased compared with 27.5% (6% grade due to immune-related
adverse events) of patients receiving dacarbazine and placebo (25). The FDAapproved dosing for the adjuvant therapy of melanoma is 10 mg/kg every 3 weeks
for four doses followed by 10 mg/kg every 12 weeks for up to 3 years or until
documented disease recurrence or unacceptable toxicity. In the Phase III trial of
ipilimumab (10 mg/kg) in the adjuvant setting, there was an increased rate of
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adverse events in patients receiving ipilimumab versus placebo. Adverse events of
Grade 3 or Grade 4 occurred in 54.1% (41.6% due to immune-related adverse
events) and Grade 5 (death) occurred in 1.1% of patients receiving ipilimumab
compared with 26.2% Grade 3 or Grade 4 (2.7% due to immune-related adverse
events) in patients receiving placebo (28). The incidence of immune-related
adverse events in this study of the adjuvant setting was higher than that observed
with the same dose in pooled analysis involving the treatment of patients with
advanced melanoma, and 40% of patients discontinued adjuvant therapy. Of
note, systemic immunosuppression for the management of immune-related
adverse events does not impact on antitumor activity, suggesting that the immunerelated mechanisms responsible for these autoimmune side effects are uncoupled
from the antitumor immune response (34). Table 1 summarizes the clinical efficacy and adverse events with ipilimumab in the treatment of advanced
melanoma.

Biology of PD-1
Programmed cell death protein 1 (PD-1) is another immune checkpoint in the Ig
superfamily (35, 36). Like CTLA-4, PD-1 inhibits T-cell activity and is expressed
by activated T-cells (Figure 1). However, instead of competitively inhibiting costimulation by interfering with CD28/B7 ligand interaction, PD-1 negatively regulates TCR-signaling events. While CTLA-4 inhibits T-cells during the priming
phase of immune responses, PD-1 is thought to inhibit activated T-cells at a later
stage in peripheral tissues. In this way, PD-1 plays a critical role in the maintenance of peripheral T-cell tolerance. Consistent with the role of PD-1 in the prevention of autoimmunity, PD-1-deficient mice spontaneously develop late-onset
autoimmunity, including lupus-like arthritis, glomerulonephritis, and cardiomyopathy, which is less severe, less frequent, and occurs later in life than CTLA-4deficient mice (35–38).
PD-1 expression is absent on resting T-cells and is upregulated following activation (39, 40). Persistent T-cell stimulation, as present during chronic viral infection
and cancer, induces high levels of PD-1 expression, which subsequently induces a
state of T-cell exhaustion where T-cells gradually lose effector functions. PD-1 has
two ligands, namely, PD-L1 (35, 41) and PD-L2 (42). PD-L1 is constitutively
expressed on a variety of immune cells, including T-cells, B-cells, dendritic cells
(DC), NK cells, monocytes, and macrophages (43), as well as a number of nonhematopoietic cells, including vascular endothelial cells (44) and many tumor cells
(45). PD-L1 expression can also be upregulated by pro-inflammatory cytokines
such as IFN-γ (44, 46). PD-L2 is expressed on APC and can be induced on tumor
cells, including ~2% of melanoma cases (47).
The mechanism by which PD-1 inhibits T-cell activation is distinct from
CTLA-4. The intracellular region of the PD-1 protein contains an immunoreceptor
tyrosine-based inhibitory motif (ITIM) and an immunoreceptor tyrosine-based
switch motif (ITSM) that play critical roles in PD-1-mediated suppression (48).
Binding of PD-1 to its ligands triggers the phosphorylation of its ITIM and ITSM
domains which subsequently induces the recruitment of Src homology region 2
domain-containing phosphatase-1 (SHP-1) and phosphatase-2 (SHP-2) (48, 49).
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These phosphatases then dephosphorylate members of the TCR-signaling complex, resulting in the inhibition of T-cell activation. Signaling through PD-1 inhibits TCR-induced proliferation, cytokine secretion, and expression of the
pro-survival gene, Bcl-xL (35, 39).

PD-1 IN CANCER
The PD-1/PD-L1 axis represents a critical immune escape mechanism for cancer.
In murine models of melanoma, PD-L1 expression correlates with diminished
antitumor CD8+ T-cell activity, and antitumor T-cell activity can be restored by
genetic deletion of PD-1 on T-cells or by treatment with PD-L1-blocking antibodies (50). Tumor-specific T-cell populations from melanoma patients often express
high levels of PD-1, and melanoma tumor-infiltrating CD8+ T-cells often display
functional impairment consistent with exhaustion (51–55). Elevated PD-L1
expression has been observed on both tumor cells and immune cell infiltrates in
many different cancers, including melanoma (46, 56–59). Expression of PD-L1 in
melanoma is associated with immune cell infiltration of tumors. PD-L1 expression
is often located in close proximity to CD8+ T-cell infiltrates, and IFN-γ produced
by these lymphocytes can lead to the upregulation of PD-L1 expression (56, 58,
59). These findings suggest that PD-1/PD-L1 functions as an adaptive tumor
immune escape mechanism and that infiltrating T-cells may induce their own
suppression through the production of pro-inflammatory cytokines. In a mouse
model of chronic infection, anti-PD-L1 antibody treatment reinvigorates exhausted
T-cells, but only produces minimal memory, and T-cells reacquire the exhausted
phenotype with persistent antigen, suggesting a limited duration of antitumor
T-cell responses to blockade of the PD-1/PD-L1 axis (60).
In addition to the well-established role of PD-1 on T-cells, a recent study demonstrates that PD-1 has an intrinsic effect in melanoma cells (61). A portion of
human melanoma cells express PD-1. In in vitro studies, mouse models and human
xenografts, PD-1 expression on melanoma cells promotes tumor growth, and
inhibition of PD-1 reduces melanoma growth independent of the adaptive
immune system. Furthermore, anti-PD1 treatment in human melanoma patients
is associated with diminished PD-1 receptor signaling in melanoma cells, and a
high frequency of PD-1 receptor signaling in melanoma cells pretreatment is associated with improved progression-free survival (PFS).

PD-1 BLOCKADE IN THE TREATMENT OF MELANOMA
Based on preclinical animal studies showing that blockade of the PD-1/PD-L1
signaling axis can restore the function of exhausted T-cells to mediate antitumor
immunity, several PD-1-blocking antibodies have been developed, including
nivolumab and pembrolizumab. PD-L1 blockade is also being explored. Although
antibodies blocking PD-L1 have been FDA-approved in the treatment of urothelial carcinoma, nonsmall cell lung cancer and Merkel cell carcinoma, to date no
anti-PD-L1 antibodies have received FDA approval in melanoma.
Nivolumab is a fully human monoclonal antibody of the IgG4 isotype that
binds to PD-1, preventing it from interacting with its ligands. Early clinical studies
of nivolumab showed promising antitumor activity against a variety of tumor
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types, including melanoma. Based on these results, Phase III trials were initiated
to test nivolumab against standard of care chemotherapy, first in previously treated
patients and then as a first-line treatment. In a Phase III trial enrolling Stage III or
Stage IV melanoma patients who had failed prior ipilimumab or BRAF inhibitor
therapy, nivolumab demonstrated activity in patients with and without BRAF
mutations and had an objective response rate of 31.7% compared to 10.7% for
patients on chemotherapy (62). In another Phase III trial, nivolumab was tested in
treatment-naïve melanoma patients with wild-type BRAF (63). In this study,
patients were treated with either nivolumab or dacarbazine, and the nivolumab
group demonstrated improved efficacy in terms of 1-year overall survival (72.9%
vs. 42.1%), median PFS (5.1 months vs. 2.2 months), and objective response rate
(40.0% vs. 13.9%).
CTLA-4 and PD-1 induce T-cell suppression through nonoverlapping mechanisms and likely impact different populations of T-cells during different phases of
the immune response (CTLA-4 during priming and PD-1 during the effector
phase), providing a mechanistic rationale for the combination of CTLA-4 and
PD-1 blockade. A subsequent Phase III trial in previously untreated melanoma
patients compared nivolumab and ipilimumab combination therapy, nivolumab
alone, and ipilimumab alone (64). The median PFS was 11.5 months, 6.9 months,
and 2.9 months, respectively. The objective response rate was 57.6, 43.7, and
19.0%, respectively. The median PFS and the objective response rate were significantly improved in both the nivolumab and ipilimumab combination and the
nivolumab alone groups compared with the ipilimumab group. Based on these
studies, nivolumab is FDA-approved as a monotherapy in advanced melanoma
patients with wild-type BRAF and received accelerated approval for monotherapy
in patients with BRAFV600E mutation and in combination with ipilimumab.
A second anti-PD-1-blocking antibody was developed called pembrolizumab. Like nivolumab, pembrolizumab is a fully human monoclonal antibody
of the IgG4 isotype that binds to human PD-1 preventing ligand interaction.
A Phase II trial of advanced melanoma patients, who progressed on ipilimumab
therapy or BRAF and/or MEK inhibitors, demonstrated improved PFS with
pembrolizumab at both 2 mg/kg and 10 mg/kg doses every 3 weeks compared
with investigators’ choice of chemotherapy (65). A randomized Phase III trial
compared pembrolizumab every 2 weeks, pembrolizumab every 3 weeks,
and ipilimumab in the first-line treatment of advanced melanoma (66).
Pembrolizumab every 2 weeks and every 3 weeks demonstrated improved efficacy compared with ipilimumab, in terms of 1-year overall survival (74.1 and
68.4% vs. 58.2%), median PFS (5.5 months and 4.1 months vs. 2.8 months),
and objective response rate (33.7 and 32.9% vs. 11.9%). Based on these studies,
pembrolizumab at 2 mg/kg every 3 weeks is FDA-approved for the treatment of
advanced melanoma.

Toxicity of PD-1 blockade
The most common adverse events observed following PD-1 blockade are fatigue,
rash, diarrhea, pruritus, and nausea (62–64, 66). A similar pattern of mechanismbased, immune-related adverse events are seen with PD-1 blockade as with
CTLA-4 blockade with ipilimumab. The vast majority of Grade 3 and Grade 4
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immune-related adverse events resolve quickly with delay in treatment and/or
administration of systemic corticosteroids using established safety management
guidelines (62, 63). Consistent with mouse studies in which the autoimmune
pathology of PD-1-deficient mice is decreased in severity compared to CTLA-
4-deficient mice, the toxicity associated with PD-1 blockade is diminished in
comparison to CTLA-4 blockade. In a Phase III trial of head to head comparison
of pembrolizumab and ipilimumab, both pembrolizumab groups had a significantly lower incidence of Grade 3–Grade 5 adverse events compared with ipilimumab (10.1–13.3% in the pembrolizumab groups vs. 19.9% in the ipilimumab
group), despite an approximately 3-fold longer duration of pembrolizumab therapy (66). Although the combination of ipilimumab and nivolumab therapy
resulted in improved clinical efficacy, the combination therapy group had a higher
incidence of Grade 3 and Grade 4 adverse events compared with either nivolumab
or ipilimumab alone (55.5% vs. 16.3% or 27.3%, respectively) (64). Table 2 summarizes the clinical efficacy and adverse events of Phase III trials of PD-1 blockade
as a first-line treatment of advanced melanoma.
Taken together, PD-1 blockade has become the first-line therapy for advanced
melanoma patients, given its improved clinical efficacy and improved safety profile compared with ipilimumab. It remains to be determined whether PD-1 blockade results in the same long-term duration of response as ipilimumab.

Biomarkers of Checkpoint Inhibitor Activity
The clinical development of CTLA-4 and PD-1-/PD-L1-blocking antibodies has
had a profound impact on the treatment of melanoma and several other cancers.
However, despite this success, only a minority of advanced melanoma patients
respond to checkpoint blockade, with a 10–40% objective response rate with
monotherapy and up to 58% with combined ipilimumab and nivolumab. As a
result, considerable effort is being invested in the identification of predictive biomarkers to identify patients most likely to benefit from checkpoint blockade and
those at high risk for treatment failure who would benefit from more aggressive
combination therapy in order to limit unnecessary exposure to immune-related
adverse events. Early clinical experience with immune checkpoint blockade has
identified several biomarkers associated with treatment efficacy, including tumor
mutational burden, the presence of tumor-infiltrating lymphocytes, PD-L1 expression, and intestinal microbiota.
The primary mechanism of action of checkpoint inhibitor therapy involves the
activation of antitumor T-cells. Many of the tumor-specific T-cells recognize tumor
expressed “neoantigens” that are a product of mutational events in tumor cells
(67, 68). Since these mutations arise through a random process, it is thought that
tumors characterized by a high overall mutational load are more likely to result in
the formation of immunogenic neoantigens. Whole exome sequencing of melanoma patients treated with anti-CTLA-4 therapy revealed that antitumor responses
were associated with high mutational load, and strong responders expressed a
specific antigen signature (69). Similarly, neoantigen load was shown to correlate
with clinical response in a second cohort of melanoma patients treated with ipilimumab (70). The clonality of neoantigen expression has also been correlated with
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clinical response to checkpoint inhibitors. Melanoma and nonsmall cell lung cancer patients with neoantigens expressed in all tumor cells (clonal neoantigens)
experienced long-term clinical benefit to anti-CTLA-4 and anti-PD-1 treatment
(71). However, patients with neoantigens expressed in only a subset of their tumor
cells (subclonal neoantigens) responded poorly to checkpoint blockade (71).
Preexisting tumor-infiltrating lymphocytes have been associated with clinical
responses to PD-1 blockade. In melanoma, response to pembrolizumab is associated with a higher number of CD8+, PD-1+, and PD-L1+ cells within the tumor
and at the invasive margin at baseline; the proximity of PD-1+ and PD-L1+ cells
at baseline; and an increased density and proliferation of CD8+ T-cells on treatment, suggesting the need for preexisting T-cells in the tumor inhibited by PD-1/
PD-L1 interaction (59). Flow cytometric analysis of melanoma tissue biopsies
from patients undergoing treatment with pembrolizumab also showed that
patients who responded to therapy had increased frequencies of tumor-infiltrating
CD8+ memory T-cells compared to nonresponders (72).
Although early clinical trials showed an association between PD-L1 expression
and objective response in patients with metastatic melanoma treated with PD-1 or
PD-L1 blockade, patients whose tumor cells lacked PD-L1 expression still benefited from PD-1/PD-L1 blockade. Phase III trials of PD-1 blockade have demonstrated similar results. Although the subgroup of patients with tumor cells that
were PD-L1+ had numerically higher objective response rates, patient subgroups
with tumor cells that were PD-L1+ and PD-L1− both demonstrated improved
overall survival and objective response rates when treated with nivolumab compared with dacarbazine (63). An overall survival benefit of pembrolizumab compared with ipilimumab was not observed in the subgroup of patients with
PD-L1− tumor cells; however, the sample size of PD-L1− patients was too small to
draw definitive conclusions (66). The patient subgroup with PD-L1+ tumor cells
had the same PFS with combination ipilimumab and nivolumab therapy as with
nivolumab alone, whereas PFS in the subgroup with PD-L1− tumor cells was
improved with combination therapy versus nivolumab alone, suggesting that
patients with PD-L1− tumor may have greater benefit from combination therapy
(64). Yet, 41.3% of patients with PD-L1− tumors had an objective response to
nivolumab alone (64). Analysis and interpretation of PD-L1 expression in tumors
is complicated by multiple factors. Different trials used different anti-PD-L1 antibodies and immunohistochemical assays and different cutoff points for defining
PD-L1 positivity. While most studies have assessed PD-L1 expression on tumor
cells, PD-L1 expression on T-cells and macrophages may influence response to
PD-1 blockade (57, 73). PD-L1 expression measured at one time point and in one
metastasis is not representative, as PD-L1 expression is dynamic and differs in different metastases from the same patient (57, 66). Lastly, other PD-1 ligands may
be involved in response to PD-1 blockade. In summary, clinical experience to date
indicates that lack of PD-L1 expression in tumor cells is not a reason to withhold
anti-PD-1 therapy.
In murine models, the presence of certain species of intestinal bacteria is associated with spontaneous antitumor immunity, and the presence of these bacteria
can improve responses to CTLA-4 and PD-1 blockade (74, 75). In addition,
T-cells, specific for some of these bacteria, are found in melanoma patients
responding to anti-CTLA-4 treatment (75). The mechanism by which intestinal
microbiota modulate antitumor immune responses is thought to involve the
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activation of innate immune cells, including DC, making them better able to stimulate T-cells. Alternatively, specific antigens from these bacteria may mimic antigens expressed by the tumor, leading to the activation of tumor cross-reactive
T-cells.
As antigen load is a key factor in T-cell exhaustion in preclinical models,
more integrated strategies to predict the response to therapy are under investigation. These strategies incorporate immune status and tumor burden. A recent
study found that the magnitude of reinvigorated, exhausted CD8+ T-cells in
the peripheral blood on treatment with pembrolizumab in relationship to the
pretreatment tumor burden correlated with clinical response, suggesting a
clinically accessible on-treatment predictor of response (76). A more comprehensive strategy called the “cancer immunogram” incorporating the tumor
mutational load, general immune status of the patient, immune cell infiltration
of the tumor, absence of checkpoints, absence of soluble inhibitors, absence
of inhibitory metabolism, and sensitivity to immune effectors is also under
development (77).

Mechanisms of Resistance to Immune Checkpoint Blockade
Recent clinical experience has uncovered several resistance mechanisms to
immune checkpoint blockade. These resistance mechanisms involve changes to
the tumor microenvironment that limit T-cell activation, tumor infiltration, and
effector-mediated destruction of tumor cells. A lack of tumor-associated antigens
can impair tumor-specific T-cell activation and allows tumors to escape immune
checkpoint blockade. Failure of tumor antigen presentation can occur as a result
of outright antigen loss or from defects in components of antigen processing and
presentation pathways. Failure of tumor antigen presentation is a major mechanism by which tumors escape from T-cell-mediated immune recognition (78, 79).
Analysis of pretreatment and posttreatment tumor samples from patients with
nonsmall cell lung cancer treated with checkpoint blockade revealed the loss of
several neoantigens from treatment-refractory tumor cell clones (80). These neoantigens were capable of stimulating T-cell responses in vitro, and their loss coincided with the emergence of disease resistance. Mutations in β2-microglobulin, a
protein required for the folding and transport of MHC Class I to the cell surface,
have also been observed in melanoma patients at the time of anti-PD-1 treatment
failure (81).
Mechanisms that inhibit T-cell trafficking to tumor tissue also cause resistance
to immune checkpoint inhibitors. Mutations in BRAF and loss of PTEN expression both contribute to immune checkpoint blockade resistance in murine models and patients by inducing the production of a number of immunosuppressive
proteins, including VEGF that limits T-cell trafficking to tumor sites and inhibits
T-cell effector functions (82, 83). In addition, melanoma patients whose tumors
had elevated signaling activity in the WNT/β-catenin pathway lacked infiltrating
T-cells, and murine studies have shown that WNT signaling can promote anti-PDL1/anti-CTLA-4 treatment failure in melanoma models (84).
Mutations in genes involved in the IFN-γ signaling pathway also contribute
to both primary and acquired resistance to immune checkpoint blockade.
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IFN-γ signaling plays a critical role in T-cell-mediated antitumor immunity by
enhancing MHC expression and subsequent tumor antigen presentation, inducing the recruitment of other immune cells, inhibiting tumor cell proliferation,
and inducing tumor cell apoptosis (85). IFN-γ binds to the interferon gamma
receptor 1 (IFNGR1) and interferon gamma receptor 2 (IFNGR2) and signals
through the Janus-activated kinase 1 (JAK1) and Janus-activated kinase 2 (JAK2)/
signal transducer and activator of transcription 1 (STAT1) signaling pathway
(85). Ipilimumab-refractory melanoma tumors were insensitive to IFN-γ signaling due to mutations in IFNGR1, IFNGR2, JAK2, and interferon regulatory factor
1 (IRF1) which is responsible for the INF-γ-induced upregulation of PD-L1 (86).
Mutations in JAK1 and JAK2 were also found in melanoma and colorectal cancer
patients who failed to respond to anti-PD1 despite having tumors with high
mutational load (87, 88). Similar mutations in JAK1 and JAK2 were also detected
in relapsing tumors from melanoma patients who initially responded to antiPD-1 therapy, indicating that loss of responsiveness to IFN-γ signaling may be a
potential tumor escape mechanism contributing to relapse following immune
checkpoint blockade (81).
Tumor-extrinsic mechanisms of resistance to immune checkpoint blockade
have also been identified, including additional immune checkpoint receptors,
immunosuppressive cytokines, and other factors present in the tumor microenvironment and immunosuppressive immune cell populations. In addition to
CTLA-4 and PD-1, several other immune checkpoint receptors have been identified including lymphocyte activation gene 3 (LAG-3), T-cell immunoglobulin
and mucin 3 (TIM-3), V-domain Ig-containing suppressor of T-cell activation
(VISTA), and T-cell immunoreceptor with Ig and ITIM domains (TIGIT) that are
expressed by T-cells and negatively regulate immune responses (89). These
checkpoints are often co-expressed by CTLA-4 and PD-1-expressing T-cells
within tumors, and their expression can be upregulated following anti-CTLA-4
and anti-PD-1 treatment (89).
Immunosuppressive factors in the tumor microenvironment produced by
tumor cells and infiltrating immune cells may also cause immune checkpoint
blockade resistance by inhibiting T-cell activity. TGF-β is an immunosuppressive cytokine produced by many different human tumor types that may limit
the efficacy of checkpoint blockade by stimulating Treg cells and impairing
T-cell function (90). In addition, indoleamine-pyrrole 2,3-dioxygenase (IDO),
an enzyme responsible for the breakdown of tryptophan, is expressed in many
tumors and may inhibit T-cell proliferation by depleting tryptophan (89).
CD73, an ecto-enzyme responsible for mediating the catalysis of adenosine
monophosphate to adenosine, is expressed by many tumors and is associated
with anti-PD-1 resistance in murine models (91). Elevated levels of adenosine,
as a result of CD73 expression, suppress T-cell activity by signaling through the
adenosine receptor 2A (91).
Certain tumor-infiltrating immune cell populations also contribute to immune
checkpoint blockade resistance. Myeloid-derived suppressor cells (MDSCs) are a
CD11b+CD33+ myeloid cell population that plays an immunoregulatory role in a
number of disease states, including cancer (92). MDSCs are immunosuppressive
and contribute to angiogenesis, tumor invasion, and metastasis (93, 94). In addition, pretreatment MDSC frequencies are inversely correlated with clinical
responses to ipilimumab and nivolumab in melanoma patients (95, 96).
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Future Directions
These resistance mechanisms must be overcome in order to improve the clinical
efficacy of immune checkpoint blockade for melanoma and other cancers.
A number of strategies are currently being tested to target additional sources of
immunosuppression in the tumor microenvironment for use in combination
with immune checkpoint inhibitors. Tumor-specific peptide and cell-based vaccines are being tested in combination with CTLA-4 and PD-1-/PD-L1-blocking
antibodies in order to boost antitumor T-cell responses (97). Molecularly targeted
agents are also being combined with immune checkpoint inhibitors. BRAF inhibition, which is FDA-approved for the treatment of metastatic melanoma expressing the activating BRAFV600E mutation, has been shown to increase MHC
expression, tumor antigen presentation, and T-cell infiltration (98–102). Similarly,
MEK inhibitors have been shown to improve CD8+ T-cell activity in preclinical
models in combination with PD-1 blockade (103). Given the clinical success of
CTLA-4 and PD-1/PD-L1 inhibition, blocking antibodies have been developed to
target additional immune checkpoints, including LAG-3, TIM-3, VISTA, and
TIGIT, and these agents have entered clinical trials alone and in combination
with anti-CTLA-4 and anti-PD-1/PD-L1 (89, 97). Furthermore, numerous treatments are being developed to target immunosuppressive cytokines and other
factors present in the tumor microenvironment, including IDO inhibitors, CD73
blocking antibodies, and adenosine receptor 2A antagonists (97). Finally, strategies to deplete or reprogram MDSC are also under development for use in combination with immune checkpoint blockade. Signaling through the gamma
isoform of phosphatidylinositide 3-kinase (PI3Kγ) is critical for the maintenance
of myeloid cell immunosuppression in tumors, and genetic deletion or pharmacologic inhibition of PI3Kγ results in tumor-infiltrating myeloid cells with a more
pro-inflammatory phenotype in murine models (104). In addition, the small
molecule PI3Kγ inhibitor IPI-549 improved the ability of immune checkpoint
blockade to induce tumor regression in preclinical murine models of melanoma,
breast, and head and neck cancer (104, 105).

Conclusion
Immune checkpoint inhibitors have revolutionized the treatment of melanoma
and many other cancers. Blocking antibodies to CTLA-4 and PD-1/PD-L1 have
improved survival for many patients, and long-term durable responses have been
observed in some patients. However, despite this promise, clinical benefit from
immune checkpoint blockade is only seen in a minority of melanoma patients,
and autoimmune toxicity, while manageable, requires careful monitoring. Clinical
experience with anti-CTLA-4 and anti-PD-1/PD-L1 therapy has uncovered critical
parameters that govern effective antitumor immune responses. This knowledge is
leading to the identification of subsets of patients most likely to respond to therapy
with immune checkpoint inhibitors. In addition, these insights have identified
new immune targets that promise to expand the clinical reach of immunotherapy
to more patients and cancer types.
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nanotubes, nanoshells, and nanocages. All these structures protect the intended
drug against degradation and enhance its stability. The development and characterization of polymeric nanoparticles, polymeric micelles, liposomes, nanohydrogel, dendrimers, inorganic nanoparticles, and hybrid nanocarriers are among the
delivery vehicles that transport different anticancer agents. Functionalization of
nanocarriers with specific molecules, such as antibodies, can generate different smart
nanodrugs for application in cancer therapy and/or diagnosis. Nanotherapeutic
strategies deal with several shortcomings that comprise of tumor characteristics,
biological barriers, biocompatibility, and so on. As nanostructures interact with
various host biomolecules, comprehensive in vitro cellular models call for evaluation of physicochemical properties, dose, and time of action of nanomaterials,
while in vivo assessments would provide valuable data regarding the level of
absorption, tissue/organ distribution, and metabolism. The future perspectives in
nanotechnology applied to cancer overcomes the translational barrier from the
laboratory to the clinical application to potentially improve conventional theranostic techniques.
Key words: Melanoma; Nanomedicine; Nanotechnology; Theranostic; Treatment

Introduction
Melanoma, the cancer of melanocytes, is the sixth most frequently diagnosed cancer in humans and accounts for 80% of skin cancer–related deaths (1). Morbidity
and mortality indices are highly variable worldwide—being rare in nations of
Asian and African origin and almost considered epidemic in countries of Caucasian
predominance (2, 3). When diagnosed early, as a localized cutaneous tumor, melanoma can be surgically removed with a good prognosis (4). Once melanoma
becomes metastatic, it turns into a more aggressive and difficult to treat malignancy (5). Management of metastatic melanoma is challenging if the tumor
becomes unresectable or if it recurs shortly after resection (6). In such cases, other
conventional treatment options including chemotherapy, radiotherapy, targeted
therapy, and photodynamic and immunotherapy have to be combined with
surgery (7).
Dacarbazine (DTIC) is the first chemotherapeutic treatment approved by U.S.
Food and Drug Administration (FDA) for metastatic melanoma (8). Temozolomide,
a DTIC derivative, has the ability to cross the blood–brain barrier and is a first-line
therapy for brain metastases (9). Recently, BRAF inhibitors (Vemurafenib,
Dabrafenib) and MEK inhibitor (Trametinib) have been approved by the FDA for
treating BRAF-mutated melanoma which is nearly found in 50% of cases (2).
Immunotherapy is another promising treatment option in metastatic melanoma.
Ipilimumab, an anti-cytotoxic T-lymphocyte antigen 4 antibody (CTLA-4), and
nivolumab and pembrolizumab, programmed death receptor 1 (PD-1) inhibitors,
have been approved for use in the treatment of metastatic melanoma (10, 11).
However, despite these recent therapeutic breakthroughs, there are still some
drawbacks including undesirable side effects, tumor chemoresistance, or even
disease relapse (2, 12). As cutaneous melanoma is a highly aggressive cancer (13),
there is intense research focus on developing new, efficient drugs. Taken together,
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these challenges have led researchers to explore new ways of early diagnosis and
investigate novel approaches of drug delivery to reach high efficacy, minimal toxicity, and less failure—advantages that melanoma-related nanotechnology could
potentially offer (14, 15).

Nanomedicine for Melanoma Detection and Treatment
Early diagnosis of melanoma is essential to increase patients’ survival rates. The
10-year survival rate for Stage IA is 93%, while patients diagnosed at Stage IV
have a 10-year survival rate of 10–15% only (16–18). Moreover, the cost of treating melanoma increases dramatically with later stages of the disease (19–21). In
addition to the clinical and histological examination, many new techniques have
been utilized to aid early detection of melanoma. These techniques include dermoscopy, total body photography, multispectral digital imaging analysis, and
RNA microarray (22, 23). In-depth investigations of the molecular changes of
metastatic melanoma have paved the way for more advanced technologies
known as molecular diagnostics. They include fluorescent in situ hybridization
(FISH), next-generation sequencing (NGS), quantitative reverse transcriptionpolymerase chain reaction (qRT-PCR), comparative genome hybridization
(CGH), and detection of exosomes (24–27). Nanotechnology is one of the promising tools recently used for detection of melanoma with high sensitivity and
specificity (28–30).
Nanoparticle quantum dots (QDs), fluorescent nanoparticles characterized by
excellent brightness, narrow field of emissions, broad absorption spectrum, and
excellent photostability, have been suggested as a useful technique for cancer
detection (31–35). Those photophysical properties allowed researchers to conjugate QDs with variable cancer-specific molecules as folic acid or antibodies against
specific cancer antigens (36–40). When QDs are conjugated with specific antimelanoma antibodies (e.g., HMB45, MART-1, and Tyrosinase), melanoma cells
can be distinguished from normal melanocytes (41). However, the heavy metal
composition of QDs, with its high toxicity and immunogenicity, hinders the wide
application of QDs as an imaging modality for cancer (42, 43). Recently, coating
QDs with a polyethylene glycol (PEG) have been shown to decrease cytotoxicity
(44). Similarly, Cornell dots known as C-Dots are PEG-coated silica-based
nanoparticles that are used as probes to guide sentinel lymph node biopsy (SLNB)
(45, 46). These FDA-approved nanoparticles are used as PET-optical or optical
probes that particularly target RGD peptides attached to alpha 2 beta 3 integrin
overexpressed in melanoma cells (47–50). Nanotechnology has been used in medicine for developing nanometer scale materials, ranging from 1 to 100 nm, having
therapeutic and diagnostic purposes (51–53). Nanomaterials’ size range matches
cellular organelles, other molecules involved in intracellular events, as signaling
pathways, and/or molecules involved in cell to cell communication (16, 20). The
nanomaterials bio-distribution is dependent on the surface charge, biodegradability, size, their distinct biological properties, and shape (19, 21–25). Nanoparticles
(NPs) or nanocapsules are the most common shape for nanomaterials used as
drug delivery systems. Moreover, this shape offers protection against degradation,
enhances its stability, driving an efficient accumulation at target sites (26).
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Currently, nanorods, nanotubes, nanoshells, and nanocages are nanomaterials
with imaging and cancer therapy applications (26, 27).
Carbon-based nanoparticles are effective in melanoma cells (53). Thus, a
single-walled carbon nanotube loaded with DOX-induced melanoma cell death
in a dose-dependent manner in vitro and revoked tumor development in a
xenograft melanoma model. Gold nanoparticles (GNPs) are known as nontoxic,
highly stable, easy to synthesize, and minimally interfering with the biological
profile of melanoma tumor cell (54, 55). Being of high atomic number and
electron density, GNPs are optimal contrast agents for computed tomography
(CT) (56, 57). When labeled with radioisotope indium-111 and conjugated
with RGD ligands, GNPs were successfully used as radiotracers in experimental
melanoma models (58). Meir et al. have shown in melanoma-bearing mice that
labeled GNPs can track tumor-specific T-cells using whole body CT. This
approach is a next-generation imaging technique as well as a new tool in immunotherapy (59).
Magnetic nanoparticles (MNPs) were successfully used in MRI (60). In the
recent MELAMAG clinical trial, SLNB detection based on MNPs was compared
to the standard technique. In this study, MNPs with small iron nanoparticles
(named Sienna+ by the developers) were intradermally injected and a hand-held
magnetometer was used intraoperatively to detect the accumulation of MNPs.
A gamma probe was used as comparator and the results showed the feasibility of
the magnetic technique for SLNB detection. The highest identification was
proven for inguinal and axillary lymph nodes, while the lowest detection
rates were registered for the cervical region. From 129 recruited patients, the
study reported 95.3% rate of sentinel node identification using this MNPs-based
technique (60).
Another nanoparticle tested for contrast-enhanced MRI lymphography
is Gadolinium-loaded nanoparticles (Gd-FVT). Using these NPs, the specificity
and sensitivity of MRI lymphography in melanoma-bearing mice could be
enhanced (61).
Zhou et al. developed an efficient and noninvasive strategy to detect melanoma metastasis in LN using Gd-embedded iron oxide nanoplates (GdIOP),
functionalized with Zwitterionic Dopamine Sulfonate (ZDS) molecules. With
T1-T2 dual-modal MRI, GdIOP@ZDS nanoparticles were highly taken up by
dendritic cells and macrophages in LN, in contrast to melanoma B16 tumor cells
which showed lower uptake. This generated difference represented pseudo-
contrast images which can be potentially used for detection of melanoma metastasis in LN (62).
RGD-targeted nanoparticles of iron oxide (NPIO) were previously utilized for
MRI of in vivo tumor angiogenesis with variable limitations including long blood
half-life and nonspecific extravasation (63). Nevertheless, conjugation of cyclic
RGD variant [c (RGDyK)], with enhanced affinity for αvβ3, a specific marker of
angiogenesis, to iron oxide microparticles (MPIO) provided a more sensitive
molecular MRI approach (64).
Another promising application of nanotechnology is the detection and quantification of circulating tumor cells (CTCs) as a blood-based biomarker “liquid
biopsy” (65). Seenivasan et al. immobilized anti-Melanocortin 1 receptor antibodies (MC1R-Abs) on amino-functionalized silica nanoparticles (n-SiNPs)polypyrrole (PPy) nanocomposite thin film and used them as an immune sensor

CP-003.indb 146

11/01/18 9:29 pm

El-Meghawry El-Kenawy A et al.

147

for selective and sensitive detection of melanoma cells (66). A magnetite
nanoparticle designed by Sato et al. by conjugating N-propionyl-cyst aminyl
phenol with magnetite was used in a B16F1 xenograft mouse model (67). Souza
et al. showed that melanoma cells were degraded after the application of an
external irregular magnetic field to increase the temperature in the tumor to
43°C. The nanoparticle had a 1.7- to 5.4-fold greater effect compared with magnetite alone (46).

Nano Therapies: Radiotherapy and Chemotherapy
NPs in the context of radiotherapy and chemotherapy are particularly interesting.
Radiotherapy and surgery are local treatments, while the main systemic strategy is
chemotherapy, especially considering the risk of metastasis (30). Radiotherapy
has a limited role in treating melanoma patients and is used selectively. Its success
is limited due to radiation resistance in melanoma cells (16, 34). This technique
has been improved by engineering, physics, chemistry, and biology to promote
innovative technologies that allow real-time imaging and better dose distribution
according to disease progress (67).
In general, the radioisotopes used in medicine emit energy that produces DNA
cleavage, damage that is induced mainly by ionized atoms and free radicals. The
clearance performed by the kidney is dependent on the size of the radioisotopes.
Molecules smaller than 5 nm are excreted rapidly and fail in promoting desirable
effects due to short circulation time in blood. Immune response, including opsonization, is another way for radioisotopes clearance by mononuclear phagocytes
(MPS). In this context, nanocarriers emerge as an alternative for the half-life
increment of radioisotopes (67). Glutathione-coated gold nanostructures represents the next generation of radiosensitizers used for gamma-ray irradiation
(34, 68). Moreover, PEGylation of NPs produces nanocarriers that prevent opsonization, increasing the half-life of the radioisotopes (69). Carbon nanostructures
have also been related as potential nanocarriers used in radiotherapy, displaying
particular physicochemical properties (70) as ultralight, conductivity, and highsurface area (71).

POLYMERIC NANOPARTICLES
Polymeric nanoparticles (PNs) are molecules usually organized with tunable
size into a dense structure with entangling biodegradable polymers presenting
thermodynamic stability in an aqueous solvent (72–75). Recently, FDA
approved three PNs, namely, polylactic acid (PLA), poly (lactic-co-glycolic
acid) 43 (PLGA), and polycaprolactone (PCL). The hydrophilicity for the
encapsulation of hydrophilic drugs is one of the deficiencies for the desired
release of the encapsulated agents (32). Copolymers as polyethylene glycol
(PEG)ylated have been used to reduce the degradation rate of PN to produce
PLA-PEG, PLGA-PEG, improving their biocompatibility and modifying its
amphiphilicity. Furthermore, PEG has been described as a strategy to evade
immune response (76, 77).
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LIPOSOMES AND NIOSOMES
Liposomes can remain in the blood circulation longer, permitting continued drug
release with increased precision in tumor-targeting (78–84). They can incorporate
nucleic acids and other organic or inorganic molecules into their aqueous lumen
(85–89) and can be used for targeted, controlled drug release (90–96).
Thus, in two melanoma xenograft models, phosphatidylethanolamine liposomal cisplatin was proven to have higher cytotoxicity than classic liposomes or free
cisplatin, a high concentration of intratumoral drug remaining for 72 h and efficiently delivering 3.6-times more drug compared to the free drug (97–103).
Niosomes are biodegradable, biocompatible, nontoxic, and nonimmunogenic
having extensive solubility and flexibility. Niosomes have been confirmed to have
prolonged circulation, increased drug retention in skin, and enhanced drug
spreading when topically applied (104–107). Dwivedi et al. proved that encapsulated artemisone which is a 10-amino-artemisinin derivative with antitumor activity in niosomes exhibited extremely selective cytotoxicity toward the melanoma
cells but not to the normal skin cells (108).

NANOHYDROGELS
Nanohydrogels are cross-linked hydrophilic soft polymers organized in a
tridimensional network comprising a large fraction of water (28, 32). The
nanohydrogels’ cross-linking occurs through hydrophilic–hydrophobic interactions, hydrogen bonds, electrostatic interactions, or covalent bonds. The aqueous environment promotes the swelling of nanohydrogels, a characteristic that
is determined by the degree of the cross-linking and external environment. This
nanocarrier is promising for multimodality treatment, especially for peptides,
proteins, and oligonucleotides, because of their hydrophilicity and efficient cell
uptake. The co-delivery of PTX and DOX drugs in nanogels are possible due to
the positively charged surface that could load negatively charged proteins (32).
Functionalized nanohydrogels siRNA delivery systems that target epidermal
growth factor receptor were tested in an ovarian cancer mouse model in a
platinum-based therapy (82). Polymersome could be valuable for melanoma
treatment owing to its benefits, such as robustness, increased drug loading,
constancy, relatively longer in vivo circulation, and the possibility to design it
for the delivery of multiple drugs (104). Polymersomes have been used to carry
DOX for melanoma therapy and established to be specially taken up by melanoma cells (109–111).

THERANOSTIC NANOMEDICINE AND MELANOMA THERAPY
By using nanoparticles for both diagnosis and treatment, theranostic nanomedicine has been advanced recently (112, 113). Liposomes, exosomes, polymersomes, nanocrystals, nanotubes, and nanowires are among the commonly used
nanoparticles and nanodevices, and endless combinations can be created with
these nanostructures (114). Some metals, such as gold (Au) and Gadolinium
(Gd), can have antitumor activity besides being an imaging tracer (88). Gd-based
NPs (AGuIX) were successfully used as both MRI contrast agent and therapy in
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experimental animal models of melanoma metastases (115–120). Another novel
theranostic nanostructure for melanoma was a NP biodegradable photoluminescent polymer—poly (lactic acid) (BPLP-PLA) loaded with anti-BRAF V600E–
specific drug (PLX4032) and muramyl peptide. The new immune-cell-mediated
nanoparticle offers high hopes for melanoma imaging and treatment (121–126).

Current Limitations and Exploring Possibilities for Improving
the Efficiency of Nanodrugs in Melanoma
Although notable progress has been made in the synthesis and characterization of
nanodrugs, and we are witnessing the first clinical trials that have shown promise
(127–130), there are still limitations that should be overcome. Thus, nanodrugs,
once having entered the biological system, complexly interact with the host’s
immune system, leading to premature clearance, side-effect activation, and toxicity (131–135). Consequently, the main limitations of nanodrug efficacy are the
immunological interactions, the biological barriers that hinder the availability of
nanodrugs to the intended target, and the heterogeneity of the biological target
(38, 136).
In order to improve their efficacy, nanodrugs should overcome these major
limitations and several means of overcoming them are further described in this
subsection. An overview of the main issues discussed in this chapter is presented
in Figure 1.

NANODRUGS’ ACTION IS LIMITED BY THE INTERACTION WITH
THE BIOLOGICAL SYSTEM
There are complex interactions of nanodrugs once introduced in a biological system, because they would interact with cellular and humoral constituents of the
immune system. Thus, the transition to routine clinical application of these

Non-specific interaction
with the biological systems

Limitations

Reduced biocompatibility

Tumor biological particularities

Biocorona studies and
biocorona manipulation

Increase systemic tolerance,
Reduce inflammatory processes,
Increase specific targeting

Overcoming
Limitations

Personalize nano-drugs, infringe
tumor extracellular matrix (e.g.
fibrinolytic enzymes)

Figure 1 Main limitations of nanodrug efficiency in antitumoral therapy and possibilities to
overcome the limitations.

CP-003.indb 149

11/01/18 9:29 pm

150

Nanomedicine in Melanoma

nanocompounds would be hampered first by different biological barriers and second by their uncertain fate at the diseased site (136, 137).
In the biological system, nanomaterials interact with all the encountered biomolecules and dynamically form the so called “bio-corona.” The commonly agreed
definition of the bio-corona is the multitude and the variety of biomolecules (e.g.,
proteins, peptides, and lipids) that associate with the surface of a nanoparticle
when introduced in a biological system. The process of entrapping nanoparticles
within complex surface biomolecules bequeaths them with properties that can
hinder the actual intended properties of the nanodrug. Undeniably, the bio-corona
establishment controls the nanodrug efficacy and further focuses the actions of
natural and adaptive immunity (138). It is not surprising that nanomaterials are
directly interacting with the immune system. The evolvement of human immune
system was accomplished through exposure to different chemical, physical, and
biological agents (139). As NPs are in the size range of biological aggressors, interactions with the immune system are more likely to occur. Thus, a major limitation
in nanomedicine is the correct evaluation of the fate of the nanodrugs as antitumoral effectors within a biological system (140–146). As nanomaterials match
the same size range as biomolecules and cellular structures endows them with the
propensity to reach intracellular structures previously accessible only to biological
aggressors. Alternatively, as they have already encountered the complex biological
milieu and interacted with other biomolecules, they are subjected to intracellular
pathways that are not the intended targets. Hence in vitro investigation of the biocorona dynamics should be performed to be assured that within the biological
system the nanodrugs will reach their intended cellular target (129).
Taking advantage of phagocytes’ capacity to engulf NPs, recently, a novel drug
delivery system was reported using macrophages as both carriers and effector cells
upon melanoma cells. Hence, nanoparticles of biodegradable photoluminescent
poly (lactic acid) were loaded with a drug specific for anti-BRAF V600E mutant
melanoma forming a complex engulfed further by macrophages which would
directly bind and kill melanoma tumor cells (147–150).

Conclusion
Novel treatment methods should have several properties. For example, they
should be more effective, cheaper, and without any risk to patient life, even if
they do not improve patient’s quality of life. To accomplish patient safety, and for
good patient compliance, an ideal treatment should be developed with an
improved overall treatment efficiency, a very low possible toxicity, and a specific
targeted site (91). Nanotechnology-based formulations can provide all of the
above, and their efficacy can be further improved when ornamented with targeting moieties, for instance, specific antibodies (92) or targeted delivery payload (93–95). In the last 5 years, there has been an exponential increase in the
focus on nanotechnology with regard to melanoma therapy and related diagnosis (96). Nanomedicine is a new area that develops nanotechnology for therapeutic and diagnostic purposes. Nowadays, different groups of nanomaterials
have been designed for drug delivery and/or for identifying specific markers.
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Nanomaterials as delivery vehicles can be nanocapsules, nanorods, nanotubes,
nanoshells, and nanocages—structures that protect the drug against degradation,
thereby enhancing its stability. The development and characterization of PNs,
polymeric micelles, liposomes, nanohydrogel, dendrimers, inorganic nanoparticles, and hybrid nanocarriers are among the delivery vehicles that transport
different anticancer agents. Chemical drugs, nucleic acids, proteins, antibodies,
and functionalization of nanocarriers with inorganic compounds such as magnetic, graphene oxide, carbon, silica, gold and QDs in a core-shell system can
generate smart nanodrugs for application in cancer therapy and/or diagnosis. In
therapy for skin melanoma, as well as for other tumors, nanotherapeutic strategies deal with several shortcomings that comprise of tumor characteristics, biological barriers, and biocompatibility. Toxicological profile of nanoparticles
should be robustly assessed. When systemically administered, nanostructures
interact with various host biomolecules, and may trigger toxicity (151, 152).
Therefore, comprehensive in vitro cellular models call for evaluation of physicochemical properties, dose, and time of action of nanomaterials, while in vivo
assessments would provide valuable data regarding level of absorption, tissue/
organ distribution, and metabolism (153). Although preclinical investigations
are essential for assessing the potential health risks of nanostructures, animal
models retain significant limitations and the human system may react differently to a certain drug compared to animal models (154). Last but not least, the
translation of nanodrugs from preclinical to clinical stage is a major issue still
unsettled in melanoma nanomedicine area. The future perspectives in nanotechnology applied to cancer is very promising in improving cancer management.
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Abstract: Without consensus guidelines for surveillance in patients with resected
melanoma, much debate exists on the appropriate short-term and long-term
management of melanoma. When discussing surveillance, it is also important to
keep in mind the long-term impact of ongoing surveillance in terms of improved
survival, patient quality of life, cost effectiveness, and exposure to risks associated
with certain surveillance methods. Most studies recommend frequent follow-up
visits with dermatologic surveillance to detect potentially curable recurrence,
especially resectable locoregional recurrences. Surveillance laboratory tests and
chest x-rays (CXR) can have limited value while producing a relatively high falsepositive rate. Lymph node ultrasonography is a valuable imaging modality in
patients with equivocal lymphatic nodal basin physical examinations. In patients
with early stages of melanoma, the benefit of routine surveillance imaging studies
is questionable; however, close surveillance with detailed medical history and
physical examination is necessary, with special attention to regional recurrences
every 3–12 months, depending on the American Joint Committee on Cancer
(AJCC) stage category the patient falls into and the risk of recurrence. In Stage III
or greater, more frequent surveillance in the form of more frequent physical examination, laboratory tests based on symptomatology, and cross-sectional imaging
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may be indicated because of the higher risk of recurrence in this population. CT,
MRI, and/or PET/CT are often a component of the overall follow-up for these
high-risk patients. Additional studies are needed to better define the role of surveillance in the asymptomatic patient with resected melanoma.
Key words: Management; Melanoma; Surveillance; Survival

Introduction
In the absence of consensus guidelines for surveillance in patients with resected
melanoma, much debate exists on the appropriate short-term and long-term management of melanoma (1). When discussing surveillance, it is also important to
keep in mind the long-term impact of ongoing surveillance in terms of improved
survival, patient quality of life, cost effectiveness, and exposure to risks associated
with certain surveillance methods (2). Some studies recommend frequent followup visits with abundant use of radiographic imaging and laboratory review, while
others question the value of these strategies altogether (3, 4)
According to the National Comprehensive Cancer Network (NCCN), the
lifetime risk of developing a second primary melanoma approaches 4–8%; therefore, lifetime dermatological surveillance is recommended (1). However, follow-up
recommendations vary worldwide and guidelines are disparate. Lifelong surveillance is important because of the risk of (i) second primary melanomas, (ii) locoregional recurrence, (iii) late recurrence, and (iv) other cutaneous malignancies. The
risk of local recurrence is greatest in the first 5 years after diagnosis, especially in
thick and ulcerated tumors (5). Locoregional recurrence of melanoma is defined as
recurrence at the site of the primary lesion, regionally in the draining lymph node
basin, or in between. Satellite and in-transit metastases are differentiated by their
distance from the primary site, with satellite lesions occurring within 2 cm and
in-transit metastases occurring more than 2 cm from the primary lesion. Both satellite and in-transit metastases are considered Stage IIIB (without regional nodal
metastases) or Stage IIIC (with regional nodal metastases) disease. (American Joint
Committee on Cancer 7th edition) (6).

Dermatological Surveillance
TOTAL CUTANEOUS EXAMINATION
Dermatologic surveillance includes a total-body skin examination, palpation of
the primary site and surrounding area for local recurrences, satellitosis, in-transit
metastases, and a thorough regional lymph node basin examination. In addition,
a review of systems should include questions about new or changing lesions,
weight loss, fatigue, headache, new back pain, and any new symptoms that have
persisted. Patients should be counseled to adhere to sun-protective measures and
perform skin self-examinations.
Regular skin surveillance with monthly self-examination and total cutaneous
examinations (TCEs) by a dermatologist increases the chances of detecting
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melanomas when they are thinner, thereby reducing morbidity and mortality.
However, there are no controlled trials evaluating TCE on melanoma mortality.
Berwick et al. describes an association between regular skin self-examination
and reduction in the risk of developing advanced melanoma, reducing melanoma mortality by 63% (7). De Giorgi et al. studied 802 patients retrospectively
and found that 36% of melanomas were discovered during annual TCEs by
dermatologist and 33% were discovered by patients. Additional analysis showed
that self-detection was linked with a greater probability of having a thicker melanoma (8).
In 1987, a follow-up protocol at the Yale Melanoma Unit was devised to
improve the detection of recurrence in patients with Stage I–Stage III melanoma.
The protocol included a patient education program and a standardized follow-up
schedule. A retrospective evaluation of 419 patients treated from January 1988 to
December 1994 revealed that of the 78 patients with disease recurrence, 44% had
clinical symptoms initially detected by the patients and 56% of recurrences were
detected by physician-directed surveillance examinations (9). Most recurrences
were found within the first (47%) or second (32%) year of follow-up. The study
results recommended the following surveillance guidelines: (i) Stage I, annually;
(ii) Stage II, every 6 months for years 1–2 and annually thereafter; (iii) Stage III,
every 3 months for year 1, every 4 months for year 2, and every 6 months for
years 3–5; (iv) at year 6 and beyond, all patients should have surveillance annually, due to the risk of late recurrence and/or multiple primaries (9).
Garbe et al. prospectively analyzed 2008 patients within a single institution in
Germany. A total of 233 metastatic recurrences and 62 second primary melanomas were discovered during the 25-month study period. Over 70% of recurrences
were found on scheduled follow-up examinations and 17% of all recurrences
were first discovered by the patients. Physical examination diagnosed 50% of
recurrences and the remaining 50% were identified radiographically (10). Garbe
et al. also classified recurrences as early or late in terms of development. Patients
diagnosed in the early phase had significantly more favorable odds of recurrencefree and overall survival than those in a late phase.
The Scottish Melanoma Group found that almost half (47%) of recurrences
were first observed by the patient, with only 26% initially detected on follow-up
(11). A recent German nationwide study prospectively analyzed 668 patients
from 67 centers, of whom 96% were in regular melanoma surveillance. Of the
patients, 118 (11.1%) had tumor progression and the rate of progression
increased with stage. However, it was higher in Stage IIC than Stage IIIA and
Stage IIIB (54.2% vs. 42.9% and 43.6%, respectively). Median progression-free
survival (PFS) of Stage IIC patients was 34.5 months. The rate of progression
was highest in Stage IV disease (63.6%, median PFS 5.3 months). In years 3 and
4 of surveillance, 55.6% of locoregional and 60% of distant metastases were
detected on regular follow-up. Only 33.3% of locoregional metastases were
patient detected, although 47.2% were described as being clinically visible and
22.2% palpable. Overall, the authors questioned the benefit of frequent followup visits in the low-risk patient group, especially since most recurrences were
locoregional and amenable to visual or palpation by the patient. Consequently,
the authors recommend reducing melanoma follow-up in low-risk melanoma
patients and increasing patient education in terms of how to perform self-
examinations (12).
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The German Cancer Society and German Dermatologic Society guidelines are
stage and Breslow specific and include examination by TCE every 6 months for
5 years in Stage I with ≤1 mm thickness, every 3 months for 5 years in Stage I
and Stage II with >1 mm thickness, and every 3 months for the first 3 years for
Stage III. For years 6–10, the TCE is every 12 months in Stage I with ≤1 mm
thickness, every 6 months in Stage I and Stage II with >1 mm thickness, and every
6 months for Stage III (10).
The Swiss guidelines are stage specific and consist of a TCE every 3 months
for years 1–3, every 6 months for years 4–5, and then every 6–12 months for
years 6–10 in Stage I (T2N0)–IIB patients. In Stage IIC–Stage III, TCE should
be p
 erformed every 3 months for years 1–5, then every 6 months for years
6–10. They recommend individualized follow-up in patients with Stage IV disease (13).
The European Society for Medical Oncology (ESMO) guidelines do not follow a staging system but provide general recommendations for monitoring
patients at risk for recurrent and new disease. The guidelines recommend that
for low-risk thin melanomas imaging is not recommended and for high-risk
patients (i.e., those with thick primary tumors or recent tumor resection), computed tomography (CT) and/or PET scans are suggested for earlier detection of
relapse. The ESMO also recommends patient education regarding sun avoidance and lifelong regular self-examinations of the skin and peripheral lymph
nodes (14).
The American Academy of Dermatology (AAD) recommends TCE at least
annually and possibly every 3–12 months based on tumor stage, history of multiple melanomas, presence of atypical nevi, family history of melanoma, patient
anxiety, and the patient’s ability to recognize signs and symptoms of a disease. The
AAD also recommends patient education on monthly self-skin and self-lymph
node examinations (15).
The British Association of Dermatologists (BAD) follow-up recommendations
for in situ melanomas are self-examination with no additional follow-up required.
For Stage IA melanomas, they recommend TCE 2–4 times a year for the first year.
For Stage IB to Stage IIIA melanomas, the BAD guidelines recommend a TCE
every 3 months for 3 years, and then every 6 months for 2 years. For Stage IIIB
and Stage IIIC and resected Stage IV melanomas, the BAD guidelines recommend
evaluation every 3 months for 3 years, then every 6 months for the next 2 years,
and then annually for the next 5 years. For unresected Stage IV melanomas,
follow-up should be done on an individualized basis. In addition, they do not
have specific guidelines for lab work or imaging (16).
Guidelines for the Management of Melanoma in Australia and New Zealand
(GMMANZ) emphasize the importance of self-examinations in patients properly
trained to detect recurrent disease. Along with this cost-effective measure, patients
with Stage I melanoma should undergo TCE every 6 months for 5 years from a
health care professional of their choice. Patients with Stage II and Stage III disease
should have a TCE every 3–4 months for 5 years and annually thereafter. The
guidelines recommend ultrasound (US) by an experienced US technician as the
only imaging modality in patients with advanced disease. They do not have any
specific recommendations for Stage IV disease. In addition, more frequent visits
are recommended in patients with extensive disease, many atypical nevi, a family
history of melanoma, and those with difficulty performing a self-evaluation.
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GMMANZ also emphasizes the importance of evaluating individual patient needs
in developing a follow-up schedule (17).
According to NCCN guidelines, the recommended follow-up is annually for
Stage 0 and every 6–12 months for the first 5 years for Stage IA–Stage IIA. For Stage
IIB– Stage IV, follow-up is recommended every 3–6 months for the first 2 years,
then every 3–12 months for the next 3 years, and then annually starting after 6 years
(1). The AAD guidelines for follow-up of resected melanoma states that no clear
data regarding follow-up interval exist and that annual examinations with selfexamination at regular intervals are necessary (15). As it can be seen, there is no
international consensus on surveillance guidelines. Table 1 summarizes the major
recommendations for follow-up examinations currently published.

TABLE 1

Guidelines for Follow-Up

Organization

Stage/Breslow
thickness

History and
physical

Imaging

NCCN (National
Comprehensive
Cancer Network)

Stage 0

Annual for life

None

Stage IA–Stage
IIA

Every 3–12 months
for 5 years,
then annually
unless clinically
indicated

None

Stage IIB–Stage
IV

Every 3–6 months
for 2 years, then
Every 3–12
months for
3 years, then
annually unless
clinically
indicated

CXR, CTC/A/P ±
PET/CT Every
3–12 months and
annual brain MRI,
or as clinically
indicated

Thin/low risk

No specific
recommendations

None

Thick/high risk

No specific
recommendations

CTC/A/P ± PET/CT

N/A

H and P at least
annually, possibly
Every 3–12
months

Not recommended
in asymptomatic
patients
Imaging not
recommended
after 5 years in
high-risk patients

ESMO (European
Society for
Medical
Oncology)

AAD (American
Academy of
Dermatology)

Lab values

None

Table continued on following page
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TABLE 1

Guidelines for Follow-Up (Continued)

Organization

Stage/Breslow
thickness

History and
physical

Imaging

BAD (British
Association of
Dermatologists)

In situ Stage IA

Self-exam, H and P
Every 3–6
months for 1 year

None

Stage IA–Stage
IIIA

H and P Every 3
months for 3
years, then Every
6 months for 2
years

None

Stage IIIB–
Stage IV
(resected)

H and P Every 3
months for 3
years, then Every
6 months for
2 years, then
annually for the
next 5 years

Consider CT

Stave IV
(unresected)

As needed

No specific
guidelines

Stage I < 1 mm

H and P Every 6
months for the
first 5 years,
then Every
6–12 months for
the next 5 years
until year 10

None

Stage I and
Stage II >1
mm

H and P Every 3
months for the
first 5 years,
then Every
6–12 months for
the next 5 years
until year 10

Lymph Node US
Every 6 months
for years 1–5
Abdominal US and
CXR on individual
basis

Stage III

H and P Every 3
months for 5
years, and then
Every 6 months
for the next
5 years until
year 10

Lymph Node US
Every 3–6 months
for years 1–5
Abdominal US and
CXR on individual
basis

S100β level
every 3–6
months
for
years 1–5

Abdominal US and
CXR or CT, MRI,
or PET Every 6
months for years
1–5

S100β level
every 3–6
months
for
years 1–5

German Cancer
Society and
German
Dermatologic
Society

Stage IV

Lab values

None

Table continued on following page
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TABLE 1

Guidelines for Follow-Up (Continued)

Organization

Stage/Breslow
thickness

History and
physical

Imaging

Lab values

Stage I
(T2N0)–IIB

H and P Every
3 months for
years 1–3, Every
6 months for
years 4–5, and
then Every 6–12
months for years
6–10

Lymph Node US
Every 6–12 months
for years 1–5

S100β Every
6–12
months
for years
1–5

Stage IIC–Stage
III

H and P Every 3
months for years
1–5, then Every 6
months for years
6–10

Lymph Node US
Every 6 months
for years 1–5
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and annually
thereafter
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No guidelines
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the Management
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New Zealand)

Lymph Node US in
advanced disease

TOTAL CUTANEOUS PHOTOGRAPHY
Total cutaneous photography (TCP) was initially described in 1988 by William
Slue as a method of taking total-body photographs to document dysplastic nevi.
These photos are then reviewed and compared at subsequent follow-up examinations. Detection of thin malignant melanomas in a curable stage is enhanced by
utilizing these baseline photographs (18). Currently, TCP has evolved into a system involving digital photography-based mole mapping. Patients at high risk with
multiple nevi can use the photographs to assist in self-examinations. Feit et al.
reported an increase in the melanoma diagnosis rate with the use of this technique.
Moreover, they reported that melanomas identified with the assistance of TCP are
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generally thin melanomas (19). Barriers to the increased use of TCP include the
cost, which tends not to be covered by insurances, having the photos available
during physical examinations, and a medical-legal concern for the potential of
these photographs to be used in malpractice suits (20).

Laboratory Tests
The two potential tumor markers that exist for melanoma include lactate dehydrogenase (LDH) and S100β. LDH is found throughout the body and is expressed
by a multitude of cancers and nonmalignant etiologies; however, it is unsuitable
for use in screening for or diagnosis of melanoma. Persistent or recurrent elevations of LDH after treatment of melanoma may indicate residual or recurrent
disease. Another marker is serum protein S100β which was first described in
1980 in cultured melanoma cells and is an immunohistochemical marker of
pigmented skin lesions.
Finck et al. reported 121 Stage II and 58 Stage III patients where high levels of
LDH indicated recurrence with a sensitivity and specificity of 72 and 97%, respectively. As an indicator of liver metastasis, LDH had a sensitivity and specificity of
95 and 82%, respectively, in Stage II melanoma, and 86 and 57%, respectively, in
Stage III melanoma. An elevated LDH was the first indication of recurrent disease
in 11/88 (12.5%) Stage II patients. The mean survival following LDH elevation was
5.9 months. It was concluded that monitoring LDH can provide useful information in the postoperative follow-up of patients with melanoma (20). Other reports
have documented an association between serum levels of LDH and prognosis in
patients with Stage IV melanoma; however, the prognostic value of LDH in patients
with Stage I–Stage III melanoma is very limited as it is rarely elevated (21).
In a retrospective analysis of 261 patients with a regimented follow-up
schedule, 145 evaluable patients developed recurrent melanomas. A total of
99 patients (68%) developed clinical symptoms that initiated a workup for
recurrence. Physical examination of asymptomatic patients led to the diagnosis
of recurrent disease in 37 patients (26%). The other nine patients (6%) with
recurrent disease had abnormal CXR. Laboratory results were never a sole indicator of recurrent disease. They concluded blood analyses and CXR have limited
value in the follow-up of patients with resected intermediate-risk and high-risk
melanomas (22).
Garbe et al. evaluated 1492 patients of which 2719 blood tests (including blood
count, erythrocyte sedimentation rate, renal function, liver enzymes, LDH, and
S100β) were performed annually in the earlier stages and twice yearly in patients
with more advanced stage melanoma. Blood tests were rarely the first sign of metastasis, and a diagnosis was made in only three patients after the detection of an elevated LDH. In patients developing metastasis, LDH and alkaline phosphatase (AP)
were found to be elevated in 16.4 and 12.5%, respectively. Both percentages were
significantly higher than in patients without metastasis (4.2% for LDH and 3.5% for
AP, P < 0.0001). Half of these patients with Stage II and Stage III disease expressed
serum protein S100β and it was elevated in approximately 50% of patients with
distant metastasis. In patients with locoregional recurrence, only a few were found
to have an elevated protein S100β (10).
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Routine blood tests contribute to the detection of metastasis in a very small
subset of patients. Nevertheless, increasing values of both markers, LDH and
serum protein S100β, may be the first sign of recurrence. Future investigations are
needed to clarify whether protein S100β is a suitable substitute for the other
blood values or whether it should be used as a supplementary examination
method. Currently, use of laboratory tests in the surveillance of earlier stage melanoma is not recommended.

Imaging
Currently, there are no formal imaging guidelines for surveillance in patients with
resected melanomas. According to the NCCN, additional radiological imaging is
only recommended based on symptoms (1). CXR, CT, and/or positron emission
tomography/CT (PET/CT) are considered optional and should be tailored to the
stage and discretion of the physician (1). Guidelines recommend “considering”
radiological studies every 4–12 months in Stage IIB or greater (1). Published
guidelines for the management of cutaneous melanoma in the United Kingdom,
the Netherlands, and Australia do not recommend routine radiological investigations; however, German guidelines recommend cross-sectional imaging every
6 months for Stage IIC or greater for the first 3 years after resection. Swiss guidelines recommend annual CXRs for the first 5 years in patients with Stage I/Stage II
disease, and PET/CT or CT in the follow-up of Stage III patients (22, 23).

CHEST X-RAY
A common site of distant spread for melanoma is to the lungs. Surveillance CXRs
have a high number of false-positive and false-negative findings. Morton et al.
studied the accuracy of surveillance CXRs and the impact on survival by evaluating the extent of distant disease, time to detection, and treatment in those with
CXR-detected compared with symptomatic pulmonary metastases. A total of
108 high-risk patients were followed with CXR every 6 months for 8 years and
then annually until 10 years. A total of 23 out of 108 (21%) high-risk patients
developed pulmonary metastases but only 10% were detected by CXR. Sensitivity
and specificity of surveillance CXRs were 48 and 78%, respectively, with a high
false-positive rate. Only 3 of the 23 (13%) cases of identified pulmonary metastases were amenable to surgical intervention (22). Leiter et al. showed a benefit in
the use of CXR only in Stage III disease. This study prospectively followed
1969 patients and only 10 of the 204 relapses were discovered by CXR. The
majority (7/10) of recurrences were in patients with Stage III disease (24). Brown
et al. reported a low sensitivity of 7.7% and a specificity of 96.5%. In a trial of
1235 patients, 210 relapses occurred, 38 of which were detected by CXR. In order
to detect these 38 recurrences, a total of 4218 (38/4218, 0.9%) x-rays were
performed with a 129 (3.1%) false-positive rate. Isolated pulmonary metastases
amenable to resection were found in only 3 of the 38 patients (25).
In conclusion, CXR does not dependably identify pulmonary metastases, nor
has it lead to earlier detection of pulmonary metastases. In most series, when pulmonary metastases are detected, they are generally unresectable. Frequent CXR
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surveillance can cause unnecessary patient anxiety, given high false-positive rates
as well as the significant medical costs involved.

LYMPH NODE ULTRASONOGRAPHY
Ultrasonography examines the surgical scar of the primary tumor, the in-transit
area, the locoregional lymph nodes, and potentially further lymph node basins.
However, its utility is user dependent. Lymph node US has been debated in terms
of its efficacy in early detection of locoregional lymph node metastases (25, 26).
According to a meta-analysis by Bafounta et al. of 6642 patients and 18,610 paired
palpation and US examinations, US had a higher discriminatory power (odds
ratio 1755; 95% CI 726–4238) than did palpation (21 [4–111]; P = 0.0001).
Furthermore, positive-likelihood ratios were 41.9 for ultrasonography and 4.55
for palpation; negative-likelihood ratios were 0.024 and 0.22, respectively. This
group concluded that US detects lymph node invasion more accurately than palpation and should therefore probably be used routinely in patients with melanoma (27). In addition, Garbe et al. reported 71% early detection compared to
48% early detection for all examination methods (10).
On the other hand, Chai et al. reviewed 325 patients with melanoma who
underwent US before sentinel lymph node biopsy (SLNB) from 2005 to 2009.
A total of 471 basins were examined with US. Only six patients (1.8%) avoided
SLNB by undergoing US-guided fine-needle aspiration of involved nodes, followed by therapeutic lymphadenectomy. Overall, sensitivity of US was 33.8%,
specificity 85.7%, positive predictive value 36.5%, and negative predictive value
84.2%. Sensitivity and specificity improved somewhat with increasing Breslow
depth. Sensitivity was highest for the neck, but specificity was highest for the
inguinal lymph nodes. The authors concluded that routine preoperative US in
clinically node-negative melanoma is impractical because of its low sensitivity, but
selected patients with thick or ulcerated lesions may benefit. However, because of
variable lymphatic drainage patterns, preoperative US without lymphoscintigraphic localization will provide incomplete evaluation in many cases (28). These
data can be extrapolated for patients in the follow-up setting given the low sensitivity of US in clinically node-negative patients.
Machet et al. from France performed US follow-up for 373 patients for melanomas with thick melanomas, greater than 1.5 mm, every 6 months and every
year for thin melanomas, less than 1.5 mm. In total, 1909 US examinations
combined with clinical examination were analyzed. Node biopsy was performed
in 65 patients and demonstrated melanoma metastases in 54. Sensitivity of clinical examination and US examination was 71.4 and 92.9%, respectively. Specificity
of clinical examination and US examination was 99.6 and 97.8%, respectively.
Despite this apparent superiority of US examination over palpation, only 7.2%
of the patients really benefited from US examination (earlier lymph node metastasis detection or avoidance of unnecessary surgery), while 5.9% had some deleterious effect from US examination such as unnecessary stress caused by
repetitive US and excision of benign lymph nodes. This French group confirmed
the greater sensitivity of US examination to clinical examination in the diagnosis
of nodal metastases from cutaneous melanoma. However, they concluded that
the role of US in routine follow-up is still questionable since only a very small
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proportion of patients (1.3%) benefited from adding US to clinical examination.
A large prospective randomized clinical trial would be needed to study the
efficacy of US (29).
While lymph node ultrasonography has been studied, neither the NCCN nor
the AAD include this technique in their recommendations. The NCCN states
lymph node US may be considered in patients with an equivocal physical examination, in patients who were offered SLNB but refused, or patients with positive
sentinel lymph nodes who did not receive complete lymph node dissections (1).
German melanoma guidelines however do recommend lymph node ultrasonography every 6 months in Stage IB to Stage IIB and every 3 months for Stage IIC or
greater (23).

COMPUTED TOMOGRAPHY/MAGNETIC RESONANCE IMAGING
Magnetic resonance imaging (MRI) can more readily detect cerebral metastases
over CT and PET/CT (30). MRI has proven to be more sensitive and specific in the
detection of soft tissue and osseous metastases as well (31), but there is no strong
data directly comparing MRI to CT in osseous metastasis (32). Whole-body CT is
a sensitive procedure, which allows for the detection of metastases as small as 2–4
mm (31). In a study by Romano et al., 72% of asymptomatic distant metastases
were discovered by CT scans (3), while other trials yielded detection rates of
15–28% (10). During follow-up of patients with Stage IV disease and in cases of
suspected metastasis, CT plays a pivotal role. More than 50% of recurrences in
asymptomatic Stage III patients are detected by the patient or by examinations;
therefore, cross-sectional imaging screening should only be performed in highrisk patients (3, 10, 33). CT has a higher sensitivity compared to MRI in the diagnosis of small pulmonary metastases (66.9 vs. 2.9%, P < 0.0001) and should be
considered (31). Drawbacks to CT are its limited soft tissue contrast, cost, and
radiation exposure.

POSITRON EMISSION TOMOGRAPHY/COMPUTED
TOMOGRAPHY
PET/CT displays the uptake of radioactively labeled glucose in metabolically active
areas. In a meta-analysis evaluating imaging modalities in surveillance of melanoma patients, PET/CT revealed a high sensitivity (80%) and specificity (87%) in
the detection of distant metastases, higher than conventional CT (51 and 69%,
respectively) (26). Rinne et al. studied 100 patients prospectively and found an
increase in sensitivity from 20 to 71.4% when comparing conventional diagnostic
techniques to PET/CT (30). The NCCN recommends considering PET/CT every
4–12 months in Stage IIB or higher melanoma patients (1). According to the AAD,
surveillance imaging studies in asymptomatic patients have low yield for detection
of metastases and are associated with high false-positive rates (15). Overall, a general recommendation on imaging procedures cannot be made based on current
data as the studies included inhomogeneous patients groups and are characterized
by low evidence levels. In addition, the safety of CT and PET/CT is of significant
concern since large-population-based studies have shown an increased risk of cancer with cumulative radiation exposure from repeat CT and PET/CTs (34, 35).
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Conclusion
The major benefit of dermatological surveillance is the detection of potentially
curable recurrence, especially resectable locoregional recurrences. Surveillance
laboratory tests and CXRs can have limited value while producing a relatively high
false-positive rate. Lymph node ultrasonography is a valuable imaging modality in
patients with equivocal lymphatic nodal basin physical examinations. In patients
with early stages of melanoma, the benefit of routine surveillance imaging studies
is questionable, and we do not generally perform this at our institution; however,
close surveillance with detailed medical history and physical examination is necessary, with special attention to regional recurrences every 3–12 months, depending on the AJCC stage category the patient falls into and the risk of recurrence. In
Stage III or greater, more frequent surveillance in the form of more frequent physical examination, laboratory tests based on symptomatology, and cross-sectional
imaging may be indicated because of the higher risk of recurrence in this population. CT, MRI, and/or PET/CT are often a component of the overall follow-up for
these high-risk patients. Additional studies are needed to better define the role of
surveillance in the asymptomatic patient with resected melanoma.
Conflict of interest: The authors declare no potential conflicts of interest with
respect to research, authorship, and/or publication of this article.
Copyright and permission statement: To the best of our knowledge, the materials included in this chapter do not violate copyright laws. All original sources have
been appropriately acknowledged and/or referenced. Where relevant, appropriate
permissions have been obtained from the original copyright holder(s).

References
1. National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology – v.1.2017:
Melanoma. Available from: http://www.nccn.org/professionals/physician_gls/pdf/melanoma.pdf
2. Brenner DJ, Hall EJ. Computed tomography—An increasing source of radiation exposure. N Engl J
Med. 2007;357(22):2277–84. http://dx.doi.org/10.1056/NEJMra072149
3. Romano E, Scordo M, Dusza SW, Coit DG, Chapman PB. Site and timing of first relapse in stage III
melanoma patients: Implications for follow-up guidelines. J Clin Oncol. 2010;28(18):3042–7. http://
dx.doi.org/10.1200/JCO.2009.26.2063
4. Crowley NJ, Seigler HF. Late recurrence of malignant melanoma. Ann Surg 1990; 212(2): 173–177.
5. Bolognia JL, Jorizzo J, Schaffer JV. Dermatology. 3rd ed. Elsevier Limited: Saunders; 2012.
p. 1905–1910.
6. Edge SB, Compton CC, Byrd DR, eds. AJCC cancer staging manual. 7th ed. New York: Springer-Verlag.
7. Berwick M, Begg CB, Fine JA, Roush GC, Barnhill RL. Screening for cutaneous melanoma by skin
self-examination. J Natl Cancer Inst. 1996;88(1):17–23. http://dx.doi.org/10.1093/jnci/88.1.17
8. De Giorgi V, Grazzini M, Rossari S, Gori A, Papi F, Scarfi F, et al. Is skin self-examination for cutaneous
melanoma detection still adequate? A retrospective study. Dermatology. 2012;225(1):31–6. http://
dx.doi.org/10.1159/000339774
9. Poo-Hwu WJ, Ariyan S, Lamb L, Papac R, Zelterman D, Hu GL, et al. Follow-up recommendations for patients
with American Joint Committee on Cancer stages I–III malignant melanoma. Cancer. 1999;86(11):2252.
http://dx.doi.org/10.1002/(SICI)1097-0142(19991201)86:11%3C2252::AID-CNCR12%3E3.0.CO;2-Q

CP-003.indb 172

11/01/18 9:29 pm

Goel N et al.

173

10. Garbe C, Paul A, Kohler-Spath H, Ellwanger U, Stroebel W, Schwarz M, et al. Prospective evaluation
of a follow-up schedule in cutaneous melanoma patients: Recommendations for an effective follow-up
strategy. J Clin Oncol. 2003;21(3):520–9. http://dx.doi.org/10.1200/JCO.2003.01.091
11. Dicker TJ, Kavanagh GM, Herd RM, Ahmad T, McLaren KM, Chetty U, et al. A rational
approach to melanoma follow-up in patients with primary cutaneous melanoma. Br J Dermatol.
1999;140(2):249–54. http://dx.doi.org/10.1046/j.1365-2133.1999.02657.x
12. Livingstone E, Krajewski C, Eigentler TK, Windemuth-Kieselbach C, Benson S, Elsenbruch S, et al.,
Prospective evaluation of follow-up in melanoma patients in Germany—Results of a multicentre and
longitudinal study. Eur J Cancer. 2015;51(5):653–67. http://dx.doi.org/10.1016/j.ejca.2015.01.007
13. Dummer R, Guggenheim M, Arnold AW, Braun R, von Moos R, Project Group Melanoma of the
Swiss Group for Clinical Cancer Research. Updated Swiss guidelines for the treatment and followup of cutaneous melanoma. Swiss Med Wkly. 2011;141:w13320. http://dx.doi.org/10.4414/smw.
2011.13320
14. Dummer R, Hauschild A, Guggenheim M, Jost L, Pentheroudakis G, ESMO Guidelines Working
Group. Melanoma: ESMO clinical practice guidelines for diagnosis, treatment and follow-up. Ann
Oncol. 2010;21(Suppl 5):v194–7. http://dx.doi.org/10.1093/annonc/mdq188
15. Bichakjian CK, Halpern AC, Johnson TM, Foote Hood A, Grichnik JM, Swetter SM, et al. Guidelines
of care for the management of primary cutaneous melanoma. American Academy of Dermatology.
J Am Acad Dermatol. 2011;65(5):1032–47. http://dx.doi.org/10.1016/j.jaad.2011.04.031
16. Marsden JR, Newton-Bishop JA, Burrows L, Cook M, Corrie PG, Cox NH, et al. Revised U.K. guidelines for the management of cutaneous melanoma 2010. Br J Dermatol. 2010;163(2):238–56. http://
dx.doi.org/10.1111/j.1365-2133.2010.09883.x
17. Clinical practice guidelines for the management of melanoma in Australia and New Zealand.
2008. Available from: https://www.cancer.org.au/content/pdf/HealthProfessionals/ClinicalGuidelines/
ClinicalPracticeGuidelines-ManagementofMelanoma.pdf
18. Slue W, Kopf AW, Rivers JK. Total-body photographs of dysplastic nevi. Arch Dermatol
1988;124(8):1239–43. http://dx.doi.org/10.1001/archderm.1988.01670080051017
19. Feit NE, Dusza S, Marghoob AA. Melanomas detected with the aid of total cutaneous photograph.
Br J Dermatol. 2004;150(4):706–14. http://dx.doi.org/10.1111/j.0007-0963.2004.05892.x
20. Halpern AC. The use of whole body photography in a pigmented lesion clinic. Dematol Surg.
2000;26(12):1175–1180.
21. Finck SJ, Giuliano A, Morton DL. LDH and melanoma. Cancer. 1983;51(5):840–3. http://dx.doi.
org/10.1002/1097-0142(19830301)51:5%3C840::AID-CNCR2820510516%3E3.0.CO;2-7
22. Morton RL, Craig J, Thompson JF. The role of surveillance chest x-rays in the follow-up of high-risk melanoma patients. Ann Surg Oncol. 2009;16(3):571–7. http://dx.doi.org/10.1245/s10434-008-0207-5
23. Pflugfelder A, Kochs C, Blum A, Capellaro M, Czeschik C, Dettenborn T, et al. Malignant melanoma
S3-guideline “Diagnosis, therapy and follow-up of melanoma.” J Dtsch Dermatol Ges. 2013;11(6):1–116.
http://dx.doi.org/10.1111/ddg.12113_suppl
24. Leiter U, Marghoob A, Lasithiotakis K. Costs of the detection of metastases and follow-up
examinations in cutaneous melanoma. Melanoma Res. 2009;19(1):50–7. http://dx.doi.org/10.1097/
CMR.0b013e32831bc41c
25. Brown RE, Stromberg A, Hagendoorn LJ, Hulsewede DY, Ross MI, Noyes RD, et al. Surveillance after
surgical treatment of melanoma: Futility of routine chest radiography. Surgery. 2010;148(4):711–16.
http://dx.doi.org/10.1016/j.surg.2010.07.042
26. Xing Y, Bronstein Y, Ross MI, Askew RL, Lee JE, Gershenwald JE, et al. Contemporary diagnostic
imaging modalities for the staging and surveillance of melanoma patients: A meta-analysis. J Natl
Cancer Inst. 2011;103(2):129–42. http://dx.doi.org/10.1093/jnci/djq455
27. Bafounta ML, Beauchet A, Chagnon S, Saiag P. Ultrasonography or palpation for detection of melanoma nodal invasion: A meta-analysis. Lancet Oncol. 2004;5(11):673–80. http://dx.doi.org/10.1016/
S1470-2045(04)01609-2
28. Chai CY, Zager JS, Szabunio MM, Marzban SS, Chau A, Rossi RM, et al. Preoperative ultrasound is
not useful for identifying nodal metastasis in melanoma patients undergoing sentinel node biopsy:
Preoperative ultrasound in clinically node-negative melanoma. Ann Surg Oncol. 2012;19(4):1100–6.
http://dx.doi.org/10.1245/s10434-011-2172-7

CP-003.indb 173

11/01/18 9:29 pm

174

Management of Melanoma
29. Machet L, Nemeth-Normand F, Giraudeau B, Perrinaud A, Tiguemounine J, Ayoub J, et al. Is
ultrasound lymph node examination superior to clinical examination in melanoma follow-up?
A monocentre cohort study of 373 patients. Br J Dermatol. 2005;152(1):66–70. http://dx.doi.
org/10.1111/j.1365-2133.2004.06262.x
30. Rinne D, Baum RP, Hor G, Kaufmann R. Primary staging and follow-up of high risk melanoma patients with
whole-body 18F-fluorodeoxyglucaose positron emission tomography. Cancer. 1998;82(9):1664–71.
http://dx.doi.org/10.1002/(SICI)1097-0142(19980501)82:9%3C1664::AID-CNCR11%3E3.0.CO;2-2
31. Hausmann D, Jochum S, Utikal J, Hoffmann RC, Zechmann C, Neff KW, et al. Comparison of the
diagnostic accuracy of whole-body MRI and whole-body CT in stage III/IV malignant melanoma.
J Dtsch Dermatol Ges. 2011;9(3):212–22. http://dx.doi.org/10.1111/j.1610-0387.2011.07614.x
32. Pfannenberg C, Aschoff P, Schanz S, Eschmann SM, Plathow C, Eigentler TK, et al. Prospective
comparison of 18F-fluorodeoxyglucose positron emission tomography/computed tomography and
whole-body magnetic resonance imaging in staging of advanced malignant melanoma. Eur J Cancer.
2007;43(3):557–64. http://dx.doi.org/10.1016/j.ejca.2006.11.014
33. Francken AB, Bastinaannet E, Hoekstra HJ. Follow-up in patients with localised primary cutaneous
melanoma. Lancet Oncol. 2005;6(8):608–21. http://dx.doi.org/10.1016/S1470-2045(05)70283-7
34. Pearce MS, Salotti JA, Little MP, McHugh K, Lee C, Kim KP, et al., Radiation exposure from CT scans in
childhood and subsequent risk of leukaemia and brain tumours: A retrospective cohort study. Lancet.
2012;380(9840):499–505. http://dx.doi.org/10.1016/S0140-6736(12)60815-0
35. Fazel R, Krumholz HM, Wang Y, Ross JS, Chen J, Ting HH, et al., Exposure to low-dose ionizing radiation from medical imaging procedures. N Engl J Med. 2009;361(9):849–57. http://dx.doi.
org/10.1056/NEJMoa0901249

CP-003.indb 174

11/01/18 9:29 pm

Index

175

Index
A
AAD, 165
ABCDE system, 83, 84
Activation, 122
Adjuvant radiotherapy, 106, 107
Advanced melanoma, 127
Age, 10, 33
Age-standardized rate, 5, 6, 7
Albinism, 33
Anatomic distribution, 12
Antigen presenting cell, 122
Attenuative type, 67

B
BAD, 166
Basic science, 121
Biology, 123
Biomarkers, 39, 130
Biopsy, 84, 93
Body sites, 28
BRCA2 mutation, 81

C
CDKN2A, 81
Chemotherapy, 147
Chest X-ray, 169
Clark’s levels, 85
Cleft formation, 68
Clinical application, 121
Clinical presentation, 79
Clinical, 82
Clinically negative, 93

CP-003.indb 175

Concomitant agents, 109
Computed tomography, 171
Congenital melanocytic nevi, 81
Consumption of epidermis, 68
CTLA-4, 123, 124
Cycloxygenase-2, 45

D
Detection, 145
Diagnosis, 34, 82
Diagnostic strategies, 84
Disease types, 85

E
Elective lymph node dissection, 95
ELND, 95
Embryonic phenotype, 60
Endogenous enzyme inhibitors, 47
Enzyme markers, 47
Enzymes, 42
Epidemiology, 3, 23
Epidermal hyperplasia, 69
Epidermal involvement, 70
Epidermis, 68
ESMO, 165
Ethnicity, 5
Etiology, 80

F
FAMMM, 81
Fitzpatrick classification, 83

11/01/18 9:29 pm

176

Index

G
Genetics, 33
Geography, 5, 24
GMMANZ, 167
Guidelines for excision, 92
Guidelines, 165

H
Heterogeneity, 57
Heterogeneous, 59, 71
Histologic confirmation, 84
Historical perspective, 102
HIV, 32

I
Imaging, 169
Immune checkpoint inhibitors, 121
In transit metastatic disease, 97
Incidence, 5, 26
Increased risk, 81
Indications, 94
Infiltrative type, 67
Ipilimumab, 127

Management, 161
Margins for surgical excision, 93
Matrix metalloproteinases, 46
Melanocytes, 4, 80
Melanoma, 3, 23, 39, 57, 67, 79, 91, 101,
121, 143
Metabolites, 43
Metastatic melanoma, 97
MOHS micrographic surgery, 92
Mortality, 13, 34
Mucosal melanomas, 104

N
Nevi, 31
Nano therapies, 147
Nanohydrogels, 148
Nanomedicine, 143
NCCN, 165
Ninosomes, 148
Nivolumab, 131
Nodalm 61, 107
Nonprotein biomarkers, 50
Nucleic acids, 43

L

O

Laboratory tests, 168
Lactate dehydrogenase, 43
Lentigo maligna, 104
Liposomes, 148
Localized disease, 92
Long-term management, 161
Lymph node ultrasonography, 170
Lymphadenectomy, 95, 96

Ocular melanomas, 105

M
Magnetic resonance imaging, 171
Malignant melanoma, 39

CP-003.indb 176

P
Palliative radiotherapy, 107
Patient history, 82
PD-1, 126, 128, 131
Pembrolizumab, 131
Physical examination, 83
Plasticity, 57
Polymeric nanoparticles, 147
Population, 26, 81
Positron emission tomography, 171

11/01/18 9:29 pm

Index
Predictions, 12
Prevention, 14
Primary prevention, 15
Progenitor markers, 43, 49
Prognostic factors, 85
Prognostic impact, 67, 72
Proliferation, 68

Stereotactic radiosurgery, 101, 103
Subtypes, 85
Sun exposure, 31
Surgical consideration, 96
Surgical management, 91
Surveillance, 162
Swiss guidelines, 167

R

T

Radiation therapy, 101
Radiotherapy, 147
Reactive hyperplasia, 67, 69
Recommendations, 82
Re-epithelialization, 67, 69
Regional lymph nodes, 93
Resistance, 133
Resolved ulceration, 69
Risk factors, 29, 80

TCE, 162
T-cell responses, 122
TCP, 167
Theranostic nanomedicine, 148
Total cutaneous examination, 162
Total cutaneous photography, 167
Toxicity, 125, 129
Trauma, 31
Treatment, 121, 145
Trends, 12
Tyrosinase, 44

S
S100 proteins, 43, 48
SBRT, 101, 103
Screening, 80, 82
Secondary prevention, 15
Secreted proteins, 42
Sentinel lymph node biopsy, 93
Sentinel node, 94
Sex, 10, 32
Short-term management, 161
SLNB, 93, 94
South Africa, 23, 24
SRS, 101, 103
Stage, 34
Staging, 86, 87
Stem cell markers, 43, 49
Stem cell, 62
Stereotactic body radiotherapy, 101, 103

177

U
Ulcerated melanoma, 67
Ulceration, 68
Ultraviolet, 5

V
Vascular phenotype, 58

W
Weather, 25

X
Xeroderma pigmentosum, 81

Doi: http://dx.doi.org/10.15586/codon.cutaneousmelanoma.2017.ind

CP-003.indb 177

11/01/18 9:29 pm

CP-003.indb 178

11/01/18 9:29 pm

